12 June 2006 DESCRI PTI ON METHOD OF MANUFACTURI NG SEM CONDUCTOR DEVI CE,
PLASVA PROCESSI NG APPARATUS AND PLASMA PROCESSI NG METHOD Techni cal
invention relates to a nethod of manufacturing a deémivoadaktor

sem conductor wafer on which a plurality of
sem conductor elenents are fornmed is divided into individual pieces of

sem conductor elenents, the thickness of the sem conductor device is not
i DESURIBTIAONSO rel ates to a plasma processing

pr esent

device in such nmanner that a

nore than 100 pm The present

apparatus and a plasma processing nethod suitably used for the

manuf acturi ng net hod. Background Art A sem conductor device nmounted on a
board of electronic equipnment is conventionally manufactured in

3R B2 b AR R R PR or e connect e

fmed in the

circuit

such a manner
to sem conducto

state of a wafer, and the sem conductor elenents are subjected to a

packagi ng

el ectroni ¢ equi pnent has been recently reduced, the size of the
sem conduct or device has been al so decreased. 1 12 June 2006

Technical Field

The present invention relates to a méthod of
manufacturing a semiconductor device in such manner that a
semiconductor wafer on which a plurality of‘semiconductor
elements are formed is divided into individual pieces of
the semiconductor elements, the thickness of the
semiconductor device 1is not more than 100 pum. The present
invention also relates to a plasma processing apparatus and
a plasma processing method suitably wused for the
manufacturing method.

Background Art

A semiconductor device mounted on a circuit board of
electronic equipment is conventionally manufactured in such
a manner that pins of a lead frame and metallic bumps are
connected to semiconductor elements, on which a circuit
pattern 1is formed in the state of a wafer, and the
semiconductor elements are subjected to a packaging process
so that they can be sealed with resin. Since the size of
electronic equipment has been recently reduced, the size of

the semiconductor device has been also decreased.

Field The
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Especially, they have been actively making investigation into the reduction
of the thickness of a sem conductor elenent, and the sem conductor wafers,
the thickness of which is not nore than 100 m have been agedundh06
mechani cal strength of the sem conductor elenent, the thickness of which is
reduced, is so low that the sem conductor element is liable to break in the
process of cutting in the dicing step in which the sem conductor el enent
in the gispeeieflly watreyi haw beea |adivwelal madiecesineadttibatybal d of
machining is inevitably lowered. Concerning the method of cutting the

serm conguctor c ehenaityce Lhe 1Y chResscalophbel i r educers astead,of the

mechani cal cutting net , a plasma dicing net proposed 1'n which the
sem condyct or wafer .is . cut when ttin oves are fqrme t he et chi ng
action 6f SPrEasma. an%bﬂgg?nlﬁgﬁﬂ?Q§J odgaESFsexaF%?e% (kﬂgg%)ggpanese
Pat ent Publication 2002-93752. This nmethod is executed as follows. First, a

face ophaght é st mcthencea cilidan flod0n pny fleecee ilseemchs@éd so as to reduce the
t hi ckness of a sen conductor wafer. When the thus machi ned face of the

sem conduct orTh\@afI@ercﬂam&m egtegngta BrasiR NOCRSShAGkt fresen Letief is
carried out in which a mcro-crack | ayer generated on the nac |ned face is

renoved,, Af t ﬁ}é 2%%?ed3€gl on on EEe squcqyduc%prsgafﬁmﬂ %§l%pt for t he

cutti ngtlhl ne W t resi s

semiconductor element is liable to break in the process of
cutting in the dicing étep in which the semiconductor
element in the state of a wafer is cut into individual
pieces, and the yield of ‘machining is inevitably lowered.
Concerning the method of cutting the semiconductor element,
the thickness of which 1s reduced, instead of the
mechanical cutting method, a plasma dicing method is
proposed in which the semiconductor wafer 1is cut when
cutting grooves are formed by the etching action of plasma.
Concerning this method, for example, refer to Japanese
Patent Publication 2002-93752.

This method is executed as follows. First, a face
opposite to the circuit forming face is machined so as to
reduce the thickness of a semiconductor wafer. When the
thus machined face of the semiconductor wafer is subjected
to plasma processing, stress relief is carried out in which
a micro-crack layer generated on the machined face is
removed. After that, a region on the semiconductor wafer

except for the cutting lines 1s coated with resist, that
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12 June 2006 is, a mask of a resist filmis forned. Then, plasma processing
is carried again fromthe mask formng face side. Due to the plasm
processing, silicon in the portions of the cutting |lines 18 demd\deéby

pl asma etching, and the sem conductor wafer is divided into individual

pi eces of the sem conductor elenents. After that, the mask is renoved. In
this way, the individual sem conductor device is conpleted. However, in the
process iaf, cut tmagka semcondydlser fnaheri of fidimepr.i or Béndessrdded above,
the steps of stress relief, mask formation and plasma dicing are

successiyely. . exputied. TBeRelor seaih, | S GPORINATNALR UBSLATLEXCLYS] Ve

proceSS|ng evice for each step after plasma ~processing has been
conpleted for stress relief, th sem conduct or waf er, must be, |cked up from
the pl assrf'éje procdds ndApgdiat Lﬁlasﬂ&a{ eP T SHAE has HedPR ortfed, ththe

sem conduct or wafer nust be conveyed into the plasma processing apparatus
agai n. Fertefore, of heh¢ofnbling lprebl éfsreapvied &icodmsdeedtcthag,
manuf act uri ng process becones conplicated, which increases the equi pnment
cost of aride tpreodgemiiemnduee candwdéereasss dhei gadduaiti®n inefifiiciency.
Further, when the very thin sem conductor wafer, the thickness of which is

reduced e sBehh i e &8micONMBYEHrandehandked hetweenntbhe RiRCcessgs, the 3
is removed. In this way, the individual semiconductor
device is completed.

However, in the process of cutting a semiconductor
wafer of the prior art described above, the steps of stress
relief, mask formation and plasma dicing are successively
executed. Therefore, it 1is necessary to use an exclusive
processing device for each step. That 1is, after plasma
processing has been completed for stress relief, the
semiconductor wafer must be picked up from the plasma
processing apparatus. After the mask has been formed, the
semiconductor wafer must be conveyed into the plasma
processing apparatus again. Therefore, the following
problems may be encountered. The manufacturing process
becomes complicated, which increases the equipment cost of
the production line and decreases the production
efficiency. Further, when the very thin semiconductor
wafer, the thickness of which is reduced by machining, is

conveyed and handled  between the processes, the



12 June 2006 sem conductor wafer is liable to be damaged, which inevitably
decreases the manufacturing yield. Disclosure of Invention Therefore, it is
an object of the present invention to provide a nethod of 1@adwheaciafs ng a
sem conductor device in that: the equipnment cost is decreased and the
production efficiency is increased by sinplifying the manufacturing
process; and the sem conductor wafer is prevented from being danaged when

it is cogpweyednandtbandlerterso that ltih®lemantd achyr i riand @ dl, canhbeh
enhanced. It is another object of the present invention to provide a plasm

Pr 0cessi g, APPALALUBEDSL RANTON iidlelshciisathd ji dfie. method of

manuf acturing a sém conductor device and to pr e a plasnma processing

met hod. ﬁn order to acco lish the first object, the present invention
provides—é§ﬁ£ﬁﬁ85§e£—néﬁggg§¢§ﬁ ng a seniconductor device in which a

sem conductor wafer, on the first face of which a plurality of

senm conduct or TREEREAES, ate iForfe@Pliestdiofi dete TR hdi WY eubiopieees of
sem conductor elenments so as to obtain a sem conductor device, the

t hi cknessrofidbhi ehmeshoat ofomanttfartiGingma ssonprarsdugtorn édeete ath achi ng
step of attaching a protective sheet, capable of being peeled off, to the

first fage:.athhi ckgespmefIUGIE siepdetreadesd nand henkhigknesstigf the
sem conductor wafer to not nore than 100 .tm by
efficiency 1is increased by simplifying the manufacturing
process; and the semiconductor wafer 1is prevented from
being damaged when it is conveyed and handled, so that the
manufacturing yield can be enhanced.

It 1is another object of the present invention to
provide a plasma processing apparatus most appropriately
used for the method of manufacturing a semiconductor device
and to provide a plasma processing method.

In order to accomplish the first object, the present
invention provides a method of manufacturing a
semiconductor device in which a semiconductor wafer, on the
first face of which a plurality of semiconductor elements

_are formed, is divided into individual pleces of
semiconductor elements so as to obtain a semiconductor
device, the thickness of which is not more than 100 um,
comprising: a sheet attaching step of attaching a
protective sheet, capable of being peeled off, to the first

face; a thickness reducing step of reducing the thickness

of the semiconductor wafer to not more than 100 um by
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4 12 June 2006 shaving a second face, which is opposed to the first face,

by nmeans of machining; a mask formng step of formng a mask for
determning cutting lines to divide the sem conductor waféer2 idnhe 26@6

i ndi vi dual pieces on the second face; a plasma dicing step of dividing the
sem conductor wafer to the individual pieces by carrying out plasna-etching
on the cutting lines when the sem conductor wafer is exposed to plasma from
t he maskshavieg a seslondenmdeng vgtisph of sreppusagd the tieskf tayst ufade,zi ng

pl asma; a mcro-crack renmoving step of renoving mcro-cracks, which are

gener at gy OR e SEEO0RGBIAGA Y] tACmalshd CkhEssn§ edu@iNgs 8t edbrmfihgcad ryi ng

out plasna-etching on the second face fromwhich the mask has been renoved,

and a she peel.j ng .peel i he protective sheet, .{r each
senicondﬁ%?%r éV%ced%%%%ﬁﬂﬁés%beeﬁggEgggnegtggggn t%ndiéﬁ&ﬁgg]pf@%%.
According to the present invention, a sem conductor wafer, on which a mask

to deterf®PECEREVFRGTI i NS tsetRFOr CRfvi thdy d8bi dohBEeEorOhafEre i nt o
i ndi vidual pieces of semconductor elenents is formed, is subjected to each
step asséobhdwsfaTlee seni cphdemaor dafley i sStibj eefed divialing asttee di ci ng
step of dividing the sem conductor wafer to individual pieces by carrying
out pl ass@metehidngton twefercutdi nghd i brdivheanalheisersobpguctorry@ier is
exposed to
out plasma-etching on the cutting lines when the
semiconductor wafer is exposed to plasma from the mask
side; a mask removing step of removing the mask by
utilizing plasma; a micro-crack removing step of removing
micro~-cracks, which are generated on the second face in the
thickness reducing step, by carrying out plasma-etching on
the second face from which the mask has been removed; and a
sheet peeling step of peeling the protective sheet from
each semiconductor device which has been obtained as an
individual piece.
According to the present invention, a semiconductor
wafer, on which a mask to determine cutting lines used for
dividing a semiconductor wafer into individual pieces of
semiconductor elements is formed, is subjected to each step
as follows. The semiconductor wafer 1is subjected to a
plasma dicing step of dividing the semiconductor wafer to
individual pieces by carrying out plasma-etching on the
cutting lines when the semiconductor wafer is exposed to

plasma from the mask side; the semiconductor wafer is also
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pl asma fromthe mask side; the sem conductor wafer is also 5 12 June 2006
subjected to a mask renoving step of renoving the mask by utilizing plasng;
the sem conductor wafer is also subjected to a mcro-crack2rémsviaf§éstep of
renovi ng m cro-cracks, which are generated in the thickness reducing step.
When these steps are continuously perforned in the above order, the
process of manufacturing the sem conductor device can be sinplified, so

that thesggybpteat teos magk beensduagd stapd dtherpiodusyi emeeffdHi engy can be
enhanced. Further, the sem conductor wafer can be prevented from being

damaged BL i ey and h I ng, .t el f Lnin can be
enhancedgy?ggééﬁgrE%%ggééoﬁgﬁig%mfgggggggﬁ %ﬁﬁgﬁ?&%ré?%éeéggﬁgcﬁ%gention
provi des a pl asma 8roces i ng apparatus of executing the steps of plasm

di ci ng, FensvihCh ﬁﬁéﬁcgn&e ﬂﬁﬁin@tﬁ?cfﬁicF%E?glg9 TR TER THF DS pl asma
processing on a sem conductor wafer in which a protective sheet is

at t achedwlshchherki rgandradedninhitbh $dmicdosdisctrrdet Bngnssepar e Wemed and a
mask for determning cutting lines to divide the sem conductor wafer into

i ndi vi dugthe ptesespef artehe-cgiirmendiict ose ef ermad sihs ther b wn dhesecond
face opposite to the first face, the plasnma processi ng apparat us

Corm) S, R e phanGEc o anf ol Sapicofulert el v
be simplified, so that the equipment cost can be reduced
and the production efficiency can be enhanced. Further,
the semiconductor wafer can be prevented from being damaged
when it is conveyed and handled, and the yield of machining
can be enhanced.

In order to accomplish the second object, the present
invention provides a plasma processing apparatus of
executing the steps of plasma dicing, removing a mask and
removing micro-cracks by carrying out plasma processing on
a semiconductor wafer in which a protective sheet 1is
attached on the first face on which semiconductor elements
are formed and a mask for determining cutting lines to
divide the semiconductor wafer into individual pieces of
the semiconductor elements 1is formed on the second face
opposite to the first face, the plasma processing apparatus
comprising: a processing chamber; a first electrode having
a plane with which the protective sheet tightly comes into
contact in the processing chamber; a second electrode

opposed to the first electrode in the processing chamber; a
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contact in the processing chanber; a second el ectrode opposed to the first
el ectrode in the processing chanber; a 6 12 June 2006 hol di ng neans for
hol di ng the sem conductor wafer by the first electrode underJthe 2@€diti on
that the protective sheet tightly conmes into contact with the plane; a
pressure reducing neans for reducing pressure to a predetermined value in
t he processi ng chanber; a plasma generating gas supplying neans for

sel ectinehyisgPRISEY ﬁo?' uoaldityy ofhet ¥pRS cohdRlayra generatgyngrigases into

the processing chanber; a pressure controlllng means for controlling
pre.ss‘”f ththeleDétf’ c? 'G%d%*}a”Pﬁé er{‘d %f%”cer%' ”Q%r@é‘écﬁ vé“pp' hed;
a high Trequency e ric power supply sec I on suppl %

frequenc% vol tage upon the first electrode so as to transfer the plasna
gener at§ @etQBéghﬁﬁwcﬁoﬁéé BBER SOPBIECsd Withto tife Bridtes st iyF ehslififer, i nto

a plasma state; and an el ectrode distance changing neans for changing a
di st anceebetﬂmgn némnd i for andduhengseavmabwectioode. predetermireedcconpl i sh
t he second object, the present invention provides a plasm processing

nmet hod va1ubi ch thige phrepesefing asi@uskei Ng, gleiEvd Nged gk ngndydLNOVI Ng
m cro- cracks are executed by carrying out plasma processing on a

SATLETSUBLPLE S £BE e Laen Pakppessereep Rty e s o
types of plasma generating gases 1into the processing
chamber; a pressure controllinq‘ means for controlling
pressure in the processing chamber when plasma generating
gas 1s supplied; a high frequency electric power supply
section for supplying a high frequency voltage upon the
first electrode so as to transfer the plasma generating
gas, which has been supplied intc the processing chamber,
into a plasma state; and an electrode distance changing
means for changing a distance between the first and the
second electrode.

