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DESCRI PTI ON MANUFACTURI NG METHOD FOR SEM CONDUCTOR
CH PS Technical Field The present invention relates to
we 20mnutaet uri ng met hod for sem conduct or chi p8CTAP2006/307997
form ng sem conductor devices arranged in a plurality
of device-formation-regions defined by dividing
regions on a first surface of & seniconductor waf er
and individually separating the devi ceformtion-
regi ons of the sem conductor wafer along the dividing
regi ons, thereby manufacturing sem conductor chips
that include the individu%¥$§gHP§§ﬁNconductor devi ces.
Background Art Conventionally, as a method for
di viding a sem conductor wafer into individua
sem conduct or chi ps by such a manufacturing nmethod for
sem condVANIFACHURINGY METEHRD st GIBI IFOMNDSEHR KTOMED.
For exanple, a nethod for dividing a sen conductor
waf er by nmechanically cutting the wafer by neans of a
rotary blade called the dicer blade, i.e., mechanica
dredmgi ¢ 51 knbshd However, sem conductor wafers have
recently been made thinner and thinner, and a

sem conduct phe WBEBEcBUS GBRENRIiON G-tRINato f @r #@8uFscturing

subj ected to themechani cal dicing described above, it

| SeOhdEN Foie camf-vh@isrbhe gaPLorduCtIrma{ LI seficonductor

damaged at the time of cutting. This leads to a

p&Q@i@@%tg?iaﬁgégdyﬁtéoﬁlﬁPaihﬁy of device-formation-regions

defined by dividing regions on a first surface of

semiconductor wafer and individually separating the device-
formation-regions of the semiconductor wafer along the

dividing regions, thereby manufacturing semiconductor chips

that include the individualized semiconductor devices.

Background Art

Conventionally, as a method for dividing

semiconductor wafer into individual semiconductor chips by
such a manufacturing method for semiconductor chips,
various methods have been known. For example, a method for
dividing a semiconductor wafer by mechanically cutting the

wafer by means of a rotary blade called the dicer blade,

i.e., mechanical dicing is known.

However, semiconductor wafers have recently been

made thinner and thinner, and a semiconductor wafer

susceptible to external forces 1s subjected to

the
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processing yield cannot be avoided. A s such damage,
there is, for exanple, the occurrence of chipping that

woOheootioza2er portions (edges) of the sem conducPar/Jeio@s07997

beconme chi pped due to the sharply cut shape . In

recent years, plasma dicing that uses plasma etching

has been attracting attention i“n place of the

conventional mechani cal dicing described above

(reference should be made to, for exanple, Japanese

unexam ped. pat.ent publication No. 2004-172365 A) . A

R FR F OF L diVidiFy Be3eRtRBAIGRONE mad Br st gften the case
i ndi vi dual sem conductor chips by the conventi onal _
prieha dhE niehiCcrdes Fped Wadiesi nl v fAneerst ene the time of
the schematic explanatory views shown in Figs. 27A

tPtolgho 27CTRAE Hiegsls 28A angreBBemFithet of mé¢duchbon in the
shown in Fig. 27A, a seni conductor wafer 501 is put
ipteceassingeyialdhtehneénbeordwitded .devAsesué2danege, there
formed in the respective device-formation-regi ons R

died i nEalr byx sl €j nighe egtonsr82conoft shipping that the corner
circuit-formati on- face 50la. Each of the

Seo icDaisic odgdeyi e€s th@2 dditl dedrRicdR CElsie$IChed6m@ chipped
MOS (Met al - Oxi de- Sem conductor) structure transistor

constisictied ohappBendeonstigher wafer 501
(Sem conductor) , a silicon oxide 551 (Oxide) forned

directly onrdheeebhgUiid/dTalp] Pilna fA¢L1 R8I AN Bses plasma
metal film(Metal) fornmed on the silicon oOxide 551.

Trdhety 0 SERLEOTUESr ey CEL SO LU B EIAS ene
conventional mechanical dicing described above (reference
should be made to, for example, Japanese unexamined patent
publication No. 2004-~172365 A). A method for dividing a
semiconductor wafer into individual semiconductor chips by
the conventional plasma dicing is described herein with
reference to the schematic explanatory views shown in Figs.
27A through 27C and Figs. 28A and 28B.

First of all, as shown in Fig. 274, a
semiconductor wafer 501 is put into a state in which
semiconductor devices 502 are formed in the respective
device-formation-regions Rl defined by dividing regions R2
on its circuit-formation-face 501la. Each of the
semiconductor devices 502 includes devices such as a MOS
(Metal-Oxide-Semiconductor) structure transistor

constructed of a semiconductor wafer 501 (Semiconductor), a

silicon oxide 551 (Oxide) formed directly on the circuit-
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bondi ng pads) for electrically connecting the devices
to external electronic apparatuses. Mreover, a

weuodeaas2pr ot ection film553 is formed on the BATARIE&307997

of the sem conductor devices 502, so that the surfaces
of the sem conductor devices 502 are protected. The
connection termnals 552 are eﬁposed out si de wi t hout

bei ng covered with the surface protection film 553.

Nei t her the silicon oxide 551 nor the surface

protection f|In1553 is formed in portions that
c%@?%%ﬁbﬂ%‘ ¥t heldpvrarng megednsiRe ofMefel) formed on the
circuit-formation-face 50la. Next, as shown in Fig.

