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Technical Field

The present invention relates to a Method 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 is not more than 100 pum. The present
invention also relates to a plasma processing apparatus and
a plasma processing method suitably used 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 is 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.
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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 used. 5 The nechani cal strength of the sem conductor elenent, the

t hi ckness of which is reduced, is so |low that the sem conductor elenent is
liable to_ break in the process of cutting in the dicing step in which the
senm conduBFBRCialdientthay( ave dpeenf actiafedry i Bakingi nivésiti gatieh 10

pi eces, and the yield of machining is inevitably | owered. Concerning the
met hod of inbiot i thye t eyt immduedt othel arfEniknedde oithi gkness: O ndhkedy | S
reduced, instead of the nechanical cutting nmethod, a plasma dicing nethod

I's  proposggmefAt Wiy t heeSegbaopaHah elrd S Cuthepy 15, cuttin
grooves are forned by the etching act?gﬁ¥gﬁﬁ%q%§%h.qj%%ngg%ﬁﬁﬁﬁsﬁhi
Japanese Patent Publication 2002-93752. This

met hod, for.eﬁangle, refer &3
met hod i s"Rkelut8dPes MEFEokdanFilof pmy hage besposisesito the circuit
formng face is machined so as to 20 reduce the thickness of a

sem cénduct or Ratemechberi daie dthtendichd hethéagendbondRcEer condugior waf er
I's subjected to plasma processing, stress relief is carried out 1 n which

a m cro-cteek dvaimanneat ednoBnt hes mechiped,face i, Reupved, AfLer that,
a region on the sem conductor wafer 25 except for the cutting Fnes'S s
coated Wil {LeshdhetbPak1ement is liable to break in the process of
cutting in the dicing step in which the semiconductor
element in the state of a wafer is cut into individual
10 pieces, and the yield of machining is inevitably lowered.
Concerning the method of cutting the semiconductor element,
the thickness of which is reduced, instead of the
mechanical cutting method, a plasma dicing method is
proposed in which the semiconductor wafer is cut when
15 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
20 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

25 except for the cutting lines is coated with resist, that
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2is, amsk of aresist filmis forned. Then, plasnma processing is
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gain fromthe mask formng face side. Due to the plasm

g, silicon in the portions of the cutting lines is renoved by
ching, 5 and the sem conductor wafer is divided into individual
the sem conductor elenents. After that, the mask is renoved. In
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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 is necessary to use an exclusive
processing device for each step. That is, 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



3 sem conductor wafer is |liable to be danmaged, which inevitably decreases
the manufacturing yield. D sclosure of Invention Therefore, it is an object
of the present invention to 5 provide a nethod of manufacturing a
sem conductor device in that: the equipnment cost is decreased and the
production efficiency is increased by sinplifying the nmanufacturing

Process,;

and the sen1conductor wafer is prevented from being danaged when

it is con@@ﬂﬁf?ﬂﬁP

enhanced.
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step of attaching a protective sheet, capable of being peeled off, to the
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efficiency is increased by simplifying the manufacturing
process; and the semiconductor wafer is prevented from
being damaged when it is conveyed and handled, so that the
manufacturing yield can be enhanced.

It is 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 @pieces of
semiconductor elements so as to obtain a semiconductor
device, the thickness of which is not more than 100 fm,
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 pm by

4
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25 of the sem conductor wafer to not nore than 100 pm by 4 shaving a second
face, which is opposed to the first face, by neans of machining;, a nmask
formng step of forming a mask for determining cutting lines to divide the
sem conductor wafer into the individual pieces on the 5 second face; a

pl asma dicing step of dividing the sem conductor wafer to the individual

pi eces by carrying out plasnma-etching on the cutting |ines when the

sem condughavingf & secanbobaee t oviplelsnbst opposhd fraskhesiffersta fimsd,
removi ng step of renoving the mask by 10 utilizing plasma; a mcro-crack

renovi ng Bjemedind 8BV ind-h MiGIg- C4 agleSk Wb £ 2§ € seeper f ed3hilfe second
face in the thickness reducing step, by carrying out plasnma-etchi’ng on

t he seco ce m Whj : sk . been ed; _and .gheet_,peel i ng
step of ;&gael%?ng ft[%e p\rﬁogtt(eé(r}t#l\?igngee?ﬂ??%%lS %Q{c%yser’%ocongggtlgF deVPece
whi ch has_been ohtai ned as _an | ece, According to the present

lndividagl
i nvent i onSBLSBRALGHGECt YALeRar RO ontRRI chPdl Fdkat o RIEEERHI n@N cukl§ ng
lines used for dividing a sem conductor wafer into individual pieces of 20
sem cédnduseoendl eff@ass | saf ophednai s ddwlijnect esktem eath stiepdiasy f othews.
The sem conductor wafer is subjected to a plasma dicing step of dividing
t he sem csadilcondusaber wafer ndovithel ipdeeedubY GarddefH1gbQUtcarrying
pl asma- et ching on the
out plasma-etching on the cutting 1lines when the
semiconductor wafer is exposed to plasma from the mask
side; a mask removing step of removing the mask by
10 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
15 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

20 semiconductor elements is formed, is subjected to each step
as follows. The semiconductor wafer is 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

25 plasma from the mask side; the semiconductor wafer is also
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cutting lines when the sem conductor wafer is exposed to 25 plasma fromthe
mask side; the sem conductor wafer is also 5 subjected to a nask renovi ng
step of renoving the mask by wutilizing plasma; the sem conductor wafer is
al so subjected to a mcro-crack renoving step of renoving mcro-cracks,

whi ch are generated in the thickness reducing step. Wen 5 these steps are
continuouskﬁaperforned I n the above order, the process of manufacturing

the seni cGNPIGTeHetPce Fask pemavipld fskeb e6 teavvimg ethe pmesk bgst can
be reduced and the production efficiency can be enhanced. Further, the

seni conduettdrl iveifrey mlpasnie; [irtey exdreictdridue e Nga HeFBgeda 19oWaaR bhtka
conveyed and handl ed, and the yield of machining can be enhanced. In order

to acconphissha t ke 5@r-Qth QD F&E@vmgh%rt%%en&f O}r@\&%gtsibén d§£8¥£98§8§65' asma

processi ng apparatus of executing e steps ci'ng, Ing a
mask and I @OV g M. Cr.0; racksggéac rrying out plasma processing on a
senicondu% &F$Va.%€ gﬁn§ﬁ85§da18r ctﬂ@ﬁgg% Fgguﬁﬂpgcﬁ&fRnltﬂgeBirst
face gn which seniconductor elenents are formed and a mask for determ ning
cuttiﬁg | thHES e G LR Vi e t penkinvewnvicPer faaned ilmt dhedivddeabrgerces of
20 the sem conductor elenments is fornmed on the second face opposite to the
first facéhet rgtessacfr ceessiang vappar athis senlpohduBgora qURCESSEAY
chanber; a first el ectrode having

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

10 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

15 removing micro-cracks by carrying out plasma processing on
a semiconductor wafer in which a protective sheet is
attached on the first face on which semiconductor elements
are formed and a mask for determining cutting 1lines to
divide the semiconductor wafer into individual pieces of

20 the semiconductor elements is 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

25 opposed to the first electrode in the processing chamber; a
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a pl ane wi th which the protective sheet tightly conmes into contact in the

processi ng chanber; a second el ectrode 25 opposed to the first electr
t he processing chanber; a 6 hol ding nmeans for hol ding the sem conduct

waf er by

the first electrode under the condition that the protective

sheet tightly conmes into contact wwth the plane; a pressure reducing
for reducing pressure to a predetermned 5 value in the processing ch

a plasm
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plurality of types of plasma generating gases into the processing
chanber; fagrtesedectoonter obhdayg reenscbnditcdohr othang tHy epsotecitivehe
processi ng chanber when plasnma generating 10 gas is supplied; a high
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types of plasma generating gases into the pProcessing
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 supplying 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 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 lines for dividing the



el ements of which a protective sheet is attached, on the second face on
the opposite side to the first face of which a mask to determ ne cutting

lines for dividing the 7 sem conductor wafer into individual

pi eces of the
sem conductor elenments is fornmed, the plasma processing nmethod conpri sing:

a wafer holding step in which the sem conductor wafer is held by a 5
is tightly

first electrode under the condition that the protective sheet

cont act ed SRIERCAANCERE of Welerfi rsrtoel dotdiodedual a pricomssi ngfchatiber ;  a

first condition setting step in which an el ectrode di stance between a
first el eetnictdacartor sdeurthtal e riadenedyhi ch is arranged being 10 opposed

to the first electrode, and pressure in the processing chanber are set at

t he gut
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pl asma generating gas is transferred into a plasna state; a

second

condi t3 onfd&eti nglesiepden uidash the dtenrdintiometihedn the abestecdsse and
the pressure in the processing chanber are set at a second 20 condition;
mask renoshegtstép inighith tdennastked s wirdnowedpbynashofg vhen g sgcond

pl asma generating gas is

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

10 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 1s

supplied intc the processing chamber and a high frequency

15 wvoltage 1is 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

step in which the distance between the electrodes

setting

and the

pressure in the processing chamber are set at a second

20 condition; a mask removing step in which the mask is

removed by ashing when a second plasma generating gas is

supplied into the processing chamber and a high frequency

voltage 1is supplied between the first electrode and the

second electrode so that the second plasma generating gas

25 is transferred into a plasma state; a third condition

8
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supplied into the processing chanber and a high frequency voltage is
supplied between the first electrode and the second electrode so that the
second plasma generating gas 25 is transferred into a plasna state; a third
condition 8 setting step in which the distance between the el ectrodes and
the pressure in the processing chanber are set at a third condition; and a
m cro-crack renoving step in which mcro-cracks renmaining on the second
face, froSeWMiicly t$eels dnskhiadh bden désberde hedweempvigte bylpkasodest chi ng
when a third plasma generating gas is supplied into the processing

chamber amdida th@hpheeguercyinokhagdeicessdmd ednhabeeen rd hgehi rat 5
el ectrode and the second el ectrode so that the third plasna generating gas

i s transf ek [ S 1 ; _According to the present jnvention,
the pl asnghlggocégsrg?%‘p%%pgrgg u% ﬁéllgélﬁodeé:ca a p%%@gmggc&ﬁelpolll?re‘é{ 5CRor
controlling pressure in a processing _chanber; a plasma generating gas
supply se FERWQﬁaéiﬂeiﬁm MG uBBI iFg LA GRERT t FIOm tWipkeh ofhel asma
generating gases into the processing chanber; and an el ectrode di stance
changithg Masndafsobesrangnnyeh e mctrauera dtaneks ded wetechime Thesta

el ectrode and the second el ectrode. A plasma dicing step of dividing a

sen conduthdt dwpflersmianto@niarditvirtiala siier esugf1 244 Bt € oKlIGh PE &L 1t s by
pl asma etching, a nask renoving
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
10 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