In order to accomplish the second object, the present
invention provides a plasma processing method in which the
steps of plasma dicing, removing a mask and removing micro-
cracks are executed by carrying out plasma processing on a
semiconductor wafer, on the first face having semiconductor
elements of which a protective sheet is attached, on the

second face on the opposite side to the first face of which

a mask to determine cutting 1lines for dividing the



second face on the opposite side to the first face of which a mask to
determ ne cutting lines for dividing the 7 12 June 2006 sem conductor wafer

i nto individual

pi eces of the sem conductor elenents is fadknmédnetifdépl asma

processi ng nmethod conprising: a wafer holding step in which the
sem conductor wafer is held by a first electrode under the condition that

the protective

sheet is tightly contacted with a plane of the first

el ect r odemitenduocessi rg fhanbéntoa findiveandilti opiesesti ngr st epel N which
an el ectrode di stance between a first electrode and a second el ectrode,

which isafy

el ng) cRPREsedst oo Lheqf i rst el ectrode, and pressure in the

processi ng chanber are set at a first condition; a plasma dicing step in

whi ch portio
generating g

a

ns of the cutting lines are | gsma- et ched when a first plasma
7s P khe

PLAHPT i R PREDStHE plEEEREi ngOBRASd %and 2 MEJRTT r equency

voltage is supplied between the first electrode and the second el ectrode so
that thd9idi5tg pfbePmigenbighi fgegsemiconduiidervalierni® heprabimast ate; a
second condition setting step in which the distance between the el ectrodes
and t he fjrsesseledtrodee pndeessihy cbadiercar etket atha pecdrdtivenditi on;
a mask renoving step in which the mask is renoved by ashing when a second

plasma ganes@t iing gaghitly SkeBRkiaedcint Qithe Hr osessé g, £haier rapdta high

frequency

electrode in a processing chamber; a first condition

setting step in which an electrode distance between a first
electrode and a second electrode, which is arranged being
opposed to the first electrode, and pressure in the
processing chamber are set at a first condition; a plasma
dicing step in which portions of the cutting lines are
plasma-etched when a first plasma generating gas is
supplied into the processing chamber and a high frequency
voltage is supplied between the first electrode and the
second electrode so that the first plasma generating gas is
transferred into a plasma state; a second condition setting
step in which the distance between the electrodes and the
pressure in the processing chamber are set at a second
condition; a mask removing step in which the mask 1is
removed by ashing when a second plasma generating gas 1is
supplied into the processing chamber and a high frequency
voltage is supplied between the first electrode and the
second electrode so that the second plasma generating gas
is transferred into a plasma state; a third condition

8



voltage is supplied between the first el ectrode and the second el ectrode so

that the second plasna generating gas is transferred into a plasna state;
third condition 8 12 June 2006 setting step in which the diatdwee 2986ween
the electrodes and the pressure in the processing chanber are set at a
third condition; and a mcro-crack renoving step in which mcro-cracks
remai ni ng on the second face, fromwhich the msk has been renoved, are
renoved dytplagnmatebchimovihen a@het kiirst H1As noe geaen attheg asct oddsopl i ed
into the processing chanber and a high frequency voltage is supplied

bet ween grfe chir fr & A6l £ 048 Ak t Beosecand el deliione seethalcthe Jhird
pl asma generating gas I1s transferred into a’plasm state. Accordi

present jnvention,.the plas processin pparatus includes: a pressure
control hehhd F8Pdl%6ﬁproFVﬂﬁgapPé§§8F8rgﬁ%alﬁ?%§@§§qn§L%ﬂaﬁﬁbﬂﬂgé: | asma
generating gas supgly section for selectively supplying a lurality of
types ofpfa@nergeher aemad ngaseson nfldet Becoplodexss ngf Epmnmbad charfdiean

el ectrode di stance changing neans for changi ng an el ectrode distance

bet ween m&ek f hastbeeh ecémodedandreheesevanddbel ediasade etAhdlinas wheti @ ng step

of dividing a sem conductor wafer into individual pieces of sem conductor
el enent st Ryr Pl 9588 Lt §8hBYat @nGRgK s €BDKLPRG 1 1SHER n@h H@RDW MG JTRIK by

utilizing plasma and a m cro-
chamber and a high frequency voltage is supplied between
the first electrode and the second electrode so that the
third plasma generating gas is transferred into a plasma
state.

According to the present invention, the ©plasma
processing apparatus includes: a pressure control means for
controlling pressure in a processing chamber; a plasma
generating gas supply section for selectively supplying a
plurality of types of plasma generating gases into the
processing chamber; and an electrode distance changing
means for changing an electrode distance between the first
electrode and the second eléctrode. A plasma dicing step
of dividing a semiconductor wafer into individual pieces of
semiconductor elements by plasma etching, a mask removing
step of removing a mask by utilizing plasma and a micro-
crack removing step of removing micro-cracks generated in
the thickness reducing step can be continuously,

effectively executed by the same plasma processing

apparatus.

ng to the
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crack renoving step of renoving m cro-cracks generated in the thickness
reduci ng step can be continuously, effectively executed by the sane plasm
processing apparatus. 9 12 June 2006 Brief Description of 1Brawna¢®ds g. 1
is a cross sectional side view of a plasma processing apparatus of an
enbodi nent of the present invention; Fig. 2 is a partially cross sectional
view of a lower electrode of the plasna processing apparatus of the
embodi megt i ©f HbecPiesEPh bAVEREWOAGsFi gs. 3(a) and 3(b) are cross sectional
views ofTtThe plasma processi ng apparatus of the enbodi ment of the present
invention; Fig:. 4 i:s bl.oc Lagr how ng (o] Lt utjon,of ont r ol
syst em of theﬁlp?asnla g?ocaeséfgggap%%%%f Stqﬁj% ni%%%didnﬁn? &laalshmga pr esent
invention; Figs, 5(a) to 5(h) are schematjc jillustration for explaining a
process Rﬁo%%gﬁbﬂgofaﬂﬁﬁﬁﬁ HFurPEg an s&mPedraEetor odevitt® ofPHREENbodi nent
of the present invention; Fig. 6 is a flow chart of the plasnma processing
met hod oivemeienmbodi nent of the present invention; Fig. 7 is cross
sectional side view of the plasma

Fig. 2 is a partially cross sectional view of a lower

electrode of the plasma processing apparatus of the
embodiment of the present invention;

Figs. 3(a) and 3(b) are cross sectional views of the
plasma processing apparatus of the embodiment of the
present invention;

Fig. 4 is a block diagram showing a constitution of a
control system of the plasma processing apparatus of the
embodiment of the present invention;

Figs. 5(a) to 5(h) are schematic illustration for
explaining a process of method of manufacturing a
semiconductor device of the embodiment of the present
invention;

Fig. 6 is a flow chart of the plasma processing method
of the embodiment of the present invention;

Fig. 7 1s cross sectional side view of the plasma
processing apparatus of the embodiment of the present
invention;

Fig. 8 1is cross sectional side view of the plasma

processing apparatus of the embodiment of the present

invention;
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processi ng apparatus of the enbodi nent of the present invention; Fig. 8 is
cross sectional side view of the plasma processing apparatus of the

enbodi ment of the present invention; 10 12 June 2006 Fig. 12 sner®Exs®
sectional side view of the plasma processing apparatus of the enbodi nent of
the present invention; Fig. 10 is cross sectional side view of the plasm
processi ng apparatus of the enbodi nent of the present invention; and Fig.
11 is a data rabl.e $hdw ngraspl e jwroxkssing vcbadi tafonthe theaghasm
processi ng of the enbodi ment of the present invention. Best Mde for

Car ryi ngp Lyt ek8enknvepbhearliext o fr €EREN | BRLEQ:i hBRL T 8% NGRe 35 £6BRdi ment of
the present invention wll be explained below Fig. 1is a ‘cross sectional
si de vi ew of .Blasna processi ng apparatus of an enbodi nent of the present
i nvent i oh{“’%flg.l 2’is a partially cross sectional view of a |ower electrode
of the plasnma processing apparatus of the enbodi nent of the present
invention, Fi§i93 ik alsr sBLsecErEhaPRdilevd bie t N evWpl &l mhhgr delasgiang
apparatus of the enbodi nent of the present invention, Fig. 4 is a block

di agram phowiergiag apparatus of the embodiment of the present

invention; and

Fig. 11 is a data table showing a plasma processing
condition in the plasma processing of the embodiment of the
present invention.

Best Mode for Carrying Out the Invention

Next, referring to the drawings, an embodiment of the
present invention will be explained below. Fig. 1 is a
cross sectional side view of a plasma processing apparatus
of an embodiment of the present invention, Fig. 2 is a
partially cross sectional view of a lower electrode of the
plasma processing apparatus of the embodiment of the
present invention, Fig. 3 is a cross sectional view of the
plasma processing apparatus of the embodiment of the
present invention, Fig. 4 1is a block diagram showing a
constitution of a control system of the plasma processing
apparatus of the embodiment of the present invention, Fig.
5 1s a schematic illustration for explaining a process of
method of manufabturing a semiconductor device of the
embodiment of the present invention, Fig. 6 is a flow chart
of the plasma processing method of the embodiment of the

11



constitution of a control systemof the plasma processing apparatus of the
enbodi nent of the present invention, Fig. 5 is a schematic illustration for
expl aining a process of nethod of manufacturing a sem cond2ctone dzddece of
the enbodi ment of the present invention, Fig. 6 is a flow chart of the

pl asma processi ng net hod of the enbodi nent of the 11 12 June 2006 present
invention, Figs. 7, B, 9 and 10 are cross sectional side views of the plasm

processi pgeappar dnwenafi dnhe Fiepghodi eyt dfardel prasentréswesttobonand Fi g.
11 is a data table showi ng a plasma processing condition in the plasma

processi ggqaf he,gmbgdi ment 0{;159ﬁapr5§3855gwsnt%}anrgicﬁ tgofefg{§i ng to
W | e

Figs. 1 to 4, the plasm processing apparatus e expl ai ned ow. This

p
pl asma rocessing a ratus_is used in_the manufact.uri proces of a
Sem condBEPGR TSI Toht S Mok T3 SRV E™ARer SLAaf 14 dom CorIUA R waf er
on the circuit forming face (the first face) of which a plurality of
seni condtiebde bt ar 1laFBrnE oGS W dednfht 8oR ndinvitdifal Pha&ee of the
sem conductor elenments so as to obtain a sem conductor device, the
t hi cknesprotewisiicly iof ridte rmbe dimem t10Of Mhd rptdeemanuiastuiromg process of
this sem conductor device, first of all, a protective sheet nmade of

material, whirghsits difdfctting o be plragm- etichego cogpar atham th1ashd i con
that is a primary material of the sem conductor, is
processing apparatus will be explained below. This plasma
processing apparatus is used in the manufacturing process
of a semiconductor device obtained in such a manner that a
semiconductor wafer, on the circuit forming face (the first
face) of which a plurality of semiconductor elements are
formed, is divided into individual piece of the
semiconductor elements so as to obtain a semiconductor
device, the thickness of which is not more than 100 um.

In the manufacturing process of this semiconductor
device, first of all, a protective sheet made of material,
which 1is difficult to Dbe plasma-etched compared with
silicon that is a primary material of the semiconductor, is
attached to the circuit forming face of the semiconductor
wafer. On the reverse face opposite side to the circuit
forming face of the semiconductor wafer, a mask to
determine cutting lines used for dividing the semiconductor
wafer into individﬁal pieces of the semiconductor elements

is formed. The steps of plasma dicing, removing the mask

and removing the micro-cracks are performed on the above

12



attached to the circuit formng face of the sem conductor wafer. On the
reverse face opposite side to the circuit formng face of the sem conductor
wafer, a mask to determne cutting lines used for dividing2tHene 2006

sem conductor wafer into individual pieces of the sem conductor elenents

is formed. The steps of plasma dicing, renoving the mask and renoving the

m cro-cracks are perfornmed on the above 12 12 June_ 2006 sem conductor wafer
by the pPeBeRPREPESAR pHadessi My appar dbERSelh FPEaska | mafeIHEvacuum
chanmber 1, there is provided a processing chanber 2 for carrying out plasm
processiagpanathe.sem conductor wafer. By this processing chanber 2, it is
possible to forma tightly seal ed space for generating plasma in the state

of reduced pregsurgy. |n, aihgwae Peréi Anduisd denbh®eRrr ogessimgr £hamber 2,
the lower electrode 3 (the first electrode) is arranged. In an upper

portion ower pper e e d

el ect roo&%oxgggglérggggggg%%gggppo}%‘gg‘?y ? foeIll o%&gg ét ro%ig ?S‘L%%gng | ower

el ectrode 3 and the up p el ectrode 4 are espectlve%% formed into a

cyl i ndriREPCeERLPE gRd gﬁréﬁ?@&ﬂ qﬁ?ﬁ) 1ngB¥h§ €r PFOCEHTE&Ftrical |y
with each other. The lower electrode 3 is arranged in such a manner that

t he | oweghaleerr @de iF i sssppssifded by faEnt @o Yigldrley sealed space

for generating plasma in the state of reduced pressure. 1In
a lower portion inside the processing chamber 2, the lower
electrode 3 (the first electrode) is arranged. In an upper
portion of the lower electrode 3, the upper electrode 4
(the second electrode) 1is arranged being opposed to the
lower electrode 3. The lower electrode 3 and the upper
electrode 4 are respectively formed into a cylindrical
shape and arranged in the processing chamber 2
concentrically with each other.

