WD 20041066382 PCT13P2004/ 000556 DESCRI PTI ON METHOD OF MANUFACTURI NG

SEM CONDUCTOR DEVI CE AND CUTTI NG APPARATUS FOR CUTTI NG SEM CONDUCTOR WAFER
S Technical Field The present invention relates to a neth g%
manuf act ur WHY2W48QeHPtonduct or device for obtaining the 3’12%ﬁgﬁ@?%?6deV|ce
by dividing a sem conductor wafer, on 10 which a plurality of sem conductor
el enents are fornmed, into individual ni eces of sem conductor el enents. The
present invention also relates to a cutting device of cutting the

sem conductor wafer used in the nanﬁgggkgkb g met hod. 15 Background Art A
sem conduct or device nmounted on a b Nectronlc equi pnent is
conventionally manufactured in such a manner that pins of a lead franme and
nmetal lic bunps are 20 connected to seniconductor el enents, on which a
circuit pattern_is formed in the state of and_t he _seni conduct or

el enents are subfEHEW F AAFYGAGTRT COW%PQE@%hDFHE9Ea#§DseaIed with

resin. Since the size of electronic eqU| ment has been recently reduced,
the size of 25 tHETEENGCARBARRIVSIEPRC VAL NEe SRMAICSHIECIERIREER 1

>

Technical Field

The present invention relates to a method of
manufacturing a semiconductor device for obtaining the
semiconductor device by dividing a semiconductor wafer, on

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

15

Background Art

A semiconductor device mounted on a board of
electronic eguipment is conventionally manufactured in such
a manner that pins of a lead frame and metallic bumps are
20 connected tc semiconductor elements, on which a circuilt
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

25 the semiconductor device has been also decreased.



WO 2004/ 066382 PCT/ 3- P2004/ 000556 Especially, they have been actively
maki ng investigation into the reduction of the thickness of a seniconductor
el enment. The mechanical strength of the sem conductor el gnent

t hi cknessY&}2#PeA8% s reduced, is so low that the senlcgﬁaﬂg?@?m@¥§hent is

|iable to break in the process of cutting conducted in the dicing step in
whi ch the sem conductor elenent in the state of a wafer is cut into
i ndi vidual pieces, and the yield of machining is inevitably 10 | owered.

Concerni ng the | thod cutti the sem ondu tor elenen e thickness
of which %? tl%r‘Fs){ g‘rfd] §He Fechamicdie ch??l ﬁﬁvﬁﬁ%hgaglﬁnpl asna
di ci ng nethod is pro osed |n:¥h|ch t.he sem conduct or waf er % cut when
cutting griétve et ichi A SRt ioh Bf 981 5PRERETCEoncer ni ng
t hi s nmet hod, for exanple refer to Patent Docunent 1. [Patent Docunent 13

Japanese ﬁ@@mﬁﬁﬁ1on JP- A- 2002- 93752 However, in the process of plasna
dicing of the prior 20 art described above, the foll ow ng problens are
caused due tofﬂﬁeWﬁﬁﬁaQﬁCQHu?tﬁ?RQEhcﬁ*t?ﬁﬁFﬁ%@ﬁ%?%@%ﬁ?ﬁﬁ SEEPSRE
Further, these problens have not been solved yet. In the process of plasma
etching, reekitiy $8195%iTo g CR ohtl et @eFedo thatOr egohBeéxEBBt for the

cutting lines can be covered 25 with a resist |ayer. The sem conductor wafer
on whi ch semiconductor element is liable tc break in the process of

cutting conducted in the dicing step in which the
semiconductor element in the state of a wafer is cut into
individual pieces, and the yield of machining is inevitably
10 lowered. Concerning the method of cutting the
semiconductor element, the thickness of which is reduced,
instead of the mechanical cutting methoed, a plasma dicing
method i1s proposed in which the semiconducter wafer is cut
when cutting grooves are formed by the etching action of
15 plasma. Concerning this method, for example, refer to
Patent Document 1.
[Patent Document 1]
Japanese Publication JP-A-2002-83752
However, in the process of plasma dicing of the prior
20 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 vet. In the
process of plasma etching, masking is previously conducted
sc that regions except for the cutting lines can be covered

25 with a resist layer. The semiconducicor wafer on which



2 WD 2004/ 066382 PCT/ JP2004/ 000556 nmaski ng has been conducted is
accommodated in the processing chanber of the plasma processing device, and
only the regions of the cutting |lines are exposed to plasma,_ in th
processi ng WhHIHHE63€% that silicon in the regions 5 can b@CFEW%W%@aS§6neans
of etching. In this connection, an etching rate show ng the degree of

et ching conducted by plasma is not necessarily uniform Therefore, the
etching rate distribution fluctuates in the processing chanber.

Accordingly, in th rqcess of pla 10 dicin opndycted,in the processing
chanber, sfﬁ??ﬁﬁPQ§${%l CHOrE7d nggth% %%??$ﬁ%g?Fﬁgs}nmﬁhgh are located in
a range of a high etching rate, is nore quickly remved than silicon in

t he ot her ﬁ%ﬁ%q?égﬁnﬁTéh ?E,O%u%??h%i?§m %ogﬁﬁfiﬁgygggﬁﬁﬁétgadin a short
period of time in these 15 portjons. The cutting lines in tggie % rtions of
the high &%h ng¢ e e ct%%s?%%?%n%x%b%%g 256 pFABHE SInt-F P& con in
the portions of the cutting |ines |located in regions, of Fhe | ow et chi ng
rate is rermdvddic REFHHHEY, CORRENSS| FRebnST$1EBRDBL EP§ FEFGYES from t he
regions of the high etching rate, the protective sheet on the |ower face

si de of 5t h& e orRIRYYR WafBeans ef reetPyneéxposed to plasma. Wen the

pl asma processiqg continues in the above _ i
n this connection, an etching rate showing the degree

of etching conducted by plasma is not necessarily uniform.
Therefore, the etching rate distribution fluctuates in the
processing chamber. Accordingly, in the process of plasma

10 dicing conducted in the processing chamber, silicon in the
portions of the cutting lines,'which are located in a range
of a high etching rate, is more gquickly removed than
silicen in the cther porticons. Therefore, cutting is more
guickly completed in a short period of time in these

15 portions.

The cutting lines in these portions of the high
etching rate, are successively exXposed to plasma until
silicon in the portions of the cutting lines located in
regions of the low efching rate is removed. Accordingly,

20 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

25 state, heat generated by plasma directly acts on the



25 state, heat generated by plasma directly acts on the 3 WD 2004/ 066382
PCT/ JP2004/ 000556 protective sheet. As a result, there is a possibility
that the protective sheet is overheated, burned and defo Qrding to
the conventYOHEMYPSSsma dicing method, it is inpossible %gﬁgy?%gﬁﬁVé?y
prevent the protective sheet from5 being danaged by heat caused by the want
of uniformty of the etching action of plasnma. Disclosure of Invention
Therefore, it is an object of the present invention to 10 provide a nethod
of manufacturing .a sen.conductor deyj C r .ing.a_ pr ctive
sheet fromﬁﬁﬁ?é%ikﬁ%&%%ﬁegy h%%tgmﬁéﬁg%%bagﬁg%go% ugtgﬁg%%%égl? g&%%by
plasma etching. It is.also an_object of fhe.present .inventiaon to . provide a
cutting dngH%%HFWﬁﬁE%Y@ ?%%egeﬁ%cgﬁ%%% %EEQS RRFEPY AH oF&&HngS'the
invention, it is. provided a nethod, of fangfacturing a senhp nduct or. devi ce
for obtai niMgFUFELEen? chRBucCPBYSREVPRR! dPvFT8a FACSPPnEETGGal 15i é8es of

sem conductor ele ts, by cuttin sem conduct or wafer, .20 the primary
conponent cﬁmwﬁﬁ§ig1% E?l?Egﬁ?éb%e?Hep¥?Y§?t F%EePGPEﬁﬁF&WetﬁgeﬁﬁuﬁgpFiy of
sem conductor, el epents are forped, b nean€ of I%sng dicig%,,the met hod of
nanufac@hri?&ﬁ@%éd%%%?%%nﬁﬁcP%ﬁtd%@PEédCBHD P&i Hgrtacdt ¥pLIGE Mdenichg an

etching stop layer. on the first _face side at
The étching acticon of plasma.

Disclosure of Inventlion

Therefore, it is an object of the present invention to

10 provide a method of manufacturing 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 obiect of the present invenition to
provide a cutting device of cutting the semiconductor

15 wafer.

According to the 1invention, it is provided z method of
manufacturing a semiconductor device for obtaining the
semiconductor device divided intc individual pieces of
semiconductor elements by cutting a semiconductcr wafer,

20 the primary compconent of which is silicecn, on the first
face of which the plurality of semiconductor elements are
formed, by means of plasma dicing, tThe method of
manufacturing the semiconductor device comprising: a step
of forming an etching stop layer on the first face side at

25 positions corresponding to cutting lines which are set by



25 positions corresponding to cutting |lines which are set by 4 WO
2004/ 066382 PCT/ JP2004/ 000556 dividing the sem conductor wafer into the

i ndi vi dual i eces, the etching stop layer containing materjial, the etching
rate of th@“ﬂﬁpﬂpﬂﬁﬁzby plasma, in which a first plasma GEAGRAPHISERs of

m xed gas containing fluorine gas 5 is used, being |ower than an etching
rate of etching silicon by plasma in which the first plasm generating gas
is used; a step of attaching a protective sheet, which is capable of being
peel ed of f

,.onto the first face,and form_.ng a pask, for_determning the
Uit ng | | HEEVERLAE “HeF cSeBHORALE BppUSrFE L8 OnE R FEC T aCRA i o1
plasma dicing step of etching sjlicon fromthe, second face %id by pl asna
of the firstipFednatyRnetaiing §asP apdes SERbANCPPalAd &didng St%p of
etching the etching stop Layer, which is exgosed inth ,firstéglasna di ci ng
step, by a ¥&eehey 153 pF aRhatyenBratihnglghe RapaBRe oF ¥PdhdG dt*% thi gher
etching rate than the etching rate _of the first plasma generating gas. The
i nvention dekesidedePRret aith 22pr 8Vi Béded HBEhEER Lf NARRuUfa Ty &S
sem conduct or device according to claim 20 1, wherein a ratio of the
et chi ng or at &S ofse@chPayngi LPYeh BPapl aBntchandhiehet RE FHHSHTS asma
generating gas is used, to the etghing rate of etching the etching stop
layer by p¥abheonihywhiehnghenf vhichpbhsnflgehePabcAg gaamting gas
is used; a step of attaching a protective sheet, which is
capable of being peeled off, onto the first face and
forming a mask for determining the cutting lines on a
10 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 a second
rlasma dicing step of etching the etching stop layer, which
is exposed in the first plasma dicing step, by a second
15 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
20 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.

o



used, is not nore than 0.6. 5 WD 2004/ 066382 PCT/ JP2004/ 000556 The

i nvention described in claim3 provides a nethod of manufacturing a

sem conduct or _deyice according to claim 1, wherein the e i ayer
cont ai ns a»“?@@??“@be, and the second plasm generating¥§ggggg%@§$ﬁ£
fluorine gas 5 having hydrogen bonding or alternatively contains m xed gas
containing fluorine gas. The invention described in claim4 provides a

met hod of nmanufacturing a sem conductor device according to claim 3,

wherein the secand, plasm, generaling gas conlaing uxed., 49, gag gontaining
i nv ion 0] of

CHF3 or CF4+H2. escribed i'n"clrarm 5 provi des a ne

et act ot 08, 2 SOTLCRNSUELOE SRYLGE BEERL DR F AL e el e

etching st t"he” second asrma generating
gas is mxed gas 15 containing at |east .fluorine gas and,oxygen.
i nvention dbsc@?ﬁﬁalpn%a%ﬂ?ﬁ %V?ﬁgg & 2NEChSP™ l%%nﬁ?aéf%?ﬁhd;gﬁ’
sem conduct or _devi ce accqrdin% to claim,_5, wherein %he seggnd pl asma
generati ng Y& EbRt SPASDAI XedTgad TG Mhg BreC e 025 20 UPHe endéft i on
described in claim7_provides a%gethod gf mapuf a turin% a_sem,conduct or
devi ce AccHUTHYT tRYFAFER 2CNYMRTePh EhECERRRFRELVafOP tBIRCaMS oS FaSast
organic matter, and the second plasma generating gas contains at

containing fluocrine gas.

The invention described in claim 4 provides za method
of manufacturing a semiconductor device according to claim

3, wherein the second plasma generating gas contains mixed
10 gas containing CHF; or CF,+H,.
The invention described in claim 5 provides a method
of manufacturing a semiconductor device accorxrding to claim
1, wherein the etching stop layer contains at least SiN,
and the second plasma generating gas 1s mixed gas
15 containing at least fluorine gas and oXyden.
The invention described in claim 6 provides a method
of manufacturing a semiconductor device according toc claim
5, wherein the second plasma generating gas contains mixed
gas containing SF; and O;.
20 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.



| east oxygen. 6 WD 2004/ 066382 PCT/ JP20041000556 The invention described in
claim8 provides a nethod of manufacturing a sem conductor device according

to claim 1, wherein the etching stop |ayer contains at | lLectric
conduct or W8 e wiring of sem conductor 5 elenent§e§%ﬁ§%?ﬂ®§§ i on

described in claim9 provides-a nethod of nmanufacturing a sem conduct or
devi ce according to claim 8, wherein the electric conductor contains at
| east one of A, Al-Si and Al -Si-Cu, and the second plasna generating 10

gas contains at least chlorine or chlorjne conpoun as. . The inyventiaon
described in claﬁ%$16n§?8§?8§s %ﬁﬁiﬁ%ﬁ;ljaegf émo% gﬁ??Y% ©3 ?eﬁf%%ﬁ%hctor
waf er used fgr t he ne%hod of nanufac%g%gE%_%iseniconductar de%iceldescribed
in claim 197 CBAPITSFhYF 189 pPoeliqry e O $or AFigE 3  PPghP! 5 I osed
space; an el ectrode ,having a plane tightly coning into contact with the
protective Shedt:eIgifol iﬁ‘%g er?%&h?‘q OIS%OF?OI WRGT t Wé’%%n&&ct%‘?aﬂﬁlf & by
the el ectrode under the _condition that the protec¢tive sheet is E%gﬁghy
contacted WWERtFhe FCHFEICEHURGFAG TRans For WHEEBAPrs siSFFHIE ©
processi ng chanber; a plasma generating gas supply section of supplying

pl asma Gene®h®Ffytas into the processing chamber; and a high frequency

el ectric power suppl section of i ressing a high frequency voltage upon
t he eIectPode Tﬁg %nvention desc£g£ed ingclaingfa prgvideg a met%odp

of manufacturing a semiconducter device according to claim
8, wherein the electric conductor contains at least one of
Al, Al-Si and Al-3i-Cu, and the second plasma generating

10 gas contains at least chlorine cor chlorine compound gas.
The invention described in claim 10 provides 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
15 closed space; an electrode having a plane tightly coming
inte contact with the protective sheet; a holiding 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
20 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

25 into the processing chamber, intc a state of plasnma,



so as to transfer plasma processing gas, which is supplied 25 into the
processi ng chanber, into a state of plasma, 7 WO 2004/ 066382

PCT/ JP2004/ 000556 wherein the plasna generati ng gas supp i inhcl udes
a gas sel &MY &%ns for selectively supplying the firs%%réﬁéﬁﬁgmﬁgp
generating gas used in the first plasma dicing step or the second plasna
generating gas for generating plasma 5 capable of etching the etching stop

| ayer, which is exposed by the first plasma dicing step, at a higher

t chi t t h t.h hi t f_pl f first pl.