2¥BL1goRr BKé6e| volsheeFubblers phel iyl eyl ydevice 502
stuck to the circuit-formati onface 50l1a via an

abiwetheor spclndest henviectdon- terminiadsf dte 50dbsof cahked the
sem conduct or wafer 501 does not suffer danmages.
Subseipenplags) a Tmskelraskipallgr MorbdEct sngl abed drvices to
surface 501b to b e processed (that is, a
peocessahgtalgetrofibece) apparatineesur f ackoopposik} e &roBurface
the circuitformati on- face 50l1a so that the portions

thedteott@spafidt 0 3598 disvi dbhfeseghONSLHEY &irfaces of the
exposed. Next, by performng plasma etching on the

S@éﬂli}@éﬁﬁj@)@é’@ér wefetli Rl g2 wWhigdh tt'?l%trmﬂﬁe50§ui"§aéé‘éjs of the

formed, the exposed surface of the surface 501b that

'%ﬂ%&@&@&@@r Wakhithe Mgk 208 in-ftehedy, remid Ngonnection

the portions that correspond to the dividing regions

R rm i PL1OR b 5, pr I‘%ﬁi&%ecﬁsoﬁggme' Nt Boul be il covered

devi ce-formati on-reg
with the surface protection film 553. Neither the silicon

oxide 551 nor the surface protection film 553 is formed in
portions that correspond to the dividing regions R2 of the
circuit-formation-face 501la.

Next, as shown in Fig. 27B, a protective sheet
504 is peelably adhesively stuck to the circuit-formation-
face 50la via an adhesive so that the circuit-formation-
face 50la of the semiconductor wafer 501 does not suffer
damages. Subsequently, a mask (mask pattern) 505 is placed
on a surface 501b to be processed (that is, a processing-
target-face), or the surface opposite from the circuit-
formation-face 50la so that the portions that correspond to
the dividing regions R2 are exposed.

Next, by performing plasma etching on the
semiconductor wafer 501 on which the mask 505 is thus

formed, the exposed surface of the surface 501b that is not
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R 1 are individually separated, form ng the individua
pi eces of the sem conductor chips 510 that include the

weemetionduct or devi ces 502. Consequently, the PCT/JP2006/307997

sem conductor wafer 501 is divided into the individua

pi eces of the sem conductor chips 510 that include the
respective sem conduct or devi cés 502 al ong the

di viding regions R2 . Subsequently, as shown in Fig.

28A, the mask 505 that is remaining on the surface

501b to b e processed of the separated sem conductor _
FHRYRESA 071N r BRBvBaSky S0ar Ay Rf GRd, ferme%knsp| Bheaportions
ashi ng process. Subsequent|ly, as shown in Fig. 28B, an
aelhesi Gerspseengdite; r\'glesr@e\fydm rsgspnek Re t HEhrough this
surface 501b to be processed of the sem conductor

VRif @¢e 591, aaanghewie jor of &gt i /&C shelee 864itchafotmstion~regions
protected the circuit-formation-face 50la of the

st conelucirotiwedezl 501 sepapested, of fordisga tksul individual
t he sem conductor chips 510 are arranged on the

aohese v e ofheethe SHenicendidi®: | rMpchsibevtladte include the
separated into individual pieces . By dividing the

SEEh CORGEEH S VB eI cHH 150B) NICE NS §OBNEDY| Ofidd Pé@SABnductor
di ci ng descri bed above, damages given to the

npaed Actioredi sem gt Ot 6hidse 5184630 dRa8 rEiMeed of the
in conparison with the aforenmenti oned nechani ca

ekneauselonl bl eatt| OAIMACLIBNET (P, ospective
| e Vi SR ) £ GRSy e 4 NS £ONVENL 1 0@ 51 viding regions R2.

Subsequently, as shown in Fig. 28A, the mask 505
that is remaining on the surface 50lb to be processed of
the separated semiconductor chips 510 .is removed by
carrying out, for example, an ashing process. Subsedquently,
as shown in Fig. 28B, an adhesive sheet (dicing sheet) 506
is stuck to the surface 501lb to be processed of the
semiconductor wafer 501, and the protective sheet 504 that
has protected the circuit-formation-face 50la of the
semiconductor wafer 501 is peeled off. As a result, the
semiconductor chips 510 are arranged on the adhesive sheet
506 in a state in which they are separated into individual
pieces.

By dividing the semiconductor wafer 501 using the
conventional plasma dicing described above, damages given

to the manufactured semiconductor chips 510 can be reduced

in comparison with the aforementioned mechanical dicing.
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pl asma di ci ng descri bed above, are to have sharp
corner portions 554 (edges) forned b y the separation

waomhom4i n Figs. 27C, 28A and 28B. There is acpupiesn7997

that the occurrence of chipping cannot b e avoi ded

when the sharp corner portions_554 are forned on the

sem conduct or chi ps 510 as deseri bed above. In

particul ar, the conventional plasna dicing described

above has a characteristic that the ions in the plasm

have increasing difficulties in reaching the etching

bottom portion as getti.ng closer to the bottom

portion. Therefore, it is sonetines the case where the
PotFhRTuRE Harl et portions 554 are formed at the

| ower end portions of the separated sem conduct or

chi ps 510 dvititain | aver ofhexaspieondue toar tdhaldsy 510, which
enl arged schematic view of the etched dividing region

R & hdiwmided Figto 20hel anddvhdaadagd eddwertsy itsha conventional
probl em that the corner portions 554 becone nore

gadsisna clippad atubdiibdd anabueese et e isdvengharegf corner
the sem conductor chip is reduced. Further, in the

e tCiorthIch B4 ¢bdpesdlEorasdshiothd Ee@ard®iofolasOMBown in
the formation of the sharp corner portions 554 on the

gl t 2f7or mgg@n-drare28fla buthealesotihe éoga%m% Othat the
sharp corner portions 555 on the surface 501b to be

Hasassatd esel tonah di 82hg88s 4O avRiekkemidat +hRe sharp
reduction in the transverse rupture strength of the
SIPAEANAYEL Of 5,001 BS 4510 DEENTIRS) NOR € t8leINW I G ductor chips
510 as described above.

In particular, the conventional plasma dicing
described above has a characteristic that the ions in the
plasma have increasing difficulties in reaching the etching
bottom portion as getting closer to the bottom portion.
Therefore, it is sometimes the case where the protrusive
sharp corner portions 554 are formed at the lower end
portions of the separated semiconductor chips 510 as shown
in, for example, the partially enlarged schematic view of
the etched dividing region R2 shown in Fig. 29. 1In such a
case, there is a problem that the corner portions 554
become more easily chipped and the transverse rupture
strength of the semiconductor chip is reduced.