The lower electrode 3 1is arranged in such a manner
that the lower electrode 3 is surrounded by the two layers
of insulating bodies 5A, 5B which are attached so that the
bottom portion of the processing chamber 2 can be filled
with the insulating bodies 5A, 5B and that an upper face of
the lower electrode 3 for holding the object to be
processed at the central portion of the bottom of the
processing chamber 2 1is exposed and fixed. The lower
electrode 3 is made of conductive material such as
aluminum. The profile of the lower electrode 3 is formed
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of insulating bodies 5A, 5B which are attached so that the bottom portion
of the processing chanber 2 can be filled wth the insulating bodies 5A 5B
and that an upper face of the |ower electrode 3 for hol di ig theeobj@ct to
be processed at the central portion of the bottom of the processing
chanmber 2 is exposed and fixed. The |lower electrode 3 is made of conductive
material such as alumnum The profile of the Iower electrode 3 is forned

13 12 Junes26R6ai RagHeh ahadnrge shaboite nguppettiong 3pority &k hdey ext ended
downward fromthe di sk-shaped el ectrode portion 3a. When the supporting

por t1 0N 3hns heled oy ille yacyumneharben oL uia Lhed syl aLing ypterial 5C

the | ower el ectrode attac eing electri y 1 nsul at ed. e upper
electrode 4 is made of conductiye material . such as alum numin the same
manner ggetﬁBPPBF%ﬂﬁg IFRAET: CTe tFBdgeéa fﬁbwéﬁbpﬁ??uBErFﬁéﬁhﬁﬁ Hs ext ended
upward fromthe disk-shaped el ectrode portion 4a. The support portion 4b

i s el ecti#cihley ovitlatuEed t BatkRe igdc iitm chiagbépwer aneearede &l éwat ed by
the el ectrode el evati ng nmechanism 24 shown in Fig. 7. Under the condition

t hat t hetuppleed beényrotlecdrisallayweriednlanedl.ectric di scharge space for
generating a plasma electric discharge used for plasma processing is forned

bet ween the dpperpglectdnda dodndst he Rweroel eshagdeide e Lliggt rode
el evati ng nechani sm 24

such as aluminum in the same manner as that of the lower
electrode 3. The support portion 4b is extended upward
from the disk-shaped electrode portion 4a. The support
portion 4b is electrically continued to the vacuum chamber
1 and can be elevated by the electrode elevating mechanism
24 shown in Fig. 7. Under the condition that the upper
electrode 4 is 1lowered, an electric discharge space for
generating a plasma electric discharge used for plasma
processing is formed between the upper electrode 4 and the
lower electrode 3. The electrode elevating mechanism 24
functions as an electrode distance changing means. When
the upper electrode 4 1is elevated by the electrode
elevating mechanism 24, electrode distance D between the
lower electrode 3 and the upper electrode 4 shown in Fig. 2
can be changed.

Next, explanations will be made into the structure of
the lower electrode 3 and the semiconductor wafer to be
processed. An upper face of the electrode portion 3a of
the lower electrode 3 1is a plane-shaped holding face
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functions as an el ectrode di stance changi ng neans. Wien the upper el ectrode
4 is elevated by the electrode elevating nmechanism 24, el ectrode distance D
between the |ower electrode 3 and the upper el ectrode 4 shawiune 00§, 2

can be changed. Next, explanations will be made into the structure of the

| ower el ectrode 3 and the sem conductor wafer to be processed. An upper
face of the el ectrode portion 3a of the lower electrode 3 is a plane-shaped

hol di ng f@cgnel40h2 wihten 2006 (HmNnOic i ChattBe sedn pgpduct o wafer is
put. In an outer peripheral portlon of the holding face, there is provided

an i nsulLLog Goaling.layer,3i, Fheo Ensulat bagy scoat kgge'ay&(eéf ;s made of

ceram cs” suc un1nun1 condi tron | ovier electrode 3
is attached .in the vacuun1chanber 1, as shown in Fig , .the _outer

per i pherR¥ Opbied oANofIRHEL 3 WY aCPAG 1RGatidNET ayér 3fT]i1% ipsilirdtPg cover ed
with the insulating body 5A. Due to the above structure, the outer

peri pherabapongi devsfr t B | bowemads eef r ot aBiiics | asohatasl farlomiplas ma
generated in the electric discharge space 2b, so that the occurrence of an
abnor malygiieet the dbsahangs caathehy evadrekldifrodei 3 asvia@waghew ng a

state in which the sem conductor wafer 6 before the start of plasma dicing

s put pon the |oyenug! eHS 31, The s@meonductpigwaner $nlSoyter
peripheral portion of the insulating coating layer 3f is
partially covered with the insulating body 5A. Due to the
above structure, the outer peripheral portion of the lower
electrode 3 is 1insulated from plasma generated in the
electric discharge space 2b, so that the occurrence of an
abnormal electric discharge can be prevented.

Fig. 2 1is a view showing a state 1in which the
semiconductor wafer 6 before the start of plasma dicing is
put on the lower electrode 3. The semiconductor wafer 6 is
a semiconductor substrate, the primary component of which
is silicon. The protective sheet 30 is attached to the
circuit forming face (the first face) of the surface (the
lower face in Fig. 2) of the semiconductor wafer 6. Under
the condition that the semiconductor wafer 6 is put on the
lower electrode 3, the protective sheet 30 is tightly
contacted with the holding face 3g of the electrode portion

3a.

The protective sheet 30 is composed of an insulating

layer, the thickness of which is approximately 100 um, made
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a sem conductor substrate, the primary conponent of which 1is silicon. The
protective sheet 30 is attached to the <circuit formng face (the first

face) of the surface (the Ilower face in Fig. 2) of the sefkcdmuctodc waf er
6. Under the condition that the sem conductor wafer 6 is put on the |ower
el ectrode 3, the protective sheet 30 is tightly contacted wth the hol ding
face 3g of the electrode portion 3a. The protective sheet 30 is conposed of

an insulogt i Resulayehg thesifi ckness aef %@whmiéeappr%lenaﬁebyeé%v@m made
15 12 June 2006 of insulating resin such as polylnlde The protective sheet

30 1s d%%xae%*ta%'o\’ ) t@%ﬁ%%hﬁle& he €l e ted anp agff% OP%&Pﬁgsﬁg&gond“Ct or

waf er y adhesive sem conduct or waf'er € protective
sheet 30 is, attached is trode 3, this insulating

h the | oweyr ele
| ayer f@rfct itHfs é§m&F8P€§F%°65 %ﬁfgﬁé éaséyofaggFE&YFostatWE%PIy thetracting
the sem conductor wafer 6 to the holding face 3g as described later.
Concer nisegritdeadvattersi ava ber t he tor otheleati vehghpeot 8ot ivantstrded] M fiscult to
be etched conpared with silicon, which is the main conponent nmaterial of

the semazeardieidris weded by the poaeesslektploasms , ditiing, insuset &eded. Due
to the foregoing, even if the etching rate of the sem conductor wafer

partial hy Jfduct ugfRs RpGAUSe dhe gielectrics in  the case of

electrostatically attracting the semiconductor wafer 6 to
the holding face 3g as described later.

Concerning the material of the protective sheet 30,
material difficult to be etched compared with silicon,
which is the main component material of the semiconductor
wafer in the process of plasma dicing, is selected. Due to
the foregoing, even 1f the etching rate of the
semiconductor wafer partially fluctuates Dbecause the
etching rate distribution by plasma is not uniform in the
process of plasma dicing, the protective sheet 30 functions
as an etching stop layer.

On the reverse face (the second face) on the opposite
side (the upper side in Fig. 2) to the circuit forming
face, a mask for determining the cutting lines in the
process of plasma dicing described later 1is formed. This
mask 1s formed when patterning is performed with a resist
film after the reverse face is machined as described later.

Due to the foregoing, a region except for the portion of
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etching rate distribution by plasma is not uniformin the process of plasm
dicing, the protective sheet 30 functions as an etching stop layer. On the
reverse face (the second face) on the opposite side (the tppéwnsi2dd6in Fig.
2) to the circuit formng face, a mask for determning the cutting lines in
the process of plasma dicing described later is formed. This mask is
formed when patterning is perforned with a resist filmafter the reverse
face i s tmchivtetims deseriled Jiadet .is Due dlojébe dOrpuasng, c8chegypn except
for the portion of 16 12 June 2006 the cutting line 31b, which is an object

of pl asng %&J%HEQ& with CaYereds W té fhesfesin film3la. As shown in Fig. 2,
r

in the lower electrode 3, there are provided a plurality of attracting

hol es 3e which are open to the,holdi face 39, and, these attracting hol es
3e are co cRERH witth Fi S%CtFBnqﬁﬁﬂego%%gpF2§F&§8an hegﬁFBQBr

el ectrode 3. As shown in Fig. 1, the suction holes 3c are connected to the
vacuum & i propLuaed 12 wlaredd tyaef | # herehbhggobed egaldse viliclThargas |ine
changeover valve 11 is connected to the N2 gas supply section 13 for
suppl yi ngpemitia ogesa gasdikhenagas 3bi nenchamhgeeyert tvadateirld helebanged over
t he suction holes 3c can be connected being selectively changed over
bet ween dhe VAN S41ed & ORi PNMBhd2sudldohh@ o’ sgas Ppl Hi&ECEh 0pnd 3.
lower electrode 3. As shown in Fig. 1, the suction holes
3c are connected to the vacuum suction pump 12 via the gas
line changeover valve 11. The gas line changeover valve 11
is connected to the N; gas supply section 13 for supplying
nitrogen gas. When gas line changeover valve 11 is changed
over, the suction holes 3¢ can be connected being
selectively changed over between the vacuum suction pump 12
and the N; gas supply section 13.
When the vacuum pump 12 is driven under the condition
that the suction holes 3c are communicated with the vacuum
suction pump 12, vacuum suction 1is performed from the
attracting holes 3e and the semiconductor wafer 6, which is
put on the lower electrode 3, 1s attracted by vacuum and
held. Accordingly, the attracting holes 3e, the suction
holes 3¢ and the wvacuum suction pump 12 compose the
attracting and holding means for holding the semiconductor
wafer 6 under the condition that the protective sheet 30 is
tightly contacted with the holding face 3g of the electrode

portion 3a when vacuum suction 1is performed from the
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When the vacuum punp 12 is driven under the condition that the suction

hol es 3c are conmunicated with the vacuum suction punp 12, vacuum sucti on
is perforned fromthe attracting holes 3e and the sem condizctionevwad@s 6,
which is put on the lower electrode 3, is attracted by vacuum and hel d.
Accordingly, the attracting holes 3e, the suction holes 3c and the vacuum
suction punp 12 conpose the attracting and hol ding neans for hol ding the
seni condattoactwatiehol esndisr wieclkcoadet bpent at tie hooteatyi acsheri 30 is
tightly contacted with the holding face 3g of the electrode portion 3a when
vacuum syet ign [gwggrggggggoggog1the 17 12 June 2006 attracting holes 3e
whi ch are open to the holding face 3g of the I ower el ectrode 3. Wen the
suction holes Cc ar conn ted

be bl onn out PR CHE SHATEE 1 ol 40 3601 GOTHECERer ot duge ol e - -

protective sheet 30. As descrlbed Iater this N2 gas, mhlch is blown out
from theSuPPrict FRgthoresl 3e the t H&S| o@eR fRee B¥OWMme OWE otBeam vehsheet 30,
is blowm out for the object of forcibly detaching the protective sheet 30
from t heahordchdngf dod 3. 3&n ttchethewdowelrecfaode o, ther erics qutawieded a
coolant flow passage 3d in which coolant used for cooling flows. The
cool ant fhewtpassagas3idscepuect geet 0 tREsCROI §8Y, which is blown

out from the attracting holes 3e to the lower face of the

protective sheet 30, 1is blown out for the object of

forcibly detaching the protective sheet 30 from the holding

face 3gq.

In the lower electrode 3, there is provided a coolant

flow passage 3d in which coolant used for cooling flows.

The coolant flow passage 3d 1s connected to the cooling

mechanism 10. When the cooling mechanism 10 is driven,

coolant such as cooling water circulates in the coolant

flow passage 3d. Therefore, the lower electrode 3 and the

protective sheet 30 on the lower electrode 3, the

temperatures of which are raised by heat generated in the

process of plasma processing, are cooled by the circulating

coolant. The coolant flow passage 3d and the cooling

mechanism 10 compose the cooling means for cooling the

lower electrode 3.

The exhaust port 1la, which is communicated with the
processing chamber 2, is connected to the vacuum pump 8 via

the exhaust changeover valve 7. When the exhaust
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mechani sm 10. Wen the cooling nechanism 10 is driven, coolant such as
cooling water circulates in the coolant flow passage 3d. Therefore, the

| ower el ectrode 3 and the protective sheet 30 on the | owed2efens rddé 3, the
tenperatures of which are raised by heat generated in the process of plasna
processing, are cooled by the circulating coolant. The cool ant flow passage
3d and the cooling nechanism 10 conpose the cooling neans for cooling the

| ovner el@tdnqlerd: Jhevexhaustciided aovadi &hdi heowabausabeepwist h st he
processi ng chanber 2, is connected to the vacuum punp 8 via the exhaust

changeovgly yal Ve the Wigdshbe exhayst 18ql2.lung 2000mghanggovey yakve 7 1s

changed over and the vacuum punp riven, “the inside of processi ng

chanber 2 of the. vacuum.,chanmber 1 is exhausted by vacuum so that the
pressur & 35 tthe i g ChanbE?ass b réﬁﬁ%ﬁﬂ@ THE s§%ﬁg chanber