15 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

20 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 Dbe continuously,

effectively executed by the same plasma processing

25 apparatus.



step-of -renoving a mask by utilizing plasma and a mcro- crack renoving

step of

be conti nuously,

renmovi ng m cr.o-cracks generated in

apparatus. 9 Brief Description of Drawings Fig. 1 is a cross sectional
view of a plasma processing apparatus of an enbodi nent of the present
Invention; 5 Fig. 2 is a partially cross sectional view of a |ower

el ect r odeBof efh®eplcadpd ipmo ods Sinag impgzar at us of the
i nvention; Figs. 3(a) and 3(b) are cross sectional views of the
pl asma processigig appanat ug of e i t Ofqd hg1 40 pFesent, . ntion;
Fig. 4 is a bl O(Jf% di agrlam shovﬂ'otr?rg% agggﬁsetn?fsgt isgrgegf Gzlae%coﬁ r %I '}Sslﬁé]r‘(ae

t he pl asna Erocessing a

t f_th
F§5515€a) apg’pa%[a‘ratf)uuszlr g’fscﬁg’rraﬁ 44T atg netf REL M ai ni ng

pr esent

invention?r

enbodj.nent, of th resent

a process of nethod of manufacturing a sem conductor device of the

enbodi menin¥enthengresent invention; Fig. 6 is a flow chart of the plasma

processi ng nethod of the enbodi nent of the present invention;
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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 is 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;

10
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20 Fig. 7 is cross sectional

of the enbodi nent of the present invention; Fig. 8 is cross sectional

enbodi ment of tHi&d pr 8sehs dqupsent F6A!
pl asma processi ng

side view of the plasma processing apparatus
si de
view of the plasma processing apparatus of the enbodi nent of the present
25 invention; 10 Fig. 9 is cross sectional side view of the plasm
processi ng apparatus of the enbodi nent of the present invention; Fig.
IS cross sectional side view of the Elasna 5 processi ng apparatus of the

10

igpalFigidalviiewa dfit &heabbdashewi ng a
condition in the plasna processi ng of the enbodi nent of

the preserodenseintg omapddrfasd Mide ther Gaboydif@n@ut oithe thaveptieganiext,

referring to the drawi ngs, an enbodiment of the present invention wll

expl ai ned ;hglidii 9. 1 is a cross sectional side view of a plasnma
processi ng apparatus of an enbodi nent of the present invention, Fig. 2 is

a 15 partially ross §ect|onal view of, a | ower el ectrode_of the _plasm

f the“EHBBd iqhalk héldﬁre"s‘é?r’ﬂ Phvdthts oRl aFlF‘@ 3is

processi ng app

a Cross sectionaI.V|em/of the plasma processing apparatus of t he
enbodi PrenPreicasfeing apparatus of the embodiment of the present
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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 QOut 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 is a block diagram showing a
constitution of a control system of the plasma processing
apparatus of the embodiment of the present invention, Fig.
5 is 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
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present invention,
control system of the plasnma processing
present invention, Fig. 5 is a schematic illustration for explaining a

process of nethod of manufacturing a sem conductor device of the
enbodi nent of the present invention, Fig. 6 is a flow chart 25 of the

pl asma processi ng pet hod, of the enbodi nent of the 11 present invention,

Figs. 7, roend 1overbleRoskigectfondt 9spBe VPedseofrprs peatianal
processi ng apparatus of the enbodinment of the present invention, and Fig.
11 i s a datide t ablevshovi nghe plpdsmnapr peessissd neondppia@a tiuz t bg pkasma 5
processi ng of the enbodi nent of the present invention. First, referring to

Figs. 1 tenboditfet asfarhBr peesshRy iARRAM AN Wrld P expl ajged Belgw.
This plasma processing apparatus is used in the manufacturing process

a senicon
waf er, on

the seni EFRAREDNE eherhe pbedinenbuphi kha REesebhdieyentigavi ce, the
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Fig. 4 is a block diagramshowi ng a 20 constitution of a
apparatus of the enbodi nent of the

of
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of seniconductor elenments are forned, is divided into individual piece of

of which is not nore than 100 un. 15 In the manufacturing process

which is difficult to be plasma-etched conpared with
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 be 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 individual 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
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silicon t

opposite
mask to
I nto indi

of plasnasghpi
per f or med~on

hat is a primary material of the sem conductor, is attached
the circuit formng face of the sem conductor 20 wafer. On the reverse face

side to the circuit formng face of the sem conductor wafer
determ ne cutting lines used for dividing the sem conductor

to

a
waf er

vi dual pieces of the sem conductor elenents is fornmed. The steps

processing apparatus. In Fig. 1, inside the vacuum chanber 1, there
provi ded 8PPE3Ed3s ng chanber 2 for carrying out plasma 5 processing on
the sem conductor wafer. By this processing chanber 2, it is possible
forma tightly IseaFéd.sphce irfsardeggemndrat raguph asttmnber ha ,st gheref yeduced
In a |ower portion inside the processing chanber 2, the | ower

el ectrodep3offifRd | SR RLLiME) chamBerangedoy! rbﬂrke}gi%r oh? pﬂ%%’?yi

pressure.

t he | ower
arr anged
t he ug%er

el ectrode 3, the upper electrode 4 (the s el ectro

bei ng opposed t

PLECESS S P ar

ectrode 3 he .|.ower el ectrode

and arranged in the processing chanber 2 15 concentrically with each
ot her. ThEhPBREX efecifodé PIssHplanged fiodms ke hthohbhbesealed space

10
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for generating plasma in the state of reduced pressure. In
a lower portion inside the processing chamber 2, the lower
electrode 3 (the first electrode) is arranged. 1In 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 c¢ylindrical
shape and arranged in the processing chamber 2
concentrically with each other.

The lower electrode 3 is arranged in such a manner
that the lower electrode 3 is surrounded by the two lavyers
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 is exposed and fixed. The lower
electrode 3 1is made of conductive material such as
aluminum. The profile of the lower electrode 3 is formed

13
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t hat the
bodi es 5A, 5B which are attached so that the bottom portion of the

pr ocessi

I s exposed and fixed. The | ower

such as

di sk- Shala%%rﬁla‘%%rf’ﬁ&np%b' Qi s3a-shARY NS SHROT b ?Pgleﬂrtsl LN 3pnis held
by the vacuum chanber via the insulating materia t he ‘| ower
el ectrod

el ectrod

| ower el ectrode 3 is surrounded by the two |layers of insulating

ng chanber 2 can be filled 20 with the insulating bodies 5A, SB and
t hat an upper face of the |lower electrode 3 for holding the object to be
processed at the central portion of the bottomof the processing chanber 2
el ectrode 3 is made of conductive nmateri al
i% aluoh rumantteer prioft | ehef supeot oy b ect s10d8h 316 Sekbenged 13 in
such a manner that the supporting portion 3b is extended downward fromthe

3 hed ¢l | lated. Th
%  Sagft %f?‘@?cﬁﬁa TRy B el MRS Vot b Thot sane

manner as that of the | ower electrode 3. The support portion 4b is

ext ended

el evai ed
t he cond
space fo
pr ocessi
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VilgwalRe  fRswlekdngi slettipirt 8fectthedel Port i ehegsirotire Support 10
portion 4b is electrically continued to the vacuum chanber | and can be
atryr atcihee ce [becitrrep del eet teviad d oy nieehalvtssd . 24 shown in Fig. 7. Under
ition that the upper electrode 4 is |lowered, an electric discharge

r o genyatif¥es BhaskRogked rig ﬂhé@hé"fg%di'ﬁﬁﬂ:ﬂﬁfe PhASER: 4P
ng is forned between the upper el ectrode 4
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 lowered, 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 1lower electrode 3 1is a plane-shaped holding face

14



| ower el ectrode 3. The el ectrode el evati ng mechanism 24 functions as an
el ectrode di stance changi ng neans. \Wen the upper electrode 4 is elevated
by the electrode elevating nmechani sm 24, el ectrode distance D between the
20 |l ower electrode 3 and the upper electrode 4 showmn in Fig. 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 ect r'&HEr t PBn "I &F bhet isemigpadugitodt reafes iis eyt ane-Ehaped
hol di ng face 14 (plane) on which the sem conductor wafer is put. In an

outer periopiieral peaipheradf phethohdioly faee, hé @iyl Stad¥ 0Vitded AN s
I nsulating coating layer 3f. The insulating coating |layer 3f is nmade of

ceram os picviandl uil uma IR ercdberfondavkon Shat ule | el el gt rode 3

is attached in the vacuum chanber 1, as’s
W th the SRt nadshy Sh SBueted? RE SBOTBILE G oSt el woteim.
peri pheral_ portigon of the |ower 10 electrode 3 is insulated from plasm
gener at ed Jifethd hee| &dl el em sEhak gtheplewezhelestioate thd moxttadnee of an
abnormal electric discharge can be prevented. Fig. 2 is a view show ng a
state in Wi chhe hyacsem cohdubeor wafes Ghbehorentegstar) ehepl @st@- di ci ng
IS
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
10 electrode 3 1s insulated from plasma generated in the
electric discharge space 2b, so that the occurrence of an
abnormal electric discharge can be prevented.
Fig. 2 is a view showing a state in which the
semiconductor wafer 6 before the start of plasma dicing is
15 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
. c¢ircuit forming face (the first face) of the surface (the
lower face in Fig. 2} of the semiconductor wafer 6. Under
20 the condition that the semiconductor wafer 6 is put on the
lower electrode 3, the protective sheet 30 1is tightly
contacted with the holding face 3g of the electrode portion
3a.