Genr ati ng B S A HI Tp PO G B BALRE RueRLrBhY BACSIGH o etss® fo

| ayer containing qat r.ial, theset hin%eratg.oglmhich %3 ilgm@r th%ﬂ %hat of
T o e Fpemy dorer 010 848 O B 2o, vt o e
a . ,
and af ter UREATT SYSRTRS AT GPfig 6D i W Chi48: SPHRCBA 14 CaPenada t b

pl asma of the first plasma . generatin as, the second plasma dicing step is
execut ed i%FmEFEhSFHQWQ(ﬁﬁ?ﬁﬁ%tgﬁnﬁgﬁgF?gwﬁﬁéh gﬁgﬁr@§b89e@1ﬁ%mathe
first plasma dicing step, is etched with plgsna of the second plasma

gener at i’ng %%%3%%$d%ﬁee€#h%?€hFhﬁ §FCHIRP gREPP 262 EEBENI WGt & 5t IFXROSRE
etching rate of plasma of the first, plasm generatinpg gas. Due to the
foregoi ng, ®PhethBcldrdénde i edt CHa¥mgecPo étpﬁbﬂ%kg?%ﬁ eheBiNGar &

than the etching rate of plasma of the £first plasma
generating gas.

According to the present invention, an etching stop

10 layer coeontaining material, the etching rate of which is

lower than that of etching conducted by the first plasma

generating gas on silicen, is formed at positions

corresponding to the cutting lines of a semiconductor

wafer, and after the first plasma dicing step in which

15 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 eiching at a higher

20 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.



prevent ed when the sem conductor wafer is cut by means of plasma etching.
25 8 WD 2004/ 066382 PCT/ JP2004/ 000556 Brief Description of Drawngs Fig. 1
is a cross sectional side view of a plasnma processing deyi f di ment
1 of the pPés¥Rt%46%ention. Fig. 2 is a partially cross gg%ﬁ?%ﬁéﬁagg%M/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
Enbodi ment 1 of the present invention. Fig. 4 is a cross, sectional view of

t he plasma _ 10 processing, device of Enbodinment 1 of the present invention.
Fig. 5is &Yl HIGRMThoW A LHtitution of a control systemof the
pl asma processing device of Enbodinent 1 of .the present inyention. Fig. 6
is a schematic il1%st fati®naf ofI 5P| &ERFAGREL 1819F 0deSY 0P net hBdasha
manuf acturi ng a semnm conductor device of Enbodinent 1 of the present

i nventi on. BiFESEING LV HvE charFRdimelpl astd precBESFRETmerNEG 16 -
Enbodi ment 1 of the present invention. Fig. 8 is a schematic illustration
for explaining &i20 %té&p 8f Ppradad i GRGS Fate Fthod-®f Fanéf d6FEFi ng

the sem conductor device of Enbodinent 1 of the present )
electrode of the plasma processing device of Embodiment 1

C} = 0-a1n

of the present invention.
Fig. 3 is a perspective view of a semiconductor wafer
cf Embodiment 1 of the present invention.
Fig. 4 1is a cross . sectional wview of the plasma
10 processing device of Embodiment 1 of the present invention.
Frig. 5 is a bleck diagram showing a constitution of a
control system of the plasma processing device of
Embodiment 1 of the present invention.
Fig. 6 is a schematic illustration for explaining a
15 process of method of manufacturing a semiconductor device
of Embodiment 1 of the present invention.
Fig. 7 is a flow chart cf the plasma processing method
of Embodiment 1 of the present invention.
Fig. 8 is a schematic illustration for explaining a
20 step of plasma dicing in the method of manufacturing the
semiconductor device o¢f Embodiment 1 of the present
invention.
Fig. @ is a perspective view of a semiconductor wafer

of Embodiment 2 of the present invention.



invention. Fig. 9 is a perspective view of a sem conductor wafer of
Enbodi nent 2 of the present invention. 9 WO 2004/ 066382 PCT/ JP2004/ 000556

Fig. 10 is a schematic illustration for explaining a step éﬁb i ci ng
in the et WORUBH04%8uf act uri ng the seniconductor device 88¥/ 3%?@%%% 2 of
the present invention. 5 Fig. 11 is a schematic illustration for explaining
a step of plasma dicing in the nethod of manufacturing the sem conductor
devi ce of Enbodi nent 2 of the present invention. Fig. 12 is a schenmatic

illustration for_explaining a 10 step of.plasnma, dici in_the nmethod_of
manuf act uri ng t He-9se c&ﬁdd%t%%h%ﬁﬁ?g% b%EEEEEHFﬁQHtq%”%fe¥%§ab?%§%nﬁ

i nvention. Best Mde for Carryjing Qut .the Inventio 15 E | MENT Fig. 1
is a cross TR i ohaPi&sde e énmghﬁnPeEﬁ%%eggiﬁf?ﬁiﬁ%ii%ﬁn%négﬁinent
1 of the present invention, Fig. 2_is_a partially crﬁgg sectional view of a
| over el ecIFHROBIIGHYF pl ASKACHr 08EssEAGOGEcedE of? Enfdbdi hBRt PT3§°8f t he
present invention, Fig. 3 is a perspective view of a sem conductor wafer of

Enbodi nent InE &4 present invention, Fig. 4 is a cross sectional view of

t he plasma _ _ S _ o
5 Fig. 11 is. a schematic illustration for explaining a

step of plasma dicing in the method of manufacturing the

semiconductor device of Embodiment 2 of the present
invention.

Fig. 12 is a schematic illustration for explaining a

10 step of plasma dicing in the method of manufacturing the

semiconductor device of Embodiment 2 o©f the present

invention.

Best Mode for Carrying Out the Invention

15 EMBODIMENT 1
Fig. 1 is a cross sectional side wview of a pilasma
processing device of Embodiment 1 of the present invention,
Fig. 2 is a partially cross secticnal view of a lower
electrode of the plasma processing device of Embodiment 1
20 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 sectiocnal view of the plasma
processing device of Embodiment 1 of the present invention,
Fig. 5 is a block diagram showing a constitution of a

25 control system of the plasma processing device of



processi ng device of Enbodinent 1 of the present invention, Fig. 5is a
bl ock di agram showi ng a constitution of a 25 control systemof the plasm
processi ng device of 10 WD 2004/ 066382 PCT/ JP20041000556 i 1 of
the presenWAEHMPYn, Fig. 6 is a schematic iIIustratioRCEQngygﬁg%%ing a
process of method of manufacturing a sem conductor device of Enbodi ment 1
of the present invention, Fig. 7 is a flowchart of the plasma 5 processing
met hod of Enbodi ment 1 of the present invention, and Fig. 8 is a schenmatic
illustratiaon for, ex i tep_ of

|l aining_a s lasma_dicjing in e met.hod of
manuf act ur iPIHEELen oﬁgﬁctE?edeQF%%g% Eﬁ%%ﬁ?k%%?'l %?grheeprégenﬁ
invention. 10 First, referring.to Figs. 1 10,3, the plasm pracessin
devi ce wi | |5 BRERK Y Qi hggu%%%&o?hifl&gﬁm%%La“bjr%‘éeé‘si%rd?%%% c89i E“‘%b@g in
t he manufacturing process of a sem conductor, device fbtain din Sﬁch a
manner thatoh MaeRi 2eHHERSr 2nSEEH COTRICRE IeiGedHi G ot nPRGOFalEREt he Ofi r st
15 face) of which a plurality of sem conductor elements are forned, is
di vi ded i nte2% W%%%Il%Y%%%%O%f Fhe- $ehf conbilieVoFtarémedt $160 PA&sTg
obtain a sem conductor device, the thickness of which is reduced. This

pl asma Spr deeestagl e vieened o5 cmagdinentt { ngt dBVPcBTER @t tiygrd 1020

sem conductor wafer. |In the manufacturing process of this sem conductor
and PFig. 8 is a schematic illustration for explaining a

step of plasma dicing in the method of manufacturing the
semiconductor device ¢f Embodiment 1 of the present
invention.

10 First, referring to Figs. 1 to 3, the plasma
processing device will Dbe 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 circuilt ferming face (the first

15 face) of which a plurality of semiconductor elements are
formed, is divided into individual piecesA of the
semiconductor elements so0o &as to obitain a semiconductor
device, the thickness of which is reduced. This plasma
processing device is used as & cutting device of cutting a

20 semiconductor wafer.

In the manufacturing process of this semiconductor
device, first of all, a protecitive sheet is attached to the
circuit forming face of the semiconductor wafer. Cn the
reverse face opposite side to the circuilt forming face of

25 the semiconductor wafer, a mask to determine cutting lines



device, first of all, a protective sheet is attached to the circuit formng
face of the sem conductor wafer. On the reverse face opposite side to the
circuit formng face of 25 the sem conductor wafer, a mask to determ ne
cutting |i MW&s2004/466§3 2004/ 066382 PCT/ JP2004/ 000556 used FEIIHEPMENRYS t he
sem conductor wafer into individual pieces of the sem conductor elenents is
formed. The step of plasma dicing is conducted or. the above sem conduct or
waf er by the present plasma processing device. 5 1In Fig. 1, a processing
chanber 2 for conducthg pl asna processiggﬁon t he sem conduct or, mafeﬁ IS

it is

provi ded iHEiYelthe Y

Gdmdc Hdtfb e SR CBPCERF ST pridédsi hytehanper 18ua

possible to forma tightly seal ed space for generating plasma in the state

of reduced Rresdures

Rea SEOLCERE Tt | DTS el End 9 ssi hgSchafBer 2,

the lower electrode 3 is arranged. In an upper portion of the |ower

el ectrode FIthéagpperdiciiaet rbde coNRICAEaned tB8i PO HDp&SEE COHHKECFoner
el ectrode 3. The lower electrode 3 and the upper electrode 4 are

respect i velwa¥er fed the eredene Wl adhs caroshapenandedtf8nged in the
processi ng chanber 2 concentrically with each other. The |l ower electrode 3
i s madeSof condukti Vddwat éri ak BUeheasiafuniimmkeThe prish | €opduchdniower

electrode 3 is

formed in such a nmanner that the supporting portion 3b is 20

ext ended dowewitd PromechHendi skt shhpedsaitiamnduet por teder 1s provided

inside the vacuum chamber 1. By this processing chamber 2,

it

is possible to form &a tightly sealed space for

generating plasma in the state of reduced pressure. In a

10 lower portion inside the processing chamber 2, the lower

electrode 3 is arranged. In an upper portion of the lower

electrode 3, the upper electrode 4 1is arranged being

oppcsed to the lower electrode 3. The lower electrode 3

and the upper electrode 4 are respectively formed into a

15 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 prcfile of the lower electrode 3 is

formed in such a manner that the supporting portion 3b is

20 extended downward from the disk-shaped electrode portion

3a.

When the supporting portion 3b is held by the vacuum

chamber 1 wvia the insulating material 5, the lower

electrode 3 is attached being electrically insulated. The

upper electrode 4 1s made of conductive materxrial such as

25 aluminum in the same manner as that of the lower electrode

12



3a. When the supporting portion 3b is held by the vacuum chanber 1 via the
insulating material 5, the lower electrode 3 is attached being electrically
r

i nsul ated. The upﬁg el ectrode 4 is made of conductive nﬁéﬁ@%ﬁ@ﬁﬁﬁﬁg as 25

al um num i WOt/ Y8R nanner as that of the | ower el ectrode

2004/ 066382 PCT/ JP2004/ 000556 3. The support portion 4b is extended upward
fromthe disk-shaped el ectrode portion 4a. The support portion 4b is
electrically continued to the vacuum chanber 1 and can be el evated by the

el ectrode _5 el eyating nechani sm.not shown in_the.drawing. Under th

condi ti on that th‘§ uf)%@?mé e&orr?&é’rﬂ ?2 I"Fnef fi,engﬁd elf%‘g?l?“iyc Idfiogbhg?%e
space for generating a plasna electri.c i scharge used for plasma processing
is forned 7§?Wﬁ%§ é%iéirqgﬁﬂﬁﬁ%ﬁﬁgnﬂ 4d the | ower el ectrode 3. The

el ectrode 10 el evating mechani sm. functions as. an el ectrode distanc

changi ng means. \WenStHeCTbp&P el et r ode 14 i%l%?%h?ﬁijiﬁy Ccirﬁewé%eecgtr?)de

el evati ng nechani sm 24, an el ectrode di stance. between the |ower el egtrode 3
and the uppér elaEdFbderaRah 1bén@héﬁﬁbd9@1%1RE§F?de£ﬁ1a & i BnECiW PFepe
made into the structure of the |lower electrode 3 and the seniconductor

waf er to bé&lgyaddessdmechanipperofac O the ePectAoRIE Por ti oidRE oF et he

| ower electrode 3 is a flat holding face (plane) on which_ the sem conductor
wafer is pmpnqﬁiqqﬂﬂnphqquthe upper electrode 4 1s lowered, an

electric discharge space for denerating a plasma electric
discharge used for plasma processing is formed between the
upper e}ectrode 4 and the lower electrode 3. The electrode

10 elevating mechanism functions as an electrode distance
changing means. When the upper electrode 4 is elevated by
the electrode elevating mechanism 24, an electrode distance
between the lower elecirode 3 znd the upper electrode 4 can
be changed.

15 Next, explanations will be made intc 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 1is put. An insulating

20 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

eiectrode 3 1is insulated from plasma generated in the

13



20 coating layer 3f is provided in an outer peripheral portion of the

hol ding face. The insulating coating |layer 3f is made of ceram cs such as
alum na. Due to the above structure, the outer peripheral portion of the
lover el ect P®%638 i nsul ated from pl asma generated in tHeT/IA2904/g90556

2004/ 066382 PCT/ 3P2004/ 000556 electric discharge space 2b, so that the
occurrence of an abnormal electric discharge can be prevented. Fig. 2 is a
view showing a state in which the sem conductor wafer 6 before the start of
plasma dicing is. 5 put on the |ower electrode 3. The protective s?eet 30 is
attached t &lEFE TG fAbRCRIEES ( BREERe Aonet© f el stBE IGFCHTTFES of Ehe

sem conductor wafer 6. Under the condition_ that the sem conductor wafer 6
is put on ERRAIFAr elEdci¥ode Thale It kY iR EHeEEA30 is tightly
contacted 10 with the holding face 3g of the upper face of the electrode
portion 3a. The §r%tecki V& slreetVisy | §h8YViBg nashééetRaden ofRifSul ARPng
resin such as polyolefine, polyimde or ol yet hyl ene terephthal ate and
formed i nt GenifaanawtitorDOphert Ai BRAESS. t%ﬁdértatﬂ’ie Coriell 587 Ehatnghes
protective sheet 15 30 is attached to the sem conductor wafer 6, the.

prot ect bve puwshem BDef dpveirormsl et 20 3 ect Fhe BEPEamterie hehesleni@orduct or
wafer 6 is electrostatically attracted to the holding face 3g of the

el ectrode portdaredatoOthechesrefecse sfiace i (the skeomd fface) dide hén

Fig. 2) of the semiconductor wafer 6. Undexr the condition

that the semiconductor wafer 6 is put on the lower

electrode 3, the protective sheet 30 is tightly contacted

10 with the heolding face 3g of the uppexr face of the electrode

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 um

thickness. Under the condition that the protective sheet

15 30 is attached to the semiconductor wafer 6, the protective

sheet 30 functions as a dielectric bedy 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

20 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 1s conducted with a

resist film after the reverse face is machined as described

25 later. Due to the foregoing, a region except for the

14



20 opposite side (the upper side in Fig. 2) tothe circuit formng face, a
mask for determning the cutting lines in the process of plasma dicing
descri bed Iaéer is formed. This mask is formed when patterning is conducted
with a resVYOP 9% ter the reverse face is machined as RfSHEZOMN0FS

| ater. Due to the foregoing, a region except for the 14 WO 2004/ 066382

PCT/ JP2004/ 000556 portion of the cutting line 31b, which is an object of

pl asma etching, is covered with the resin film3la. The cutting lines 31b
to divide the resist _film3la are forned ﬁ? positi.ons correspondi.ng to the
posi tions FPRHEMi efndhs FrRESNIA SHtfn i 'Fi”é.’l%}? FenZ2r $9tg°to Fig.
3, the constitution of the sem conductor, wafer 6 will be_expl.ai ned BelomL
The seni caHErewWalbro6 iL§ RAABET oM edls LESudt ef 1hRse 13 -ayef 180 made
of silicon. The active layers 41 conposing 10 circuits of_ individual pieces
of the sen@dridid oring®enehpstoafevafranged TE6iLFE Horfed1aterg formed

| attice-shape on the circuit form ng face 6a (the first faqg% of the

sem conductadr wedBEidns | gorkhesppatinde-whaped Brrakgerentol Bhei AEerddl of
the active layers corresponds to the cutting 15 width of plasma dicing. an
an uppef facead Fachaotive Tiayer341, the 5102 layer 42 and the protective
| ayer (the passivation |layer) 43 are fornmed being put on each other
covering the entihes:, referring to Fig. 3, the constitution of the

semiconductor wafer 6 will be explained below. The
semiconductor wafer 6 is mainly composed of a wafer base
layer 40 made of silicon. The active layers 41 composing
10 circuits of individual pieces of the semiconductor elements
are arranged being formed intoc 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 actlve layers correspends to the cutting