Further, in the semiconductor chips 510, as shown

in Fig. 29, not only the formation of the sharp corner

portions 554 on the circuit~formation-face 50l1a but also
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An object of the present invention is to solve the
af orenenti oned probl ens and provide a manufacturing

worbdsad24£0r sem conductor chips for form ng PCT/JP2006/307997

i ndi vi dual i zed sem conductor chips by dividing a

sem conductor wafer, so as to pmmke the sem conduct or
chi ps have hi gh transverse rup?ure strength w thout
damagi ng the sem conductor chips. Disclosure of
Invention In order to achieve the object, the present

invention is constituted as follows. According to_ a
1¥%tﬁ§§ﬁ&ﬁoﬁﬁ0?héhéFEséﬁFqgﬁMQRWQﬁPnﬁh%?% Pg the surface
provi ded a manufacturing nmethod for sem conduct or

eﬁﬁ}l@s topei BIrRGeSFEsf rafiig- pl asfa teiehiRpdh ho a problem
second surface of a sem conductor wafer that has a

ftivedt the f aedushiehi dn st c GreRcVEr sgevigelsupe asadeingth of
a plurality of deviceformation- regi ons defined by

dihel diemg coegivorte rardhigs 539U lbetdomge o inaneplsdepd 1 icare.
dividing regions are fornmed and the second surface on

whi ch a nagk fas-eet i nEngHahepdegedtng nvegitdrs: i s to solve
pl aced, the second surface being | ocated opposite from

tihe f hEstefight a68edWer@hyeor tarensblratyicer responthtacturing
the dividing regions are renoved and the insulating

eltRdas @xposedliEbaruetshi i iRy t o8F PFLLMORY, TN dh1ized
corner portions on the first surface side put in

Qﬁﬂﬁ%%hd@dﬂ&ﬂrﬁhi§§ubﬁtﬁﬁgiﬁ '@'J‘Egﬁlconductor wafer, so
devi cef ormati on- regi ons by cont’i nuously perform ng
the pLagiBe the semiconductor chips have high transverse

rupture strength without damaging the semiconductor chips.

Disclosure of Invention

In order to achieve the object, the present
invention is constituted as follows.

According to a first aspect of the present
invention, there is provided a manufacturing method for
semiconductor chips comprising:

performing plasma etching on a second surface of
a semiconductor wafer that has a first surface on which
semiconductor devices placed in a plurality of device-
formation-regions defined by dividing regions and an
insulating film placed in the dividing regions are formed
and the second surface on which a mask for defining the
dividing regions 1is placed, the second surface being

located opposite from the first surface, whereby portions



10

15

20

25

etching in a state in which exposed surfaces of the
insulating filmare charged with electric charge due

woaoteans2én pl asma; renoving the exposed i nsul aCTAB006/307997

filmfromthe second surface after the renoval of the

corner portions on the first syrface side, so that the

devi ce-formati onregi ons are segérated into individua

sem conduct or chips; renoving the nask fromthe second
surface of the sem conductor chips; and renoving

corner portions on the second, surface side by
sE%@Eq‘?fgﬁW‘i/p?%ﬁit herthR bV hfihgIpraghanat ekEngeBRveHeand the
second surfaces of the sem conductor chips from which

t WeSHhakimast benls epppvedcdwhbpBbytehéngehpEbaBuppsitions;
chi ps each of which includes the individualized

sem conduct beMeEVige Carnammnpoadtivnesd. onccareli Mg sk asurface
second aspect of the present invention, there is

psbet dedt t e cembéactwitingthet hoduletingefilm in the device-
sem conductor chips as defined in the first aspect,

wherme:z nioeroyaglowns por t icons iirhadu<ioy r espdadnti;lg the plasma
t hedi vi di ng regi ons and exposure of the insulating

fetohbtie catried digtdy iper fWdridmg exposeky opue felceli Ngf  the
as the plasma etching, and renoval of the corner

POREh DASIA@CEIQE Ofird hehsegred GUthaca «itde d Schakfhkedue to
out by performng isotropic
ions in plasma;

removing the exposed insulating film from the
second surface after the‘removal of the corner portions on
the first surface side, so that the device-formation-
regions are separated into individual semiconductor chips;

removing the mask from the second surface of the
semiconductor chips; and

removing corner portions on the second surface
side by subsequently further performing plasma etching on.
the second surfaces of the semiconductor chips from which
the mask has been removed, whereby the semiconductor chips
each of which includes the individualized semiconductor
device are manufactured.

According to a second aspect of the present
invention, there is provided the manufacturing method for
the semiconductor chips as defined in the first aspect,
whergin

removal of portions that correspond to the



etching as the plasma etching. According to the third
aspect of the present invention, there is provided the
wourosiiazur i ng nmet hod for the sem conductor chPOE/JRE06/307997

defined in the first aspect, wherein, in the plasm
etching fromthe second surface of the sem conduct or
waf er -on which the mask is placed, the insulating film
formed of silicon oxide (Si g2) on the first surface

of the sem conductor wafer is exposed fromthe etching
bott.om portion. According to a fourth aspect of the .

9 nfBHEPRR, 2PRereRSSPFovPded RhelhEHRESRAr ifidm are
met hod for the sem conductor chips as defined in the
Gt ok 3t PR Ening tael 5 Heorl @t e R g r a0 Ee Plasma
second surface of the sem conductor wafer on which the
s ing plagedd, a surface protection filmforned of
polyimde (PlI) to protect the surfaces of the
sem conductxenagsd cef foreedcomerhepbrisonsuriacastad on the
t he sem conductor wafer is exposed fromthe etching
etdcord pout face asiddeisnsalratiedg ofutl My Aseofshming ol ®otropic
fifth aspect of the present invention, there is
Erttided dde-mmniifaataird thghiveg hod forthe sem conduct or
chips as defined in the first aspect, wherein renoval

of the maskadd¢sypitte secomHesurhac® Qfsddec of the present
sem conductor chips are carried out by perform ng

aghidit i¥h ! hensecond YydAced AkOr dhRE rhetardngt hethod for
aspect of the present

the semiconductor chips as defined in the first aspect,
wherein, in the plasma etching from the second surface of
the semiconductor wafer on which the mask is placed, the
insulating film formed of silicon oxide (Si0,) on the first
surface of the semiconductor wafer is exposed from the
etching bottom portion.