The protective sheet 30 is composed of an insulating

2> layer, the thickness of which is approximately 100 um, made

15



sem conduct or substrate, the primary conponent of which 1is silicon.
protective sheet 30 is attached to the <circuit formng face (the fir

face) of

the surface (the Ilower face in Fig. 2) of the sem conductor wafer

The
st

6. Under 20 the condition that the sem conductor wafer 6 is put on the

| oner electrode 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 insulatin 25 |l ayer, the thickness of which is
appr oxi ma?él y”ﬁ)‘@)f?ﬁl%dgfesf@ ofSY’FHSLﬁ‘%t iD9d Yid@dide -suchThe poiotieftdere

protective

The

sheet 30 is detachably attached to the circuit formng face
t he seni cohdeatt 0 waf det@chpbadhesitaehedhén the ciemudenduatmdmgraisie 6 to

of

whi ch the protective sheet 30 is 5 attached is held by the | ower electrode

3, this

electrostatically attracting the sem conductor wafer
3g as desg

10 materi

&sUl BheNgseha¥8halidosti Oopgras dielget rdgsdi,d he ¢ f
se oo d&Hééf%éto ?ﬁgﬂﬁo

mai n conponent terial of the sem conductor wafer in the process of
§chPd

pl asng digth

of the

10

15

20

layer functions as dielectrics 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 because 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 is 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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sem conductor wafer partially fluctuates because the 15 etching rate

di stri but

lon by plasma is not uniformin the process of plasma dicing, the

protective sheet 30 functions as an etching stop |layer. On the rever
face (the second face) on the opposite side (the upper side in Fig.

the circuit formng 20 face,

the process of plasma dicing described later is formed. This nask is

formed whehepatteinigngine pani, oWMRENWIEN ad bBSiet offl IDaaktLre il £ver se
face is machined as described later. Due to the foregoing, a regi

for the DQEtEBQeQEdlgikpﬁt gt&%gqnlkgﬁpﬁﬁg?amhich I s an object of plasm

et chi ng,

I's covered W he resin . As shown in Fig. 2, in

se
2) to

a mask for determning the cutting lines in

except

t he

| ower electrode 3, there, are provided a plurality of attracting holes 3e
which are 5 ofén $@"WhelhoFdfng &rack! 3ghead@vereslestirede i Ag Hdlese
comuni cated with the suction holes 3c provided in the |ower electrode 3.
As shown é&neFpgovidechea spturabibpl e§ altrace icenneded 36 iwhe chacHem
suction punp 12 via the gas |ine changeover valve 11. The gas line

changegovepp¥al ¥v6 thelhdiniGRNMREEBG0 4Me MRe88Sa8HPREY 1 HECHLAR 13
supplying nitrogen gas. Wen gas |ine changeover valve 117is changed
over, the

bet ween t

10

15

20

25

€ vacuum suction

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 3c can be connected being
selectively changed over between the vacuum suction pump 12
and the N, gas supply section 13.

When the wvacuum pump 12 is driven under the condition
that the suction holes 3¢ are communicated with the vacuum
suction pump 12, vacuum suction is performed from the
attracting holes 3e and the semiconductor wafer 6, which is
put on the lower electrode 3, is attracted by vacuum and
held. Accordingly, the attracting holes 3e, the suction
holes 3¢ and the vacuum 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 is performed from the

17
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and the N2 gas supply section 13. 15 When the vacuum punp 12 is driven
under the condition that the suction holes 3c are conmunicated with the
vacuum suction punp 12, vacuum suction is performed fromthe attracting
hol es 3e and the sem conductor wafer 6, which is put on the | ower
electrode 3, is attracted by vacuum and 20 held. Accordingly, the

attractin ol es 3e, t suction, holes 3c and the vacuym suctjion punp 12
Conpose 1A LIAGH L (LeRaSRoPLAY AEENORSST HOI B g R L FAARIES or
waf er 6 under the condition that the protective sheet 30 is tightly

cont act edodi ttihe Heovey di lectfrade 3 of the el ectrode 25 portion 3a when
vacuum suction is perfornmed fromthe 17 attracting hol es 3e which are open

to the hol di ngwhage 8 oficthen! pykeseBechiredechnahen the suet Nonghel es 3c
are connected to the N2 gas supply section 13, N2 gas can be bl own out

fromthe acty ol 3eyt O I r.fac th ro Y heet
30. As deggf?%'d %%#g%fﬁ%h??'NZN%aé#ﬂﬁhf%w?iEEblg&gunougu?roﬁf§ﬁe the

attracting,holes 3e t he lower face of the _protecti sheet, 30, ,is bl own
out foF 1 A TG BOFBEci Ty Rle taeh WY The ARGt it | YBeoHEGRESEL¥m t he

holding 10 face 3g. In the |ower electrode 3, there is provided a cool ant

fl ow pass&feedd 3¢ whhehdeserahedudalieror t&8d6l MNaggpiSewsthich is blown

out from the attracting holes 3e to the lower face of the
protective sheet 30, is blown out for the object of
forcibly detaching the protective sheet 30 from the holding
10 face 3g.
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 is connected to the cooling
mechanism 10. When the cooling mechanism 10 is driven,
15 coclant 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
20 coolant. The coolant flow passage 3d and the cooling
mechanism 10 compose the cooling means for cooling the
lower electrode 3.
The exhaust port la, which is communicated with the
processing chamber 2, is connected to the vacuum pump 8 via
25 the exhaust changeover wvalve 7. When the exhaust

18



The cool ant flow passage 3d is connected to the cooling nechanism 10. Wen
the cooling nmechanism 10 is driven, 15 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 |ower electrode 3, the tenperatures
of which are raised by heat generated in the process of plasma processing,
are cool ed, by the circ%latingﬁzo cool ant. The cool ant fl ow passage 3d and

t he cool i ﬁBa}/’H@EWgﬁi JRl¥E dorsosbanged: §ustngnfedde MeCWHbpump thels | over

el ectrode 3. The exhaust port la, which is communicated with the
processi ngrédenber tRe imsidmectfedthe theasssinmg pwhandbesd a2 25t hehexhaust
changeover valve 7. Wen the exhaust 18 changeover valve 7 is changed over

and the vegyummpudRafibks ©r iMeNexhB@sitRe d8yOf vhBRLRAT 0CESSI fgs charher 2 of
the vacuum chanber 1 is exhausted by vacuuni so that the pressure in the

processi ng ghagher ;3 ?E rgcessi chanber 2 i rovi ded
with a pressure sensorcﬁ'g%bggéliégﬁgﬁggo%ﬂg e%Pi% MY rl?e aﬁaggﬁﬁ\%n |r$1”§? g. 4.
When the control, section 33 shown in Fig. 4 described later controls the
vacuum puRp°8eSELBAd] 61t He e RAV HEGronktl | AgPERESUBLeSEMSOIHZ hi s
pressure sensor 28, the pressure in the 10 processing chamber 2 can be
reduced t@hachedisr edniidiad. in Thig vatuendpehpwd donpises 4. pr s echreeduci ng
nmeans for
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
10 processing chamber 2 can be reduced to a desired value.
The vacuum pump 8 composes a pressure reducing means for
reducing the pressure in the processing chamber 2 to a
desired wvalue. When the exhaust changeover valve 7 is
changed over to the atmospheric air-side, the atmosphere is
15 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 upper electrodes 4 includes: a central
20 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 lower electrode 3 and

25 arranged being extended outside the lower electrode 3. At
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reduci ng the pressure in the processing chanber 2 to a desired val ue. Wen
t he exhaust changeover valve 7 is changed over to the atnospheric
air-side, the atnosphere is 15 introduced into the processing chanber 2,
and the pressure in the processing chanber 2 can be returned to the

at nospheric pressure. Next, the upper electrodes 4 will be explained in
detail. The upper electrodes 4 includes: a central 20 electrode 4a; and an

cxtendi ng efctt Lo Todopl s uLall pe Ll Waeh syt ogls e

el ectrode poftion a an [
the central electrode 4a. The profile of the extending portion 4f is
| arger thatleRbEOSe ﬂhethﬁﬁ%rlélBE?Vb@%d3aaﬁ652§19Wiaﬁg§§rﬁép@gqéXtended

outside the | ower electrode 3. At 19 the central portion on the | ower face
of the upper eTketgadebliowihgreorsipnodedsedpplyas bhewtng pencratide. The
gas blowi ng portion 4e supplies gas for generating plasm which is used

for generadifgnd! agARCR! eebri @sed dirgahargmd fat figg el §ehEhS d'ei%%rrq% Space

formed between the upper el ectrode 4 and the | ower” electrode 3. The gas
Egerﬁggapﬁiéﬁég%ﬁ er’ E%é %?g %l s q%Fc §rg%gg59§% ggorou §h%%%§La i s
uni formy bl own out fron110 the gas staying space 4g into the electric
di schar ge gm%cgpper electrode 4 "and the 1ldower electrode 3. The gas
blowing portion 4e is a c¢ircular plate member made of
porous material having a large number of minute holes in
it. Gas for generating plasma is uniformly blown out from
10 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 4¢ is connected to the first plasma
15 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
20 plasma generating gas supply section 23 supply mixed gas
containing fluorine gas such as mixed gas in which sulfur
hexafluoride (SFs) or carbon tetrafluoride (CF,) is mixed

with helium gas. The second plasma generating gas supply

section 22 supplies gas containing oxygen gas (0;).