15 width of plasma dicing.
On an upper face of each active layer 41, the S5i0;
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
20 43 1s composed of a ceramic layer made of SiN.
Blternatively, the protective layer 43 1is 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

25 pieces of the semiconductor elements corresponding to the

15



face of the circuit formng face 6a. The protective |ayer 20 43 is conposed
of a ceramic layer nade of SIN. Alternatively, the protective layer 43 is
conposed of an organic matter |ayer made of polyimde. The |attice-shaped

di ci ng | i WO AM/eH68An on the upper face of the protectiveP CTAVOPYINE vi de
the sem conductor wafer 6 into individual 25 pieces of the sem conductor
el ements corresponding to the 15 WD 2004/ 066382 PCT/ JP2004/ 000556 active
| ayers 41. Therefore, the lattice-shaped dicing lines 44 are set at
positions corresponding to the gositions to separate the active layers from
each ot her .23t ki $2¥RBSdi fent, THBTSH2rPaydrh 2 1854 105 ST YDt BEELDE | ayer
43 have not only the original function but also the function of an etching
stop | ayer liimgs ashh ditengseto &6t Hesiddmncondit e SRRESENS byonme&ahs of
plasma etching. As explained bel ow, the etching stop layer has a function
of prevent ipwp tthieror dir resioer of e pilob| aeklcavbereby fvomheathuetberi.on of the
etching rate distribution in the processing chanber 2. In the case of
pl asma di ci ng sHown thishi smbaédentnt , thel asiiD.et dhiviey i sé€ondudt edhen t he
entire face of the sem conductor wafer 6, so that the sem conductor wafer 6
15 can be dindtdsdive ol ayel v4 3umveircesontyt hiee seni gbnadlicfonctebanents al |
at once. Due to the want of uniformty of the etching rate distribution,
et chi ng doeslawttinecassatidy of an etching stop layer in plasma dicing
to cut the semiconductor wafer 6 by means of plasma
etching. As explained below, the etching stop layer has a
function of preventing the occurrence of problems caused by
10 the fluctuation of the etching rate distribution in the
processing chamber 2.

In the case of plasma dicing shown in this embcdiment,
plasma etching is conducted on the entire face of the
semiconductor wafer 6, so that the semiconductor wafer 6

15 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,

20 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 1s successively subjected to

25 the action of plasma until etching of the other range is

16



uniformy proceed on the entire face of the sem conductor wafer 6 in the
process of plasma dicing. Therefore, 20 etching fluctuates according to the
positions on the senm conductor wafer 6. In the range of a _high etching
rate, evenwsf10e406688chi ng of the wafer base |ayer 40 of tﬁ'éT@g’rWﬁlﬁqqaﬁfct or 6
has been conpleted, this range is successively subjected to 25 the action of
pl asma until etching of the other range is 16 WD 20041066382
PCT/ JP20041000556 conpleted in the sanme manner. Therefore, plasna acts even
on the protective sheet 30 attached to the sem conductor wafer 6, which
causes probi@rsielisr otdetheossbey8afher -pr GBlsamsionte piedragastsperayer
functions as a buffer 5 layer to absorb the progress of the etching action.
A | ayer (areretthengmstigriiaier sheol &8 Bitched tpr dgressedicphaymaor
etching, which is conducted on silicon by using plasma generating gas, is
i nt er posed weiawee, t hehidasea@gsr Boobwtieh i sIhhenddn 6bj extlwd ¢tbeting
in 10 plasma dicing, and the protective sheet 30. Due to the existence of
t he et chi ngstlopehsay erthedagtigbicgusetbon leyer pfotettione sheeta 3Duiiger
suppressed to the minimum In this enbodinment, the SiQ2 |layer 42, which is
ori gi nalbl y uywat ded alesiothetlsenbrogdess oo f walier ebchand théipnot ective | ayer
43 15 are used as this etching stop layer. As shown in Fig. 2, a plurality
of attracting hahesla3er (an etching stop layer) for delaying the

progress of plasma etching, which is conducted on silicon

by using plasma generating gas, 1s interposed between the

base layer 40, which is the main object of cutting in

10 plasme dicing, and the protective sheet 30. Due to the

existence of the etching step layer, damage caused on the

protective sheet 3C is suppressed to the minimum. In this

embodiment, the S510; layer 42, which is originally provided

on the semiconductor wafer 6, and the protective layer 43

15 &are used as this etching stop layer.

As shown in Fig. 2, a pluraliity of attracting holes 3e
which are c¢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

20 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 11l
is connected to the N; gas supply section 13 for supplying

nitrogen gas. When gas line changeover valve 11 is changed

25 "over, the suction holes 3¢ can be connected being
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whi ch are open to the holding face 3g are provided in the |ower electrode
3, and these attracting holes 3e are comunicated with the suction holes 3c
provided in the 20 | ower electrode 3. As shown in Fig. 1, jR_p hol es
3c are conM@@tM@6e3ld2t he vacuum suction punp 12 via the ggg&nﬁFﬁgﬁ@hangeover
val ve 11. The gas |ine changeover valve 11 is connected to the N2 gas
supply section 13 for supplying nitrogen gas. Wen gas |ine changeover
valve 11 is changed 25 over, the suction holes 3c can be connected being 17
WO 2004/ 066382 PCT/ JP2004/ 000556 sel ectively changed over, between t

vacuum suctf ﬁcgﬁﬁﬁiizc BRECHEVRE WEEBpI ‘%é@%ﬁ&ﬁlﬁfcﬁ&ﬁﬁlR?EPVquum

punp 12 is dri¥en under the conditi that the suction holes 3c are

n
conmuni cat 88irPR FredFBctiuRPlE Eﬁeg?ﬁﬂ bdnp 12, vacuum suction is conduct ed

fromthe attracting holes 3e, and the sem conductor wafer 6, which . is put
on the | ower el BBERodEE3 VaBIHE tRHBR et bySvEELURPanrIGTel e ALK HiHYty, the
attracting holes_3e, the suction holes 3c and the vacuum suction punp 12
conpose t héhad &ber SGtgranmr het dffgaheaRsTMBRiRELGch G tHe Seri Coviddet or
wafer 6 under the condition that the protective sheet 30 is tightly

cont acted wWehiphe BelE nb f acee Bl e iginectrodeonggctiesh S&ChheM & acuum
suction is conducted fromthe attracting holes 3e which are open to the
hol di ng f aegétzgctiBgofhictins | doer addedtrodeemiconductor wafer 6, which

is-put on the lower electrode 3, is attracted by vacuum and
held. Accordingly, the attracting holes 3e, the suction
holes 3c and the vacuum suction pump 12 compose the
10 attracting and holding means for holding the semiccnductor
wafer 6 under the condition that the protective sheet 30 is
tightly contacted with the holding face 3g cf the electrode
portion 3a when vacuum sucticn is conducted Ifrom the
attracting holes 3e which are open to the holding face 3g
15 of the lower electrode 3.

When the suction holes 3c are connected to the N; gas
supply section 13, N; gas can e 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

20 out from the attracting holes 3e to the lower face of the
protective sheet 30, 1is blown out for the cbject of
foreibly detaching the protective sheet 30 from the holding
face 3g.

fhere is provided a coolant flow passage 3d in which

25 coolant used for cooling flows in the lower electrode 3.
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When the suction holes 3c are connected to the N2 gas supply section 13, N2
gas can be blown out fromthe attracting holes 3e to the |ower face of the
protective sheet 30. As described later, this N2 gas, which is blown 20 out
from t he awormetésngszhol es 3e to the |ower face of the profERWGEIUREet 30,
is blowm out for the object of forcibly detaching the protective sheet 30
fromthe holding face 3g. There is provided a coolant flow passage 3d in
which 25 cool ant used for cooling flows in the | ower electrode 3. 18 WO
2004/ 066382 PCT/ JP2004/ 000556 The cool ant fl ow passage 3d is connected to

t he cool i ngdhemechabhasin flovwheasshgecdd i hg mecheEvitsd 100i Shdr i wenlingool ant
such as cooling water circulates in the coolant flow passage 3d. Therefore,
the | ower eleetiandden 31and theed mhat ectdVingheetchztiiom t he lienwedreébent r ode
3, the tenperatures of which are raised by heat generated in the process
of plasma poeQessd nguchr escoabellihy tWeet r ctiikat:lngesconh artthe Theotantant

fl ow passage 3d and the cooling nechanism 10 conpose the cooling neans for

cool i ng theickd dawsigel BeL r odreBefdbhe, exhausbwrar telet b3 i Snd the
comuni cated with the processing chanber 2, is connected to the vacuum punp

8 via thepdiaustiehangesyer val ver/. ien tbeeexhalusictratrngevyer tual ve 7
is changed over and the vacuum punp 8 is
temperatures of which are raised by heat generated in the
process of plasma processing, are cooled by the circulating
coolant. The coclant flow passage 3d and the cooling
mechanism 10 compose the cooling means for cooling the
. 10 lower electrode 3.

The exhaust port la, which is communicated with the
processing chamber 2, is connected to the vacuum pump 8 via
the exhaust changeover valve 7. When the exzhaust
changeover valve 7 is changed over and the wacuum pump 3 is

15 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 1s provided with a pressure sensor
{not shown) which is omitted in the drawing. When the

20 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 wvacuum pump 8 compcoses a pressure

reducing means for reducing the pressure in the processing

25 chamber 2 to a desired value. When the exhaust changeover



15 driven, the inside of the processing chanber 2 of the vacuum chanber 1
i s exhausted by vacuum so that the pressure in the processing chanber 2
can be reduced. The processing chanber 2 is provided with a pressure sensor

(not shown)WQRYBHS¢B82omitted in the drawi ng. Wien the 20 JSHEBPO4ERTSS on
controls the vacuum punp 8 according to the result of neasuring the
pressure by this pressure sensor, the pressure in the processing chanber 2
can be reduced to a desired value. The vacuum punp 8 conposes a pressure
reduci ng neans faor reducing the pressure_in the processing 25 chanber 2 to a
desired valaévewlen:® heheradstotangeotBe AGagy»0UF 086885 1ide, the
PCT/ JP2004/ 000556 valve 7 is changed over to the atnospheric air side, the
at nospher e &tBCsRPREGUAEd IR A HE Driddds Sy Ranfesing chritPehel praldSure in
t he processing chanber 2 can be returned to the atnospheric pressure. 5
Next, the Gppeprelsstiicodes Mhenirnodss e ailwedrdn 2 daamile mgeuppeérto
el ectrodes 4 includes: a central electrode 4a; and an extending portion 4f
made of i hel atiegoretréid glragsugte .surrounds the el ectrode portion 4a and
extends to the outer circunferential portion of the 10 central el ectrode 4a.
The profile of textexttehdi ngopertiedmctdiodes | 4r gerll haoe t kaplefineke iower
el ectrode 3 and arranged bei ng extended outside the |ower electrode 3. The
gas bl ow ngeparitli.on 4&€hes prpdrdectlatctrtadiecent4d alipotdden: a central
electrode 4a; and an extending portion 4f made of
insulating material which surrounds the electrode portion
4z and extends to the outer circumferential portion of the

10 centrel electrede 4a. The profile of the extending portion
4f 1is larger than that of <the lower electrode 3 and
arranged being extended outside the lower elecircde 3. The
gas blowing portion 4e is provided at the central portion
on the lower face of the upper electrode 4.

15 The gas blowing portion 4e supplies gas for generating
plasma which 1s 1used for denerating plasma electric
discharge in the electric discharge space formed between
the upper electrode 4 and the lower electrode 3. The gas
blowing portion 4e 1is & circular plate member made of

20 porcus 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 sc that gas can be uniformly supplied.

In the support porticn 4b, the gas supply hole 4c

25 communicating with the gas staying space 4g is provided.

20



on the | ower face of the upper electrode 4. 15 The gas bl ow ng portion 4e
supplies gas for generating plasma which is used for generating plasm

el ectric discharge in the electric discharge space fornqgrgggwgiﬂ‘ughe
upper el ecwdots/M68dd the | ower el ectrode 3. The gas bIoV&hg‘ SHPPDR e is
a circular plate nmenber made of 20 porous material having a | arge nunber of
mnute holes in it. Gas for generating plasma is uniformy blown out from
the gas staying space 4g into the electric discharge space via the mnute
hol es so that gas can be uniformy supplied. |In the support portion 4b, the
gas suppl y Thel e 986 25Waniuni at ¢ ngd@i t hSt hECHASCSEaYi i spdee 4glasna

provi ded. 20 WO 2004/066382 PCT/ 3P2004/ 0005 6 The gas supply hole 4c is
connect ed weneletprdstms genepayi B§CHasns WsFar dwad i baldesdishediheldW vi a
the gas flow rate adjusting section 19. The plasnma generating gas supply
section isfdompossd =8jofkstdrgasesidmyeder val ve 20, wafer base |ayer
etching gas supply section 21, Si02 |ayer etching gas supply section 22
and protective Tagercletsid ngegasasuppl wesectimnl P3seCteocof ig heopposadli ty of
types of plasma generating gasses, which are used for plasma dicing, is

sel ect el beifng drngddoyesvdd bylthe2fasweliangbaser leglar 0chivhgchass a

gas selecting neans, and supplied fromthe plasm generating gas supply
section i ntsapie eleedticne i Sherge aspacetching gas supply section 22
and protective layer etching gas supply section 23. One of
the plurality of types of plasma generating gasses, which
are used for plasma dicing, is selected being changed over
10 by the gas changeover wvalve 20, which is a gas selecting
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 contrclled
i5 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 1is supplied, 1s ccntrolled according to the
20 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

25 chamber 2.
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In the above plasnma generating gas supply system when the gas flowrate
adj usting section 19 is controlled 15 according to a command sent fromthe
control section 33, a flowrate of gas supplied into the electric discharge
space canVHe2W#EFE3Barily adjusted. Due to the foregoi ng, PGIVES8408055A t he
processing chanber 2, into which plasma generating gas is supplied, is
controll ed according to the 20 pl asna processing condition, which has been
previously set, and according to the pressure in the processi ng chanber 2
detected by the pressure sensor. Accordingly, the gas flow rate adjusting
section 19 conpdBedhehHiessiir & tedntynl therpdaieroradtht oYEIngadee PF essure
in the processing 25 chanber 2. 21 WD 2004/ 066382 i CT/jP2004/!' 0555 In
the case ofikichiingthhewadter bbase leapar evadanal gasi |Suganly t9rciweder2base
| ayer etching gas supply section 21 supplies m xed gas containing fluorine
gas such asuppiéds gdsied ngmbi cordinimdekafid nore dgaESSFechr asartmioned
tetrafluoride (CF4) is mxed with helium as plasma generating gas. The
waf er baseghayer iat chivhgcgas supphy seckifdmo2ides t h@FEi r sbrpl asambon
generating gas supply section for supplying the first plasma generating gas
whi ch 3 s texedrgasrdédat ai(@irpy fligor imiekeghs.wilth | nhehéumase aof ebddmg t he
Si 02 layer, the SiQ2 | ayer

generating gas. The wafer base layer etching gas supply

section 21 1s the first plasma generating gas supply

section for supplving the first plasma generating gas which

is mixed gas containing flucrine gas.