According to a fourth aspect of the present
invention, there is provided the manufacturing method for
the semiconductor chips as defined in the first aspec’;:,
wherein, in the plasma etching from the second surface of
the semiconductor wafer on which the mask is placed, a
surface protection film formed of polyimide (PI) to protect
the surfaces of the semiconductor devices formed on the
first surface of the semiconductor wafer 1s exposed from
the etching bottom portion as the insulating film.

According to a fifth aspect of the present

invention, there is provided the manufacturing method for
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invention, there is provided the manufacturing nethod
for the sem conductor chips as defined in any one of

woOheosfiizes t hrough fifth aspects, wherein, theproiaBrae/307997

etching is performed fromthe second surface of the

sem conductor wafer, on which fhe mask is placed, the

mask havi ng roughly convex curved portions forned in
portions that correspond to the corner portions of

each of the device-formationregi ons, each of the

devi ce-formati on-regi ons having a roughly rectangul ar
Fgﬁioﬁ?m%ﬁ%%?HFF%rt&h&5§bv%ﬁtHg oF tHee pfdséht aspect,
i nvention, there is provided a nanufacturing nethod

fEersdm R loro ik Badkr f5PRgthpesRSPRON$ Wi fasen 0L the
etching on a second surface of a sem conductor wafer

tsiea deasiug tan shigpgr fagse @r i PWem X @riiteoring ashing on
devices placed in a plurality of devicefornmation-

rég eesogef isverfaloe .di vi di ng regi ons and an insul ating
filmplaced in the dividing regions are forned and the
second sur fPacemiinehi ddo a amaskisftdr defdadtng dthe the present
dividing regions is placed, the second surface being

liovahed copposhd e f i ompideerifdadsttisair haseravberehy method for
portionsthat correspond to the dividing regions are

@R \sech idtch e drnsdH igdd nals f i A1 hsd exposag bhemof the first
et chi ng bottom portions; renoving the exposed

ithsehthl Ng ifeithm WBhketsenyHhBYe¢Al NEELROIE1 98820k tding is
first surface side put in contact with the insulating

HelPoirhldhe rdgyi cend ordmtd Q0 3,378 e of the semiconductor
wafer, on which the mask is placed, the mask having roughly
convex curved portions formed in portions that correspond
to the corner portions of each of the device-formation-
regions, each of the device-formation-regions having a
roughly rectangular region.

According to a seventh aspect of the present
invention, there is provided a manufacturing method for
semiconductor chips comprising:

performing plasma etching on a second surface of
a semiconductor wafer that has a first surface on which
semiconductor devices placed in a plurality of device-
formation-regions defined by dividing regions and an
insulating film placed in the dividing regions are formed
and the second surface on which a mask for defining the
dividing regions is placed, the second surface being

located opposite from the first surface, whereby portions
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by perform ng the plasma etching in a state in which
exposed surfaces of the insulating filmare charged

wontds/1etectri c charge due to ions in plasm, wWReTAR3006/307997

the device-formation-regions are separated into
i ndi vi dual sem conductor chips; _renoving the mask from
the second surface of the sen1%%nductor chi ps; and
renovi ng corner portions on the second surface side by
subsequently further performng plasma etching on the
nd surfaces of the sem conductor, chips, whereby
éimrcr&?&@&do%ocmhﬁs AL v EPThALRICETREEd and the
|nd|V|duaI|zed sem conduct or_devi ce are manuf act ur ed.
ACSHIGtG % J ldft Sigepossiedit Bt i e gaitton portions;
invention, there is provided the manufacturing nethod
for the semqmﬂﬂﬁmgcntﬁﬁlp§X@§&ﬁﬁ|rﬁ@ﬁ¢¥ﬁth@gse¢émmw while
aspect, wherein renoval of portions that correspond to
tJ:I@@Odfii\ﬁgdicngm@gimstms expodiree Dirsthesinfatat isnge put in
filmare carried out by perform ng anisotropic etching
aontaetplvasit thehiimgulandmenofalm oint hdecaiarverce-formation-
portions | ocated on the second surface side is carried
awlg iy speb  orpa i disioly ophe eprdémyg aschhiegpl 8s8ma state in
etching. According to a ninth aspect of the present
W | bodder eut BapsoVbadedHdei NBnLE aLd¢r FRgnMeiROGharged

for
with electric charge due to ions in plasma, whereby the
device-formation-regions are separated into individual
semiconductor chips;

removing the mask from the second surface of the
semiconductor chips; and

removing corner portions on the second surface
side by subsequently further performing plasma etching on
the second surfaces of the semiconductor chips, whereby the
semiconductor chips each of which includes the
individualized semiconductor device are manufactured.