20



via the mnute holes so that gas can be uniformy supplied. In the support
portion 4b, there is provided a gas supply hole 4c communicating with the
gas staying space 4g9. The gas supply hole 4c is connected to the first

pl asma 15 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 flowrate adjusting section 19 and the gas changeover val ve
20. The firstWpeasnBhgew@sat fhangasvetppryleectdlnisl ahanghd tdwen, 20

pl asma generating gas supply section 23 supply m xed gas containing

fluorine gashsuchthas fixed pgassia \ghhelrawhfgurgadwemﬁbmgr is@ tifrl , 21 0r
carbon tetrafluoride (CF4) is mxed wth heliumgas. The second plasm

gonenat! PEhgas R Vo1 SAEH | AnSPa SRR! LES AIRLAANALLL 1N, O5YORE: AR (02)

20 When t gas chandeover v ange ertherthe first
pl asma geper at,in as suppl ection 21 the second plasma generatjng gas
suppl y seE]PiIBH ?%.a%arma[ h%gg?%?fﬂn?ﬂ g&fa %t ?ﬁ[j%c}]%‘ s?u:pr?gse%%HHJW 23 can
supply 5 the plasma generating gas fromthe gas bl owi ng portion 4e into
the ePectfhe SilscHar gengraddnncg®s dfrghy thehaad ristowphas perddioar atd ng gas
supply section 21, the second plasnma generating gas supply section 22, the
third pl asmho gheerdtdoty igadlisngpingesegtd on. 23Aao0drihagdes ehangeiower 10
val ve 20 conpose the plasma generating gas supply neans for
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
10  wvalve 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
15 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, intoc which plasma
generating gas is supplied, is controlled according to the
20 plasma processing condition, which has been previously set,
and the pressure in the processing chamber 2 detected by
the pressure sensor 28. Accordingly, the gas flow rate

adjusting section 19 composes the pressure controcl means

for controlling the pressure in the processing chamber 2.
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selectively supplying a plurality of types of gases into the processing
chanber 2. In the above plasnma generating gas supply system when the gas
flowrate adjusting section 19 is controlled 15 according to a comand
sent fromthe control section 33, a flowrate of gas supplied into the

el ectric discharge space can be arbitrarily adjusted. Due to the foregoing,
pressure in the processing chanber 2, into which plasma generating gas is
supplied, is cadntrbohigdcannectiog,t ocohee20ipbasite ppeeessirky €ontisi on,

whi ch has been previously set, and the pressure in the processing chanber

2 detect eflelyis t FOrDr @oe#r®139RIO" t28 ARSI ym”&@%é&%%%?ﬁf .
f'or “conirofling

adj usting section 19 conposes the pressure control neans . (
the pressiraelt: o PEREAREIPY, AT FATFrhg Tote (itoalPES: MEDr obbosi ng
chanber 2, the prior art except for the above nethod, in which the flow
rate of gﬂglgﬁpptt}?%d f&ﬁf"o G pPbcfS n§UBPERERDEMED | §hadjREeeessig be
~used, for exanple, the nethod, in which a volunme of exhaust gas di scharged
outsi de fhembele Yacimmadiarted,2 maycober oiked, nhyrbecxsedle) n tHdi s
met hod, the vacuum punp 8 to be used may be of the variable capacity type,
and an exmaghbdpgigapadichy aOkolli@e of exhaust gas discharged outside
from the vacuum chamber 2 is 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
10 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.
15 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 is
20 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 is generated in
the electric discharge space between the upper electrode 4
and the lower electrode 3. Accordingly, the plasma

25 generating gas supplied to the processing chamber 2 is
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10 vacuum punp 8 may be controlled by the control section 33.

Al ternatively, an opening degree adjusting valve, the opening degree of
whi ch can be freely adjusted, is arranged in the exhaust hole la, and this
openi ng degree adjusting valve may be controlled by the control section
33. 15 The lower electrode 3 is electrically connected to the high
frequency electric power supply section 17 via the matching circuit 16.
Wien the highsfeegadnintel éber statpootr pduphlay Satld ek tlohirgy dfi¥amt a high
frequency voltage is supplied between the upper electrode 4, which is 20

el ectrical BYpEQEBEHBEme%&a%eV(ﬁE%Hi%@eefwéeﬂé?#(@)(rjggats%a t pc?%-;]:rogi‘jcndi ng

section 9, and the lower electr eto t oi ng,

|l ectri ! ' ) t ' th lectri i sch bet
The. uppor SAEEREFRCCH-EHRE e i et {stce R AR ofRAGY 114 HE 43 acne

25 generating gas supplied to the processing chanber 2 is 22 transferred

into the SFRHBEREYpRASRET ITh@INRThs WP LY r 68Ft 1016 Ijerinr thei mpedarie

mat chi ng between the plasma electric discharge circuit in the processing
chanber 2gendrabengi ghisfpégemacy el ectric power supply section 17 in the
case of 5 generating this plasma. The lower electrode 3 is connected to

the electrostahical lywattractéfgrdde el ectrics poveln supply segti Qel8 Vi a
RF filter 15. When the electrostatically

electrostatically attracting DC electric power supply

section 18 via RF filter 15. When the electrostatically

attracting DC electric power supply section 18 is driven,

100 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

15 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,

20 RF filter 15, the electrostatically attracting DC electric

power supply section 18, the grounding section 9, the

plasma and the semiconductor wafer 6 are successively

connected in this order, and positive electric charges are

accumulated on the semiconductor wafer 6.
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attracting DC electric power supply section 18 is driven, 10 as shown in
Fig. 3(a), negative electric charges are accunulated on the surface of the
| ower el ectrode 3. Wien plasma is generated in the processing chanber 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 15 supplying circuit 32
for connecting the sem conductor wafer 6, which is put on the holding face

3g via the pro [ .Shget 30, t.o the groundi section 9 is_formed in
t he processingﬁgﬁé) ef gﬁ%%%Ftﬁgﬂﬁﬁagﬁg%Q§ﬁé Fg%th8€98§é§8in@}ecéréFosed
circuit is fornmed in which the lower electrode 3, 20 RF filter 15, the

el ect rost &hiag@gsy avhiclet phg PCw@imctatad powdhesupplgisgcifiaar 18 bhe
groundi ng section 9, the plasm and the sem conductor wafer 6 are

successi vehe leoverecdbsttiroddi 3 pader ofardnpRitinve rpl @St fd T, Cﬁﬁaggﬁeare
accunul ated on the semn conductor wafer 6. 23 Coulonb's force acts between

the negat Lye i@liQe! r b ecthakgesH YL Eh A £-1RC | at t.he. hol di face
3g of thg | ower el ectrode 3 na%%eo$ coﬁﬁﬂgtgﬁgynéfggﬁgﬁﬁt§ﬁh PRe *P%sitive
el ectric charges which are accunul ated on the 5 sem conductor wafer 6. By
this Coul 8FFLSONGUEEoR havaleani donducBar Wafisr €oudamdl’d bforbe, | otlee
electrode 3. At this tinme, RF filter 15 prevents the high frequency
vol tage eftmtikenkiugitdr equecy dletidlic howaie SUPRY SESEE AHGd 73T T ofp
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
10 electric power supply section 18. 1In 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
15 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
20 supplied upon the lower electrode 3. That is, concerning
the holding means for holding the semiconductor wafer 6 on
the lower electrode 3, the vacuum attracting means for
attracting the protective sheet 30 via the plurality of

attracting holes 3e, which are open to the holding face 3g,
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being directly given to the electrostatically attracting DC 10 el ectric
power supply section 18. In this connection, the polarity of the

el ectrostatically attracting DC electric

rever sed.
electric

power supply section 18 may be

In the above constitution, the electrostatically attracting DC

power supply section 18 conposes the 15 DC voltage supplying

nmeans for electrostatically attracting the sem conductor wafer 6 by

utilizi ngb@outarbis faercethactbdhg vedttaran shepigiingondusher dederiedand the

hol di ng
ot her by

face 3g of the lower electrode 3, which are separate from each
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attracting holes 3e, which are open to the hol ding face 3g,
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¥t PR§9%he protective sheet 30 via the plurality of
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24 by vacuum

two types of neans are properly used. In the upper electrode 4, there are

provi ded flewopaBkage fldaw prfsags Yeht TheowophaBhgtl QW passAg;h At d$
connected to the cooling nmechanism 10. Wen the cooling nechani sm 10
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e foregol e upper

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 cocled.

On the side of the processing chamber 2, there is
provided an opening portion 1lb for taking in and out an
object to be processed as shown in Fig. 7. Outside the
opening portion lb, there is provided a door 25 elevated by
the door opening and closing mechanism 26. When the door
25 1s elevated, the opening portion 1b can be opened and
closed. Fig. 7 is a view showing a state in which the door
25 1is 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 is ensured
on the lower electrode 3. Under this condition, the
attracting head 27, which 1is attracting and holding the
semiconductor wafer 6, 1is made to proceed into the

25

S



el ectrode 4, the tenperature of which is raised by the heat 10 generated

I n the plasma processing,

2, there

object to be processed as shown in Fig. 7. Qutside the
there is provided a door 25 elevated by 15 the door opening and cl osing

is provided an opening portion Ib for taking in and out an

I's cooled. On the side of the processing chanber

openi ng portion 1b,

mechani sm 26. When the door 25 is elevated, the opening portion I b can be
opened anstocéosedy Febambeirs @ vivew shavé ngopesinge Ear\ﬁ/@bﬁh tie

S Iomered and the opening portion Ib is opened and t
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senlcond
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el ectrod

attracting and holding the 25 sem conductor wafer 6,
into the S8njpeoedeciay otefdier 62 Ysamihendpetiomg geviceh, | bilblclopérast i ng
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seniconductor

I's made to proceed

25

the arm27a. In this way, the senmiconductor wafer 6 is conveyed onto the
| ower 5el esdswdsrSceswedf hes senvepaduster rwaiiethe (sa@ircenustdedavi ce),

whi ch has 5 been processed,

Next, referring.%e Figs

of the control system o
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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 various
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 is 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

26

I's conveyed out fromthe | ower electrode 3.
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processing apparatus. In Fig. 4, the control section 33 is connected t
the storage section 34 for storing various 10 data and processi ng progr
The storage section 34 stores the plasna processing condition 34a and
pl asma processi ng operation program 34b. The operation inputting sect
35 is an inputting neans such as a key board and inputs data such as a
pl asma processing condition and an 15 operation command. The di spl ay
section 36hpwsa @i spiigp dewigengy creldaptiays povwrr di sigpppgeoptant, i n
case of inputting for operation. Referring to the data table shown in

11, the plrasgareroqessi ngngondibbersaddadiskhnbe exphai ned PgkowyesL0
pl asma processing conditions 34a include the first, the second and the

third i _ . . . di ci

the ashi nPproBEda oot gl A BERE T Ieath, RAB RS aT st et bl FEF

process fo}[le ggnnving the mcro-cracks. As shown in F i
0

processi nf PGS SE IBhpisetii bR RESBSREr tPweackniid ml%%e%%mecé h
frequency electric power supply output, pressure [Pa] and el ectrode
di stafce ghav¥e.The nost appropriate condition data for each process is
stored in the storage section 34 with respect to each item descri bed
above. Concer ncagcllitiigly awabl g11engbset Fahgedl tyeleas1lbB®ed as the
condition data in the process of plasma dicing, the
allowable range of RF power is 500 to 3000 [W], the
allowable range of the processing pressure is 5 to 300 {[Pa]
10 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
15 condition data in the process of ashing, the allowable
range of RF power is 100 to 1000 [W], the allowable range
of the processing pressure is 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
20 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