2 is provided with a gressure sensor 28 which is omtted in Fig. 1 and
shown | PIESEUZE WeANEh®TOocEHEAdId SBAnAT 33 shpwhe radyced. defbei bed
| ater controls the vacuum punp 8 according to the result of nmeasuring the
pr essur edadds sngrassmiser senssr p28yithd priessur ernasdilee pensessPpg chanber
2 can be reduced to a desired value. The vacuum punp 8 conposes a pressure
reduci ng,RaNS; § Obni ELEHCIIRY Fiike R essdir éndnt DR PHQCessi NngwgbATREE 2 to a
control section 33 shown in Fig. 4 described later controls
the vacuum pump 8 according to the result of measuring the
pressure by this pressure sensor 28, the pressure in the
processing chamber 2 can- be reduced to a desired value.
The wvacuum pump 8 composes a pressure reducing means for
reducing the pressure in the processing chamber 2 to a
desired wvalue. When the exhaust changeover wvalve 7 is
changed over to the atmospheric air-side, the atmosphere is
introduced into the processing chamber 2, and the pressure
in the processing chamber 2 can be returned to the
atmospheric pressure.
Next, the upper electrodes 4 will be explained in
detail. The vupper electrodes 4 includes: a central
electrode 4a; and an extending portion 4f made of
insulating material which surrounds the electrode portion
4a and extends to the outer circumferential portion of the
central electrode 4a. The profile of the extending portion
4f 1is larger than that of the 1lower electrode 3 and

arranged being extended outside the lower electrode 3. At
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desired val ue. \Wien the exhaust changeover valve 7 is changed over to the
at nospheric air-side, the atnosphere is introduced into the processing
chanber 2, and the pressure in the processing chanber 2 ca? Beneetttned to
the atnospheric pressure. Next, the upper electrodes 4 will be explained in
detail. The upper electrodes 4 includes: a central electrode 4a; and an
extendi ng portion 4f made of insulating material which surrounds the

el ectr odehpor tdedit rada aud teixtrends: t aHehe lamear ciacainfef enthal ppperon of
the central electrode 4a. The profile of the extending portion 4f is

larger t @qrécltt%tdeofz; L he dQiners e emtirde 3 and blaawmgegois@w{a gxt ended

outside the lower electrode 3. "At 19 12 June 2006 the central portion on the
| ower face of . the upper, electraode 4, there is provided a gas bl owi ng
portion 4e. Tﬁ%‘egagsasg%&\ﬂwﬁé‘gp&gtri O s iR | eloS‘ga%asf ogoﬁe&%?ﬁf?ﬁbngpl asma
which is used for generating plasma electric discharge in the electric

di schar g@lssace fBrRdd bt weeFedt heotippeeneraesingde R ek t hel pehbic

el ectrode 3. The gas blowing portion 4e is a circular plate nmenber made of

por ous ndtierchalrgeavimg thel aglgpectunbediethairget espat es fiormad . b&aseéor
generating plasma is uniformy blown out from the gas staying space 4g into

the el ecthieC Hchad DEcSREEE 4 Vhadt e e yner hol @st s6akhat. gasm£agabe
uni formy supplied.
blowing portion 4e 1s a circular plate member made of
porous material having a large number of minute holes in
it. Gas for generating plasma is uniformly blown out from
the gas staying space 4g -into the electric discharge space
via the minute holes so that gas can be uniformly supplied.
In the support portion 4b, there is provided a gas
supply hole 4c communicating with the gas staying space 4g.
The gas supply hole 4c is connected to the first plasma
generating gas supply section 21, the second plasma
generating gas supply section 22 and the third plasma
generating gas supply section 23 via the gas flow rate
adjusting section 19 and the gas changeover valve 20. The
first plasma generating gas supply section 21 and the third
plasma generating gas supply section 23 supply mixed gas
containing fluorine gas such as mixed gas in which sulfur
hexafluoride (SF¢) or carbon tetrafluoride (CFy) 1s mixed

with helium gas. The second plasma generating gas supply

section 22 supplies gas containing oxygen gas (0,).
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In the support portion 4b, there is provided a gas supply hole 4c

communi cating with the gas staying space 4g. The gas supply hole 4c is
connected to the first plasma generating gas supply secti @@ Zunetddésecond
pl asma generating gas supply section 22 and the third plasma generating
gas supply section 23 via the gas flowrate adjusting section 19 and the
gas changeover valve 20. The first plasnma generating gas supply section 21

and the thirdihgd asie geasr allidtgygase suppllyweseedi ohs 2% sy wweed gas
containing fluorine gas such as m xed gas in which sulfur hexafluoride

(SF6) ore qa{bont gt %queoyl%%n(a@ dndfe PlXEdo (S 1)y UL 0RSon ThY second

pl asma generating gas sup section 22 supplies gas contal nrng oxygen gas

02) 20 .12 Jupe 2Q06.Wen th ch | ve 20 d ,
Gi'thor (I 11T0~pl BARET Geterati Vac SOpRrb LB eoo ST, 2 Nars48bnd pl asma

generating gas supply section 22 or the third plasnma generating gas supply
sect i on PE hnP3aphey Jehiee 3Hiashed e nEMEPILYY %%%t¥@@nﬁthéﬁyassyp§%wng
portion 4e into the electric discharge space. Accordingly, the first

pl asma generpatasiga ggsnsuppliygsects oir&d, théegaecaidwilrasnaorgéoar dei ng gas
supply section 22, the third plasma generating gas supply section 23 and

the gas jGhangewveele¥etve 49senaPGse sbheep! astm-genergt { ngrgas rsyRgpl y neans
for selectively supplying a plurality of types of gases into
plasma generating gas supply section 21, the second plasma
generating gas supply section 22, the third plasma
generating gas supply section 23 and the gas changeover
valve 20 compose the plasma generating gas supply means for
selectively supplying a plurality of types of gases into
the processing chamber 2.

In the above plasma generating gas supply system, when
the gas flow rate adjusting section 19 is controlled
according to a command sent from the control section 33, a
flow rate of gas supplied into the electric discharge space
can be arbitrarily adjusted. Due to the foregoing,
pressure in the processing chamber 2, into which plasma
generating gas is supplied, 1is controlled according to the
plasma processing condition, which has been previously set,
and the pressuré in the processing chamber 2 detected by
the pressure sensor 28. Accordingly, the gas flow rate

adjusting section 19 composes the pressure control means

for controlling the pressure in the processing chamber 2.
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t he processing chanber 2. In the above plasma generating gas supply system
when the gas flow rate adjusting section 19 is controlled according to a
command sent fromthe control section 33, a flowrate of gasiwp@liced into
the electric discharge space can be arbitrarily adjusted. Due to the
foregoing, pressure in the processing chanber 2, into which plasm
generating gas is supplied, is controlled according to the plasm

processi ng cordli thas, adricdichasn peesdrreaiious! yheetpragisuibe qyegsure in the
processi ng chanber 2 detected by the pressure sensor 28. Accordingly, the

gas Tl owdAte A USLong: SEELAON dRe COBPAsER LNe, R SRyl @ LI dgpans  Tor

controlling the pressure int processi ng chanmber 2. 21 une 6 In

t hi s connect.i on, .concerni ng the_pressure contr ans for _contrqlling the
pressur &1 R He pr ok gﬁﬁfo%hiﬁgeﬁgfeéama?ﬁigkeag%%&%eﬂ?tg88'tﬁg above
method, in which the flowrate of gas supplied into the processing chanber
2 is adjwstdd, thay blowsedtef orf egafplsirrbed mnked, the wEosesginel une of
exhaust gas di scharged outside fromthe vacuum chanber 2 is controlled, may

be used.cHambdhi 2 mashoddijtbeedacumaypunp S:dedbe Aged gxmndie: ,of thhe
vari abl e capacity type, and an exhausting capacity of the vacuum punp 8 may

be cont rpld1agh byid heh £ONtL oo B@RE 1 OB S3naudtt gh9akii ¥eh¥rgal QRERIAG degree
adj usting val ve, the
from the vacuum chamber 2 1is controlled, may be used. In
this method, the vacuum pump 8 to be used may be of the
variable capacity type, and an exhausting capacity of the
vacuum pump 8 may be controlled by the control section 33,
Alternatively, an opening degree adjusting wvalve, the
opening degree of which can be freely adjusted, is arranged
in the exhaust hole la, and this opening degree adjusting
valve may be controlled by the control section 33.

The lower electrode 3 is electrically connected to the
high frequency electric power supply section 17 wvia the
matching circuit 16. When the high frequency electric
power supply section 17 is driven, a high frequency voltage
is supplied between the upper electrode 4, which 1is
electrically continued to the vacuum chamber 1 grounded to
the grounding section 9, and the lower electrode 3. Due to
the foregoing, plasma electric discharge 1is 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
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openi ng degree of which can be freely adjusted, is arranged in the exhaust
hole la, and this opening degree adjusting valve may be controlled by the
control section 33. The lower electrode 3 is electrically éandeet &P060 t he
hi gh frequency electric power supply section 17 via the matching circuit

16. When the high frequency electric power supply section 17 is driven, a
hi gh frequency voltage is supplied between the upper electrode 4, which is

el ectri ealahy reertcidnued of @ Hhes teacU W Gharder. 1 Tioungdechifg thecgieundi ng
section 9, and the Iomer el ectrode 3. Due to the fore90|ng, pl asma el ectric

di schar g% fer écﬁ‘ané%‘%ﬂ%@iﬁ%%%‘t%@ srp§t Leen the upper

electro the ower ectr ccor |ng e plasnma geénerating
gas supplied to the eSS|n chanmber 2,is 2 June %HgG tr sferred into
Phe ot aBd sohagbes . oRIE: mt %gp-m%ﬁ%tngleﬁaeﬁear%s SEf AL FAL Chi ng
bet ween the plasma el ectric dlscharge circuit in the processing chanber 2
and t he fiieghientive UETHE et eRPWRE SORBR YsBSSIBi ect T omnlThien chee cafe of
generating this plasma. The |lower electrode 3 is connected to the

el ect r ogkakiraalihy ahtisagtliazg;malC el ectric power supply section 18 via RF
filter 15. Wen the electrostatically attracting DC el ectric power supply

section 18 i gn@drivepweras shewnrbleFi 93 3(8), negahivecgl ectpic gharges are
electrostatically attracting DC electric power supply
section 18 via RF filter 15. When the electrostatically
attracting DC electric power supply section 18 is driven,
as shown in Fig. 3(a),  negative electric charges are
accumulated on the surface of the lower electrode 3. When
plasma is generated in the processing chamber 2 by driving
the high frequency electric power supply section 17 as
shown by the dotted portion 31 in Fig. 3(b), the DC current
supplying circuit 32 for connecting the semiconductor wafer
6, which is put on the holding face 3g via the protective
sheet 30, to the grounding section 9 is formed in the
processing chamber 2 via the plasma. Due to the foregoing,
a closed circuit is formed in which the lower electrode 3,
REF filter 15, the electrostatically attracting DC electric
power supply section 18, the grounding section 2, the
plasma and the semiconductor wafer 6 are successively
connected in this order, and positive electric charges are

accumulated on the semiconductor wafer 6.
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accunul ated on the surface of the |ower electrode 3. Wen plasma is
generated in the processing chanber 2 by driving the high frequency

el ectric power supply section 17 as shown by the dotted portion 31 in Fig.
3(b), the DC current supplying circuit 32 for connecting the’&&ni’@8Aduct or
wafer 6, which is put on the holding face 3g via the protective sheet 30,
to the grounding section 9 is fornmed in the processing chanber 2 via the

pl asma. Due to the foregoing, a closed circuit is formed in which the | ower

el ectrode 3, c&Eldmbiser fd%cet hecebedbsostati cathd y radddacyé ng RCwliectric
power supply section 18, the grounding section 9, the plasma and the

. ti or ! the |
osi (v SRRt T c BAPgee r & Caneliba: BB it pE dEHT et of Sdler 6. 23

12 June 2006_ Coul onb' s force _acts between the negative electric charges,
whi ch ar'&'@ctoter aBe8CbROfRe Sndedien & £ B bt Vet RatrEwer e P8t tdge 3 made

of conductive material, and the positive electric charges which are
accunul gl ohve heel ssani icondlictrge swavbi cb. Byet hicc@oul ahbds dror dde t he
sem conductor wafer 6 is held by the lower electrode 3. At this tine, RF

fil ter iauprayeabecdhe Agb:freguencyyvotiage cofibhe i b ldedueney

el ectric power supply section 17 from being directly given to the

el ectrostat] cal Ly alLragtings0G, £LEGTE} S ROWEE, 2yl REGlon 18, 0 n this

this time, RF filter 15 prevents the high frequency voltage
of the high frequency electric power supply section 17 from
being directly given to the electrostatically attracting DC
electric power supply section 18. In this connection, the
polarity of the electrostatically attracting DC electric
power supply section 18 may be reversed.

In the above constitution, the electrostatically
attracting DC electric power supply section 18 composes the
DC voltage supplying means for electrostatically attracting
the semiconductor wafer 6 by utilizing Coulomb’s force
acting between 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
supplied upon the lower electrode 3. That 1is, concerning
the holding means for holding the semiconductor wafer 6 on
the lower electrode 3, the vacuum attracting means for
attracting the protective sheet 30 via the plurality of

attracting holes 3e, which are open to the holding face 3g,
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polarity of the electrostatically attracting DC electric power supply
section 18 may be reversed. In the above constitution, the electrostatically
attracting DC electric power supply section 18 conposes thé2 D@heodqtEge
supplying neans for electrostatically attracting the sem conductor wafer 6
by utilizing Coulonb's force acting between the sem conductor wafer 6 and
the holding face 3g of the Iower electrode 3, which are separate from each

ot her byh{ hgapr@iecthye wheep30yvoMaseDGy i?gﬁgisnemplde%%ﬂi@%the
| ower el ectrode 3. That is, concerning the holding nmeans for holding the

sem condyct.or fer the | r.electr 3 he vacuum attracting neans
for at takbaoc‘?el n\gg%tehepgf)g’?'g&di’veagﬁgeFﬁgggvi g‘%het)ﬁﬁg%galoﬁitcy%o%ansat fr&ct | ng

hol es 3e, which are open to the holding face 3g, 24 12 June 2006 by vacuum
and t he HIXORRTH¥\gs &dippl yi ng neans described above are provided, and these
two types of neans are properly used. In the upper electrode 4, there are
provi ded a cadol drtte dpwar pabsageodel. 4 Thehevel ante prowipassageoddans
connected to the cooling nmechani sm 10. Wien the cooling nmechanism 10 is

driven, fiool gssSagd £Q0! i mEewaber agith cll Bt 5a s saddesdcesl adhnklewgpassage
4d. Due to the foregoing, the upper electrode 4, the tenperature of which

i's raised, yhd he,dealy gersied 16, thenphagne PLBESRY RYchbiiiGRohed.

is driven, coolant such cooling water circulates in the
coolant flow passage 4d. Due to the foregoing, the upper
electrode 4, the temperature of which is raised by the heat
generated in the plasma processing, is cooled.

On the side of the processing chamber 2, there is
provided an opening portion 1b for taking in and out an
object to be processed as shown in Fig. 7. Outside the
opening portion 1lb, there is provided a door 25 elevated by
the door opening and closing mechanism 26. When the door
25 1is elevated, the opening portion 1lb can be opened and
closed. Fig. 7 1s a view showing a state in which the door
25 is lowered and the opening portion 1lb is opened and the
semiconductor wafer 6 is taken in and out.

In the case of taking in and out the semiconductor
wafer 6, the upper electrode 4 is raised by the electrode
elevating mechanism 24, and a conveyance space 1s ensured
on the lower electrode 3. Under this condition, the
attracting head 27, which 1s attracting and holding the
semiconductor wafer 6, 1s made to proceed into the
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On the side of the processing chanber 2, there is provided an opening
portion I b .for taking in and out an object to be processed as shown in Fig.
7. Qutside the opening portion |Ib, there is provided a dodr Zbnelz0ad ed by
t he door opening and cl osi ng nechani sm 26. Wen the door 25 is elevated,

t he opening portion |Ib can be opened and closed. Fig. 7 is a view showi ng a
state in which the door 25 is |owered and the opening portion Ib is opened

and t hepreapdseanducteianpder isltaak%ei N ehioly . perthencasg obytaking in
and out the sem conductor wafer 6, the upper electrode 4 is ralsed by the

el ectro ni-sm 24 d o] an sp red on the
| ower % gg%ngﬁg P%nggggﬁhlig%ondfﬁp tﬁlg WM?% tﬁ%l |%§B 889%% Which is
attractln% and hol ding the _sem con uctgr wafer 6, is nade to roceed into
the 25 T2Lfine® 2666 ﬁiﬁlb‘é%\é%ql ng¢Ra OVF& tef*l]ee%ibre?]@%g pord®enths by
operating the arm27a. In this way, the sem conductor wafer 6 is conveyed
ont o t heemwendladetr odef8r ahd t$rnicendeobeluctdavigedler &hisdni baaduct or
device), which has been processed, is conveyed out fromthe | ower el ectrode
3. Next befeef @mddeg ste@l, Fiigs bnwxpddanait ofisomi the beowadeel et ootbes.
constitution of the control systemof the plasma processing apparatus. In

Fig. 4, the gratt ol SaCti Py 380l Fifonnectedibaathenst Qriage seckign 34 for

stori ng vari ous

into the constitution of the control system of the plasma
processing apparatus. In Fig. 4, the control section 33 is
connected to the storage section 34 for storing wvarious
data and processing programs. 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 condition and an
operation command. The display section 36 1is a display
device which displays a guiding image plane in the case of
inputting for operation.