10 In the case of etching the 8Si0; layer, the Si0, layer
etching gas supply section 22 supplies fluorine gas (for

example, CHF:;) having hydrogen bonding or mixed gas (for

example, CF,+H,) containing fiuorine gas and hydrogen as

plasma generating gas. In the case of etching an organic

15 matter layer such as a polyimide layver, 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

20 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 zbove, in order for the etching stop

25 layer to function so as to stop the progress of etching, it
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etching gas supply section 22 supplies fluorine gas (for exanple, CHF3)
havi ng hydrogen bondi ng or m xed gas (for exanple, CF4+H2) contai ning
fluorine gas and hydrogen as plasne generating gas. In the case of etching
an organi c Wib2i##P%%82 | ayer such as a polyi mide |ayer, thePSTOFeWHPWSSS | ayer
etching gas supply section 23 supplies m xed gas containing oxygen as
pl asma generating gas. In the case of wusing the SiN |ayer as the protective
| ayer 43, m xed gas (for exanple, CF4+02) containing fluorine gas and
oxygen is 20 supplied as plasma generating gas. The above gases have a
char act er i 58 i ke @Rl GAfchhehe tos) ettt al s ca?Wbe RPghiGRser fé@Thievel y
etched. In this case, the etching rate will be explained as follows. As
descri bed abovEngdi ASorerddeied heletsdRilsgrstwpth 2blpayper ¢ MiKed gifsso as
to stop the progress of etching, it 22 WO 2004/066382 PCT/ S2004/ 000556 is
required thdhet hdretchilpgneatueriey dtond rdahe cegeawnene IfdueHilag iws.
conducted on silicon with plasm of mxed gas (the first plasma generating
gas) cont aThéngfdteaor ineogdsr tTFhgrdfer eheirheor der nod jrhdgeatisstiver igr not
the material is 5 appropriate to fulfill the function as the etching stop
| ayer, & heapprtpniatat ea sfdéfihéd tflor fudgitngnwheet heéheoretabinghestat eri al
is appropriate. Etching rate ratio Ris defined as the ratio (r/ro) of the
etching rateyso, i athehetaseofraiondist ided ietechi fugr oindging whethexr or

not the material is appropriate.

Etching rate ratio R is defined as the ratio (r/rp) of

the etching rate ry in the case of conducting etching on

10 silicon, which is the reference material, with plasma of
the first plesma generating gas to the etching rate r in
the case of conducting etching on the etching stop layer
with plasma of the first plasma generating gas. In other
words, etching rate ratlc represents an etching rate in the

15 case of conducting etching on & material with plasma of
plasma generating gas when an etching rate is determined to
be 1 in the case cof conducting etching on silicon, which is
the reference materizl, with plasma of the same plasma
generating gas.

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

25 0.1 time of silicon. In this case, when etching rate ratio

23



10 silicon, which is the reference material, with plasma of the first plasma

generating gas to the etching rate r in the case of conducting etching on

the etching stop layer with plasma of the first plasm generatinam%§§. In
U U )Ca

ot her wor ¥ 2084846y rate ratio represents an etching r aPETPR2EH se

of conducting etching on a material with plasma of plasnma generating gas
when an etching rate is determned to be 1 in the case of conducting
etching on silicon, which is the reference material, with plasm of the
sane plasma  generating gas. 20 For, exanple, when the etching rate ratio R

is 1, it Bhbus"PhalCtRe tbawe ketlhilly f fH4Yes Phat bPesiAtESH3ls C3r ovi ded

in the case where etching is conducted wth plasma of the first plasm
gener at i ngogasseYWERT etlehi Agchane SEEPI 62R8Fs 0.1, it shows that etching is
conducted only by 25 0.1 tine of silicon. In this case, when etching rate
ratio 23 WO 20021088382cPEFs/ 3PL00aF00BE56MaReFd a6t FHO&T hd@ 0.1815 ¢t is
judged that the material can be used for the etching stop layer. In the
cases of aetipedimenieri ak§cbhoan ingtehi scaterifodi fenpf etSdifzng Falle raaxd os R
of Si02, SiNand 5 polyimde are respectively 0.1, 0.05 and 0.6 according
to the Fespbiyiohide actualeapsasiureaisntC.1n 8t-Rér amsk d$; 6i accorddinff iteul t for
these materials to be etched with plasnma of the first plasnma generating
gas. Theretbeerestlisofudygedctual measurement. In other words, it is
difficult for these materials to be etched with plasma of
the first plasma generating gas. Therefore, it is Jjudged
that both the SiQ0; layer 42 and the prctective layer 43
10 (SIN or polyimide) of the semiconductor wafer & are
appropriate for the etching 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
15 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 layver. Therefcre,
in the plasma processing device of this embodiment, an
20 appropriate Ltype gas, which 1s 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

25  process of plasma dicing.



that both the Si02 |layer 42 and the protective |layer 43 10 (Si N or
polyi m de) of the sem conductor wafer 6 are appropriate for the etching

stop layer. As described above, in the case of setting thg.etchin top
| ayer, nmat¥PizaHa8e sel ected which are difficult to be é?ﬁ%%%"mg?ﬁﬁplasna

of the first plasma generating gas 15 containing m xed gas of fluorine.
However, in the case of conducting plasma dicing, it is necessary to
effectively cut the entire sem conductor wafer 6 including not only the
base | ayer 40 but. al so the etchin stog Ia%er. T%grefo e, . in gh% &hasna
processi ng devi d& Wit s Ebodi Teht , SR8 apptoprl at 82VypE gR¥CTRAFEN is
appropriately used for, conducting etching qQn the etching stop |ayer, is

sel ected fR¥PWENTe CBEERd 45 asWEPyeRer &1 g YasiCand 2k pf bR g8REr ati ng
gas is changed over fromthe first plasma generating gas to the second

pl asma genenainlng gascthothe 2225 prnbress agfaspl ashardi cixgup2d, WOCEF+Hz)
20014/ 966382 DCT/ 3P2004/ 000556 Fl uorine gas (for exanple, CHF3) having

hydrogen bondiingn My chlhsr ssdphked zby theirSden,| ayetedt ghkngoaas insugpl y
section 22, mxed gas (for exanple, CF4+H2) containing fluorine gas and

hydroges, rHxgsbr0asuGONt & NbHgtBe0xyear SURR i1ed/dy éhenphet geki wapbayer
etching gas supply 'section 23 and m xed gas (for exanple, CF4+Q2)

contai ni ng _ § L uor} ne;9as, And; QXY 9 A" e dNe 386804 PIASTR, Pensrating,

fluorine gas and oxygen are the second plasma generating
gases capable of conducting etching on the etching stop
layer at a higher etching rate than the etching rate of

10 conducting etching on the etching stop layer with plasma of
the first plasma generating gas. The 8iC, layer etching
gas supply section 22 and the protective layer etching gas
supply section 23 are the second plasma generating gas
supply means.

13 In this case, explanaticns will be made into an
appropriate thickness of the etching stop layver. The
appropriate thickness o¢f the etching stop layer is
determined by necessary thickness X which is required =zt
the minimum for fulfilling the buffer function to absorb

20 the fluctuation of the dedgree of progress of etching caused
by the want of uniformity of the etching rate distribution.
Necessary thickness X is found by the following calculation

fermula.

X =Y x 22/100 x R .. {Formula 1)
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gases capabl e of conducting etching on the etching stop |ayer at a higher
etching rate than the etching rate of 10 conducting etching on the etching
stop layer with plasma of the first plasm generating gas. The Si Q2 "Laver
etching ga3%03ulsPeesstecti on 22 and the protective | ayer etRHIAARFIYLISS6uppl y
section 23 are the second plasma generating gas supply neans. 15 In this
case, explanations will be nmade into an appropriate thickness of the
etching stop layer. The appropriate thickness of the etching stop |ayer is
determ ned by necessary thickness X which is required at the m nimum for
ful fillingwheeebdf fler thencthorknresabsbr bhaowaherf bastudEiysmt of0 the degree of
progress of etching caused by the want of uniformty of the etching rate
di stributi eemicNedessary vafekndss X iss f atned Byutheafobhow hg edl culbat i on
fcrmula. X = X x 22/100 x R.. (Forrmula 1) 25 WJ 20U4/U663T2 PC Ai ui 20 O
4/000.i5 (ktehéng Yate tlietthilckness ehad e Mmfiere bisshimyera® vétihe
sem conductor wafer 6, Zis the fluctuation (% of the etching rate
di stributi gn, tand Raisg,t Ha wetichitigr & ef dthio.etdmindixaicases dhuctdati on Z
of the etching rate is an index 5 of showi ng the degree of fluctuation of
the etchingfr ahewong tthe sR@eenductiduaaieridn o tite: caiseh biig coadacsing
pl asma etching on the sem conductor wafer 6. For exanple, when

the semiconductor wafer 6 in the case of conducting plasma

etching on the semiconductor wafer 6. For example, when
fluctuation Z is #*10%, a difference is caused by 20% at the

maximum in the degree of progress of etching.

10 Value X found by Formula 1 corresponds to the
thickness of the etching stop layer capable of absorbing
the difference of the degree of pregress of etching caused
by fluctuation Z at the point of time of completion of
etching. Value X corresponds to the thickness at the point

15 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 peint of time
when etching of the etching stop layer has been completed
at the position where the etching rate is highest.

20 For example, when z single layer of 5i0;, the etching
distribution of which is 10, the wafer thickness Y of
which is 50 pum, the etching rate ratic 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 um by Equation

25 1. That is, when the etching stop layer of this thickness
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fluctuation Z is 10% a difference is caused by 20% at the maxinumin the
degree of progress of etching. 10 Value X found by Fornmula 1 corresponds to
the thickness of the etching stop | ayer capabl e of absorbln

di f f er enceWsk 200#@66d8gr ee of progress of etching caused by¢
of time of conpletion of etching. Value X corresponds to the

t he poi nt
t hi ckness
has been

at the point 15 of tinme when etching of the wafer base |ayer
conpl eted at the position where the etching rate is | owest.

ué@ﬁﬂ? "th Z at

40
Val ue

X corresponds to the thickness at the point of tinme when etchlnggof,the

etching stop P37y baén %%%pﬂ%F%&lOQt R8T Bost ¢ off L@ t Rd

rate i s hi

necessary ihvekness Ixeedf conpleteli ngost 6pilvafide mefginv&rseo ver gy

t i ng

hest. 20 For exanple, when a single |layer of Si02, the etching
di stributi %W%$tmﬁﬁéhﬁusﬁﬁﬁ thBewrPer thieclaiedsing ot GRECHaALSISPARE t he
etching rate ratio of which is 0.1, is wused as the etching stop Iayer

Equation 25 1. That is, when the etchlng@@top l ayer of this thickness

2004/0663821F@Tﬁh?2@04ﬁ003555toﬁSlPWSVi

etching rate is lowest and at the tinme when the etching of the wafer base

| ayer Has

rgten heoppsetroN wiehed Mt
beenpcohpieredhenst thel gtrhéngatetebdse Higyersthut al so the

t he
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etching stop | ayer has been conpletely etched at 5 the position where the

et ching rate isIhighiest.

10

15

20

25

connecied to the high frequency electric power supply
section 17 via the matching circuit 16. When the high
frequency electric power supply section 17 is driven, a
high frequency vecltage is 1mpressed between the upper
electrode 4, which is electrically continued tc the vacuum
champber 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 is transierred 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 secticn 17 at the time of generating this
plasma.

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

section 18 via RF filter 15. When the electrostatically

27
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connected to the high frequency electric power supply section 17 via the
matching circuit 16. When the high frequency electric power supply section
17 is driven, .a 10 high frequency voltage is inpressed between the upper

el ectrode AYOMERAPE el ectrically continued to the vacuufCHARPERIES
grounded to the grounding section 9, and the |lower electrode 3. Due to the
foregoing, plasma electric discharge is generated in the electric discharge
space 15 between the upper electrode 4 and the | ower el ectrode 3.

Accordi ngly, the plasma generatjng gas supplied to the rocessi ng chanmber 2
is transfeﬁ%éHaFﬁEBQtﬁg:ﬁ%ﬁ%ﬁ%ﬁc Bgﬁ§ﬁa§d%9§$nﬁ?ﬁﬁ+ﬁpcgﬁcﬁ% 461 eFhduct s

i npedance matching between the plasma electric discharge circuit in 20 the
processi ng2€hafBErN2 &Rd TH2- hi YRt r eqieFRy & e ¥FEC T DOVEFRRLPPFY &ERt i on
17 at the tinme of generating this plasma. The lower electrode 3 is

connect ed ﬁ@cpﬁélag?éc?ﬂo§ﬁ§ﬂﬁﬂﬂﬁ®c%1@?a%@?nbofffeﬁé@FﬁQPQﬁw%ﬁ stippry 25
section 18 via RF filter 15. Wen the electrostatically 27 W 20004/066382
PCT/ 320( , ' #leew856 5 &ehedciiasy BC ehecprpeepoirt sopplyrsecthvndniving
driven, as shown in Fig. 4(a), negative electric charges are accunul ated
on the Burthee bighhdteomenay ectlecdais. Mhear plunmiy | Seiarat éd iast he
processi ng chanber 2 by driving 5 the high frequency electric power supply
section 17shewn by the dotted porticn 29 in Fig. 4 (b}, the DC current

impressing circuit 32 for connecting the semiconductor
wafer 6, which is put on the holding face 3g wvia the
protective sheet 30, to the grounding section 9 is formed
10 in the processing chamber 2 via the plasma. Due To the
foregoing, a closed circuit is formed in which the lower
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
15 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
20 positive electric charges which are accumulated on the
semiceonductor wafer 6 via the protective sheet 30 including
an 1insulating layer as dielectrics. By this Coulomb’s
force, the semiconductor wafer 6 is held by the lower
electrode 3. At this time, RF filtex 15 prevents the high

25 frequency voltage of the high frequency electric power
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shown by the dotted portion 29 in Fig. 4(b), the DC current inpressing
circuit 32 for connecting the sem conductor wafer 6, which is put on the
hol ding face 3g via the protective sheet 30, to the grounding section 9 is
formed 10 WP WRE04PBcessi ng chamber 2 via the plasma. DueFt&FHEYGr%goi ng,
a closed circuit is formed in which the lower electrode 3, RF filter 15,
the electrostatically attracting DC electric power supply section 18, the
groundi ng section 9, the, plasma and the sem conductor wafer 6 are 15
successively connected in this order, and positive electric charges are
accumul at eximml ¥ heseebi eondlét ofTRBf e eGRY CoUI TSRS LY f o €BSRct §CbetRiSen t he
negati ve el ectric charges, which are accunulated on the hol ding face 3g of
the | over @lectroveaidiemtly of 2EbhddEinge whterdldctEi@ thewero Fodirtivve
el ectric charges which are accumul ated on the sem conductor wafer 6 via the
prot ect i vesestigitn 30L6 .ncl udingthaa | seuhettheni ayidre apaiatBeYrias. Me this
Coul onb's force, the sem conductor wafer 6 is held by the |ower el ectrode
3. At thissleaeroRFRafitakly 15aptevehtisgt h&Chi ghi @S frequenwgrvolstigge Yof t he
hi gh frequency electric power 28 %40 204/ 0603S2 i L. 1!1a”r~2004/ COCS 5
suppl y 5sectecini 7 18 ampebeagreiveeseédly given to the electrostatically
attracting DC electric power supply section 18. In this connection, the
pol arity of theInel enerosbatiecaldonsatitndcitamg Dhel eefleict rpewert isadgly
attracting DC electric power supply section 18 composes the

DC voltage impressing means for electrostatically
attracting the semiconductor wafer 6 by utilizing Coulomb’s
10 force acting Dbetween the semiconductor wafer 6 and the
holding face 3g of the lower 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 tholding the
15 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 3g, by wvacuum and the DC voltage impressing
means described above are provided, and these two types of
20 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