25 allowable range of the processing pressure is 300 to 2000
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condition data in the process of plasma dicing, the allowable range of RF
power is 500 to 3000 [W, the allowable range of the processing pressure
is 5 to 300 [Pa] 10 and the all owabl e range of the el ectrode distance is 5
to 50 [mm. Nuneral values considered to be nost 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 15 condition data in

the procelalofandhithe, dlewddlnabhgger afigehef RePorddei 8i508ne Q00 [W,
the all owabl e range of the processing pressure is 5 to 100 [Pa] and the

al | owabl &54 apge of t | ect hp@le dijst S [ G Nuner al
val ues consigered toh@%?hnst appﬁ%g?ig?gﬁfﬁ 2@9?%gdégg9e EgLég% gpg%stored
in the storage section 34.as .the second condition. Concerning the

al | onabl §FERRE 1 bet Bl M8k FREVS hEANERRIPLFors t@4ed | 11 t RBepSdeddgeot

plasma stress relief, the allowable range of RF power is 500 to 3000 [W,
the 25 al3&siteifite Yare Hret Helpd oeendihgopressure is 300 to 2000 27 (Pa]
and the allowabl e range of the electrode distance is 50 to 20 (mr . Nuneral
val ueS consi defredctt Ds beormett iappr apr itdfee dasd hehahover rpages akenstored in
the storage section 34 as the third condition. 5 In this connection, in

the case MhsifedF iROWRhel SpPBkesses 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

10 according to the operation program 34b, the control section

33 controls the gas changeover valve 20, gas flow rate

adjusting section 19, gas line changeover valve 11, high

frequency electric power supply section 17,

electrostatically attracting DC electric power supply

15 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 adijusting section 19

20 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

28



changed in the processes of plasma dicing, ashing and plasm stress

relief,

the RF power conditions may not be

to the third condition. In the plasm processing operation carried out

according to the operation program 34b, the control section 33 controls
t he gas changeover valve 20, gas flow rate

changeover valve 11, high frequency electric power supply section 17,

el ectrostabhtablly atie ahighg REgleanty | €1@oveicsppRey THusso} i 88cE8on
exhaust changeover valve 7, vacuum punp 8, vacuum attracting punp 12, door

openi ng ang ghasih JTRENARIMAR AN R GIL0Me & eyfling mechani sm 24, A

this time, pressure is set

e Co

section "33 controls the gas

i ndividually set as the first

10

adj usting section 19, gas line

flow rate adju %ing sgction 19 20 according to the pressure detection
result of the 3 &ssdt e YehsoPL28C5Rd Bhe a%%/reatbq%s Spr SFRASRE coditi on

34a. In the sane manner, the electrode distance D and the high frequency

el ectric POREF1ibEFApI pbeveput aRefestiag the PhdasmaSpravdssthg cohdéri on
section 33 28 controls the high frequency el ectric power
suppl ¥ sedtrawnngt7 aexplhnaelensr odiel Bl @eat mnagenetiedi Re24meThedpl s

when t he control

processi ng apparatus is conposed as described above. Referring to Fig. 5

and the ohARLfaBtdFaAWg Ghe SXEh A ALNSoM hbvbee s WAL Ng dTeL gL, of
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plasma processing apparatus is 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 is 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 is the same as that of the
semiconductor wafer 6 so that the protective sheet 30 can
cover the overall circuit forming face 6a and can not
protrude outside the semiconductor wafer 6. Due to the
foregoing, the protective sheet 30 is not exposed to plasma

in the plasma processing carried out later, Therefore, it

29



manuf acturing the sem conductor device, in which the above plasm
processi ng apparatus is used, and the plasma processing nethod carri
in the process of the nethod of nmanufacturing this sem conductor dev

10 First,
which is

in Fig. 5(a), reference nuneral 6 is a sem conductor wafer
before the processing of reducing the thickness, on which a

plurality of sem conductor elenents are fornmed. In this state, the

t hi cknessiofpbbeibéri dundueéventathe eroteds i1R0 ghmetl53Beffebd hieing
processi ng of reducing the thickness is perfored, the protective she
capabl e ofarbeid weebedsm@ff by using an adhesive nmember is attached to the

circuit

formng face (the first face) of the sem conductor wafer 6
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frombeing damaged by plasma. Next, as shown in Fig. 5(b),
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thickness reducing process). In this thickness reducing
process, the micro-crack layer 6b 1is generated. cn  the
machined face on the reverse side. Since this micro-crack
layer 6b lowers the mechanical strength of the
semiconductor wafer 6, it 1is 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 wused for dividing the
semiconductor wafer 6 into 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 1is formed, the region except for the
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5 shaved by machining. The thickness t of the sem conductor wafer is

reduced to a val ue not nore than 100 pm (the thickness reducing process)

In this thickness reducing process, the mcro-crack |layer 6h is generated

on the machined face on the reverse side. Since this mcro-crack 10 | ayer

6b | owers the nechanical strength of the sem conductor wafer 6, it is

renoved in_the process . conducted | ater. xt, on the reverse face after
B e t LGP nd b e

the conpl BPELA i ShReS ¢ GUEF ng 1Br 6feddichhd seekvesedoribl so as

to 15 determne the cutting lines used for dividing the sem conductor
waf er 6 i kb8 iredildtduEllpi dbes oTheheemdepndondoct o felrerentasv {hdethask
formng process). First, as shown in Fig. 5(c), the resist film 31 nade of

resin i s mhekneich onhtiBe gteves sSBetamessart habjbbtcan CO¥ehihe L&l abl 20
face of the sem conductor wafer 6. Next, as shown in Fig. 5(d), patterning

i's conductedn@notrhe 11:88ias fwéé@é%%ﬁﬁy means of photolithography so as to
' ' ' 31 corresponding to the cutting |lines

renmove portions of "the reésist fi

31b. e to the_foreqoi n t reverse face of the sem conductor 25
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cutting lines 31b of which is covered with the resist film 3la. The
sem conduEE&RTRANSr B° h&dichg draWingsk tihe thiasma apsobessnipny anebibjdct to
be processed by

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

10 mask is 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

15 ié held by the attracting head 27, is 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 vacuum, and the

20 vacuum attraction of the semiconductor wafer 6 is turned on

and the electrostatically attracting DC electric power

supply section 18 is turned on (ST2). By this wvacuum

attraction, the semiconductor wafer 6 is held by the lower

electrode 3 while the protective sheet 30 is being tightly
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means of plasma processing. 5 Referring to the flow chart shown in Fig. 6

and al so
object t
mask, w

referring to each drawi ng, the plasma processing nethod, the
0 be processed of which is this senm conductor wafer 6 having the

|| be explained below. First, as shown in Fig. 7, the

sem conductor wafer 6 having the 10 mask is conveyed into the processing
2 (ST1). In the case of this conveyance operation, while the upper
el ectrodeahtascbeiingithi sbd bhyltdhagelfactr 6decél ehat ilbgermeQhaitirsae4 t he

chanber

arm27a is operated, and the sem conductor wafer 6, the mask form ng face
side of whch ngé§ heldiRy phsecattfacting head 27, is conveyed fromthe
opening portion Ib into the processing chanber 2, and the sem conductor
wafer 6 is put

12 is dri

the 20 vacuum attraction of the seni conductor wafer
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electrode distance D1 shown by the first condition of the
plasma processing condition. Next, the vacuum pump 8 is
set in motion so as to start decompressing the processing
chamber 2 (ST4}. When the degree of wacuum in the
processing chamber 2 has reached a predetermined value, the
plasma dicing gas (the first plasma generating gas)
composeq 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
(8T6) . That is, in steps (ST3) and (58T6), the electrode
distance D between the Jlower 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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and the upper electrode 4 is lowered (ST3) . Due to the 5 foregoing,
el ectrode di stance between the upper electrode 4 and the | ower el ectrode 3

is set at the electrode distance DI shown by the first condition of

pl asma processing condition. Next, the vacuumpunp 8 is set in notio
as to start deconpressing the processing 10 chanber 2 (STC. Wen the degree
of vacuumin the processing chanber 2 has reached a predeterm ned va
pl asma di Bfkgrgdshg t Rengitsonpl sativl enbeat iepyaspnpdertrpdsedtind ni xed

t he

gas containing sul fur hexafluoride and heliumis supplied (ST5) 15 |

gas supplyigh Mreepssmcy helofesser poRbriaipply thecPIOcessi NG chaihgy 2 is
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Co | ekt O P STUCELDRE T SaleL g Y ALEL I Y0y 05,

di st ance

bet ween t he tro e 3 and t he upper el ectrode 4,
i s opposeﬂp?ﬁrtﬁg F%ﬁgp ﬁPé?V% WEF ¢hechre §u?espn%ﬁu¥QN%ﬁﬁ%%

chanber

2 are set at the first condltlon of the plasma processing

condi B onPlesma pilestréendisicbarget t(iSAG)st ePpe 32 Aheerf artegyatioryi ttihen
setting has been conpleted, the high frequency electric power supply
section 1BirstdrpVesmaangeridmathirgh fgaequeonyavaihagerigosinpl i @gls batsween

t he

10

15

20

25

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 31a 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 31lb not covered with the
resist film 3la, 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, an electrostatically
attracting force is generated between the lower electrode 3
and the semiconductor wafer 6, so that the semiconductor
wafer 6 is held on the lower electrode 3 by the
electrostatically attracting force. Therefore, the
protective sheet 30 is tightly contacted with the holding
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upper electrode 4 and the Iower electrode 3 so as to start 5 plasm
el ectric discharge (ST7). Due to the foregoing, the first plasm

generating gas containing fluorine gas is
state in the electric discharge
t he | ower
10 such a
film3la

transferred into the plasna
space between the upper el ectrode 4 and
el ectrode 3. By the generation of plasma, plasma of fluorine gas

gﬁsulfur hexaf |l uoride i s exposed fromthe nask side (the resist
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When this plasma etching proceeds, as shown in Fig.
>{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 6éc 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 is
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 is set at the
electrode distance D2 shown by the second condition of the
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pl asma processing. At the sane tinme, the protective sheet 30 can be cool ed

by the cooling function provided by the 5 | ower el ectrode 3,

so that the

occurrence of heat danmage generated by plasma electric discharge can be

prevented. Wien this plasma etching proceeds, as shown in F

g. 5(e), the

cutting groove 6d is fornmed only in a portion of the cutting Iine 31b.