Referring to the data table shown in Fig. 11, the
plasma processing conditions 34a will be explained below.
The plasma processing conditions 34a include the first, the
second and the third condition respectively corresponding
to the plasma dicing process, the ashing process for
removing the mask and the plasma stress relief process for
removing the micro-cracks. As shown in Fig. 11, the plasma
processing conditions are composed of RF power ([W], which
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data and processing prograns. The storage section 34 stores the plasnma
processi ng condition 34a and the plasnma processing operation program 34b.
The operation inputting section 35 is an inputting neans s2chuas 204y
board and inputs data such as a plasma processing condition and an
operation conmand. The display section 36 is a display device which

di splays a guiding inmage plane in the case of inputting for operation.

Referringhdwsthe dm%htabfgqj@@@w i B1Et@ritl, pbhher plsapp prenassity
conditions 34a will be explained below. The plasm processing condi tions

34a incl fi t seco t he ' o jtion yespectively
correspé%%esnég‘p??o (%a]’ plaggdrra eaec%@%?oc%sss%m%% a@ﬂﬁng proT::heess it

renovi ng the nask and the plas stress relief process for rempving the
n1cro-cﬁ&ﬁ%ﬁp?%agﬁoﬁﬁngﬁtﬁﬂ&r%%ﬁatEQHﬂ%%ﬂh p89885§sﬁﬁb E6RAPE| dfs are
conposed of RF power [W, which 26 12 June 2006 shows a hi gh frequency

el ectri chppowetosappl gectiipot 34pmdssuree =gt afel ehebt Aoem diestcamibed rmi. The
nost appropriate condition data for each process is stored in the storage
sectiona¥bwéih respect to each item described above. Concerning the

al Il owabl e ranges to be allowed as the condition data in the process of

pl asma dici n%oﬂ@@rn%(ﬁowﬁgl & INANEH 1S REngovetol $000 1903808 5[ Whe t he

condition data 1in the process of plasma dicing, the
allowable range of RF power 1is 500 to 3000 (W], the
allowable range of the processing pressure is 5 to 300 [Pa]
and the allowable range of the electrode distance is 5 to
50 [mm]. Numeral values considered to be most appropriate
in the above ranges are stored in the storage section 34 as
the first condition.

Concerning the allowable range to be allowed as the
condition data 1in the process of ashing, the allowable
range of RF power is 100 to 1000 [W], the allowable range
of the processing pressure 1is 5 to 100 [Pa] and the
allowable range of the electrode distance is 50 to 100
[mm]. Numeral values considered to be most appropriate in
the above ranges are stored in the storage section 34 as
the second condition.

Concerning the allowable range to be allowed as the
condition data in the process of plasma stress relief, the
allowable range of RF power 1is 500 to 3000 ([W], the
allowable range of the processing pressure is 300 to 2000
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al l owabl e range of the processing pressure is 5 to 300 [Pa] and the

al l owabl e range of the electrode distance is 5 to 50 [mm]. Nuneral val ues
considered to be nost appropriate in the above ranges are 12t gned 32404 he
storage section 34 as the first condition. Concerning the allowable range
to be allowed as the condition data in the process of ashing, the allowable
range of RF power is 100 to 1000 [W, the allowable range of the processing

pressuwpbg S 400 [Patwapdet hang@l |opabhe eaegerelict hei of set& ode di stance
is 50 to 100 [mm]. Nuneral val ues considered to be nost appropriate in the

above rapges_arg, st din r ti t secon ndi ti on.
Cbncern?gg ?%e a |J§%ﬁre raﬁg@e?%9bgggvﬁgﬁeégg§%#ﬁgﬁﬁ%on§1tﬁ%n %%%g in the
process of plasma stress reljef, the allowable range of RF power is 500 to
3000 [ WPPERBT1afPovidbl &'t affRVEF MY SS qids st hgr preddurtd ¢ sS80H2¢® 2000 27
12 June 2006 [Pa] and the all owable range of the el ectrode distance is 50 to
20 [nmi secNinbr 38 wal iés ¢higidecedlittd dye nost  appropriate in the above
ranges are stored in the storage section 34 as the third condition. In this
connection, TR thescasanderieoRF POwekei aBet wheltangad gawdhei progesses of

pl asma dicing, aching and plasnma stress relief, the RF power conditions may
not be changed in the processes of plasma dicing, ashing and
piasma stress relief, the RF power conditions may not be
individually set as the first to the third condition.
In the plasma' processing operation carried out
according to the operation program 34b, the control section
33 controls the gas changeover valve 20, gas flow rate
adjusting section 19, gas line changeover wvalve 11, high
frequency electric power supply section 17,
electrostatically attracting DC electric power supply
section 18, exhaust changeover valve 7, vacuum pump 8,
vacuum attracting pump 12, door opening and closing
mechanism 26 and electrode elevating mechanism 24.
At this time, pressure is set when the control section
33 controls the gas flow rate adjusting section 19
according to the pressure detection result of the pressure
sensor 28 and the above plasma processing condition 34a.
In the same manner, the electrode distance D and the high

frequency electric power supply output are set at the

plasma processing condition when the control section 33
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individually set as the first to the third condition. In the plasm
processi ng operation carried out according to the operation program 34b,
the control section 33 controls the gas changeover valve 2@, Jgas Xdosw r at e
adj usting section 19, gas |line changeover valve 11, high frequency electric
power supply section 17, electrostatically attracting DC el ectric power
supply section 18, exhaust changeover valve 7, vacuum punp 8, vacuum

attract i g PPs 121 de0rgoPeRL9aRY ehesitng i ectrode
elevatiﬁgghechani§n$24.%N th%g ?ing, pressuféqﬁgmggtggkégy?%$é§§§%ol

ti 3 trols . th f t dj usti, ti 19 di t
The. pr ossLrd ot b1 § b VECaRL Cof ehe ir BECHPE  Gondor 28 and (ho above

pl asma processing condition 34a. |n the same manner, the el ectrode distance
D and the hi gihefrBdasndy ReEFTIPdnerPRapptyiSoutivut &PEPSEEdat ashe

pl asma processing condition when the control section 33 28 12 June 2006
control sldder thegh falsguency eketdériingowvies sHippl y Sedridn tHer antherhe

el ectrode el evati ng mechani sm 24. The pl asma processing apparatus is

conposedy@syi feSCr idigd Ahaviion fRetanni nget eddd. ihtandihhe pihesy draw ngs,
expl anations will be made into the method of manufacturing the

agg&coggngaﬁ\ﬁfeacdﬁﬂfﬁg jcl@ewgieﬁﬂ c%%%iu‘?:t%%\fe deq}iacséra Pﬁoﬁﬁféhngh%p%%%%teus Is
, pl asnma
plasma processing apparatus 1is wused, and the plasma
processing method carried out in the process of the method
of manufacturing this semiconductor device.

First, in Fig. 5(a), reference numeral 6 is a
semiconductor wafer, which 1is before the processing of
reducing the thickness, on which a plurality of
semiconductor elements are formed. In this state, the
thickness of the semiconductor wafer exceeds 100 pm.
Before the ©processing of reducing the thickness is
perfored, the protective sheet 30 capable of being peeled
off by using an adhesive member 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 1is the same as that of the
semiconductor wafer 6 so that the protective sheet 30 can
cover the overall circuit forming face 6a and can not
protrude outside the semiconductor wafer 6. Due to the

foregoing, the protective sheet 30 is not exposed to plasma

in the plasma processing carried out later. Therefore, it
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processing nmethod carried out in the process of the nethod of manufacturing
this sem conductor device. First, in Fig. 5(a), reference nuneral 6 is a
sem conductor wafer, which is before the processing of red@cinget3ndé

t hi ckness, on which a plurality of sem conductor elenents are fornmed. In
this state, the thickness of the sem conductor wafer exceeds 100 m Before
the processing of reducing the thickness is perfored, the protective sheet
30 capahlse pfsdidh g peelprdveaftf tiye uskogeadiadhesices nMEObEFoOnS Atihgched to
the circuit formng face (the first face) of the sem conductor wafer 6

(sheet attaghingprocess). In this case, the profile of the protective sheet
30 is the sane agpthat of the sem conductor wafer 6 so that the protective

sheet 30 can, cqver_the overall_circuit, form face 6a agnd can not

prot r ude out&%ﬁ%%fﬁ?s %%nﬁﬁc?bg'mgf%}’6£hfﬂaa?g ?ﬁge ?BBEQSFﬁﬁPdthe
protective sheet 30 is not exposed to plasma in the plasma processing

carri ed fege)|l fter thyhepppside jgideootarthgneizong ti sEpgekidl ace psevent t he
protective sheet 30 from being damaged by plasna. Next, as shown in Fig.

5(b), thaaback Haaeadchheisgcondhef atd) korestshet apposhé esemdeohautherci rcui t
formng face is shaved by machining. The thickness t of the sem conductor

wafer i g requced to. Q,¥ahue oL MRk:d haBel0R @ (th&n 100 um  (the

thickness reducing process). In this thickness reducing
process, the micro-crack layer 6b 1is generatedv on the
machined face on the reverse side. Since this micro-crack
layer 6b lowers the '~ mechanical strength of the
semiconductor wafer 6, it 1s removed in the process
conducted later.

Next, on the reverse face after the completion of the
thickness reducing process, the mask is formed so as to
determine the cutting lines used for dividing the
semiconductor wafer 6 1into individual pieces of the
semiconductor elements (the mask forming process). First,
as shown in Fig. 5(c), the resist film 31 made of resin is
formed on the reverse face so that it can cover the overall
face of the semiconductor wafer 6. Next, as shown in Fig.
5(d), patterning is conducted on the resist film 31 by
means of photolithography so as to remove portions of the
resist film 31 corresponding to the cutting lines 31b. Due

to the foregoing, on the reverse face of the semiconductor

wafer 6, the mask is formed, the region except for the
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t hi ckness reducing process). In this thickness reducing process, the

m cro-crack |ayer 6b is generated on the nachined face on the reverse side.
Since this mcro-crack |ayer 6b | owers the nechani cal str&dgiinef200he

sem conductor wafer 6, it is renoved in the process conducted |ater. Next,
on the reverse face after the conpletion of the thickness reducing process,
the mask is forned so as to determne the cutting lines used for dividing
the semagdridutt ovfweher cBtitang ilddied duldl i edlekclvf 1sheoveaeidc ordhict or

el enents (the mask form ng process). First, as shown in Fig. 5(c), the
resi st ftHemSds mdef oimr 83an | Thef aremicc@duder evefse babeviagt gk it can
cover the overall face of the sem conductor wafer 6. Next, as shown in Fig.

5(d), pattar niRg dis copdueted rdie Lasicys fdd M1y P§e§§s§& by
phot ol i t hography so as to renove portions of the resis II'm31
corresponding to tge cuttiqﬁalines 31b. Due to the foregoing, on the
reverse ot thhie® Yot RonTTeT oPd  wafer 6, the mask is forned, the regi on
except for the 30 12 June 2006 portions of the cutting lines 31b of which is
covered with Reerekist toi theafdowrHeiakhi ebAdRcEsr Bigfer© 6aRdvieA§ot he nmask
in this state becones an object to be processed by neans of plasm

pr ocessimefeRefrey r itng ¢ach hdrblWgwgchathe shéamman HEiqreds amy alesbod,

the object to be processed of which is this semiconductor
wafer 6 having the mask, will be explained below. First,
as shown in Fig. 7, the semiconductor Wafer 6 having the
mask 1s conveyed into the processing chamber 2 (ST1). In
the case of this conveyance operation, while the upper
electrode 4 1is being raised by the electrode elevating
mechanism 24, the arm 27a is operated, and the
semiconductor wafer 6, the mask forming face side of which
is held by the attracting head 27, 1is conveyed from the
opening portion 1lb into the processing chamber 2, and the
semiconductor wafer 6 is put on the lower electrode 3.
Next, the vacuum attracting pump 12 is driven so as to
attract from the attracting holes 3e by wvacuum, and the
vacuum attraction of the semiconductor wafer 6 is turned on
and the -electrostatically attracting DC electric power
supply section. 18 is turned on (ST2). By this vacuum
attraction, the semiconductor wafer 6 is held by the lower

electrode 3 while the protective sheet 30 is being tightly
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referring to each drawi ng, the plasma processing nethod, the object to be
processed of which is this sem conductor wafer 6 having the nmask, wll be
expl ai ned below. First, as shown in Fig. 7, the sem condudRodumafzr0es
having the nmask is conveyed into the processing chanber 2 (ST1). In the
case of this conveyance operation, while the upper electrode 4 is being

rai sed by the el ectrode elevating nechanism 24, the arm 27a is operated,
and t hecosgracmuctior twed eroBlinhef ams k3§ ov fri Digef Aceesi déeatt rakiecB is hel d
by the attracting head 27, is conveyed fromthe opening portion |b into the

processip@ L Ramer ﬁgléyﬁbtﬁgbcéggyconductor wafer 6 is put on the | ower
el ectrode 3. Next, the vacuum attracting punp 12 is driven so as to attract

fromthe attr in holes 3e aguu ng t v cuu ttraction.of the
seniconductofﬂﬁh gt trs F0rh éwx i %égfhg eh%%i §%5 aFFy EPFFgCtIng DC
el ectric power supply section 18 is turned on yﬁﬂﬁé By this vacuum

attract 88 Ehe SORCCoRRREOFOIRT &r & i LOHeradp 1 ondfie efecth8de 3
while the protective sheet 30 is being tightly 31 12 June 2006 contacted
wi t h t héohra@adiingy f ackh8g efl eicierddenwerde$eancodebdtweeme wefer hppding
process). After that, as shown in Fig. 8, the door 25 is closed and the
upper ekeeldtadrist iss hader ede( SI8yer dbedordde I oriegoigey, ke ehectrode

di stance between the upper

electrode distance D1 shown by the first condition of the
plasma processing condition. Next, the wvacuum pump 8 is
set in motion so as to start decompressing the processing
chamber 2 (ST4). When- the degree of wvacuum in the
processing chamber 2 has reached a predetermined value, the
plasma dicing gas (the .first plasma generating gas)
composed of mixed gas containing sulfur hexafluoride and
helium is supplied (ST5).