25 carrying in and out the semiconductor wafer 6, the upper
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5 section 18 may be reversed. In the above constitution, the
el ectrostatically attracting DC electric power supply section 18 conposes
the DC voltage inpressing nmeans for electrostatically attracgha&{&pe
sem conduc¥st XM&P®e8% by utilizing Coul omb's 10 force act FAG'BE*HIEERE he
sem conductor wafer 6 and the holding face 3g of the | ower el ectrode 3,
which are separate fromeach other by the protective sheet 30, when DC
voltage is inpressed upon the |ower electrode 3. That 1is, concerning the
hol di ng means for holding the 15 sem conductor wafer 6 on, the |over .
el ectrode 31¢REr AR UEM: SattErldeS vy SSFST L EPERaBLPNG StRE BESHECEiSTe
sheet 30 via the plurality of attracting holes 3e, which are open to the
hol di ng fac&® 3§haby & athaffatttahel®C ¢TGBT MResERnFTHHE 8BsHithed
above are provided, and these two types of 20 neans are properly used. An
openi ng portdeer (RGECERNER®) Usednforthedr rihgseRicandustcranidbfect té be
processed is provided on the side of the processing chanber 2 in such a
manner the openieg iporatidnoganihe fheergippefenv@hndosBEChpRithe Vddse of
25 carrying in and out the sem conductor wafer 6, the upper 29 WO
2004/ 066382t IPETPHIE2004 10006561 -el ectrode 4 is raised by the el ectrode
el evati ng mechanism so that a space used for carrying can be ensured on the
| ower el ectrode Bexandrefenrrtimg stami Ebduét orexmpdfaaratidrss will be made
into the constitution of the control system of the plasma
processing device. In Fig. 5, the contrel section 33 is
connected to the storage section 34 for storing varicus
10 data and processing programs. The storage section 34
stores the plasma processing condition 34a and the plasma
processing cperation 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
15 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
20 23 controls the gas changeover valve 20, gas flow rate
adjusting section 18, gas line changeover valve 11, high
frequency electric power supply section 17,
electrostatically attracting DC electric power supply

section 18, exhaust changeover wvalve 7, vacuum pump 8,

25 wvacuum attracting pump 12, door opening and clesing
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carried in and out by the wafer conveyance nechanismvia 5 the opening
portion. Next, referring to Fig. 5, explanations will be made into the
constitution of the control systemof the plasma processing device. In Fig.
5, the con¥PolitL®ei8Zon 33 is connected to the storage seBYT@ri8%sis1e
storing various 10 data and processing prograns. The storage section 34
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

condi ti on mawhan SIS 9peaid | Dhecorpande !l Thet Higpraghaeésitor 436 P4 &hdisspl ay
devi ce which displays a guiding image plane in the case of inputting for
oper at i on.time t Hehgllagrma PF osessing bpesatienztar feedwben taeceoditdglt o t he
operation program 34b, the control section 20 33 controls the gas
changeoversexdliven 2ZI8 qastfd bw tiae egadj asténngosert vehve9dZ2gand ithe changeover
val ve 11, high frequency electric power supply section 17,

el ectrost afiwal kytat tadatdtnghdCsebecbni d ponecosdpply tsethe oprkd sueehaust
changeover valve 7, vacuum punp 8, 25 vacuum attracting punp 12, door

openi ng ardktdosicig r836uD 2004066382 sRETAL3IRA0A4:00005561d neebanrieame26 and
el ectrode el evating nechanism24. At this tinme, the type of gas and
pressure agr=sed pheresdhengondbridition 34a.

The plasma processing device is composed as described
above. Referring to Fig. 6 and the other drawings,
explanations will be made into the method of manufacturing

10 the semiconductor device, in which the above plasma
prccessing device 1s used, and the plasma processing method
carried out in the process c¢f the method of manufacturing
this semiconductor device.

First, as shown in Fig. 6é(a), reference numeral € is a

15 semiconductor wafer, on which a plurallty of semiconductor
elements are formed, the thickness of which is reduced by

means cf machining. The thickness of the semiconductor
wafer is reduced to a wvalue nct more than 100 um in the
thickness reducing step previously conducted. Before the
20 thickness reducing step, the Si0; 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 cof the semiconductor wafer 6. These Si0;
layer 42 and protective layer 43 cover the entire face of

25 the semiconductor wafer 6 including the ©positions
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section 33 controls the gas changeover valve 22 and the gas

flowrate

adj usting section 19 according to the pressure 5 detection result of the
pressure sensor 28 and the above plasma processing condition 34a. The

pl asma pr ovEMIHFSHBvi ce is conposed as described above. PREFBIFHHYSY0 Fig.
6 and the other draw ngs, explanations will be made into the nethod of
manuf acturing 10 the sem conductor device, in which the above pl asna

processi ng device is used, and the plasma processi ng net hod

carried out in

t he process of the nethod of manufacturing this sem conductor device.
First, as SSHGRPHMEIY bBralrher etdlerite hdRBFalvie s are15edenf@okdast or
wafer, on which a plurality of sem conductor elenments are fornmed, the

t hi ckness 3fe wheBhCPEdReEnEedARET npafslofbermdhivarRg. THe t ARekiésyasdf t he

sem conductor wafer is reduced to a value not nore than 100

min the

t hi ckness Diedies ng stlep Prévi dasier cOAdRN@dthBefretetblye thiXkheds
reducing step, the SiQ2 layer 42 and the protective layer 43, which are
shown i n Fiaptadn anetepiavi otibky eftoiviedy asathecét phiasgestop Thgefigntt he

circuit formng face 6a of the sem conductor wafer 6. These

SiQ2 layer 42

and pr 6t egtliamnd ayeneAdtioyegasheoenwhiehf ace bbweb thersemieordgdtioy waf er
6 including the positions 31 W 2004/ 066382 PCT/r 02004/ 000556

correspondiate t @ ft helawstt ngil i bes whicht arnelseta sgantwatating

etching silicon.

gas of

As shown in Fig. 6{a), before the step of reducing the

10

thickness is conducted, the protective sheet 30 is attached
to the circuit forming face {the first face) of the
semiconductor wafer 6 (sheet attaching process). In this
case, the profile of the protective sheet 30 i1s the same as
that of the semiconductor wafer 6 so that the protective

sheet 30 can cover the overall circuit forming face 6a and

15 can nct protrude outside the semicconductor wafer 6.

Due to

the foregoing, the protective sheet 30 is not exposed to

plasma in the plasma processing conducted

lzter.

Therefore, it 1s peossible to prevent the protective sheet

30 from being damaged by plasma.

20 After the completion of the thickness reducing step,

the resist film 31 is formed on the reverse face

second face) of the circuit forming face 6a

6b (the

of the

25

semiconductor wafer in such a manner that the resist film
31 covers the entire face of the semicenductor wafer 6.

This resist film 31 is used for forming a mask tc determine
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t he sem conductor wafer 6 can be divided into individual pieces. The Si02
| ayer 42 and the protective layer 43 contain material, the etching rate of
plasma of the first 5 plasnma generating gas of which is |ower than the
etching raPé%6f6¢Basna of the first plasma generating ga§ioiP2oe(ieNHng
silicon. As shown in Fig. 6(a), before the step of reducing the thickness
is conducted, the protective sheet 30 is attached 10 to the circuit formng
face (the first face) of the sem conductor wafer 6 (sheet attaching process)
. Inthis case, the profile of the protective sheet 30 is the sane as that
of the sefiflBoldirdt s waterse fsg t ®afi el pFBfectsieconpectoBoWeaRIcdver t he
overall circuit formng face 6a and 15 can not protrude outside the
sem condugfibp waRéiveduBde péecefe PAreddicng Seiie gndiEctl vee ket 80 i s not
exposed to plasnma in the plasnma processing conducted |ater. Therefore, it
i s possi bPetterpiagents tdmnprotedt Pvetbheaesisd f¥oim bal nyydaresgesd bl
pl asma. 20 After the conpletion of the thickness reducing step, the resist
film 31 i shboehetdhoorebeyr ever s face rébofieherosttond faterhef tdmizhircuit
“formng face 6a of the sem conductor wafer in such a manner that the resist
film B1 foymr8lt herermspredfiage tof thise cydtiiconductesr 3idf er Bie 25 Tihies resi st
film31 is used for formng a mask to determne 32 WD 2004/ 066382
PCT1SP200£t0666568g, as shown in Fig. 6(b), on the reverse face of
the semiconductor wafer 6, the mask is formed, the region
except for the portions of the culting lines 31b of which
is covered with the resist film 3la. The semiconductor
10 wafer 6 having the mask in this state becomes an object to
be processed by means of plasma processing.
Referring to the fiow chart shown in Figs. 7 and 8,
the plasma processing method, the object to be processed of
which is this semiconductor wafer 6 having the mask, will
15 Dbe explained below. First, the semiconductor wafer 6
having the mask is conveyed into the processing chamber 2
(8§T1). Next, the vacuum attracting pump 12 is driven sc as
to attract from the attracting hcles 3e by wvacuum, and the
vacuum attraction of the semiconductor wafer 6 is turned on
20 and the electrostatically attracting DC electric power
supply section 18 1is turned on (ST2). By this wvacuum
attraction, the semiconductor wafer €& 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

25 3. Fig. 8(a) i1s & view showing the semiconductor wafer 6
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the cutting lines for dividing the sem conductor wafer 6 into individual
pi eces of the sem conductor elenents. Patterning is conducted on the resist

film31 Qy nmeans of photolithography so as to renove portions of &he resi st

5 film31Ve3rHE$pPAding to the cutting |ines 31b. Due toP¥HEP2H6Y%EY6i ng, as
shown in Fig. 6(b), on the reverse face of the sem conductor wafer 6, the
mask is formed, the region except for the portions of the cutting lines 31b
of which is covered with the resist film 3la. The sem conductor 10 wafer 6
having the mask in this state becones an object to be processed by nmeans of

pl asma pridcddsisng ta¥et el i Wyl €8 the Prowechare &Rt i+° Figsathaghads, the
pl asma processing met hod, the object to be processed of which is this
senm condiét ot WaERCE havi fdre herrhskEtiwel |laspe 48xpPai fée beks@uiFi r st
the sem conductor wafer 6 having the mask is conveyed into the processing
chanber Zorggmg) .faNextoa thale acliumat 1eraicednd purp W2Les Eriven so as to
attract fromthe attracting holes 3e by vacuum and the vacuumattraction
of the sem codductrortiwaf er toei sdaar ned dhe2(Parce s hiengl ebmdstrat? cakl y
attracting DC electric power supply section 18 is turned on (ST2). By this
vacuul atltoszcsti emd tihe sercomiletiorodwmferis ieweetd W§TBhe | Ower to
electrode 3 while the protective sheet 30 is being tightly contacted with
t he hol dittg f doee8ginf, t hehd owdre dlrecter odés2Bn8e Pigtwd¢nm) tifse auppbew show ng
t he sem conductor wafer 6 33
electrode 4 and the lower electrode 3 1is set at an
electrode distance shown in the plasma processing
condition. Next, the vacuum pump 8 is set in motion, and
10 decompression of the processing chamber 2 is started (5T4}.
When the pressure in the processing chamber Z has reached a
predetermined degree of vacuum, the semiconductor wafer
base layer etching gas made of mixed gas, in which sulfur
hexafluoride and helium are mixed, 1s supplied from the
15 first plasma generating gas supply section 21 {ST5).

When the pressure in the processing chamber 2 has
reached the gas pressure shown 1in the plasma processing
cendition, the high frequency electric power supply 18 is
driven, and a high frequency voltage 1is impressed between

20 the upper electrode 4 and the lower electrode 3 so as to
start plasma electric discharge {5T6) . 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

25 upper electrode 4 and the lower electrode 3.
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O 2004/ 066382 PCT/ SP2004/ 000556 in this state in which the protective sheet
30 is attached to 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

t he processt ngsobhagber 2 is 5 closed, and the upper el egicrrodecsdorssd ower ed
(ST3). Due to the foregoing, the el ectrode di stance between the upper

el ectrode 4 and the |lower electrode 3 is set at an el ectrode di stance shown
in the plasma processing condition. Next, the vacuumpunp 8 is set in
notion, and 10 deconpression of the processing chanber 2 is started (ST4).

When the pressuse tRet Benpiacessi Bg ghaphe; 2nhasecheached Xopiedairergn ned
degree of vacuum the sem conductor wafer base |ayer etching gas nade of

m xed gas, 3 N WhlbeRasul d upnehexalddord des apndr Dbl ynarerdi xede isteHpRp! i ed
fromthe 15 Flrst pl asma genérating gas supply section 21 (STS). Wen the

pressur e | g;LhesprACasslng Shanhers L dias adeached the 095 Rsstuie ghown in

the pl asna processing the high frequéency el ectric power supply

18 s driyeoenandom i ghe! eguenoy ¥ol Lagechs LIPLssRgd peieen 20 dhe

upper el ec rode 4 and-t wer electro SO as electric

discha&ge £§g6§.gﬁ%%ﬂaﬁﬁ§g} fgfg o%ngmﬁgnﬁém$%§ggggf5%%9€§§nga%fc %Qining

fluorine gas as sul'fur hexa | dori 0 a state of
Pl oS |1 Lher hect 18,0196 Br0e aRRce.! RURY SRR 0% 5 PP
plasma-etched by plasma of fluorine gas. According to the
progress of this plasma etching, the cutting grooves 6d are
formed only in the portions of the cutfing lines 31b on the
10 wafer base layer 40 zs shown in Fig. 8(b}.

At the same time, DC electric current impressiocn
circuit is formed in the eleciric discharge space between
the upper electrcde 4 and the lower electrode 3 as shown in
Fig. 3. Due to the foregoing, an electreostatically

15 attracting force is generated between the lower electrode 3
and the semiconductor wafer 6, so that the semiconductcer
wafer 6 1s held on the lower electrode 3 by the
electrostatically attracting force. Therefore, the
protective sheet 30 is tightly contacted with the holding

20 face 32g of the lower electrode 3. Accordingly, the
semiconductor wafer 6 can be stably held in the process of
rlasma 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

25 generated by plasma electric discharge can be prevented.



34 ..1 2 By the generation of plasma, the sem conductor wafer 6 1is exposed
to the plasnma of fluorine gas fromthe second face side (the reverse face
side). By this irradiation of plasma, only the portions of silicon of
primary mAOe0)Etood®z 5 t he sem conductor wafer 6, which aPerfn@tgtdéisons of
the cutting lines 31b not covered wth the resist film3la, are
pl asma-etched by plasma of fluorine gas. According to the progress of this
pl asma etching, the cutting grooves 6d are forned only in the portions of
the cutting lines 31b on the 10 wafer base |ayer 40 as shown in Fig. 8(b).
At the sane ti'fen ool aseet diciadr dentstaptedspsn degiamgdad i gb9be nmeddi n t he
el ectric discharge space between the upper el ectrode 4 and the | ower
el ectrodd® @ohews iof Fhey. cBitue teheSToregorng]d an blesmrosratically
.15 attracting force is generated between the |ower electrode 3 and the
sem condudt@dredvdfere bassa, t hhe chétsen gondvetoréd wafer f6rinsdhehdaon t he
| oner electrode 3 by the electrostatically attracting force. Therefore, the
prot ect i vitneshestidndsctoghwvbyecorst.actedy w € bt hé sha diingw 26héwteg3g of the
| ower el ectrode 3. Accordingly, the sem conductor wafer 6 can be stably
hel d bn tdimtpr ocesghdth plrasnplpsoeegsiongssAing heisamhats neastd@ pndt ecti ve
sheet 30 can be cooled by the cooling function provided by the
the formaztion of the cutting grcoves 6d has proceeded. At
this time, 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
10 grooves 31b.
For 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
15 further formed downward ftoc the lower portion of the wafer
base layer 40. Furthermore, plasma etching has proceeded
to 510, layer 42. Cn the other hand, at the positiocn of
the left cutting line 31b located in the range of a low
etching rate, the cutting groove 6d has not yet reached the
20  lower face of the wafer base layer 40, that is, the cutting
has not yet been completed.
When plasma etching 1is 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

25 gas, which is fluorine gas, with respect to SiQ; laver 42
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| ower el ectrode 3, so that the occurrence of heat damage 25 generated by

pl asma el ectric discharge can be prevented. 35 WD 2004/ 066382 PC

T/ JP2004/ 000556 When plasma dicing is started as descri bed above and the
portions P 20HOFEti ng i nes 31b exposed to plasma are PEVEHEH BV 61 asma,
the cutting grooves 6d are forned inward the sem conductor wafer 6. Fig.
8(b) is a view showng a S state in which the plasm processing tinme has
passed and the formation of the cutting grooves 6d has proceeded. At this
time, due to the want of uniformty of the etghin rate distribution in the
processi ngSchdither the FROBEGGr €88~ Wit toies nat etéRrnd 20i%ict fat & aldedr di ng
to the cutting 10 grooves 31b. For exanple in Fig. 8(b), at the position of
the righfUuGEREnguooye b PBchPEd HIFhEHENGE ot 21BChPgR 6t chl tite¥ at e,
the entire thickness of the wafer base |layer 40 has _already been cut off
and the clitepnghgr GBS LAFEuFinerof oF FBdVESRAWEEF S o T¥RE | HWePY porti on
of the wafer base |ayer 40. Furthernore, plasma etching has proceeded to
Si 02 | ayeithg2. cohting ofhepvRanfd aont hehposiefbn @Rtting | efvecuitPng line
31b located in the ran%f of a low etching rate, the cutting groove 6d has
not yel régchadingdv20 Uhewmsr ¥aceoobCoFRébwaisly BasdE |Bher l40enhd 18, the
cutting has not yet been conpleted. Wen plasma etching i s successively
conduct edcoft g at the position, at which the etching rate is high,

before the wafer base layer 40 is completely cut off on the
cutting line 31b located in the range of the low etching
rate. After plasma dicing of the wafer base layer 40 has

10 been completed as described above, plasma electric
discharge 1s stopped (ST7).