When the depth of this cutting 10 groove 6d reaches the over

all thickness

of the sepileendugtmycessigrg 6condiet semi cofilactdrcwatele Gistadicd derl ihnto

i ndi vi dual pieces of the sem conductor elenents 6¢c as shown
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generating gas) 1is supplied from the second plasma
generating gas supply section 22 (ST10). Then, the

10

15

20

25

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, in (ST9) and (ST1l), 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 generating gas containing
oxygen gas 1is transferred into the plasma state in the
electric dischaxge space between the upper electrode 4 and
the lower electrode 3. When the thus generated plasma acts
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the case of renmoving the mask is set to be larger than the el ectrode

distance DI in the case of the above plasma dicing and the el ectrode

distance D3 in the case of 5 renoving the mcro-cracks described |ater.

Next, the plasma ashing gas (the second plasnma generating gas) is supplied

fromthe second plasma generating gas supply section 22 (ST10). Then, the

pressure of gas I n the_processi ng chanber in the process 10 of s%gglying
c

gas is detRcle§ Fafk obpanabiof t aFﬁeSﬁﬁésdih%N%ﬁ%%%dn§a§8n§Mﬁﬁh1 as to

confirmthat the pressure has reached the pressure shown by the second
condi ti ontiiSTidgnicdidwcisr iwafeSTop, anthé STdeyin t Hd led ellmodeads stcehce and
the pressure in the processing chanber 2 are set at the 15 second condition

of the pl@sganpeorasseRdikt ABheaCBRU theopdialsn@n cFeldyi@ sty .. After the
setting of the condition has been conpleted t he high frequency electric

Petwoen [he 20 UBBer “SPcBEPSHE HERRR TnETPEURH 6! SE GEF 3" 40 Phatl%pl s,

el ectric discharge_is started ST12 Due _to the foreg0|ng, t he second
pl asm@ geh®rafprgagay EﬁﬁFQEH#ﬁBedoxyﬁeﬁaéé§f|§h@r§ﬁ§¢eﬂﬁe§qmﬂﬁ?QQ%§ pl asma

state in the electric discharge space between the upper electrode 4 and 25
the | owerremevedoder@n \When sheondusfapmersdtded pfastive actegniz®nductor

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

10 has been set in the range from 100 to 1000 [W]. After the
mask has been completely removed, the plasma electric
discharge is stopped (ST13).

After that, the distance between the electrodes 1is
changed s¢o that the process can be transferred into the

15 micro-crack removing step (ST14). As shown in Fig. 10, the
upper electrode 4 is lowered again, and the electrode
distance between the upper electrode 4 and the lower
electrode 3 1is set at the electrode distance D3 shown in
the third condition of the plasma processing condition.

20 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

25 the plasma dicing step, that is, mixed gas containing
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on the mask formation face side (the second face side) of the

sem conductor wafer 6, the resin film 31la made of organic matter is ashed
by the plasma of oxygen gas. Wen this ashing process proceeds, the resist
film3la 5 is gradually extinguished. Finally, the mask is conpletely
renmoved fromthe second face side of t he sem conductor wafer 6 as shown in
Fig. 5 (f) &éhe mask rennvuﬁ&bste .. Electric power of the high frequency

el ectric pYwEMIsupsRAfluen medid dtenohd ngf e@pilde tgessecamd cabsihti on
whi ch 10 has been set in the range from 100 to 1000 [W. After the nmask

has been comptladineing rhexinved, i 4 hespt as e thleeatiidre - diaghaf @fovengt SpHSd
(ST13). After that, the distance between the el ectrodes is changed so that

t he proce ed t e cr:ac
(e Brocesa, B bwie sty thiﬂugﬁé? SPanersaet 1 eI CORLER

t he el ect di stance bet ween t ctrode 4 and t he | ower
el ect rodeqiggl ssas% gtyptehegaé? elPr ?&f%c@ N oA FAt HRE FS ol S

condition of the plasm proce53|ng condition. 20 Next, the plasma etching
gas (the ?ﬂ\WlaéfSpth%‘iﬁ% agehbeatihigdydzdasns gensvahgngheaam cridvertlaiesd i s
supplied fromthe third plasma generating gas supply section 23 (ST15).
I n this criesmehgesanm tiiyyge ggas sapplhe sEcsiom e meytroly maspfdhieddd r st

pl asma generating gas) used in 25 the plasna dicing step, that is, mxed
gas contabfidnGhe first plasma generating gas supply section 21 may
be also used as the third plasma generating gas supply
section 23.

10 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 {5Tl6). That is, in (ST14) and (ST16), the

15 electrode distance and the pressure in 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

20 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 1is transferred into the plasma
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- 36 sul fur hexafluoride, which is fluoride gas, and al so

Is used in the mcro-crack renoving step in the sane nmanner. In this
connection, in the case where the sane type gas as the first plasm

generating gas is 5 always used as the third plasna generating gas,
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 pl asigenépatihr gdectuppl ydisehaign Zpackd Bhereehhetlps eappee of

gas in the processing chanber 2 in the process of supplying gas is
det ect ed @@ corguiyd ofl and tihd hEowd ASeBe P PE@SSENY condition so as to

confirmthat

condi tion (STlGpthat s | Eh&grl%e%%gﬁégal6)plr§eshlg%355{eéttesf(;tert%??iergjﬁﬁé ance

and the pressure 1 n the processing

the pressure has reached the pressure shown by the first

2%

condition of .the plasm wgrgocessing (the third condition setting step).

After the SRS WHIthe

el ectric power supply section 18 is

IS su

that plasma electric discharge is started (ST17).
t he third thleasmasgeneeasvigg gas deonbifai thag fdridfditu@asr | & llemansf egs ed

into the plasna

10

15

20

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 is changed over
so as to open to the atmospheric air (ST20). Due to the
foregoing, the pressure in the processing chamber is
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.

38

contai ning helium

t he

RHi o orFhasShBYEEN idbnpl @t ed,(9) v hethe ghierequency
20 driven and a high frequency voltage
ppl | EFasd weaYet hebuppsme isliagt rodet e afidce hd thewevecalrett facke) 3on SO

Due to the foregoing,



37 state in the electric discharge space between the upper electrode 4 and
the I ower electrode 3. Wien the thus generated plasma acts on the

sem conductor wafer 6, as shown in Fig. 5(g), the mcro- 5 crack |ayer 6b
remai ning on the face (the second face) on the mask renoving side of the
sem conductor elenent 6¢c divided into individual pieces is renoved by

pl asma et ching éthe m cro-crack renoving step) Electric power of the high

frequency el ecttteT pdvidtsuphey seMigenAuEtercrwakero ¢ enthiigpdieepai s t he
third condition which is set inthe range from50 to 3000 [W Wen a
predet erpnecessimghad wphiskd Haw obgbn tdwengl etsewl, eligctdédsvafsghange is
stopped (ST18). After that, operation of the vacuum punp 8 is stopped 15

(ST19), amirzhe. exhaust1 £hapgeqy. vadye Lds e r as open
to the atnospheric air (ST20). éltg}thel'fo}%ggﬁgg?ﬂgﬁglpgzgghrgh?n t he

' ' he at nospheri .. Ih t h
Clate of Pachun st TakFortr <toby neifsPra0aRAT HatBr ot focpateatey 2o

attractin el ectric power supply is turned off (ST21). Due to the
f or eg ingﬁq‘qDﬁéeLir#%o%c%BFr% thdeheani ¢ #Bd @puvaredi anssiddi thdual

pi eces of the sem conductor elenents and attracted and held on the

protect i \REQepEs By cbambbe 1%l eaded.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.

10 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

15 caused on the protective sheet 30. Accordingly, the
protective sheet 30 always comes into close contact with
the holding face 3g and the semiconductor wafer 6 and
fulfills the function of the protective sheet.

Then, the semiconductor wafer 6 conveyed out together

20 with the protective sheet 30 is 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 obtained when the semiconductor wafer 6 is divided
into individual pieces of the semiconductor elements 6c

25 {the sheet peeling step). As shown in Fig. 5(h), the
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38 After that, the seniconductor wafer 6, the pl asma 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

5 and held by the attracting head 27 and conveyed outside the

2. In this way, plasma processing is conpleted in which the steps

of plasma diCiEg§ ashingéand plasma etching are continuously carried out
€

by the saEetp

chanber

%8 pr8EEssihdg safiraRdiotioafkernthesadhesize ghesta

processing, the protective sheet 30 is entirely covered with the

sem condug? orfomaf bol8ings deseatithetichefatieo Ther efotendt Hagey obectiihee sheet
not exposed to plasma. Accordingly, no damage is caused on the

protectiveesheshddltothal ementN®&d Nalded s def 9EBELA

30 is

protective sheet 30. Accordingly, the protective sﬁeet 30 al ways cones

into close_c C L1 h hol di face 3g and the sem conductor wafer 6
7 ggéﬁeg?mkﬁ 'SﬁggﬁlgﬁesggSFe§?rve sheet. Then, the sem conductor
20 with the protective sheet 30 is sent to
the sReet peel PfigexplagneshpRee prbhebheyvaathad 30 manpéartyradnf from t he
circuit formng face of the sem conductor device which has
when t he semiconductor deféceboifs tievpdedenitneobioddmendyalt hei eaek ab t he

and ful 1
waf er 6 conveyed out _taogether

IS unc

sem conductor el enents 6¢c
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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 in which the mask is 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

40

processi ng

nbfotoetansgd @2 the

been obt ai ned



25 (the sheet peeling step). As shown in Fig. 5 (h) , the 39 protective

sheet 30 is peeled off after the adhesive sheet 37 for holding 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. 5 As expl ai ned
above, in the nethod of manufacturing a sem conductor device of the
present enbodi nent, the mask to determne the cutting lines for dividing
t he seni cgadactbingwaberseisnt dnitedi thdualprpiceeasingf  tdieangRd congitt ain
elenments is first formed. Then, the three processes of plasma 10

processi ngj eLReoAR) ‘%Pﬂsstél{cé’méﬁgn%ﬁgd}nfe%%rserf%g r?ﬁlbxg&rfrlggkglt L}ﬁ}rsta%{ce

carried out on the sem conduct or r on whic

or meoe. The

pl asma di i step.in.which plasma exposes.from the mask sjde so as to
BsPiesn. b SEFGHE

fi- EPEhiRY Son

carry out

apg the WPReR QL8RS UKo and di vi de

the sem conductor wafer into individual pieces of the sem conductor

el ement s,

t he DuasKa ehbei fpragoing wht chechaesagossiblmmoted dhange

utilizing plasma and the m cro-crack renoving step in which the

m cr o£cr asksr gaytay apedsima ttotds ski@ssonddidiong shepndl Sime! EMeR are
continuously perforned in the above order.