In the gas supplying process, the pressure of gas in
the processing chamber 2 is detected and compared with the
plasma processing condition, and it is confirmed that the
pressure has reached the value shown by the first condition
(STH6) . That is, in steps (ST3) and (ST6), the electrode
distance D between the 1lower electrode 3 and the upper
electrode 4, which is opposed to the lower electrode 3, and
the pressure in the processing chamber 2 are set at the

first condition of the plasma processing condition (the

first condition setting step).
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el ectrode 4 and the |ower electrode 3 is set at the electrode distance D
shown by the first condition of the plasm processing condition. Next, the
vacuum punp 8 is set in notion so as to start deconpressi hg Juree @006essi ng
chanber 2 (ST4). Wien the degree of vacuumin the processing chanber 2 has
reached a predeterm ned value, the plasma dicing gas (the first plasm
generating gas) conposed of m xed gas containing sul fur hexafl uoride and

heliumis suppitiet (BES)cordigivn gaststippl Hay peesesSomp hetgd essvee of gas
in the processing chanber 2 is detected and conpared with the plasm

Vel e Shadh by TRATTY b ebRAT T an CSTIE That ore o St ene (ot4FFand (sT6)
ol et rodech, LR T8 RS TR Paer L6l CLIGHES, LRI Fhe BF eosure i n
t he processing chanber 2 are set at the first condition of the plasm
processiuppeorffiadiorrde he andr §hecdndieti 64 eséroidey Step)as3poigtduhe 2006
After the condition setting has been conpleted, the high frequency electric
power suyiplymaseclid e ilB dissalra g (SNt) t heDie gto f tequéoeyggeohtyagehe s
suppl i ed between the wupper electrode 4 and the lower electrode 3 so as to
start  pliasi ghechil cqdhsehrifg (§d) cdMatdidde firaaaidggatkhe;s

transferred into the plasma state in the electric discharge

space between the upper electrode 4 and the lower electrode

3. By the generation of plasma, plasma of fluorine gas

such as sulfur hexafluoride is exposed from the mask side

{the resist film 3la side) to the semiconductor wafer 6.

By this irradiation of plasma, only the portions of silicon

of primary material of the semiconductor wafer 6, which are

the portions of the cutting lines 31b not covered with the

resist film 31la, are plasma-etched by plasma of fluorine

gas.

At the same time, a DC electric current supplying

circuit is formed in the electric discharge space between

the upper electrode 4 and the lower electrode 3 as shown in

Fig. 3. Due to the foregoing,l an electrostatically

attracting force is generated between the lower electrode 3

and the semiconductor wafer 6, so that the semiconductor

wafer 6 1is held on the lower -electrode 3 by the

electrostatically attracting force. Therefore, the

protective sheet 30 1is tightly contacted with the holding

33



first plasma generating gas containing fluorine gas is transferred into the
pl asma state in the electric discharge space between the upper electrode 4
and the lower electrode 3. By the generation of plasm, plasfaneoR0Pbuori ne
gas such as sul fur hexafluoride is exposed fromthe mask side (the resist
film3la side) to the sem conductor wafer 6. By this irradiation of plasns,
only the portions of silicon of primary material of the sem conductor wafer
6, whichtade 3de gior thhens lefwdihe eduidtragid | Bes 31lbhcretrdierangd whkh the
resist film3la, are plasma-etched by plasma of fluorine gas. At the sane

time, as%%leécﬁga%&@owgﬁg gURRLY 1RJ s tGid)! iﬁ4e1ias Iﬂ}gﬁg(}&ggkggs%%”ic

di scharge spac etween the upper el ectrode and . ectrode 3 as
Force | PYEG REFDEEHERn 1 AE IGoer et Fite. e aREoERE SR cORGact or
wafer 6, so that the sem conductor wafer 6 is held on the |ower electrode 3
by the ¥ eegRodeatdadled Byt rtde isrp¥ortefurpEienomyovitted pbpt dbei ve sheet
30 is tightly contacted with the holding 33 12 June 2006 face 3g of the
| oner ellestgiwdeld8ctAoder di,ngty, thhe e cooduetoncewalferhéatcadabagst ably
held in the process of plasma processing. At the same tine, the protective
sheet 3L tan ey oop! o1k fia t bec 6001 £ NGi REELONCRAOKEABE RYNtRE .
When this plasma etching proceeds, as shown in Figqg.

5(e), the cutting groove 6d is formed only in a portion of

the cutting line 31b. When the depth of this cutting

groove 6d reaches the overall thickness of the

semiconductor wafer 6, the semiconductor wafer 6 is divided

into individual pieces of the semiconductor elements 6c as

shown in Fig. 5(e) (the plasma dicing step). Electric

power of the high frequency electric power supply is

determined according to the first condition which is set in

the range of 500 to 3000 [W]. When a predetermined plasma

processing time has passed through and the operation of

plasma dicing has been completed, plasma electric discharge

is stopped (ST8).

After that, the distance between the electrodes 1is

changed so that the process can be transferred to the

plasma ashing step (ST9). As shown in Fig. 9, the upper

electrode 4 is raised, and the distance between the upper

electrode 4 and the lower electrode 3 1is set at the

electrode distance D2 shown by the second condition of the
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| ower el ectrode 3, so that the occurrence of heat damage generated by

pl asma el ectric discharge can be prevented. Wien this plasnma etching
proceeds, as shown in Fig. 5(e), the cutting groove 6d is foraed M in a
portion of the cutting line 31b. Wen the depth of this cutting groove 6d
reaches the overall thickness of the sem conductor wafer 6, the

sem conductor wafer 6 is divided into individual pieces of the

seni condycs haehbedeaksi6g asndshfawn.i n Ty. e béet rétibe dplsasme dinyi ng, st ep) .
Electric power of the high frequency electric power supply is determ ned

accordi ngs [ocLbe L skrgondld ion WUEh e sl Lo pLhe Jange ol 509 4o 3000

[W. When a predetermne asnma processing tine has p roué% and the
oper at i on, of l.asmp, dicin s been_conmpl eted, plasma el ectric di scharge

is stopp%Jde?‘S?g?? Z?Jtse?aQ% trbqt héRdi Stan&@ et \%eng}flﬁe %P%%?réﬂ@é“ias

changed so that the process can be transferred to the plasma ashing step
(ST9). Adichoon amdFilghe 9 eieetipper didteant¢oddd ibnrdilsed,cagnl toife

di stance between the upper electrode 4 and the lower electrode 3 is set at

the el ecétiodendi shangecb2-shavksbyetbeibedondteendi ti on of the 34 12 June
2006 plasma processing condition. The electrode distance D2 in the case of

renoving the gegk, istget (QRed argsliddandde (ehect sedend stancgDl in the
case of the above pl asma

generating gas) is supplied from the second plasma
generating gas supply section 22 (ST10). Then, the
pressure of gas in the processing chamber 2 in the process
of supplying gas is detected and compared with the plasma
processing condition so as to confirm that the pressure has
reached the pressure shown by the second condition (ST11).
That is, 1in (8T9) and (ST1l1l), the electrode distance and
the pressure in the processing chamber 2 are set at the
second condition of the plasma processing (the second
condition setting step).

After the setting of the condition has been completed,
the high frequency electric power supply section 18 is
driven and a high frequency voltage is supplied between the
upper electrode 4 and the lower electrode 3, so that plasma
electric discharge 1is started (ST12). Due to the
foregoing, the second plasma denerating gas containing
oxygen gas 1s transferred into the plasma state in the
electric discharge space between the upper electrode 4 and
the lower electrode 3. When the thus generated plasma acts
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dicing and the el ectrode distance D3 in the case of renoving the

m cro-cracks described | ater. Next, the plasma ashing gas (the second plasma
generating gas) is supplied fromthe second plasna generattRndueas?®eppl y
section 22 (ST10). Then, the pressure of gas in the processing chanber 2 in
the process of supplying gas is detected and conpared with the plasm
processing condition so as to confirmthat the pressure has reached the

pressur ershone hyskh&csaeaidrcofutid | ondé STthy. sethwaid i Bacéns{8E9) o&nd
(ST11), the electrode distance and the pressure in the processing chanber 2

are set qfe t ey QGO0 t%ci”d!,a%@? 0f, t hg, Pl 3% npr@iﬁﬁs'ﬁ‘ﬂa(trﬁa%ée‘é@”d

condition setting step ter the setting o the condition been

| et the high f t 18 d
and' a9 dg rvéf%’g%%?%’%e% bt o Betteah BRSSHpBER ol cctrode 4 and

the lower electrode 3, so that plasma electric discharge is started (ST12).
Due to the filraydilngs a9l RecRFRCPPasHaCgendrat FRG §asiesntailni Aga oxygen
gas is transferred into the plasna state in the electric discharge space
bet ween itsheynypesrl ¥y ettt dopu dslawd. thend by ethecthrsdeis. cWhenetbéyt hus
generated plasma acts 35 12 June 2006 on the nmask formation face side (the
second fage,wide) @l the seiapducier waher & R reskAcbhbmcdda made of

wafer 6 as shown in Fig. 5(f) (the mask removing step).

Electric power of the high frequency electric power supply

in this mask removing step is the second condition which

has been set in the range  from 100 to 1600 (W]. After the

mask has been completely removed, the plasma electric

discharge is stopped (ST13).

After that, the distance between the electrodes 1is
changed so that the process can be transferred into the
micro-crack removing step (ST1l4). As shown in Fig. 10, the
upper electrode 4 1is lowered again, and the electrode
distance between the upper electrode 4 and the lower
electrode 3 is set at the electrode distance D3 shown in
the third condition of the plasma processing condition.

Next, the ©plasma etching gas (the third plasma
generating gas) for removing the micro-cracks is supplied
from the third plasma generating gas supply section 23
(ST15). In this case, the same type gas as the plasma
generating gas (the first plasma generating gas) used in

the plasma dicing step, that 1is, mixed gas containing
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organic matter is ashed by the plasma of oxygen gas. Wen this ashing
process proceeds, the resist film3la is gradually extinguished. Finally,
the mask is conpletely renoved fromthe second face side b2 Juye 2006

sem conductor wafer 6 as shown in Fig. 5(f) (the mask renoving step).

El ectric power of the high frequency electric power supply in this mask
renmoving step is the second condition which has been set in the range from

100 to 1000FEM . hfkdetudhederaskhhar been ¢ouplketel y gaenovedd t ke spl asm
el ectric discharge is stopped (ST13). After that, the distance between the

el ectro I S: n ; :ha ; b n i t he
m cr o-crac E%%%%@?nggg%gg %T}f%gpﬁg{gﬁgazmgﬁg%ig?g%g,§%ﬁ25§§8pg%%glectrode

4 is | ' d th l.ectrode _dist bet th | ectrod
4 and LRG| OHEr CoBF cRRRBAG 3 8 SUL G o TR Gl GUtr ot Rt ARCE BE Zhown i n

the third condition of the plasnma processing condition. Next, the plasm
etching s cene thinel pRasms EeAerfathisty Basym@olganE@HALINY t G@S milér o- cr acks
is supplied fromthe third plasm generating gas supply section 23 (ST15).

In this £hseystheedans thpe gasrdspibempl agme ragener adasg ghs (hhedfir st
pl asma generating gas) used in the plasma dicing step, that is, m xed gas

;FQL ai nigos 3R 1gedéipgr 20965841 EUppNOX8EEHOBRAE3 WA CROESLE! YeLdaeaas, and
and the first plasma generating gas supply section 21 may
be also used as the third plasma generating gas supply
section 23.

Then, the pressure of gas in the processing chamber 2
in the process of supplying gas is detected and compared
with the plasma processing condition so as to confirm that
the pressure has reached the pressure shown by the first
condition (ST1le6). That 1is, in (ST14) and (ST1l6), the
electrode distance and the pressure 1in the processing
chamber 2 are set at the third condition of the plasma
processing (the third condition setting step).

After the setting of the condition has been completed,
the high frequency electric power supply section 18 is
driven and a high frequency voltage is supplied between the
upper electrode 4 and the lower electrode 3, so that plasma
electric discharge is started (ST17).

Due to the foregoing, the third plasma generating gas

containing fluorine gas 1s transferred into the plasma
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containing heliumis used in the mcro-crack renoving step in the sane
manner. In this connection, in the case where the sane type gas as the
first plasnma generating gas is always used as the third pRassungelddeati ng
gas, the third plasma generating gas supply section 23 may not be provided
and the first plasma generating gas supply section 21 may be al so used as
the third plasnma generating gas supply section 23. Then, the pressure of
gas in theapeodessthg cladieri@ dischhegpr ooesse obetwmaryi hijegagppex det ect ed
and conpared wth the plasnma processing condition so as to confirmthat

t he pressikerhaser eaghedthbelpiessunecshkews by the first condition (ST16).
That is, in (ST14) and (ST16), the electrode distance and the pressure in

pr ocossi ng. ({13 Eni ra bondit on SBTERY TS opf - *Atfer TREset{Tng OF 1 he

condition has been conpleted, the high frequency electric power supply
secti on 38"}&On ??Q%ﬁngﬁéeg h? gh2fr iRy Yoftdge 3 9lsupphPediséneen’ t he

upper electrode 4 and the | ower electrode 3, so that plasma electric
di schar gerdck stayeed qoSTENa 1rDUed t ont hbef dreggoi (g e t hecohir dapkaswa
generating gas containing fluorine gas is transferred into the plasma 37 12
June 200thst atessit nrehevehect si dedisthahge spateohatveen tdkempper 6¢
divided into individual pieces is removed by plasma etching
(the micro-crack removing step). Electric power of the
high frequency electric power supply in the micro-crack
removing step is the third condition which is set in the
range from 50 to 3000 ([W]. When a predetermined time has
passed through,'the plasma electric discharge is stopped
(ST18) .
After that, operation of the vacuum pump 8 is stopped
(ST19), and the exhaust changeover valve 7 1s changed over
so as to open to the atmospheric air (ST20). Due to the
foregoing, the pressure 1in the processing chamber 1is
returned to the atmospheric pressure. Then, the state of
vacuum attraction is turned off, and the electrostatically
attracting DC electric power supply is turned off (ST21).
Due to the foregoing, the semiconductor wafer 6, which is
divided into individual ©pieces of the semiconductor

elements and attracted and held on the protective tape 30,

can be released.
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el ectrode 4 and the | ower electrode 3. Wien the thus generated plasma acts
on the sem conductor wafer 6, as shown in Fig. 5(g), the mcro- crack |ayer
6b remai ning on the face (the second face) on the nmask rehviurg 3PBe of the
sem conductor elenment 6¢c divided into individual pieces is renoved by

pl asma etching (the mcro-crack renoving step) Electric power of the high
frequency electric power supply in the mcro-crack renoving step is the
third condit Rdnewhi thats sttei ratiecordngef r orafsl t 6,3000e[ Wladfeen a
predeterm ned tine has passed through, the plasma electric discharge is

st oppedp (848 ngAfd £r whhat, 19per deen ebmbhetr¥acuun peRRvByLe shapped
(ST19), and the éxhaust changeover valve 7 is changed over "so as to open to

brocessi R0 ghanber TS0y ot bF FEG°Po PR atfospherte Bredkurboiner™ the state
of vacuum attraction is _turned off, and the electrostatically attracting
DC el ecBFtEapbwBE BGPELy 3fs enSEFTGINESTEEDE WailRE tD thettdraddichg, the
sem conductor wafer 6, which is divided into individual pieces of the
semn condundt beldebgnthes adtd aatttingc theddarkd leld amidie protiecitderehteape 30,
can be released. 38 12 June 2006 After that, the sem conductor wafer 6, the
pl asma processing chamber 2. In this way, plasma processing is

completed in which the steps of plasma dicing, ashing and

plasma etching are continuously carried out by the same

plasma processing apparatus.