Then, Si0; layer etching gas is suppiied (ST8). Next,
plasma electric discharge 1s started (ST2), and plasma
etching 1is conducted on 810, layer 42. Due to the

15 foregeing, as shown in Fig. 6(c), the cutting grooves 6d
penetrate Si0; layer 42 on the right and left cutting lines
31k, and reach the boundary line between Si0, layer 42 and
the protective layer 43, After plasma dicing of S5iQ, layer
42 has been completed, plasma electric discharge is stopped

20 (8T7) .

Then, protective layer etching gas is supplied {ST8).
Next, plasma etching is started ({(ST2), and the protective
layer 43 is subjected to plasma etching. After the plasma
etching of the protective 1layer 43 has been completed,

25 plasma electric discharge is stopped (STi3). As shown in
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two cutting lines 31b in the state shown in Fig. 8(b), since the etching
rate of plasnma of the wafer base | ayer 25 gas, which is fluorine gas, with
respect to SiO2 layer 42 36 ..'. 20041066302 PCTIJP20041000559HUJS | ow, the
progr ess ofobﬁ?VWﬁéhof Si 02 layer 42 by the cutting grooVel8BRUH*YPHE ri ght
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 Si02 layer 42 is cut off at the
position, at which the etching rate is high, before the mafer base | ayer 40
i s conpl ety dutdlof flpent hBe EUELIAG BFREVEEh GbRAMRETALE heNPaHgESS! t he

|l ow etching rate. After plasm d|C|ng of the wafer base |ayer 40 has 10
been conpl&Es h@yﬁésépvbeﬁl%bolﬁeye*pl dmEle e @ro&eﬁﬁé’@gem%e%téﬁped
(ST7). Then, Si02 layer etching gas is supplied (ST8) . Next, plasna
electric dinstheegehi shet artted CKR@S pPasrree e%@mwlqhéc%%dwafea on

Si 02 layer 42. Due to the 15 fore90|ng as shown in Fig. 6(c), the cutting
grooves 60, pthet ream o EgRer waZesn ¢ hasr i ghrided |iafio cipsingdnpAes

31b, and reach the boundary line between Si02 |ayer 42 and the protective

| ayer 43. pAfaars pbésthedi sdmiroidigio | ajemens2 Has beershoolpl et ediopl asma
el ectric discharge is stopped 20 (ST7). Then, protective |ayer etching gas
is supplied{)ST8)

The aforementiconed plasma dicing includes: a first
plasma dicing step in which silicon is etched from the
second face side with the first plasma generating gas; and

10 a second plasma dicing step in which the etching stop
layer, which is exposed by the first plasma dicing step, is
etched by the second plasma generating gdas capable of
conducting etching on the etching stop layver with plasma at
z higher etching rate than the etching rate of the first

15 plasma generating gas.

In this process of plasma dicing, S51i0; layer 42, which
is an etching stop layer, and the preotective layer 43 are
interposed between the wafer base layver 40 and the
protective sheet 30. Therefore, the following effects can

20  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

25 suppresses the progress of plasma etching in the range of a
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Next, plasma etching is started (ST9), and the protective layer 43 is
subjected to plasma etching. After the plasma etching of the protective

| ayer 43 has been conpl eted, 25 plasma electric discharge i§ sgop ed (ST13).
As shown M 2084048882064/ 066382 CF/ 32004 /600556 Fig. 8(df T SRAEH ‘U‘E%éﬁcutti ng
grooves 6d penetrate the wafer base layer 40, Si 02 | ayer 42 and the
protective |layer 43 and reach the entire thickness of the sem conductor
wafer 6, the sem conductor wafer 6 is divided into individual 5 pieces of

t he sem conductor. el ements 6¢ as sho in,Fig. 6 (c),., .The aforenentioned
pl asma di%t ?FEP&H%S?aéeﬁiré?ntbragﬁﬁ SFEhgémkﬂ%% %ﬁl&ﬁPEh i is

et ched fronltfe W%econd face side with ihe fLr@t pl asma generating gas; and
10 a seconcFptakea df chhg SeBESi ATWAPEh1PHeCEEEHPRg Tét S , th is
exposed by the first plasma dicing step, . is etched by the second plasma
gener at i NgC Sl EapabY c2F ORORBACPFAGEEEEHENGRER T KE et chi ng stop | ayer with
pl asma at a higher etching rate than the etching rate of the first 15

pl asma gener at IAg Td&s. SeRoRA| PIRTresstePippasheeRli doagiudiashd paydh &2,
which is an etching stop layer, and the protective |layer 43 are interposed
bet weén theChingr phEee I£§Eﬁr40 ahticehethpr oedehilvg siiderr 30-aYRier éfore, the

follow ng effects can 20 be provided.
originally a thin layer and plasma generating gas capable

of realizing a high etching rate is selected according to
the composition of the eiching stop layer, etching is
quickly completed in a short pericd of time. Therefore,

10 after the etching stop layer has been completely removed in
the range of 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.

15 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 precess of
plasma etching, 1s not caused, and plasma dicing can be

20 accomplished in a good condition.

After that, operation of the wvacuum pump 8 is stopped
(ST14), and the exhaust changecver wvalve 7 is changed over
so as to open to the atmospheric air (8T15). Due to the
foregoing, the pressure 1in the processing chamber 1is

25 returned tc the atmospheric pressure. Then, the state of



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 conpleted in the range of a low etching rate, the etching stop | ayer
25 suppr esgositdimeprogr ess of plasma etching in the rangerof oo’

2004/ 0066382 PCT/ JP2004/ 000556 high etching rate. Until the etching of
silicon has been conpleted in the range of the |low etching rate, plasm
does not directly act on the protective sheet 30. In the second pl asna
etching step conducted on the 5 etching stop |layer, since the etching stop
| ayer is wadwimatyractinm iayenraed plfdsnangerngratebhgecgasstapabkélyof
realizing a high etching rate is selected according to the conposition of
t he et chi ng =tzopilrayemC eteChictriics pguwieck| yupodpl etéd s atshoett pefifod of
time. Therefore, 10 after the etching stop | ayer has been conpletely renoved
in the ramga @f. t heubi gl efrohi hgreqbengpet thiengeid cauchessywvebyfeconduct ed
in the range of the low etching rate. As a result, the protective sheet is

directly expeged tig pl asrddeldor antery shdrtipesiod efieere. 3% Acchedingly,
t he af orenmenti oned probl em caused by the want of uniformty of the etching

rate i s NQjertiaistfictidatl eldnede pidl emitidewdd chahdie pediecbhvetabeet 30
is directly exposed to plasnma and overheated in the process of plasm
etching, igrdtictcauseathpanh pl asmandi €6 g €80, be
After that, the semiconductor wafer 6, the plasma
processing of which has been completed, 1s conveyed out
(ST17) . While nitrogen gas 1s Dbeing Dblown from the
10 attracting holes 3e, the semiconductor wafer ¢ is attracted
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
15 protective sheet 30 is not exposed to plasma. Accordingly,
no damage 1s caused on the protective sheet 20, 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
20 semiconductor wafer 6, and fulfiils the function o¢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 31a is removed from individual pieces

25 of the semiconductor elements 6c as shown in Fig. 6(d).
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20 acconplished in a good condition. After that, operation of the vacuum

punp 8 is stopped (ST14), and the exhaust changeover valve 7 is changed

over so as to open to the atnospheric air (ST15). Due to the foregoing,

t he pressul® 2H4RB2pr ocessi ng chanber is 25 returned to PEESRHEYNHEr i c

pressure. Then, the state of 39 WO 2004%06 6382 PCT /JTI' 2004/ 000556

vacuum attraction is turned off, and the electrostatically attracting DC

el ectric power supply 28 is turned off (ST16). Due to the foregoing, the

sem conductor wafer 6, which is divided into individual pieces of the 5

seni condudiderel i sthpdsert FareeataRdvWRERE &n ittheseTpr ot@ctPeshgpe 30,

can be released. After that, the sem conductor wafer_ 6, the plasm

processi nPeEliy chtiRs beeh EbfAplRtd®ciiveofbegsd Yut 1s( FrEFHed WA fe
nitrogen gas is being blown fromthe 10 attracting holes 3e, the

sem conducirem waher 6liirsuatt r ferednganteéel Fdhy dthetaet r aemiiAgnABEEo27 and

conveyed outside the processing chanber 2. In this plasma processing, the

protecti velesherst @Ftabnentbyetlyvedvegedhwi tdemilmendaricondutedr Swahée 6 as
descri bed before. Therefore, the 15 protective sheet 30 is not exposed to
pl asmad Acicaitidiinglal, phecésmagé ithecagseicondtbeopr ot ketevesshHeet (3B t hat

is, no thermal deformation is caused on the protective sheet 30.

Accor di nglshedthegridtrerts tvep sheeks dhabmals Edbgeséial p the protective
sheet 30 is peeled off after the adhesive sheet 37 Zfor
holding is attached onto the reverse face of the
seniconductor element 6¢ and each semiconductor element 6éc

10 is held on the adhesive sheet 37.
2As explained above, in the vrocess of plasma dicing of
the semiconductor wafer 6 of this embodiment, S5i0; layer 42
and the protective layer 43, which are formed being put on
each other on the circuit forming face, are utilized as an
15 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
20 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 Si0Q; layer 42, which is an etching

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

25 42 and the protective layer 43 are originally thin layers
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cl ose contact with the holding face 3g and the 20 sem conductor wafer 6, and
fulfills the function of the protective sheet. The sem conductor wafer 6
carried out together with the protective sheet 30 is sent to the mask
removi ng SEEPOO%AH the resist film3la is renpved from PRETDIEHENISH eces 25
of the sem conductor elenents 6¢c as shown in Fig. 6(d). 40 WD 22004/ 0666352
PCTJJ 2!104/004556 After that, the sem conductor wafer 6 is sent to the
sheet peeling step, and the protective sheet 30 is peeled off fromthe
circuit formng face 6a of the sem conductor devjice obtained by dividing
t he sem ceRYuébBERRAS 611 BWht BeBerAdiGPdEAS preeeBlef atherSéni ebRduét or
el ements 6¢c (the sheet peeling step). As shown in Fig. 6(e), the protective
sheet 30 hidlpeddtedhisid afater the aaheSFOer shRlethB79f gfan hadtali s dick1at t ached
onto the reverse face of the semiconductor elenment 6¢c and each
sem conductmipletedredn 68 Stooils Berdoen ehe tddirespud sHeet PBPteAsid%pl ai ned
above, in the process of plasma dicing of the sem conductor wafer 6 of this
enbodi menshesk 020 ayer dxecdnd t herpsetedd velhaper @3ly wiiceh ar eefrar ned
being put on each other on the circuit formng face, are utilized as an 15
etchi g sthoprt ayeriddroSuppressi ng the progress of etching. Due to the
foregoing, in the first plasma dicing step in which plasma dicing is
conduct ed on sbhécdr ofh¢ héowafjering, heat damage %to the protective

sheet, which is caused by the want of uniformity of the

etching rate, which is a prcklem not sclved in the process

of conventional plasma dicing, can be suppressed to the

10 minimum, that is, heat damage to the protective sheet can

be suppressed to the minimuw, which 1is caused in such a

manner that etching 1s conducted in the range of a high

etching rate and even after silicon of the semiconductor

waier has been etched, the etching is successively

15 conducted, so that the protective sheet on the lower face
side of the semiconductor wafer 1is directly exposed to

prlasma.

EMBODIMENT 2
20 Fig. 9 is a perspective view showing a semiconductor
wafer of Embodiment 2 of the present invention. In
Embodiment 1, two layers of SiG, layer 42 and the
protective layer 43 are used as an etching stop layer.
However, 1in this Embodiment 2, S$Si0, layer 42 ox the

25 protective layer 43 1is singly wused as an etching stop
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base | ayer 40, the etching stop layer functions as a buffer |layer for
reducing a difference between the degrees of the 20 progress of etching
caused by the fluctuation of the etching rate distribution. In the second
pl asma et ovd pgp4stespzi n whi ch plasma  etching i s conduct edrcomirSifddedayer 42,
which is an etching stop layer, and the protective |ayer 43, since Si Q2

| ayer 25 42 and the protective |layer 43 are originally thin layers 41 WO
22004/ 066382 PCT! n' 2004/ 000556 and further plasma generating gas capabl e of
realizing a high etching rate is selected, etching can be quickly

conpl et edl&ea. shor Fupehie@qd ofi:d i nehbsd Lhieopintetti ¢ sheeteBérisidirectly
exposed to plasma only for a very 5 short period of tine. Due to the

f or egoi ngcoheatt dlaeagediyoutba protdet istep sieebrmihicchur s epused Hyet he want
of uniformty of the etching rate, which is a problemnot solved in the

process of corvestihopshapbasi LiGidis €an asuppressedttdinle 4 ni num
that is, heat damage to the protective sheet can be suppressed to the

m ni mum m@ggb is caused in such a manner that etching is conducted in the
range of a high etching rate and even after silicon of the sem conductor

waf er dias beenygt ehed, olhg etald ngeﬁcézk@&@@étv‘%ye%sqomcgJ%eﬁnaa_spl;} hat the
protective sheet on'the Iomer face side of the sem conductor wafer
directly exppsedat @r a wafer base layer 40 made of silicon in the
same manner as the semiconductor wafer 6. On the circuit
forming face 6la (the £first face) of the semiconductor
wafer 61, the active layers 41 composing the circuits of
10 individual pileces of semiconductor elements are arranged
being formed into a lattice shape. Each Si0; layer 42a is
formed on the upper face of the active layer 41 while each
SiQ0, layer 42z is covering each active layer 41, and the
groove-shaped gap 42b, which is formed at a position
15 corresponding to the dicing 1ine, is formed between the
individual S10; layers 4Z2a.