According to an eighth aspect of the present
invention, there is provided the manufacturing method for
the semiconductor chips as defined in the seventh aspect,
wherein

removal of portions that correspond to the
dividing regions and exposure of the insulating film are
carried out by performing anisotropic etching as the plasma

etching, and
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the sem conductor chips as defined in the seventh
aspect, wherein, in the plasma etching fromthe second

wourodeaeri2of t he sem conductor wafer on which tReTaPEK6/307997

is placed, a surface protection filmforned of silicon
nitride (Si3N) to protect the surface of the

sem conduct or devi ces formed ohtthe first surface of

the sem conductor wafer is exposed fromthe etching

bottom portion as the insulating film According to a

tenth aspect of the present invention, there is

provi ded t BETREALF a@¥ ulihey ABYRBY RATkIns located on the
sem conductor chips as defined in the seventh aspect, _
whepadn sugfRcs gfde hes nedkriednrihebyederd csmifgcd ssitropic
t he sem conductor chips are carried out by performng
ashkhhiggonst lidespdasthas griticadeg .According to an el eventh
aspect of the present invention, there is provided the

manuf act ur Argometingd ftor the ndevdhcomrdpeicdr ohi pshes present
defined in any one of the seventh through tenth

aspeatsonywhetiainy {Heppbasardettttd ngahstpetfiot nednbtbmd for
t he second surface of the sem conductor wafer, on

whieC s dnfie-drasicticy ptiated, akheldmisiedham ngheoughleyith aspect,
convex curved portions formed in portions that

GAERRSPONGLD the £0hBRE RRIHIRS Rforeaehle OkebBBd surface of
deV|ce-{ornat|onreg|ons, each of the

YRK CEhOETRELOPS F €QIA0S NBY! Neh B 04GRl Ynigkt aRgUbBEced, a
region. According to a twelfth aspect of the present
:,sgl‘r!:%%‘c'eorbré@ééﬁdﬁ 5 oY dedf qregEt aghylddio ABLROge  (si.Ny)
to protect the surface of the semiconductor devices formed
on the first surface of the semiconductor wafer is exposed
from the etching bottom portion as the insulating f£ilm.

According to a tenth aspect of the present
invention, there is provided the manufacturing method for
the semiconductor chips as defined in the seventh aspect,
wherein removal of the mask from the second surface of the
semiconductor chips are carried out by performing ashing on
the second surface.

According to an eleventh aspect of the present
invention, there is provided the manufacturing method for
the semiconductor chips as defined in any one of the
seventh through tenth aspects, wherein, the plasma etching
is performed from the second surface of the semiconductor

wafer, on which the mask is placed, the mask having roughly

convex curved portions formed in portions that correspond
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sem conduct or chi ps conprising: performng plasnma
etching on a second surface of a sem conductor wafer

woOheads/thars4a first surface on whi ch sem conduct BCT/JP2006/307997

devices placed in a plurality of devicefornation-

regi ons defined by dividing rgﬁ%ons are formed and
onto which a protective sheet ving an insulating

property is stuck and a second surface on which a mask
for defining the dividing regions is placed, the
igcond surface belng | ocat ed opposite fron1the first

Qr £ bR, WHEFELY PO 1PBAs dthat2elr dspbhg 18 Hife—formation-
di vi ding regions are renoved and the insul ating .
pe6iegS vecdRBet Of s BRPoSERVI¢OT @EBHE hgnbBegbes having a
portions, and then the device-formationregions are
§@ﬁ@h&&é@eﬁﬁﬁ@gpﬁ@¢vﬁ&mHKHSen1conductor chi ps;

renovi ng corner portions put in contact with the

i nsul at i ngiprotrddmniovetsheat wtelefidh efspdm: of the present
sem conductor chips by performi ng the plasma etching
imvanstiane itheie ch xpeseddsdr facesnoff ddtmrimsul aéthgd for
filmare charged with electric charge due to ions in
pleadwanduenoyi oy itke cvagde fgiemy:t he second surface of
t he sem conductor chips; andrenoving the corner

portions opelklie r&e®eN e Sakace sh ey byn subseaveadt Isirface of
further perform ng plasma etching on the second

surdaresodudiier serireanduel Or nghi ps, f%@%&eQ¥xﬁfEbe on which
sem conduct or chi ps each of which includes the

isRehii Wodlbaed gegk eeadugi oregevife ar g payf act us£d. jovice-

formation-regions defined by dividing regions are formed
and onto which a protective sheet having an insulating
property is stuck and a second surface on which a mask for
defining the dividing regions is placed, the second surface
being located opposite from the first surface, whereby
portions that correspond to the dividing regions are
removed and the insulating protective sheet is exposed from
etching bottom portions, and then the device-formation-
regions are separated into individual semiconductor chips;

removing corner portions put in contact with the
insulating protective sheet at each of the semiconductor
chips by performing the plasma etching in a state in which
exposed surfaces of the insulating film are charged with
electric charge due to ions in plasma,

removing the mask from the second surface of the

semiconductor chips; and
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According to a thirteenth aspect of the present
invention, there is provided the manufacturing nethod

woaoostiheizseni conduct or chi ps as defined i n t hepcwabionér307997

aspect, wherein renoval of portions that correspond to

the dividing regions and exposure of the insulating
protective sheet are carried out3 by perform ng

ani sotropic etching as the plasnma etching, and renoval

of the corner portions |ocated on the second surface

side is carried out by performng isotropic etching as

the pl asma ERERAVHEY A%EéerQiqﬁ¥zaHQﬁH%QRﬁnhO%spég? second

of the present invention, there is provided the

nBREfaee urd Hee method Ubsre quan tideni dalidietror Pefifpsrmigg plasma
defined in the twelfth aspect, wherein, after the
cotakingopni 6he Isecandd oy faneseebntheusenteosddetarechips,
renmoved, the insulating protective sheet is renoved by
beheyelpeetbd stfitpodutherf iatstpss rdcceoDfwhheh includes the
sem conductor wafer. According to a fifteenth aspect
oindtreiguesentdi ssentonductber devécpr avedadntiieactured.
manuf act uri ng net hod forthe sem conductor chips as

defined in Abeotdehdt hoaspethirwbenehnakgaevalo df théepresent
mask fromthe second surface of the sem conduct or

chhpsnelenfakhieed AW Byoveadar whed rashi MGl t® method for
second surface. According to a sixteenth aspect of the
PEBSEBEmiconductor chips as defined in the twelfth aspect,
wherein

removal of portions that correspond to the
dividing regions and exposure of the insulating protective
sheet are carried out by performing anisotropic etching as
the plasma etching, and

removal of the corner portions located on the
second surface side is carried out by performing isotropic
etching as the plasma etching.