In this series of plasma processing, the protective

sheet 30 is entirely covered with the semiconductor wafer 6

as described before. Therefore, the protective sheet 30 is

not exposed to plasma. Accordingly, no damage is caused on

the protective sheet 30, that is, no thermal deformation is

caused on the protective sheet 30. Accordingly, the

protective sheet 30 always comes 1into close contact with

the holding face 3g and the semiconductor wafer 6 and

fulfills the function of the protective sheet.

Then, the semiconductor wafer 6 conveyed out together

with the protective sheet 30 1is sent to the sheet peeling

step, and the protective sheet 30 is peeled off from the

circuit forming face of the semiconductor device which has

been oﬁtained. when the semiconductor wafer 6 is divided

into individual pieces of the semiconductor elements 6c

(the sheet peeling step). As shown 1in Fig. 5(h), the
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processi ng of which has been conpleted, is conveyed out (ST22). Wile
nitrogen gas is being blown fromthe attracting holes 3e, the sem conductor
wafer 6 is attracted and held by the attracting head 27 ahz burevaged
outside the processing chanber 2. In this way, plasma processing is
conpleted in which the steps of plasma dicing, ashing and plasnma etching
are continuously carried out by the sane plasnma processing apparatus. In

t hi s sepires eaft iplecasiee gir cX@sEs ngeelbhd prldt editiore tishesth&dives simdétr el y
covered with the sem conductor wafer 6 as described before. Therefore, the

protectihve gheet, 3@y, 0Ot L4RAIELH t 8nRbaSHe é%%%h@!“ﬁ%de Re dapmge is
caused on the protective sheet 30, that is, no thernal deformation is

crused Qe AL Rt 80, o COL) Mok ISR heel 0

sem conductor wafer 6 and fulfills the function of the protectlve sheet .
Then, thé Seddcordddcordhereive fteyet out together with the protective
sheet 30 is sent to the sheet peeling step, and the protective sheet 30 is
peel ed of f fAemadelaicieduabofer nimg flaxemefhotie ofemagorfudtwrirdeva ce whi ch
has been obtai ned when the sem conductor wafer 6 is divided into

i ndi vi dgahipioaers tofr deer iseITi O N tiife Sl reiTaniso Gitner( tt herisdagispesd i ng
step). As shown in Fig. 5(h), the 39 12 June 2006
determine the cutting lines for dividing the semiconductor
wafer into individual pieces of the semiconductor elements
is first formed. Then, the three processes of plasma
processing, the objects of which are different from each
other, are carried out on the semiconductor wafer on which
this mask is formed.

The plasma dicing step in which plasma exposes from
the mask side so as to carry out plasma-etching on portions
of the cutting lines and divide the semiconductor wafer
into individual pieces of the semiconductor elements, the
mask removing step 1in which the mask 1is removed by
utilizing plasma and the micro-crack removing step in which
the micro-cracks generated in the thickness reducing step
are removed are continuously performed in the above order.

The plasma processing apparatus for performing a
series of the above plasma processing includes: a pressure
control means for controlling pressure in the processing
chamber; a plasma generating gas supply means for

selectively supplying a plurality of types of plasma
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protective sheet 30 is peeled off after the adhesive sheet 37 for hol ding
is attached onto the second face of the sem conductor elenent 6¢c and each
sem conductor elenment 6¢c is held on the adhesive sheet 37.12Adurgp?@itned
above, in the nmethod of manufacturing a sem conductor device of the present
enbodi nent, the mask to determne the cutting lines for dividing the

sem conductor wafer into individual pieces of the sem conductor el enents

is firstgdwsr@eindhegastbe thtee phecepseseebiphasehampe@Gessindg, athhe
objects of which are different fromeach other, are carried out on the

sem con el i.C [ 4 e s far T | as i.cing step in
whi ch p%?g%¥%§%%sgé%?ﬁ¥%e[ﬁ&é%@%ﬁ S|§%h§oqggﬁﬁb%%§$h o%t@%éhﬁ%gﬁtching
on portions of the fg%éing | i nes and gi¥hde t he sem conductor wafer into

S e

i ndi vi dRE PR &R B1 hEESRAHEL B ReHPBeTt RdeChaSKerenpvi ng step in
which the mask is renoved by wutilizing plasma and the mcro-crack renoving
step i n whi chPue h&onitche- Epaekoiganeridt dee¢amnehe posisdlbdesste edhengg st ep

are renmoved are continuously performed in the above order. The plasna
processidggeappacat pbafns perdardsingy acosdt césnofin hehabassmgl aerd cpr ocessi ng
i ncludes: a pressure control neans for controlling pressure in the

processi fig-o chanberto atpleasgh;jgenerdt i BaoaassIuBRl Y neansdd¥e, sehectively
supplying a plurality of types of plasm 40
plasma dicing step in which the semiconductor wafer is
divided into individual ©pieces o©of the semiconductor
elements by plasma etching, the mask removing step in which
the mask 1s removed by utilizing plasma and the micro-crack
removing step in which the micro-cracks generated in the
thickness reducing step can be continuously, effectively
carried out by the same plasma processing apparatus.

Accordingly, various problems caused in the prior art,
in which the steps of stress relief, mask formation and
plasma dicing are successively carried out, can be
effectively solved.

It is possible to manufacture a semiconductor device
without a complicated manufacturing process in which the
semiconductor wafer is taken out from the plasma processing
apparatus after the completion of plasma processing for
stress relief and then the mask 1s formed on it and the
semiconductor wafer is conveyed into the plasma processing
apparatus again and without causing an increase in the

equipment cost of the production line and a decrease in the
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12 June 2006 generating gases into the processing chanber; and an el ectrode
di stance changi ng neans for changing a distance between the |ower el ectrode
and the upper electrode. Due to the foregoing, it becones pésdih¢e2Gd® change
over the plasma processing condition in the sane device according to the
obj ect of processing. Therefore, the plasma dicing step in which the

sem conductor wafer is divided into individual pieces of the sem conductor
el ement piydyt wisom ef £hd hgncyhe maskheeppyvtngsspepsiblvhiceh subheegdsk i s
removed by utilizing plasma and the mcro-crack renoving step in which the

m cro- crigeks gengralied i R hganbBlckpess, r 8dug) NgrIhep seah BadtRbi-nuously,

effectively <carried out by the sanme plasna processi ng appar at us.

Accor di ngl var,i ou roblenms caused in_ the. prigr. art in.which the steps
of stredB i1 o nEhke FOT Rt PONTARG pf aSRALardi Rg APEn4tdEassiDERy carr i ed
out, can be effectively solved. It is goss[ble to manufacture a

sem conditd oV HEVIEEE D i AMRAN A oDl VehfBd LFamia @ ad ngn@r beadderdn whi ch
the sem conductor wafer is taken out fromthe plasma processing apparatus

after tletwo ethenpaoqelsassa processiogef olt $tamses eboefilahd then the
mask is fornmed on it and the sem conductor wafer is conveyed into the

pl asma pIfGASS Nthe apPAI AL U5 BH8EOsandgWi t hout causing an increase in the
equi pnent cost of the production line and a decrease in the
In this embodiment, there is provided an example in
which the plasma dicing step 1is executed by utilizing one
type mixed gas containing fluorine gas. However, the
plasma dicing step may be executed while a plurality of
types of gasses are being changed over stepwise. For
example, the constitution of the plasma generating gas
supply means and the process may be changed in such a
manner that the layer of Si0; of the semiconductor wafer is
etched by plasma of fluorine gas of hydrogen bonding and
that the protective film (the passivation film) is etched

by plasma of oxygen gas.

Industrial Applicability

According to the method of manufacturing a
semiconductor device of the present invention, a
semiconductor wafer, on which a mask to determine cutting
lines wused for dividing a semiconductor wafer into
individual pieces of semiconductor elements is formed, 1is
subjected to the steps as follows. The semiconductor wafer
is subjected to a plasma dicing step of dividing the

42



41 12 June 2006 production efficiency. Further, it is possible to suppress
the occurrence of danamge of a very thin sem conductor wafer, the thickness
of which is reduced by nachining, when the very thin sem dénduoeokOafer is
conveyed and handl ed between the processes. Therefore, it becones possible
to enhance the yield of processing. In this enbodinment, there is provided
an exanple in which the plasma dicing step is executed by utilizing one

type ni xegngasnaaataicnivigrdd uepi nvgasnd Hovnawer, gikeepl Bgmac446jing step nmay
be executed while a plurality of types of gasses are being changed over

stepw se or Sﬁ?ﬁyl constitition he. pl ge in as

supply ﬁ%%ﬁs JH’ e {3%&%@% ngﬁlbeyﬁ anger%Eﬁ%ucﬁﬁggsnazﬁééﬁthgi the | ayer

of SiC2 of the se 'conduc%or wafer is t ched qy Iasga of fluorine gas of
A CEHE pass

hydr ogenS BBHAPRGUSRET tP&t< he Sor ¥BEEFGe §91 Pvath®n W& is
etched by plasma of oxygen gas. Industrial Applicability According to the
met hod ofldanufthet wamigcendweia xonaier ol sdadisce vibidrtgF eSent imasdnt i on, a
sem conductor wafer, on which a mask to determi ne cutting |ines used for
di vi di ngremseimegosdupt 6f waherihgt @hei ndiski Byalitpilecas gofp 1semacondtidct or
elements is fornmed, is subjected to the steps as follows. The sem conduct or
wafer  semiconductor wafer is also subjected to a micro-crack
removing step of removing micro-cracks, which are generated
in the thickness reducing step. When these steps are
continuously performed in the above order, the
manufacturing process of - the semiconductor device can be
simplified, so that the equipment cost can be reduced and
the production efficiency can be enhanced. Further, the
semiconductor wafer can be prevented from being damaged
while it 1is being conveyed and handled, and the machining
yield can be eﬁhanced.

According to the plasma processing apparatus and the
plasma processing method of the present invention, the
plasma processing apparatus includes: a pressure control
means for controlling pressure in a processing chamber; a
plasma generating gas supply section for selectively
supplying a plurality of types of plasma generating gases
into the processing chamber; and an electrode distance
changing means for changing an electrode distance between
the first electrode and the second electrode, and further a

plasma dicing step of dividing a semiconductor wafer into
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is subjected to a plasma dicing step of dividing the 42 12 June 2006

sem conduct or wafer to the individual pieces by carrying out plasnma-etching
on the cutting lines when the seniconductor wafer is expodeditme #0Q6ma from
the mask side; the sem conductor wafer is also subjected to a nask

removi ng step of renoving the mask by utilizing plasma; the sem conductor
wafer is also subjected to a mcro-crack renoving step of renoving

m cr o- criaeks,idMiIch pre:genesft esemidoidiec tdu Ckabssefieduchbpg slepma\Wen
these steps are continuously performed in the above order, the

manuf act.yrj r oces fi, t 1,.COoN or ~gevi be . si i fyed, so

t hat th%%égﬁggﬁen%'c@ggkbag%gg%gg‘ucgﬁggndogthggggggﬁgtign gg?#ci% cy can be
enhanced._ .Further, the sem conductor. wafer can be prevented from being
damaged U RE  IRITE g Sonveyed dAd Charalsd, TERP L HED machFRi ngt yi ol d
can be enhanced. According to the plasnma processing apparatus and the

pl asnma peowesisichghhet drodr of ks haepreasded | HyvehhforthiicHare g8 asadupidgessi ng
apparatus includes: a pressure control neans for controlling pressure in a
processistgchaarbese aonpliasoasyenerdtfieny igas ysupplonteerthpnthor sseéecti vel y
supplying a plurality of types of plasnma generating gases into the

processiyg sehaMece NG AL Ll fogde di stance changi ng means for changing
an el ectrode distance between
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the first electrode and the second el ectrode, and further a plasm dicing
step of dividing a sem conductor wafer into 43 12 June 2006 i ndi vi dual

pi eces of sem conductor elenents by plasna etching, a naskZ dupei a¢Pst ep of
removing a mask by utilizing plasma and a mcro-crack renoving step of
renovi ng m cro-cracks generated in the thickness reducing step can be
continuously, effectively executed by the sane plasnma processi ng appar at us.
44 12 June 2006 CLAIMS 1. A nethodCbAIManufacturing a sem conductor device
in which a sem conductor wafer, on the first face of which a plurality of

seni conduct or jel emanty 1Ry fOf "MBenu kSt G vihged is@hqa'o@met%a'd@e}ﬁ&ees of
sem conductor elenents so as to obtain a sém conductor device, the

t hi ckness _of .whi.ch 1is not re than.100 e t hod conprising: .a sheet
bt achi ngParBE T et B b et Toe Chnbl TERAZL S S chel o
off, to the first face; a thickness reducing step of reducing the thickness

of the 8enPedfadddtdr wif eseld cRBAURSOE t RAFTEDG Sm BF Shaaiteda sketond

face, which is opposed to the first face, by neans of machining; a mask
form ng dtitgpdefl flotw rngdd vimsla If griedetserofi siemg conductor elements so

as to obtain a semiconductor device, the thickness of which
is not more than 100 um, the method comprising:

a sheet attaching step of attaching a protective
sheet, capable of being peeled off, to the first face;

a thickness reducing step of reducing the thickness of
the semiconductor wafer to not more than 100 um by shaving
a second face, which is opposed to the first face, by means
of machining;

a mask forming step of forming a mask for determining
cutting lines to divide the semiconductor wafer into the
individual pieces on the second face;

a plasma dicing step of dividing the semiconductor
wafer to the individual pieces by carrying out plasma-
etching on the cutting lines when the semiconductor wafer
is exposed to plasma from the mask side;

a mask removing step of removing the mask by utilizing
plasma;

a micro-crack removing step of removing micro-cracks,

which are generated on the second face in the thickness
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cutting lines to divide the sem conductor wafer into the individual pieces
on the second face; a plasma dicing step of dividing the sem conduct or

wafer to the individual pieces by carrying out plasma- etchnguesh 20Qé
cutting lines when the sem conductor wafer is exposed to plasma fromthe
mask side; a mask renoving step of renoving the mask by utilizing plasm; a
m cro-crack renoving step of renoving mcro-cracks, which are generated on

the secontii@p€yi Srépe w@gﬁ@ﬁn&%&e gw&n@@@cﬁ@qg%ﬂg t3leBRe Bhcarryi ng
out plasma- etchlng on the second face fromwhich thé mask has been renoved;

and a sheet peel i ng ste ptgé ﬁgg% Hgstggaﬁgg%gg%é&e sh et from each

sem conduttor %%V|ce mhlch has™ beén™ o an?f'ridi vi dual piece. 2. A

met hod of manufacturing a sem conductor device _according to claim1,

wherein the ptas8hfeli &S%d 18t%ps temeCt nRR B0 VINGy E%%Eeﬁﬁavﬁhéhﬁﬁ$ro crack
removing step are carried out by the sane plasnma processing apparatus. 3. A
met hod of remmnefabt semigoadseticcondkicier eVt e hascdoreti ngbteiokdi msl,
wherei n an adhesive sheet is attached to the second face after the

conpl etiph pigihedmcrresack renoving step and then the protective sheet
is peeled off. 4. A nethod of manufacturing a sem conductor device

2. A method of manufacturing a semiconductor device
according to claim 1, wherein the plasma dicing step, the
mask removing step and the micro-crack removing step are

carried out by the same plasma processing apparatus.