On the front face of the circuit forming face 6la, the
protective layer 43 is formed covering the individual S$i10;
layer 42a and the groove-shaped gap 42b. The compeosition

20 of the protective 1layer 43 i1s the same as that of
Embodiment 1. In the groove-shaped gap 42b which separates
the individual S$i0, 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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pl asma. EMBODI MENT 2 20 Fig. 9 is a perspective view show ng a sem conduct or
waf er of Enbodi nent 2 of the present invention. In Enbodinment 1, two |ayers
of Si02 |layer 42 and the protective layer 43 are used as.3fb,8lGahg stop

| ayer . %&é%?ﬂ,ﬁﬁ%sﬁ this Embodi ment 2, SiC2 |ayer 42 or tHe 25 protective

| ayer 43 is singly used as an etching stop 42 WO 2004/066382
C,T1J2.",041000556 |aver. Further, in this Enbodinent 2, an electric
conductive body used in the step of form ng an active |ayer of the

sem condugtor elenment is used as an etching stop_ layer. .5 1n Fig. .9(a), the
seni condu §Or'aﬁ?e s 5FFﬁﬁPiI%°r£bﬁ%ogggjoﬁsa &é?@?dbaigongé?nﬁo nmade
of silicog.in thf. same manner as the sem conductor wafer 6. On the circuit
fornming fatE*Bia‘{tfe first face) of the semiconductor wafer 61, the active
| ayers 41 conposing the circuyits,_ of i ndi vi dugl pi eces of sem conduct or

el enents are aﬁ?gﬁgéangbgpnglﬁor d ilﬁg'ﬁopﬁolcﬁteﬁl SRaFESELh BagPhd ayer
42a is forned on the upper face of the active |ayer 41 while each SO

| ayer 42a%tS1BBvEIY et 88t i Ml F aperispndifdtheva§Rbovk- sapged Rfap 42b,

which is forned at a position 15 corresponding to the dicing 'Line, is
formed befWBEALIRRE FNdfOid04P-Si 0Pi0ayéldad2als & view showing the

semiconductor wafer 6 in the state before starting plasma
dicing. The protective layer 43 is recessed and enters the
grocve-shaped cgap 42b corresponding to the position of the
cutting line 31b of cutting the mask. This recessed
10 portion is the linear recessed portion 43b. The prctective
sheet 30 is attached to a surface of *the protective laver
43 on the circuit forming face 6la side of the
semiconductor wafer 61.
When plasma dicing is started and plasma etching is
15 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 3l1la side), and the
cutting grooves 61d are formed only in the portions of the
cutting lines 31b on the wafer base layer 40 as shown in
20 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 €id 1is ©proceeding when the ©plasma
processing time has passed after the start of plasma

etching.
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On the front face of the circuit formng face 6la, the protective |la
is formed covering the individual Si02 |ayer 42a and the groove-shap
42b. The conposition 20 of the protective |layer 43 is the sane as tha
Enbodi mentY Q2945588 gr oove- shaped gap 42b whi ch separ at & TIPRE4EHEFS
Si2 | ayers 42a fromeach other, the protective |ayer 43 is recessed
enters the groove- shaped gap 42b. On the upper face of the protectiv
43 WD 2004/ 066382 PCT! LP2004/ 000556 43, the linear recess portion 43

formed al ong the icing line. Referring to Fig. 1 t he proceedin
of plasma dic%ﬁgtgbﬁdﬁgpﬁd oh thsS&dfi UBRGEEE 6° %&F§rQ§?Eﬁﬁqéﬁﬂ§%¢§

expl ained_as follows. Fig. 10%aé%is a vi ew show n
I

in the state B or'® st&eti Nge

recessed and enters the groove-shaped gap 42b corresponding to the
of the
the linear_recessed portion 43b. The protective sheet 30 is attached
surface oplepeapescbéniovd lunarateys aramelng reai theormtig idacEr B4 S| de of
sem conductor wafer 61. Wien plasma dicing is started and plasnma
et chi g i31b15 &sartedrbyipl bsim bf (Waf ertbibe bagetigas oft Hére sevkonduct or
6 is exposed to plasma of fluorine gas

t he

waf er

10

15

20

25
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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 lower end portion is formed at
the position reaching the protective film 43 in the groove-
shaped gap 42b. At this point of time, at the position of
the left cutting line 31b located in the range of a iow
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 61ld
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 pesition 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 4Zb.

In this state, plasma generating gas is changed over,

and protective layer etching gas 1s supplied as plasma
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fromthe mask side (the resist film3la side), and the cutting grooves 61d
are formed only in the portions of the <cutting lines 31b on the wafer base
| ayer 40 as shown in 20 Fig. 10(b) in the same manner as Enbodinent 1. Fig.
10(b) i s VeU¢TERCEHBdWi ng a state in which the formation FFCHHRLC4HMESTEng
grooves 61d is proceedi ng when the plasma processing tine has passed after
the start of plasna etching. 44 O 2004/06 352 P T/12004/000556 At this
time, in the sane manner as that of Enbodinment 1, due to the want of
uniformty of the etching rate distribution in the processing chanber 2,
t he progr §68e58tip0ags -et thicnd T |Hhe RO SHdDr dilty REPERet Vet L AYEHr ooves
5 31b. As shown in fig. 10(b), at the position of the right cutting |line
31b | ocat 4§ imRdheC¥ aRgEesE ca i gEeet ehi Kl cikdtve, ek Hee@nbiyr @afiltkneSs of
the wafer base |ayer 40 has al readx been cut off and the | ower end portion
is fornedgals caomd-a3esing ovkyeakehi nghenelipret easi véomWn mm3Fig. t he (gt oove 10
shaped gap 42b. At. this point of tine, at the position of the left cutting
line 31b ltbeateed tiima herocngebtdl acheWwrateshithg matler theseutayey 4Poove 61d
has not yet reached the lower face of the wafer base |ayer 40, that is, the
cutting h&Oaoflayetr cdéhpiredetdhelpitecttive wafeer bdse araly eresthéemstheen cut
off after that, the action of plasm reaches the protective film43
entire thickness of the semicconductor wafer 61. In this
way, the semiconductor wafer 61 is divided into individual
pieces of the semiconductor elements 61lc.
Next, the semiconductcr wafer 62 shown in Fig. $S{b)
1¢ will be explained below. In Fig. 9{(b), in the same manner
as that o©of the semiconductor wafer &, the semiconductoer
wafer 62 is mainly composed cof a wafer base layer 40 made
of silicon. The active layers 41 compcsing the circuits of
individual pieces of the semiconductor elements are
15 arranged being formed into a lattice shape on the circuit
forming face 62a {(the first face) of the semiconductor
wafer 62. 510, layer 42 is formed on the upper face cf the
active layer 41 while SiQ, layer 42 is covering the overzll
face of the circuit forming fzce €la. On the upper faces
20 of 510, 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 vosition corresponding

to the dicing 1line, is formed between the individual

25 protective layers 43a.



in the groove-shaped gap 42b, and the cutting groove 61d starts entering
the protective film43. In Fig. 10(c), the <cutting groove 61d penetrates
the entire thickness of the 20 wafer base |ayer 40 at the position of the
left cutt 2% 49985231b 1 ocated in the range of a Iom1etcﬁ?E@PF%ﬂ@E5ﬁhd t he
| ower end portion reaches the protective film43 in the groove-shaped gap
42b. In this state, plasm generating gas is changed over, 25 and
protective | ayer etching gas is supplied as plasma 45 WD 2004/ 066382 PCT
S2004/ 000 56 enerating gas, Due to the foregqQing, the protective |ayer 43
Fattd PALH B

made of or gani et gl%Pcﬁﬂ%kl§1etE%%dp%@c F°C§§§ OdnPdiiMAg
oxygen. Therefore, as shown in Fig. 10(d) the cutting groove, 61d
penetraté§“FHéJW&PBPuB§§@ H&?eﬁ“&@ %e@%@%n@%9E9r42“%ﬁﬁftﬁ@ protecti®ve | ayer
43 and reaches the entire thickness of the sem conductor wafer 61. In this
way, the SEMTURMCAIMES er 691¥s divided +ht ofi Nl #FdugPovErEced S t he
sem conduct or el enents 61c. Next, the sem conductor wafer 62 shown in Fig.
9(b) 10 ¥@MicHdesin i vetebefewin 11E gtaf@m)befare hetaamd gamiesaas t hat
of the sem conductor wafer 6, the sem conductor wafer 62 is mainly conposed
of a waf edipEs®- | ayBre 40rpage WIrsion cdac The meevdddayketwaancd %ﬁ%m ng
the circuits of individual pieces of the sem conductor elenents are 15
arranged bedrgidorhedoiotechlvat t iegeshapé3an cherespomding to the
positicn of the cutting line 31b of cutting the mask. The
protective sheet 30 1s attached to a surface of the
individual protective layer 43a on the circuit forming face
10 62a side of the semiconductor wafer 62.

When plasma dicing i1s started and plasma etching is
started by ©plasma of wafer Dbase layer gas, the
semiconductor wafer 6 1is exposed to plasma of flucrine gas
from the mask side {(the resist fiim 3la side}, and the

15 cutting grocves 61d 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. 11(b)
is a wview showing a state in which the formation of the
cutting grooves 6ld 1is ©proceeding when the plasma

20 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

25 plasma etching fluctuates according to the cutting grooves
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formng face 62a (the first face) of the sem conductor wafer 62. Si O |ayer
42 is formed on the upper face of the active layer 41 while Si Q2 | ayer 42
is covering the overall face of the circuit formng face 6la. On the upper
faces 20 wé 2@is@@sisayers 42, the individual protective | ReFFASLYE . for ned
while the individual protective |layers 43a are individually covering the
active layers 41. The groove portion 43c, which is | ocated at the position
corresponding to the dicing line, is formed between the individual -25
protective |ayers 43a. 46 VO 2004/ 066302 PCT/ 3P2004/ 000556 Referring to
Fig. 11, BRb.prdceediony: pirocess. ot 1 pbasmatdibengosdidyget edf drhe hisght

sem conductor wafer 62 will be explained below. Fia. 11(a) is a view
showi ng t hettseni camducBor vdafert«gP in tthe statege beffore Stiamt i eigciplrasm 5

di cing. The groove portion 43c is provided between the individual

prot ecti vezkayerhed3miciora esipboknagst oft de posidr ohasé tllagecut4d nged i ne 31b
of cutting the mask. The protective sheet 30 is attached to a surface of

t he indi¢ubdeabnpialegt ineerl aget 434 cind hehei rlewdr f ondi peprftdce Hds 62a
side of the sem conductor wafer 62. Wen plasnma dicing is started and plasm
etching i seashedt edchylplasna2af vaf ethbasehbayesndas,.alt hehe Seos Conskuct or

wafer 6 is exposed to plasma of fluorine gas fromthe mask side (the resist
film3la sifdehe ardt RMtting line 31b located in the range of a low
etching rate, the cutting grocve 62d has not yet reached
the lower face of the wafer base layer 40, thet is, the
cutting has not yet been completed.
10 When the wafer base layer 40 has been cut off after
that, the action o©f plasma reaches the Si0, layer 42. In
Fig. 11(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
15 rate, and the lower end portion reaches 8i0; 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 5i0; layer etching gas is supplied as the second plasnma
20 generating gas. Pue to the foregoing, 510, layer 42 is
quickly etched by plasma of fluorine gas having hydrogen
bonding, and the cutting groove 62d penetrates the wafer

base lazyer 40 and Si0; layer 42 and connects with the

groove portion 43c previcusly formed. In this way, the
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15 cutting grooves 61d are formed only in the portions of the cutting |lines
31b on the wafer base |ayer 40 as shown in Fig. 11(b) in the sane nanner as
Enbodi ment 1. Fig. 11(b) is a view showing a state in which the formation
of the cutt g 'Yréoves 61d is proceedi ng when the pl asn@FPERFEO8EE ng ti e
has passed after the start of plasma etching. At this tinme, in the sanme
manner as that of Enbodinent 1, due to the want of uniformty of the
etching rate distribution in the processing chanber 2, the progress of 25
plasma etching fluctuates according to the cutting grooves 47 WO 2004;
065382 PCYEBP2OD4r0b05582T81h 62A3 SsRaWA deR g o M’(ﬁg)‘{l%alt el §5es% tGon of
the right cutting Iine 31b |located in the range of a high etching rate,
the entir&hehPeRAESBABELPHe ehglientisadecl-ayer 40 has substantially been cut
off and the lower end portion has 5 reached Si02 |ayer 42. On the other
hand, at the pBsBEEr orfhef seRécpafincEart ivegdy ne3 3shavcated il -t he(¢lange of
a low etching rate, the cutting groove 62d has not yet reached the |ower
face of tHWelwaf & bawelaireed 402st hatlilowst.he clitti Agghas Shiot) yettlbeen
conpl eted. 10 When the wafer base | ayer 40 has been cut off after that, the
act i orb of spiasmadnechewatfleer $B02 sl mpamn 4?2 composkidy.ofl iiley ,baswe Lawe¢y ng
groove 62d penetrates the entire thickness of the wafer base | ayer 40 at
the positiéén ofadeheof silicon in the same manner as that of
semiconductor wafer 6. The active layers 41 composing the
circuits of individual pieces of semiconductor elements are
arranged being formed into a lattice shape on the circuit
10 forming face 63a (the first face) of the semiconductor
walfer 63. The conductive layer 4la is formed between the
active layers 41.
This conductive layer 4la is simultanecusly formed in
the circuit forming step for laying the wiring used for the
15 active laver 41. The ccnductive layer 4la is made of one
of the conductive bodies such as aluminum {Al), aluminum-
silicon alloy (AR1-8i) and aluminum-silicon-copper alloy
(Al-8i-Cu}. When this conductive layer 4la is used as an
etching steop layer, it becomes possible te form the etching
20 stop layer without adding a new manufacturing process.
Cn the upper face of each active 1layer 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 42¢,

25 43c are formed at positions corresponding to the dicing
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|l eft cutting line 31b located in the range of a |ow etching 15 rate, and the
| ower end portion reaches SiQ2 layer. In this state, the right cutting
groove 62d has already entered SiQ2 layer 42. In this state, plasm

nnnnnnn

gener at i ng¥ga&%4{%638hanged over, and Si 02 | ayer etching gasrimssuppssed as
the second plasma 20 generating gas. Due to the foregoing, SiQ2 |ayer 42 is
qui ckly etched by plasma of fluorine gas having hydrogen bonding, and the
cutting groove 62d penetrates the wafer base |layer 40 and SiQ2 | ayer 42 and
connects with the groove portion 43c previously forned. In this way, the

48 WO 2004/i66638 1RO 3P200H¢ 0005567 1iderd condlct orawef er452 i andi vided into
i ndi vidual pieces of the sem conductor elenents 62c. Next, the

sen condudnoii wiafuerl g8 cshominm van Ryvepr H3). will be explained as follows. In
Fia. 9(c), the 5 sem conductor wafer 63 is mainly conposed of the base

| ayer 40 nade Mefsidrigon to Fheg.sdle mmepraseshavfofthesepmrognesiet of waf er
6. The active layers 41 conposing the <circuits of individual pieces of

sen conductl@smel enkirsy atehdwattahgad el ngdmr detihat or avhakti 68 shape on
the circuit 10 formng face 63a (the first face) of the sem conductor wafer

63. The cerduekpveihayerbdiawis feiged letaeenst he @acdw veHoayers #dde This
conductive layer 4l1a is sinultaneously fornmed in
semiconducter wafer 63 before the start of plasmz dicing.
The conductive layer 4la and the groove portions 42c¢, 43c
are provided at positioned correspcnding to the positions
of the mask cutting lines 31k. The protective sheet 30 is
10 attached onto a surface of the individual protective layexr
432 on the circuit forming face 63a side of the
semiconductor wafer 63.
When plasma dicing 1s started and plasma etching
conducted by plasma of wafer base layer gas is started, the
15 semiconductor wafer 63 is exposed to plasma of fluorine gas
from the mask side, and the cutting grocves €3d are formed
only in the portions of the cutting lines 31b on the wafer
base layer 40 as shown in Fig. 12 (b} 1n the same manner as
that of Embodiment 1. Fig. 12(k) is a view showing a state
20 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

25 distribution in the processing chamber 2, the prcgress of
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the circuit formng step for laying the wring used for the 15 active |aver
41. The conductive |l ayer 4la is nade of one of the conductive bodies such as
al um num (Al ), alum num silicon alloy (A -Si) and alump L con- copper
al | oy (AFQS#“%ﬁyy”V%en this conductive layer 4la is usettH& AR et ¢hi ng
stop layer, it becones possible to formthe etching 20 stop |ayer w thout
addi ng a new manufacturing process. On the upper face of each active |ayer
41, the individual SiQ2 |ayer 42a and the individual protective |ayer 43a
are formed belngdgut on each other while they %8 covering each active
r

| ayer 41. NP t FORSTURESS 2 éc%EdéPE hetE U posidi gheoves
correspondlng to the dicing 49 WO 2000410066382 PCT/ P2"004@@00556 l i nes
bet ween tK&S-ndi ¥i 868ﬁ0§P®23%n§ﬂ0%@a BAndithe 14 i vi Ahalthsy drettt vell ayer
43a. Referring to Fig. t he process of the progress of plasma dicing

conducteduﬁmetWﬁ%PséhﬁmﬁﬂﬁRﬂQQ GaPere6d (has sapseadyl digred el B Fi g.

12(a) is a view show ng the sem conductor wafer 63 before the start of
pl asma di GORGLCTIRE chadekt fva Bay et 120 ahbiehe odr ddde HoFht oAYLARRY 43c
are provided at positioned corresponding to the positions of the nask

cutting |ies 3P Theapedt adt ivhe grwede 30T 8 10 ol tedehechdntater stifkface of

the individual protective layer 43a on the circuit formng face 63a side of
t he seni coridudtoronedee B3 .has not yet reached the lower face of the

wafer base layer 40 at the position of the left cutting
lire 31b located in the range of a low etching rate.