According to a fourteenth aspect of the present
invention, there is provided the manufacturing method for
the semiconductor chips as defined in.the twelfth aspect,
wherein, after the corner portions located on the second
surface side are removed, the insulating protective sheet
is removed by being peeled off from the first surface of
the semiconductor wafer.

According to a fifteenth aspect of the present

invention, there is provided the manufacturing method for
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invention, there is provided the manufacturing nethod
for the sem conductor chips as defined in any one of

woOherstmei2it h t hrough fifteenth aspects, wherei RCTUPE06/307997

pl asma etching is performed fromthe second surface of
the sem conductor wafer, on mhigh the mask is pl aced,
t he mask having roughly convextEurved portions forned
in portions that correspond to the corner portions of
each of the device-formation-regions, each of the

devi ce-formati onregi ons having a roughly rectangul ar
16 FETNETRRNETOT aEbPai A5 (38 RHAherD ASpEct VT e aspect,
present invention, it is possible to provide a
JeMresRduamvachi¢f tHe haskafretghhy seccadgiurface of the
shape obtai ned by dividing a sem conductor wafer in
wiendieoadmaioal iahiref ag@masdidird oyutdéw cesr toening meghing on
into individual pieces of the sem conductor devices,

Viher giecanite stetiamegul ar shape of the chip is defined

by rounded ridgelines thereof. Mreover, a curved

convex surffaceyuimig oo can bextesntd kaspeath of tthe present
portions that correspond to the ridgelines of the

riesteangurgr sthepe. Mer eaveriddd tise ppasubhettioipgovied®od for
a sem conductor chip including: a first surface on

WheCh sam3esheRrdvet Orhdpyi cesi saépim®d; & seeQndone of the
surface that is parallel to the first
twelfth through fifteenth aspects, wherein, the plasma
etching is performed from the second surface of the
semiconductor wafer, on which the mask is placed, the mask
having roughly convex curved portions formed in portions
that correspond to the corner portions of each of the
device-formation-regions, each of the device-formation-
regions having a roughly rectangular region.

Moreover, according to another aspect of the
bresent invention, it is possible to provide a
semiconductor chip that has a roughly rectangular shape
obtained by dividing a semiconductor wafer in which a
plurality of semiconductor devices are formed into
individual pieces of the semiconductor devices, wherein

the rectangular shape of the chip is defined by
rounded ridgelines thereof.

Moreover, a curved convex surface portion can be
formed in each of the portions that correspond to the

ridgelines of the rectangular shape.
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surface and | ocated on the side opposite fromthe
first surface; and a connection surface that is

woaewtiegi2at t he peripheries of the first surfaeerapzos/307997

t he second surface and connects an outer end portion

of the first surface with an outer end portion of the
second surface, wherein the cdmhection surface has a

curved convex surface portion so that no ridgeline is
formed at the end portions of the first surface and

the second surface. Mreover, it is also possible that

t he conneclPBROEREF acelfs céfipri edsébPlene EQrvedprovide a
convex surface portion. According to the present
pameponductoy ehpboyhadgudhagsen conduct or wafer on

which the insulating filmis placed in the portions

that correspdidsto simefalieyi dinnghiedi onssehichedficketr device
surface as the sem conductor wafer, and renoving the

cor fiermparti ons of the formed sem conductor chips by
performng a plasma etching process on the second

surface, aamyudand ushngas®t hbatf ofs sparedhductiay the first
chi ps capabl e of form ng, for exanple, Rportions

chewnded RIt 18BsLEH WH VEHeCHIRX Spbbaceporidansthat first
the renoved corner portions and inproving the

L 2RguEL SgpUpture strength can be provided. In
concrete, by carrying out the plasm etching process

o Che RerSCpOHGEr ARl erppBaLhe PR SR AL ot the
Séggﬁﬁgries of the first surface and the second surface and
connects an outer end portion of the first surface with an
outer end portion of the second surface, wherein

the connection surface has a curved convex
surface portion so that no ridgeline is formed at the end
portioné of the first surface and the second surface.

Moreover, it is also possible that the connection
surface is comprised of the curved convex surface portion.

According to the present invention, by employing
the semiconductor wafer on which the insulating film is
placed in the portions that correspond to the dividing
regions of the first surface as the semiconductor wafer,
and removing the corner portions of the formed
semiconductor chips by performing a plasma etching process
on the second surface, a manufacturing method for

semiconductor chips capable of forming, for example, R-

portions (rounded ©portions or curved convex surface
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fromthe etching bottom portion by renoving the
portions that correspond to the dividing regions.

weubmageent | y, by continuing the plasnma et chi ngCT/JP2006/307997

process, the exposed insulating filmcan be charged

with positive charge due to thﬁ ions in the plasma. By
bending the trajectory of the %plied ions by the

el ectric charge descri bed above, the sharp corner

portions or ridgelines (i.e., the corner portions and

the |ike on_t first surface side) %t t he ) ,
SertdOR c Edr PECRRYEF nCRBRE ACPORI RPN AP IR Hd the
filmcan be renoved. Further, after the corner

PEASORS SRavEPhEER SRRt (CoR fe BHYEIAeSr f ace

side, by renoving the nmask placed on the second .
surface andnt fn&idsRqublt CprFeiier iy phasiwdasma etching
etching directly on the second surface from which the

ipEric elss obe Eher eramighndued ogomisdie patt i s smuprtchesurface of
ridgelines on the second surface side can be renoved.