for perfogat88d@ngSerd ey bﬂgeafe;nlv&fp'p%r&s%rﬁ%%ssi%émk&@&sr the

pressure

10
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control “means for controlling pressure-in the processing

plasma dicing step in which the semiconductor wafer is
divided into individual pieces of the semiconductor
elements by plasma etching, the mask removing step in which
the mask is 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 is 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

41

The pl asma processi ng appar at us



chanber; a plasma generating gas supply nmeans for 25 selectively supplying
a plurality of types of plasma 40 generating gases into the processing
chanber; and an el ectrode di stance changi ng neans for changi ng a di stance
bet ween the | ower el ectrode and the upper electrode. Due to the foregoing,
It becones possible to change 5 over the plasma processing condition in

the sanme devi,ce, .accordi,ng to the object of processing.. Therefore, the
o HeDee 131

pl asma di BFRGUSFERD; /E e s&M uctidr WaPOSS1Dleiha FEPRIRTS

i ndi vi dual pieces of the sem conductor elenents by plasma etching, the
mask renovhag sceprianehi chf 10danmgerasi i 8 reanyedthoyn utddnizzondypt e and
the mcro-crack renoving step in which the mcro-cracks generated in the

t hi cknesswsedusi RBeSEBR ckHie sRE oFOMMIRMOUS Yo dRideRC by lathiGAMd edist by
t he sane plasma processing apparatus. Accordingly, various problens caused

in the prj N L e f.sire | ef . _mask fornmation
and plasEgéd?%%ﬁb éﬁ%ﬁsﬁ%@éggpég?§aéaB§F%5-dh ,éé%%ggég BPPe 4 %Hi
solvedq. It is possible to manufacture a sem conductor device w.thout a

t »
conpl Pcat BATHERD! ANEUPFRCHFIREss ITRORRIIOR Srhelt 2RESIRRE oRBEEHSE endicer | s
taken out fromthe plasma processing apparatus after the conpletion of

pLasna presbasiagther yistldeod pelicefssang .t hen the mask is fornmed on it and
e In this embodiment, there is provided an example in
which the plasma dicing step is executed by utilizing one
type mixed gas containing fluorine gas. However, the
10 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
15 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

20 semiconductor device of 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
subjectéd to the steps as follows. The semiconductor wafer

25 1is subjected to a plasma dicing step of dividing the
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sem conduct or waf er

possi bl e to suppress

sem conduct or wafer is conveyed and handl ed 5 between the processes.

Ther ef or e seftl deastimompossfele oo thahdndd viilkmayli ep teoés phbycesstagingn this
enbodi ment, there is provided an exanple in which the plasma dicling step

|5 executedtby plbbhabegchifi Ly mhxed dascephial mnged | ugklpe e o

However ,

t ypes of dagse

constitutiron o

ural i

the 10 plasnma dicing step nay be executéd eap

on whi ch gef@gkniducieler WhfiercUisi M so subjected to a micro-crack

10
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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 is 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 contrelling 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

43

I s conveyed into the plasma processing apparatus again
and wi thout causing an increase in the 25 equi pnent cost of the production
line and a decrease in the 41 production efficiency. Further, it is

the occurrence of damage of a very thin sem conductor
waf er, the thickness of which-is reduced by machi ning, when the very thin

i n hanged aqver. stepw se.. For anpl t he
P e R g Enor . AiFosRe T bhppt A REan S Al Ehe phetkss may
be changed_ in such a nanner that the |layer of Si02 of the sem conductor
waf er is £398¢cHd byePLaSRAUEEOF | WalrEe a2t b0 hydbhgehedotdi ry mawk t hat
the protective film (the passivation film
gas. Idusemoalingpsitiepaknfl iremoAdesy ditreg rtas i ey netiiac iofg rEIRdme; hag a
20 sem conduct or device of the present

is etched by plasma of oxygen

i nvention, a sem conductor wafer,



| i nes used for dividing a sem conductor wafer into individual pieces of
sem conductor elenents is forned, is subjected to the steps as foll ows.
The sem conductor wafer 25 is subjected to a plasma dicing step of dividing
the 42 sem conductor wafer to the individual pieces by carrying out

pl asma-etching on the cutting lines when the sem conductor wafer is
exposed to plasma fromthe nmask side; the sem conductor wafer is also

subj ect ediREi¥idHak 5Piemesi ngist spréconsmetiong teHemeadis bybywt iplzsnmg

pl asma; the sem conductor wafer is also subjected to a m cro-crack
renovi ng stehinfy, r eaDVhAgGkN geMotiAgKSst¥pi CHf arcemeneigt ed Ha khan

t hi ckness reducing step. Wen these steps are continuously per?orned in

t he abov ke nuf urjn e t m_condyct or vice
can be g?ﬁ%?? ﬁgg, gﬁgfm%:t%ﬁ?ed%igﬁgéfgcgé?gganpggggéaﬁce§$ﬁﬂj %he
production efficiency can be enhanced., Further, the  sem conductor wafer
can be preVERYERY: MRGIE TR UEedRRer dhffe int the pEhigkesATerafiuging

handl ed, and the machining 15 yield can be enhanced. According to the

pl asn® prdeeBsEal Hsparaniinunus ithe ebfechiverycesstugedebyothef dane
present invention, the plasma processing apparatus includes: a pressure
control mprasmafprocessinll epgapaeasure in a processing chanber; a 20

pl asma generating gas supply section for selectively
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supplying a plurality of types of plasnma generating gases into the
processi ng chanber; and an el ectrode di stance changi ng neans for changi ng
an el ectrode distance between the first el ectrode and the second

el ectrode, and further a 25 plasnma dicing step of dividing a sem conduct or
wafer into 43 individual pieces of sem conductor elenments by plasma
etching, a mask renoving step of renoving a mask by wutilizing plasma and a
m cro-crack renoving step of renovi R§AEMEr o-cracks generated in the

t hi ckness reducing 5 step can be continuously, effectively executed by the

sane pl asma priocesg NgeEpRRr 8f Uand4abtakMBy b AL Of o BaEGaEE UT i N

a sem conductor device in which a sen conductor wafer, on the first face of

which a RRialidy ofsSRIeRaduedor, aheents ghe Fapisd s, Sediaided into

I ndi vi dual pieces of sém con or efenents so as 't duct or

devi ce, the thickness of ich,is pot nore than 100 m the nethod

conpri si nd: &’qé“r@gtﬁ%?[ t &%\Trﬁf@tc@ﬁm&c%ﬂﬁ adliSRE Sr Akt | VRIMeReet is
capabl e of being peeled off, to the first face, 10 a thickness reducing
step of rédiydided timda Hingdnvdsiiadf pitareserfi cawimiroluciaierelements neo e t han
100 m by shaving a second face, which is opposed to the first-face, by
nmeans as to obtain a semiconductor device, the thickness of which

is not more than 100 pm, the method comprising:

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

10 a thickness reducing step of reducing the thickness of
the semiconductor wafer to not more than 100 pum 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

15 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

20 1is 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 féce in the thickness
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of machining; a mask formng step of formng a mask for determning 15
cutting lines to divide the sem conductor wafer into the individual pieces
on the second face; a plasma dicing step of dividing the sem conductor
wafer to the individual pieces by carrying out plasma- etching on the
cutting lines when the sem conductor wafer 20 is exposed to plasma from
the mask side; a mask renoving step of renoving the mask by utilizing

pl asma; a MARIGING ZHeR e RN i GRE BY Hp oTul dAsma- et chbhgrackthe wbicohdar e
generated on the second face in the thickness 45 reducing step, by carrying

out pl asmaetec it ovhidte tSer gk k frece Baarm mdtisfed Nea@sk has been
renoved; and a sheet peeling step of peeling the protective sheet from

Lo P Spde, oy EROISIR LU

pi ece. 2. A nethod of manu ng a se ctor device
claim1l, rein_the plasma . dicing step, tBe sk renoving step and the
nicro-cragg%W%ﬁ%@%mgsgwéﬁoﬁpgcgfé 5§WPF§d ‘:nih?ﬁe S&ie PR EABHREPr BEessi ng
apparatus. 3. A method of manufacturing a sem conductor device according
to cla m &P Whelisiidual RiiRGHve sheet is attached to the second face after
the conpletion of the mcro-crack
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

10 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

15 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 is used as plasma generating gas to be

20 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

25 removing step.
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15 renoving step and then the protective sheet is peeled off.

gas to be 20 used in the plasma dicing step. 5. A nmethod of

4. A net hod
of manufacturing a sem conductor device according to claiml1l or 2, wherein
m xed gas containing at least fluorine gas is used as plasna generating

manuf act uri ng

a sem conductor device according to claiml or 2, wherein gas containing
oxygen is used as plasnma generating gas to be used in the mask 25
renovi ng step. 46 6A metthddoHf mapnliéattninggaa ssemicomdictor device

according to claim1 or 2, wherein the sane type gas as the

pl.asma

gener at i ngcgas disRd tio) diE .l 1Ay i NG SHERHS sHFE% FSe tggs p%ésgﬁenet hod

generating gas to be used in the mcro- 5 crack renoving st

i xoa gasCeaRTE rari it EHPELERY | G5 o 25 B adan ST

m xed gas~con flu

generatin

ainfng a gas 1s

r 2,,wherein
is

&

10 be used in the mcro-crack renoving step. 8. A nethod

s to
of nanufagﬁg i BF SRR LRRIcIRe YIRS I chPdPRg WS@C|idl nflre MbeFet n t he
sanme type gas as the plasma generating gas used in the plasna dicing step

i s 15 Jusedraskt hemoiviswga sdemper ati ng gas to be used in the nmicro- crack

renoving step. 9. A plasnma processing apparatus of executing

pl asma

7. A method of manufacturing a semiconductor device

10

15

20

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 of executing plasma
dicing, removing a mask and removing micro-cracks by
carrying out plasma processing on a semiconductor wafer in
which a protective sheet is 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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di cing, renoving a nmask and renoving mcro-cracks by 20 carrying out

pl asma processing on a sem conductor wafer in which a protective sheet is
attached on the first face on which senm conductor elenents are forned and
a mask for determning cutting lines to divide the sem conductor wafer

i nto individual pieces of the sem conductor elenments is 47 formed on the
second face opposite to the first face, the plasna processing apparatus
conpri si nforaegr aresdiengsebandbefaca bopstidtlecdta otlee hdirsg Fauegnethét h
which the 5 protective sheet tightly conmes into contact in the processing