After that, when the wafer base layer 40 has been cut

10 off, the cutting groove 63d reaches the conductive layer
4la. However, since the etching rate of the conductive
laver 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

15 time when the 1left cutting groove 63d has reached the’
conductive layer 4l=a.

Plasma generating gas i1s changed over in this state,
and mixed gas containing chicrine or chlorine compound (for
example, BCl;) is supplied as the second plasma generating

20 gas. Due to the foregeing, 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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waf er base |ayer gas is started, the 15 sem conductor wafer 63 is exposed
to plasma of fluorine gas fromthe mask side, and the cutting grooves 63d
are formedvOaMryssilt he portions of the cutting |ines 31pauirhe/omsser base
| ayer 40 as shown in Fig. 12(b) in the same manner as that of Enbodinent 1.
Fig. 12(b) is a view showing a state 20 in which the plasna processing tine
has passed after plasma etching started and the formation of the cutting

grooves ngd.'s prqc eding.ﬁln.%he sane nmanner as that of Enbodinent 1, at
this ti ?VH%%dto & wartAbYL G+ or FFETSS t eFEﬁini%@%QPDéﬁFtcr
distribution in the_processing chanber 2, the progress of 50 wo 2004/ 066382
PCT/ JP200%} 800558 6BFasna etching fluctuates according to the cutting
grooves 3lb. Therefore, as shown in Fig. 12(b), at the point of tine when
the cutting grd®veXB3diRgd abPPE&dyiFeibRe® ORESScOddFEE |BYenA1RE at t he
position of the right cutting S Iine 31lb located in the range of a high
et chi ng r&ie, seFd caiugtny greées &l RESWRotiyetafbachie®ie Pdwefh¥ace of
the wafer base |layer 40 at the position of the left cutting |ine 31b
| ocat & i Frbedimange2of edthew Stichi Agyeat 82, Ather privdicchifieh tademat®r base
| ayer 40 has been cut 10 off, the cutting groove 63d reaches the conductive
| ayer 4l1ar Hewevendustave theest dRiengwhalcd éfs theersshduettihe circuit
forming face being put on each other, 1is utilized as an
etching steop layer for suppressing the progress of etching.
Due to the foregoing, in the first plasma dicing step
10  conducted on silicon of the wafer base layer 40, the
etching stop layer functicns as a buffer layer for reducing
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.
15 in the second plasma etching step conducted on the
etching steop layer of either S$Si0, 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,
20 etching is quickly completed in a sheort 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 damazge to the protective

sheet, which is caused by the want cof uniformity of the

25 etching rate, which is a problem not solved in the process
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| ayer 4l1a by the first plasma generating gas is low, as shown in Fig.
12(c), the right cutting groove 63d sel dom proceeds into the conductive
layer 4la even at the point of 15 time when the left cutting groove 63d has
reached tH&Y 8YH§%¢i ve | ayer 41a. Pl asma generating gas TSUERAMHGEEBver in
this state, and m xed gas containing chlorine or chlorine conpound (for
exanpl e, BCl3) is supplied as the second plasma generating 20 gas. Due to

t he foregoing, the conductive |ayer 4la is quickly etched with plasnma of

the ohl of e LaMpaunL 02, oI TNGLET 9L 8: nphen. Jheyculding. SLo0y oS 530, a1 e

connected to the groove portions 4 “préviously forned, as

shown in Eﬁgéﬁéﬁ%dh%Fﬁ?g%%?nk%ng I%%gu <§rt§§ é%gF%%t%gezggﬁQ9§6§$gr

PCT/ JP2004 % intoin al” préece thé sem conducto
Cerm condubbor e 4N iin THE cBEK BRAmpIEar 1 hs “5 Mot ma!2, i t her
Si 02 Iayer_)42,e th rotgc%Lye quero4g ogeth%_cogguctive Iaggy 43@ which is
formed on™fREE r St6ti g Tace“Beih But:Ton acHf Btffer i & %% zed as
For each g FR TR $776t SBFacHit &1 RGP ran tHo eonauited B LTTEBRCST the
water base layer 40 thgent RS ORLEYeL LURSLT ong as,a butfer |aver for
conducted, so that the protective sheet on the lcwer face
side of the semiconductor wafer is directly exposed to
plasma.
10 As explained above, in the method of manufacturing a
semiconductor device of each embodiment, an etching stop
layer containing material, the etching rate of which is
lower than the etching rate cf etching conducted on silicon
by plasma of fluorine gas, 1s formed &at positicns
15 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 1s the first plasma generating gas, the
second plasma dicing step is conducted in which the etching
20 stop layer such as S5i0; layer and a protective layer, which
are exposed by the first plasma dicing step, is etched with
the second plasma dJenerating gas capable of etching at a

higher etching rate than the etching rate of plasma of

flucrine gas.



a difference between the degrees of the progress of etching nmade by the
fluctuation of the etching rate distribution in the sanme manner as that of
Enmbodiment 1. 15 In the second plasna etching step conducted on the etching
stop | aye™®F0%P0¢H8 Si 02 |ayer 42, the protective | ayer®3IPZpo4{oResss
conductive | ayer 4la, since all these l|ayers are originally thin layers and
pl asma generating gas capable of realizing a high etching rate is sel ected,
20 etching is quickly conpleted in a short period of tine, and the

protective shel%%;jgoi $1dl rfei%crté £ os&detf)l]g%ﬁgggiggl Yor 90 %g/e(_?g\//ee@ort

period of tine. e to the Toregoimg, heat 0 the protiec sheet,
& br obl ery hott A1 O RE Trboss b ViTdookostases AEH FB004 H00cy | of
Gamge. N EHa BT of BEi T8 CRECP 648 SbE e anpr 68Eed T TR I HUrt VI ch i5-
ctchi ng r5Te BRA°BIBADER: Y ST CON BT { FE S ehyEonBucts: = \are rasbeen
cioneds, heyekoh 99 g Suesesslvely ccaptuet el e Ll L g profsetiye shee
pl asma. 1gtég fé?gging e%b% %éngng%%%ra %g%dg%%Iggggb(glg-r¥£éﬁizing
a2 higher etching rate is selected and used according to the
composition of the etching stop layer, etching can be
gquickly completed in a short period of time. Accordingly,
16 even after the completicon of etching conducted on the
semiconductor wafer, heat damage to the protective sheet
caused by plasma can be prevented.
According to the present invention, the etching stop
layer containing material, the etching rate of which is
15 lower than the etching rate of etching conducted on silicon
by plasma of the first plasma generating gas, 1s 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
20 generating gas, the second plasmz dicing step 1s conducted
in which the etching stop layer 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

25 generating gss. Therefore, it 1s possible to prevent the
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sem conduct or device of each enbodi ment, an etching stop |ayer containing
material, the etching rate of which is |ower than the etching rate of
etching conducted on silicon by plasma of fluorine gas, is fornmed at

posi ti ons W8 246683 ondi ng to the dicing lines of a sem cREHIRAGYOMEber .
After the first plasma dicing step in which a wafer base |ayer nade of
siliconis etched wwth m xed gas containing fluorine gas which is the first
pl asma generating gas, the second plasma dicing step is conducted in which
the etchin | ayer _suc Si e d (ot ective_layer, _which
are exposggcé%rt%h%%f iorafsteflepscasc{r%lﬁ“aazqecicgaélés%épo,rn ?%rhee?%]ﬁ%%er\:/\f%ﬁe #ﬁ%ggejc%nd

pl asma generatin as capable of etchin t.a . higher_ etchi rate_than the
et chi ng r&ggtﬁrékééﬁaogfc?ﬁ%&ﬁ?néﬁ8a§%@;fqg %egigﬁrp /h@%@i?@OOSSG
Due to thetf r.eqoi ng, the fluctuation of the progress of etching generated
by the wart-© Hiformty of the etching rate in the process of etching the
waf er base | ayer can be absorbed by the buffer function of the etching stop
5 layer. In the process of etching conducted on the etching stop |ayer,
when pl asma generating gas capable of realizing a higher etching rate is
sel ected and used according to the conposition of the etching stop |ayer,
etching can be quickly conpleted in a short period of tinme. Accordingly, 10
even after the conpletion of etching conducted on the
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sem conductor wafer, heat damage to the protective sheet caused by plasm
can be prevented. According to the present invention, the etching stop

| ayer containing material, the etching rate of which is 15 lower than the
etching rate of etching conducted on silicon by plasma of the first plasm
generating gas, is formed at positions corresponding to the cutting |ines
of a sem conductor wafer. After the first plasma dicing step in which
silicon is etched with plasna of the fguastmspl asna 20 generating gas, the
second plasma dicing step is conducted in which the etching stop |ayer
exposed by the fli.r st 2plrasieed do€i mg rstfeye tivg ietac he d seint kopase rofdgHecssecond
pl asma generating gas capable of etching at a higher etching rate  than the
et chi ng ratferof pbashbing t R | réﬁmb‘l:%gﬁc’%rge Gy Ga¥idfher IR, it
is possible to prevent the 54 WO 2004/066382 PCT{JP2004/ 000556, . occurrence
of heat darigévdalsdd BheERe ot EEMRTENEHEEL T FLERR b 0&essCBF “eli¥tithg t he

' d waf I i.ng... 5 Al -
anut actur 110 4 SERCOGRUCEGr Cdov 08 TBF 2Bt &i nt RBPTRE Sant bondlicTar fovi ce

conductor device f € sSem conduc

di vi ded intQ;ingivi dyal vRkeces Qf SegbeondHctor; el enends b cutting
sem conductor wafer, the primary conponent of which is
semiconductor elements are formed, by means of plasma
dicing, the methed of manufacturing the semiconductor
device comprising:

a step of forming an etching stop layer on the first
face side, the etching stop layer containing material of
which etching rate by plasma using a first plasma
generating gas that is mixed gas containing fluorine gas 1is
lower than an etching rate of silicon by plasma using the
first plasma generating gas;

a step of attaching a protective sheet, which 1is
capable of being peeled off, onto the first face to form a
mask for determining the cutting lines on a second face
cpposite 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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silicon, on the first face of which the plurality of sem conductor elenents
are fornmed, by neans of plasma dicing, the nethod of manufacturing the
senicondug&gr gevice conprising: a step of form ng an etchiB% stop | ayer on
the first "P3WUPFE the etching stop layer containing netefH204/@PS56whi ch
etching rate by plasma using a first plasma generating gas that is m xed
gas containing fluorine gas is |ower than an etching rate of silicon by

pl asma using the first plasma generating gas; a step of attaching a

protective shegt,saMuch i3 aseapabl €.0f ke peeladiphfy enpko dhenfigst face

to forma mask for determning the cutting lines on a second face opposite

to the figgbpfaggied fivhithPl pSMBxEbekRy 5f epnef ©fcd ngigishicom &1 the
second face side by plasma of the first plasma generating gas; and 56 WO

|
2004/ 0663825CTL,P20 A%%ﬁpéfiﬁla&n§e%9ﬂ9r££§ﬁg??@sdc% Shep Of etching the

etching stop [ayer, I's exposed in the st plasma dicing step, by a
second pl ti ?éﬁ%bl f chi : i r chj rate
t han t he g?c i%geﬁg ee%%h%%? irstt%fgpF§§h§hggﬁé§%€%H§£32§.t % géﬁ%%hod of

manuf act ug. i i device according to claiml, wherein aratio
el LB, RSN

2. A method of manufacturing a semiconductor device
according te claim 1, wherein a ratio of the etching rate
of etching silicon by plasma, in which the first plasma

10 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, 1s not more than 0.6.

3. A method of manufacturing a semiconductor device

15 according to claim 1, wherein the etching step layer
contains at least S10;,, and the second plasma generating

gas contains fluorine gas having hydrogen bonding or

alternatively contains mixed gas containing fluorine gas.

20 4. A method of manufacturing a semiconductor device

according to claim 3, wherein the second plasma generating

gas contains mixed gas containing CHF: or CF,+H,.

5. A method of manufacturing a semiconducter device

25 according to claim 1, wherein the etching stop layer
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of etching silicon by plasma, in which the first plasma 10 generating gas is
used, to the etching rate of etching the etching stop |ayer by plasm, in
which the first plasma generating gas is used, is not nore than 0.6. 3. A
met hod of t48¢99¥3 ng a semi conductor device 15 accor diP&d/IPBOMHOAISHE 1,
wherein the etching stop layer contains at |east Si 02, and the second

pl asma generating gas contains fluorine gas having hydrogen bondi ng or
alternatively contains m xed gas containing fluorine gas. 20 4. A nethod of

manuf act urd : 1€o Ok : gdevi c i i i e
NG i 58 condyct ok fevigg RE Qégbﬂa 9 aGhal r&e‘?‘yezg}%rﬁj n;atcsf;4+H2_

r
second plasma generating gas contains mxed gas” containi ng CHF3 “or

5. Aneth : turd . A LCO Ok I: r di o claim
T wherein Y e eraniag Srond Ba8 g M 004! 66352 BT b200A 50556
contains at least SiN, and the second plasma generating gas is mxed gas
containing at |east fluorine gas and oxygen. 6. A nethod of manufacturing a

senm conduct or dgvi ce cordj t | al wherein t second as
generati ng gasg'cont%i %géﬁllogeé)%g%argb%%%%gg S?GSS%&CBE%U?.%O% rrde iod- of
manuf agt uri ng a,sem caonduct.or devi.ce according to.claiml, wherei,n the
et chi né I a?cé Drc%Jhl%%i ﬁg gtialfb Eﬁea‘% e%erjg%n? enﬁ??@?fj Egdﬁsﬁrﬁe %eélceorrﬂ:lﬁ}gasrm
generating_gas _contains,at .l east axygen. 8. % netgog of manufacturing a
senicondUCQ%§ %%QF%%ns mixXed gas containing SFe an 2.

7. A method of manufacturing a semiconductor device
according to claim 1, wherein the etching layer contains at
10 least organic matter, and the second plasma generating gas

contains at least oxygen.

8. A method of manufacturing a semiconductor device
according to c¢laim 1, wherein the etching stop layer
15 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

20 contains at least one of R1l, Al-Si and Al-S5i-Cu, and the
second plasma generating gas contains at least chlorine or

chlorine compound gas.

58



ST

according to claim1, wherein the etching stop |layer 15 contains at |
an electric conductor used for the wiring of sem conductor elenents.
nmet hod of manufacturing a sem conductor device according to claim 8,
wher ei n t hwoeloegbdesgz conductor 20 contains at | east one efrAbroofbonSe

Al -Si - Cu,

and the second plasma generating gas contains at |east chlor

chl orine conpound gas. 58 WO 2004/ 066382 PCT/ JP2004/ 000556 10. A cutt
device of cutting a sem conductor wafer used for the nethod of manufacturing
a sem conductor device, conprising: a_processing chanber of formng a
tightly closed 1% spghceiting| @Yot hatt vl ad pt apeni cghtigtesniageint o
contact with the protective sheet; a holding neans for holding the
seni condudts®d wafagr bihe t eeldiedt rotle MrideFaeHertoadi &i ofemhapnEietor
protective sheet 10 is tightly contacted with the plane; a punping ne
f or deconpieasisiang adwpproTessi ng chanber; a plasma generating gas sup
section of supplying plasnma generating gas into the processing chanber; and
i5 a high frequengpretectinic piwerbsupplly decwilioy ol itighdédsi nglashkig
frequency vol tage upon the el ectrode so

5

space;

an electrode having a2 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 mnmeans for decompressing the processing
chamber;

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

a high fregquency 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 denerating gas supply secticon
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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as to transfer plasm processing gas, which is supplied into the processing
chanber, into a state of plasma, wherein the plasma generating gas supply

section 20 includes a gas selecting nmeans for selectively supplyin t he
first plasﬁﬁﬁgﬁﬁﬁgﬁgﬁng gas used in the first plasm dic% ﬁﬂgggﬁmQESQhe
second plasma generating gas for generating plasma capable of etching the

etching stop |layer, which is exposed by the first plasnma dicing step, at
59 WD 2004/ 066382 PCT/ JP2004/ 000556 a higher etching rate than the etching

rate of plaspeagRér EheridptrPLASHBaHCRYAILNENIAS- rB@e of plasma of

the first plasma generating gas.
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