3. A method of manufacturing a semiconductor device
according to claim 1, wherein an adhesive sheet is attached
to the second face after the completion of the micro-crack

removing step and then the protective sheet is peeled off.

4, A method of manufacturing a semiconductor device
according to claim 1 or 2, wherein mixed gas containing at
least fluorine gas 1is used as plasma denerating gas to be

used in the plasma dicing step.

5. A method of manufacturing a semiconductor device
according to claim 1 or 2, wherein gas containing oxygen is
used as plasma generating gas to be used in the mask
removing step.
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according to claim1 or 2, wherein m xed gas containing at |east fluorine
gas is used as plasnma generating gas to be wused in the Qk@ﬁggedﬁgé@g st ep.
5. A nethod of manufacturing a sem conductor device according to claim1l1 or
2, wherein gas containing oxygen is used as plasm generating gas to be
used in the mask renoving step. 46 12 June 2006 6. A nethod of

nanufacturing(ﬁ se 'coqiug%gr devin Scording to.clain1% o;ég,.mherein t he
sane type gas %s t he P10 e At F R Y ud e 8 PACPREUSE RS mESHiGeng st ep
is wused as the plasna generatin% gas to be used in the mcro- crack

u

renovi ng astepding Aonstiedar 3f oxaAuf abedeing thessmneothdpet gesdens ddie
according to claim1l or 2, wherein m xed gas containing at |east fluorine

gas i s usAdsxe thendtasimg ggaer aldey ¢as the Prauseddirithe £iepoigrack
removi ng step. 8. A nethod of manufacturing a sem conductor device

di | .ai,m 7, [ ._pl . [
gas_ used U9Fd i Rl iR T BT 4% e hiain BRnBERRRy gas 1o

be used in the mcro- crack renoving step. 9. A plasma processi ng appar at us
whi ch percr@Cks IMQYARI Ht6Pessi ng on a seni conductor wafer in which a
protective sheet is attached on the first face on which sem conductor
7. A method of manufacturing a semiconductor device
according to claim 1 or 2, wherein mixed gas containing at

least fluorine gas is used as the plasma generating gas to

be used in the micro-crack removing step.

8. A method of manufacturing a semiconductor device
according to claim 7, wherein the same type gas as the
plasma generating gas used in the plasma dicing step is
used as the plasma generating gas to be used in the micro-

crack removing step.

9. A plasma processing apparatus which performs plasma
processing on a semiconductor wafer in which a protective
sheet 1is attached on the first face on which semiconductor
elements are formed and a mask for determining cutting lines
to divide the semiconductor wafer into individual pieces of

the semiconductor elements is
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el ements are formed and a nmask for determning cutting lines to divide the

sem conduct or wafer into individual pieces of the sem conductor elenents is
47 12 June 2006 forned on the second face opposite to the fier §tné¢ a6 t he

pl asma processi ng apparatus conprising: a processing chanber; a first

el ectrode having a plane with which the protective sheet tightly cones into
contact in the processing chanber; a second el ectrode opposed to the first

el ectrodioinedtbe phecessiong cherbesppas hoeditng theansifet Hakdi ngHahe

sem conductor wafer by the first electrode under the condition that the

protectiye ssheet i gbily £oBSat s o-s@PEactinyith the plane; a pressure

reduci ng neans for reducing pressure to a préedetermned value in the

processi ng chanber: a plas enerating gas supplying nmeans for selectively

suppl yi ng a[ﬁtﬁﬁﬁ??iﬁghgt f’ pl asma generating gases into the

processing chanber; a pressure controlling means for controlling %ressure

in the procesi g Kantfere GiH@9| &ivd "gener abildgegad'ditys which ~the
protective sheet tightly <comes into <contact in the
processing chamber;

a second electrode opposed to the first electrode in
the processing chamber;

a holding means for holding the semiconductor wafer by
the first electrode under -the condition that the protective
sheet tightly comes into contact with the plane;

a pressure reducing means for reduding pressure to a
predetermined value in the processing chamber;

a plasma generating gas supplying means for
selectively supplying a plurality of types of plasma
generating gases into the processing chamber;

a pressure controlling means for controlling pressure
in the processing chamber when plasma generating gas is
supplied;

a high frequency electric power supply section for
sﬁpplying a high frequency voltage upon the first electrode
so as to transfer the plasma generating gas, which has been

supplied into the processing chamber, into a plasma state;

and
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supplied; a high frequency electric power supply section for supplying a
hi gh frequency voltage upon the first electrode so as tqu}ﬁgggfgéoghe

pl asma generating gas, which has been supplied into the processing chanber,
into a plasma state; and 48 12 June 2006 an el ectrode di stance changi ng
means for changing a distance between the first and the second el ectrode
wherein the protective sheet includes an insulating |ayer, the plane is

made of a congyctd e trRi@s i @l swhhed ichartdievgGaneaas ther nehanigdnofat he
first electrode, and the hol ding nmeans includes a DC voltage supplyi ng nmeans

for electrostatical attractin h emco r f utilizing the
C0ulonb'%1?5?888a@?%%aeBe%aEeﬁl?ﬁé ggén?%%ngggggg ﬁgggﬁﬂéﬁ%athe pl ane, which
are separate from each other by the protective sheet, when DC voltage is

suppl i ed upon 1 he eleq%gode. 0. Q. | as rocessi apparatus_according to
claim 9, whe?®FFthe B8 dPRGERE ﬁgéi g%ﬁ%éslﬁcggggﬂnfgltf&@?ﬁﬁﬁlnﬁeans f or
attracti ngyéhe pret pethh¥e isheridedyofaguyshiier Bve Phattétridy whismcison hol es
whi ch are open to the plane. /49 12 June 2006 11.

the same as the material of the first electrode, and

the holding means includes a DC voltage supplying means

for electrostatically attracting the semiconductor wafer by

utilizing the Coulomb’s force acting between the

semiconductor wafer and the plane, which are separate from

each other by the protective sheet, when DC voltage is

supplied upon the electrode.

10. A plasma processing apparatus according to claim
9, wherein the holding means includes a vacuum attracting
means for attracting the protective sheet by vacuum via a

plurality of suction holes which are open to the plane.
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A plasnme processing apparatus according to claim9, further conprising a
cooling neans for cooling the first electrode. 12. A plasma processing

met hod in which the steps of plasma dicing, renoving a nask F8ABVI ng

m cro-cracks are executed by carrying out plasnma processing on a 50 12 June
2006 sem conductor wafer, on the first face having sem conductor elenents
of which a protective sheet is attached, on the second face on the opposite
side to the first face of which a mask to determine cutting lines for
dividing the sem conductor wafer into individual pieces of the

sem conductor elenents is fornmed, the plasma processing nethod conprising:
a waf er holidi ng sheplasmahpehceheisgniappadattier asmfrdinigs thel @idbyma first

el ectrode under the condition that the protective sheet is tightly
contacted withhér Ptansr ofiddea éddﬂn@hﬁ&éﬁ@%f%@oﬁ eS5d ng; chamber ;. a
first condition setting step in which an el ectrode ance between a first
eIectro? ?@9 gesecond el ectrode, which is arranged belng opposed to the
first ereec ode and pressure in the processing chanber are set at a first
condition; a plasma dicing step in which portions of the cutting

12. A plasma processing method in which the steps of
plasma dicing, removing a mask and removing micro-cracks

are executed by carrying out plasma processing on a
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| ines are plasma-etched when a first plasma generating gas is supplied into
t he processi ng chanber and a high frequency voltage is supplied between the
first electrode and the second electrode so that the firstl2piaseae006
generating gas is transferred into a plasnma state; a second condition
setting step in which the distance between the electrodes and the pressure
in the processing chanber are set at a second condition; 51 12 June 2006 a
mask renoamihgosdepton whieh, t be thsk figstedmaved hayw i ras hd engl adredu @ caecond

pl asma generating gas is supplied into the processing chanmber and a high

frequency) #pdiegeoirs wisip! hed Retaprand hendit st el £et 4066 andnt hg,second
el ectrode so that the second plasma generating gas is transferred into a

pl asma state; .a ird c ! ting _step.i i the. dis ce., between
t he elec??%ﬁ%% gégétﬁ% gﬁ%sééggsﬁggtESQSrggegggngqr%ﬁé é%aé?%%ﬁgfjht a
third condition; and a mcro-crack renoving step i_.n which mcro-cracks
remai ni iy dA2fhe $BcoRGTEITENS r MM thePedskiRas Kedd dirghovdtt are

renoved by plasnma etching when a third plasma generating gas is supplied

i nto thesgmocessungochamsefemnd indgohi ghnfliwddendy vplieage i soSupplheed

between the first electrode and the second el ectrode so that the third

pl asma  gehetatdngtgas dlerdranst drsr edocnta, a phasml $4d € processing
method comprising:

a wafer holding step in which the semiconductor wafer
is held by a first electrode under the condition that the
protective sheet is tightly contacted with a plane of the
first electrode in a processing chamber;

a first condition setting step in which an electrode
distance between a first electrode and a second electrode,
which is arranged being opposed to the first electrode, and
pressure 1in the processing chamber are set at a first
condition;

a plasma dicing step in which portions of the cutting
lines are plasma-etched when a first plasma generating gas
is supplied 1into the processing chamber and a high
frequency voltage is supplied between the first electrode
and the second electrode so that the first plasma
generating gas is transferred into a plasma state;

a second condition setting step in which the distance
between the electrodes and the pressure in the processing

chamber are set at a second condition;
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13. A plasma processing nethod according to claim 12, wherein the first
pl asma generating gas is a mxed gas containing fluorine _gas. 14, % pl asma
processi ng nethod according to claimi12, wherein the secorn BP%%H’HOO
generating gas contai ns oxygen. 52 12 June 2006 15. A plasna processing

met hod according to claim 12, wherein the third plasma generating gas is a
m xed gas containing fluorine gas. 16. A plasma processing nethod according
to claim 12, whensil téeofingt spleasnm geneciat thg @as kands t hembbhieadppl asma
generating gas are the sane type m xed gas. 17. A plasna processing net hod

accordin ' whel£i @I?&fg : o] [ C er in
the fi rs%sthg(? d?{}{%}rl]%i sseset C?ﬁﬂt%]%% %}ge rtgln%lj(’g %%38%3 %ﬁé?hggg Fﬁgg
el ectrode distance is set in the range from5 to 50 [mm. 18. A plasma

processi MG EePROECSELBAdi FRATRSEI &1 12, DIdRr i QURG¥ edodit@den ihe

processi ng chanber in the second condition is set in the range from5 to
100 [ Pa] sapgliteke dledotaasde et ahtests séecitmotire raange fheom 568ctwd 100
[mMm] 19. A plasnma processing nethod according to claim12, wherein the

pressur e iR cthe der 068sstRgt Chandersddbridieplhisk@  gendi-bitand sqaet o the
range from 300 to 2000 [Pa] and the electrode diStance is se%x in the range

froms t?r%%s&ggked into a plasma state;

a third condition setting step in which the distance
between the electrodes and the pressure in the processing
chamber are set at a third condition; and

a micro-crack removing step in which micro-cracks
remaining on the second face, from which the mask has been
removed, are removed by plasma etching when a third plasma
generating gas 1is supplied into the processing chamber and
a high freqﬁency voltage 1is supplied between the first
electrode and the second electrode so that the third plasma

generating gas is transferred into a plasma state.
13. A plasma processing method according to claim 12,
wherein the first plasma generating gas is a mixed gas

containing fluorine gas.

14. A plasma processing method according to claim 12,

wherein the second plasma generating gas contains oxygen.
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53 12 June 2006 20. A plasma processing nmethod according to claim 17,
wherein the electric power of the high frequency electric power supply in
the plasnma dicing step is 500 to 3000 [W. 21. A plasma priccessengodet hod
according to claim18 wherein the electric power of the high frequency
electric power supply in the mask renoving step is 100 to 1000 [W. 22. A
pl asma processing nmethod according to claim19, wherein the electric power
of the high fresguensypehemntr peocpewengsupphyd acidee diingy GGk of @pOVi ng
step is 50 to 3000 [W 54

wherein the third plasma generating gas is a mixed gas

containing fluorine gas.

16. A plasma processing method according to claim 12,
wherein the first plasma generating gas and the third

plasma generating gas are the same type mixed gas.

17. A plasma processing method according to claim 12,
wherein the pressure in the processing chamber in the first
condition is set in the range from 5 to 300 [Pa] and the

electrode distance is set in the range from 5 to 50 [mm].

18. A plasma processing method according to claim 12,
wherein the pressure in the processing chamber in the
second condition is set in the range from 5 to 100 [Pa] and

the electrode distance is set in the range from 50 to 100

[mm] .

19. A plasma processing method according to claim12,
wherein the pressure in the processing chamber in the third
condition is set in the range from 300 to 2000 [Pa] and the

electrode distance is set in the range from 5 to 20 [(mm].
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50. A plasma processing method according to claim 17
!
wherein the electric power of the high frequency electric

power supply in the plasma dicing step is 500 to 3000 [W]

21. A plasma processing method according to claim 18"
!
wherein the electric power of the high frequency electric

power supply in the mask removing step is 100 to 1000 [W]

22. A plasma processing method according to claim 19
' 4
wherein the electric power of the high frequency electric

power supply in the micro-crack removing step is 50 to 3000

{wj.
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