chanber ; am@ﬁangr@b@%&ﬂgea%a%%qst eo}ng%if liRf; €l ectrode in the
a hol di O|3In

processi ng chanber; ng neans for t he sem conduct or wafer by
10 the first electgode under tﬁ% condition that the protective sheet
tightly comes PnPECEEREARE GRPACEAS plane: a pressure reduci ng means for
reducing pressure to a predetermned value in the processing chanber; a
pl asma gener at Bngf§astsuppegthgdeedmaving as phiret iwelly sipibtyi nthe
plurality of types of plasma generating gases into the processing chamber;
a pre$surprobattdiei nghesens £ bghicbpt r ablieBg prassUr €ontacthe ipr ocassi ng
chanmber when pl asma generating gas is
processing chamber;
a second electrode opposed to the first electrode in
the processing chamber;
a holding means for holding the semiconductor wafer by
10 the first electrode under the condition that the protective
sheet tightly comes into contact with the plane;
a pressure reducing means for reducing pressure to a
predetermined value in the processing chamber;
a plasma generating gas supplying means for
15 selectively supplying a plurality of types of plasma
generating gases into the processing chamber;
a pressure contreclling means for controlling pressure
in the processing chamber when plasma generating gas is
supplied;
20 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; 20 a high frequency electric power supply section for
a high frequency voltage upon the first el ectrode

chanber,

for changing a distance between the first and the second el ectrode.
pl asma processing apparatus according to claim 5 9, wherein the el ectrode
di stance changiany etectrodeedistasioect cloaeg iihgt aremPetveerncidiegfng sk and
the second electrode in the case of renoving the nmask be larger than an

into a plasna state; and 48 an el ectrode di stance changi ng neans
10. A

el ect r ode qdis$ bR HetWdth LS i&fs PlARIMB 1l G Qb @it &

GEP g
m cro-cracks. 10 11. A plasna processing apparatus accor |%ggfo claim 9,

wherein the hol ding nmeans includes a vacuum attracting mneans for

attracting the protective sheet by vacuumvia a plurality of suction holes
which are open_to the plane. 15 12. A plasma processing apparatus accordi ng

to claim 9, wdrei @ tHa§ROIREATETS KM@ e PPAERLYES amrontsimicat tmgelaayer

the plane is made of a conductive nmaterial which is the sane as the

mat er il

10

15

20

25

8t wterddéirst tbbeelleadepdendlistance changing means makes an
electrode distance between the first and the second
electrode in the case of removing the mask be larger than
an electrode distance in the cases of plasma dicing and

removing micro-cracks.

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

plurality of suction holes which are open to the plane.

12. A plasma processing apparatus according to claim
9, wherein the protective sheet includes an insulating
layer, the plane is made of a conductive material which is
the same as the material of the first electrode, and

the holding means includes a DC wvoltage 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.
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so as to transfer the
pl asma generating gas, which has been supplied into the processing



20 the hol ding nmeans includes a DC vol tage supplying neans for
el ectrostatically attracting the sem conductor wafer by utilizing the
Coul onb's force acting between the sem conductor wafer and the pl ane,

whi ch are separate from each other by the protective sheet,

when DC

voltage is 25 supplied upon the electrode. 49 13. A plasma processing
apparatus according to claim 9, wherein the plasnma generating gas

suppl ying neans supplies mxed gas containing fluorine gas into the 5
processi ng chanber in the steps of the plasma dicing and the m cro-crack
removing. 14. 73pl aanplashaepiiore sAIRRY Apisa PEE0s dhbbotaiplhaitd Srawperein
the plasna generating gas supplying nmeans 10 supplies the Same m xed gas

i o HRELEnIoEnL N B1aLhE, PHORESSEINTIBERT HBAINA Y

plasma dicing and the mcro-crack rempvi ng.

(ﬂﬁﬁéﬁfthe

essSl

apparatus_according to ¢claim 15 9, wherein e pl asma generating gas
ﬁ I%Q%?P g ﬁgﬁtessing

suppl yi ngSWRRhLES upBEEEY g98ScofPRitR 1Y N HX§ gef

£nt ¢ 7%

chanber in the step of the mask renoving. 16. A plasnma processing apparatus
accor & nPrecesaing zhagberyurithetheomiepsi nyf atbeolpyapmeadiciog cowl i ng
the first electrode. 17. A plasma processing nethod in which the steps of

the micro-crack removing.

14. A plasma processing apparatus according to claim

9, wherein the plasma generating gas supplying means

10 supplies the same mixed gas containing fluorine gas into

the processing chamber in the steps of the plasma dicing

and the micro-crack removing.

15. A plasma processing apparatus according to claim

15 9, wherein the plasma generating gas supplying means

supplies gas containing at least oxygen into the processing

chamber in the step of the mask removing.

16. A plasma processing apparatus according to claim

20 9, further comprising a cooling means for cooling the first

electrode.

17. A plasma processing method in which the steps of

plasma dicing, removing a mask and removing micro-cracks

25 are executed by carrying out plasma processing on a
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pl asma dicing, renoving a mask and renoving m cro-cracks 25 are executed by
carrying out plasma processing on a 50 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 5 sem conduct or
wafer into |nd|V|du%8Fp|eces of ttﬁﬁ sen1cog%¥ct el enents is fornmed, the

pl asma pr 5EBLSPRGUCHEEL YR IE HpAsi qﬁfﬁﬁY&P%t%ﬁm%ﬁoﬂﬂPﬁﬁo¥he

sem conductor wafer is held by a first el ectrode under the condition that
the 10 pedementee cheehich wi ghtdtecoivacsbeeli tis aapkankedf tdre ther st
el ectrode in a processing chanber; a first condition setting step in which

an el ectr gdeondi %@l&cgnb%\eeeﬂpg@sﬁitresm@eeqtd adee afd- ot sese8do £l QRiéRde,
which is arranged belng opposed to the first electrode, and 15 pressure in

t he proce35|ﬁg §ha the <3 fﬁi%%t Etiﬁg gltl%%r (gﬁééégbg}ctgg step

I n which portions o I nes are p asna etch frrst

D0t T CucAEPLGEPLAEEOrs SuBbEFed Ditheer FHOHIIAL cPdctedue Odnd the ©

second electrode so that the first plasma generating gas is transferred

into a p|agmgcgngm@tor elements is formed, the plasma processing
method comprising:

a wafer holding step in which the semiconductor wafer
is held by a first electrode under the condition that the

10 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

15 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

20 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

25 chamber are set at a second condition;
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a second condition setting step in which the distance between the
el ectrodes and the pressure in the processing 25 chanber are set at a
second condition; 51 a nask renoving step in which the mask is renoved by
ashi ng when a second plasna generating gas is supplied into the processing
chanber and a high frequency voltage is supplied between the first

el ectrode and the second 5 el ectrode so that the second plasma generating
gas is transferPadki R8Oy ipgaSherst Bt eWhichhithe dwek t isnreBovesgbytep in
whi ch the di stance between the el ectrodes and the pressure in the

pr ocessi raghiviarileen aa essetndt phashar denendtingngasnd s1@uppliia¥dD-igitack
renmovi ng step in which mcro-cracks renaining on the second face, from

whi ch t heHmslprbaediaen; ERER¥EY. #@ T£TRYEH DyrohasAByelw figyahgn a
third plasma generating gas is supplied info the processing chanber and a

high fre . Vol t LS. Su Iieg. wee tqﬁ first_15 electrode and the
second eIegﬂr&'é9soggﬁg%é?hegﬁﬁir l%%asmélﬁﬁBQR%ﬁin@ngaskﬁg t P&TEPE 1 ed
into plasma state. 18. A plasma processing nmethod according to claim17,
wher ePn theeF55qe pIsgsmdhgdnetBei ngegardi Plesixedeprrabngortas nilsg
fluorine gas. 19. A plasma processing method according to claim17, wherein
t he secortdrayisfaier e@nente i agobasmzontatas oxygen.

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

10 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 is supplied into the processing chamber and
a2 high frequency voltage is supplied between the first

15 electrode and the second electrode so that the third plasma

generating gas is transferred into a plasma state.
18. A plasma processing method according to claim 17,
wherein the first plasma generating gas is a mixed gas

20 containing fluorine gas.

19. A plasma processing method according to claim 17,

wherein the second plasma generating gas contains oxygen.
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= 52 20. A plasma processing nethod according to claim17, wherein the third
pl asma generating gas is a mxed gas containing fluorine gas. 5 21. A

pl asma processi ng net hod according to claim 17, wherein the first plasm
generating gas and the third plasna generating gas are the sane type m xed
gas. 22. A plasma processing nethod according to claim 17, 10 wherein the
pressure in the_processing chanber in the first condjtion is set in the
Pange from 5 t 803004 PAP HAAPERGESSIEG MEEH ASHIAING e GTATREL Fange
from5 to 50 [mm]. 23. A plasma processing nethod according to claim 17,

15 wher ei wheheipr egsair ¢hiiwd hel pswa ey athianbegasn ihe semdmedcopal ti on
is set inthe range from5 to 100 [Pa] and the el ectrode distance is set
in the raggethiaimgOriact@te iMl.. 20 24. A plasma processing net hod
according to claim17, wherein the pressure in the processing chanber in
the third conditionis set in the range from 300 to 2000 [Pa] and the

el ectrode distance is set in the range from5 to 20 [nm. 53 25. A plasna

processi ng nmet hod agcording to claim 22, erein the electric po of the
P o B cauency 20r eobr PLASBRWBEoGERSS Mot hiarin il rhp Pt h0o o
3000 [W. 5 26. A plasma processing nethod according to claim 23,

wherein the first plasma generating gas and the third

plasma generating gas are the same type mixed gas.

22. A plasma processing method according to claim 17,
10 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].

23. A plasma processing method according to claim 17,

15 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] .

20 24. A plasma processing method according to claim 17,
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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f: 'wherein the electric power of the high frequency electric power supply in
the mask renoving step is 100 to 1000 (W. 27. A plasna processing nethod
according to claim?24, 10 wherein the electric power of the high frequency
el ectric power supply in the mcro-crack renoving step is 50 to 3000 [W.

54

25. A plasma processing method according to claim 22,
wherein the electric power of the high frequency electric

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

5 26. A plasma processing method according to claim 23,
wherein the electric power of the high frequency electric

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

27. A plasma processing method according to claim 24,
10 wherein the electric power of the high frequency electric
power supply in the micro-crack removing step is 50 to 3000

(W].
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