By itdhusthreerma s hg ial Ipldeedhathecamserlgomtg onslhir am exposed
t he sem conductor chip, sem conductor chips capabl e of

Suppr eldsd ngtthéngectigrtencepottibe ki ppémgvinig the portions
t hemanuf act ured sem conductor chip and inproving the

tHhRS \eirse spdRidires stiengihidhegeekgtanshe Subsequently, by
manuf act ured. Moreover, by perfornming the anisotropic

Rlcaaugheghi Nghas thediasnarehthing diicddie remmxal exposed
of the portions that correspond t o the dividing
ieghangi88d £iN& can be charged with positive charge due to
the ions in the plasma. By bending the trajectory of the
applied ions by the electric charge described above, the
sharp corner portions or ridgelines (i.e., the corner
portions and the like on the first surface side) of the
semiconductor chips put in contact with the insulating film
can be removed.

Further, after the corner portions have been
removed from the first surface side, by removing the mask
placed on the second surface and then subsequently
performing plasma etching directly on the second surface
from which the mask has been removed, the corner portions
and the ridgelines on the second surface side can be
removed.

By thus removing all the sharp corner portions

from the semiconductor chip, semiconductor chips capable of

suppressing the occurrence of the chipping of the
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exposure of the insulating film the etching can
effectively be perfornmed i n the direction

woeo@anzizeul ar t o the surface of the sem condBCTOP2006/307997
wafer, i . e . , in the depthwi se direction of the
d|V|d|ng regions . Moreover, by performng the
i sotropic plasma etching as tﬁﬁ pl asma etching for the
renmoval of the corner portions on the second surface
side, the etching can be performed in the direction
al ong the surface of the sem conductor wafer, i .
am1idetwield hwi Senbeordt¢iont of €hePdi viidng %@@F@ﬁéng the
and the renoval of the corner portions can effectively
terecte evedruftieref sreenath therepfgedn fee Banupactured.
removed fromthe forned sem conductor chips, and the
curved comiexesustacedypoperbosmiéay behd oemecsdbradiec plasma
positions that correspond t o the ridgelines .
Masreover .ad hamur yedsaanvexchinfaceoporfionsamval of the
descri bed above can be fornmed not by the nechanica

P6 PERSSE Ngnelt Calldidighorabr adi RheOrdiviedinge rogtidne and the
pl asma etching, and therefore, the occurrence of a

LeshOual styesscanrd alamoechd ayen16an bengrevanditeithg  can
Therefore, sem conductor chips, of which

%ﬁf&@@ﬂ&ﬂ ahLonal: Fat-feet lirnaltlf—‘é rengddisn | ﬁBE@éﬁQl@ﬁ@Jar to

e transv rse rupture strengt is i nmpr oved, can

l in e
|sg¥3$%€%aé$r%9¥|con OX|§£ ofﬁggﬁéﬁﬁ1de%ﬂ%ﬁé|696;| h] th
{iﬁé ‘?}aéﬁgdf:é%flcﬁtg%ﬂ Re RS tiNve Y & ahed ys per {geebigr, by

performing the isotropic plasma etching as the plasma
etching for the removal of the corner portions on the
second surface side, the etching can be performed in the
direction along the surface of the Semicohductor wafer,
i.e., in the widthwise direction of the dividing regions,
and the removal of the corner portions can effectively be
achieved.

Therefore, all the ridgelines can be removed from
the formed semiconductor chips, and the curved convex
surface portions can be formed in the positions that
correspond to the ridgelines. Moreover, the curved convex
surface portions as described above can be formed not by
the mechanical processing of cutting, abrading or the like
but by plasma etching, and therefore, the occurrence of a
residual stress and a damaged layer can be prevented.

Therefore, semiconductor chips, of which the



by changi ng, for exanple, the kind of the gas, and the
renoval of the exposed insulating filmcan reliably be
wachicenneds Moreover, when the exposed insul ati RGTAPING/307997

is formed of silicon nitride, the exposed insulating
filmcan be etched concurrentlx with the etching
perfornmed for the renoval of t & corner portions.
Furt hernore, by enploying an insulating protective
sheet as a protective sheet adhesively placed to

rface t he senj conduct or waf er,

protect the first su f

A Ao ¢ SORSCEREE LooF FBEBBRD (1 t RERFAHEA ngnd  the
regions for the exposure of the insulating protective,

SHEBIS VTP & HARIg T ©rS AR Ui 1y YPREGTeSnecat dpe ngrewided.

a state in which the exposed insulating protective . _
sheet is eMBMe9\CRA 1 yvWbigar gble teppertednForidtong offilm is
t he sem conductor chips can be renmoved, and an effect '
sioinest ©b shélgbor endmis omedpelyéntideanthe cnsiketing film
Brief Description of Drawi ngs These and ot her aspects

arah fleat ppestafreflyepriedeat bynvearifonmivhy| thec gl sheaetching
fromthe foll owi ng description taken in conjunction

Vbt hchhrgphnef erfed esxhagilapntishd hériedfl of t hheef @aenceind the
to the acconpanying drawings, in which: Fig. 1is a

SIERITRLL CoSt I tifé Uratpoderiv sShewlag ihe £0N6t ramt i eelakbly be
a plasma processi ng apparatus according to

achieved.

Moreover, when the exposed insulating £film 1is
formed of silicon nitride, the exposed insulating film can
be etched concurrently with the etching performed for the
removal of the corner portions.

Furthermore, by employing an insulating
protective sheet as a protective sheet adhesively placed to
protect the first surface of the semiconductor wafer,
removing the portions that correspond to the dividing
regions for the exposure of the insulating protective sheet
and thereafter continuing the plasma etching in a state in
which the exposed insulating protective sheet is
electrically charged, the corner portions of the

semiconductor chips can be removed, and an effect similar

to the aforementioned effect can be obtained.

Brief Description of Drawings

These and other aspects and features of the
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a first enbodi mrent of the present invention; Fig. 2 is
a partially enlarged sectional view of the | ower

wehewinpde of the plasma processing apparat us eETBEPT06/107997

; Figs. 3A and 3B are schematic structural views of

the plasma processing apparatﬂf of Fig. 1 , where:

Fig. 3Ais a schematic struct 2l vi ew showi ng a state

in which the surface of the | ower electrode is charged

wi th negative charge by driving a power unit for

el ectrostatic attractjion, and Fig. 3B is_a schematic )

BEREEMNr af RVEBHL SRow h! a R8Ca%e | ¢ h@ditchfpPRsnBhes following
enerated in a processing chanber by driving a
%@@ﬁﬁl@é@e@ncyt@mr 4R t CORDYNCL AN g EhHRr othll ogkreferred
di agr am showi ng the construction of the control system
ehbogd menismatenepdt i withppeebetenoe Fig. the Riggompanying
is a schematic explanatory view for explaining the
priandinglse dfr avhglcisma di ci ng processi ng met hod used in

the first enbodi nent, showi ng a state i nwhich the

i nsul at i ngFfiigl.mli dsnat seshposdd o rsdmuant etadhivigvbaitaamng the
portion; Fig. 6 is a schematic explanatory view for
explsairnictd ohhe fora nel pea oprbbespliagmapdaebfds according to
processi ng nethod used in the first enbodi nent,

showirag ampbatigenft WH elha Qe nar Mafvan iios ;per f or med

with the insulating film

Fig. 2 is a partially enlarged sectional view of
the lower electrode of the plasma processing apparatus of
Fig. 1;

Figs. 3A and 3B are schematic structural views of
the plasma processing apparatus of Fig. 1, where:

Fig. 3A 1s a schematic structural view
showing a state in which the surface of the lower electrode
is charged with negative charge by driving a power unit for
electrostatic attraction, and

Fig. 3B 1is a schematic structural view
showing a state in which plasma is generated in a
processing chamber by driving a high-frequency power unit;

Fig. 4 is a control block diagram showing the
construction of the control system of the plasma generating
apparatus of Fig. 1;

Fig. 5 1is a schematic explanatory view for
explaining the principle of a plasma dicing processing

method used in the first embodiment, showing a state in
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exposed fromthe etching bottomportion; Fig. 7 is a
flow chart showi ng the procedure of a sem conductor

woabmriigizvi di ng net hod according to the first PCT/JP2006/307997

enbodi ment; Figs. 8A through 8C are schenmatic

expl anatory views of a sem conductor wafer show ng the
processes of a sem conduct or &R p manuf acturing net hod
according to the first enbodi nent, where: Fig. 8Ais a
view of a state before processing is started, Fig. 8B

is a viewof a state in which a protective sheet is ,
wahebi vdey igtutlat inthd LELY. 18C RQt aevPereef &t st iafching
which a resist filmis fornmed; Figs . 9A through 9C
hpttemhepntienexpl anatory views of the sem conduct or

waf er showi ng the processes of the sem conductor chip

manuf act ur Fag. nebhodscont i rokdmécdm Fiegpl8Catwirar eview for
Fig. 9Ais a view of a state in which a maskpattern
érpldehingnghdi vpdingipegi afs tlsef gplmetha FIDCi®B psoxwressing
view of a state in which a plasma dicing processing
hetheypasisdy ifhe t3id | €OPsOXiet®odEmearty,i edhomingand state in
Fig. 9Cis a view of a state in which a plasna dicing
Pheeassbhghf ebrnatebnf @snMBbire8rhedcarifinedhe insulating film
exposed from the etching bottom portion;

Fig. 7 is a flow chart showing the procedure of a
semiconductor wafer dividing method according to the first
embodiment;

Figs. B8A through 8C are schematic explanatory
views of a semiconductor wafer showing the processes of a
semiconductor chip manufacturing method according to the
first embodiment, where:

Fig. 8A 1is a view of a state before
processing is started,

Fig. 8B 1is a view of a state in which a
protective sheet is adhesively placed, and

Fig. 8C is a view of a state in which a
resist film is formed;

Figs. O9A through 9C are schematic explanatory
views of the semiconductor wafer showing the processes of
the semiconductor chip manufacturing method continued from

Fig. 8C, where:

Fig. 9A is a view of a state in which a mask



out; Figs. 10A through 10C are schematic explanatory
views of the sem conductor wafer show ng the processes
wohodshie2em conduct or chi p manuf acturi ng net ho®8CT/JP2006/307997

continued fromFig. 9C, where: Fig. 10Ais a view of a
state in which a silicon oxide_renoving process is
carried out, Fig. 10Bis a vieWwof a state in which an
ashing process is carried out, and Fig. 10Cis a view

of a state in which rounded portions are formed by

topi c etch Figs.. HA and HB are schematic
Qﬁ%l \AQ£i?%ﬁg He IR E FRATT W e@r 83w ng

t he processes of the sem conductor chip manufacturing

met hod cont i nuedGron?Fi ¢.s 18CVifteref m gStAtR ik awhich a
view of a state in which an adhesive sheet is stuck to
Pasiems] dblatiert -BrErees Hing eAPEoA¥De s bRIclihps sidniddn pxide is
HBis aviewof a state in which theprotective sheet
cergdeldedudf,f amdom a circuit-formationface; Fig. 12 is

a data table showi ng the plasma processing conditions

used for the pl &88ma d®Ci ng peoceEssi ngfofa astate in which a
sem conductor wafer; Fig. 13 is a schematic sectiona

vilewmaf #dheipbasimqearacessi fgrappsfeh USdrihad istrat €si ricarried

whi ch a
out;

Figs. 10A through 10C are schematic explanatory
views of the semiconductor wafer showing the processes of
the semiconductor chip manufacturing method continued from
Fig. 9C, where:

Fig. 10A is a view of a state in which a
silicon oxide removing process is carried out,

Fig. 10B is a view of a state in which an
ashing process is carried out, and

Fig. 10C is a view of a state in which
rounded portions are formed by isotopic etching;

Figs. 11A and 11B are schematic explanatory views
of the semiconductor wafer showing the processes of the
semiconductor chip manufacturing method continued from Fig.
10C, where:

Fig. 11A is a view of a state in which an
adhesive sheet 1is stuck to mask-placement-faces of

semiconductor chips, and

Fig. 11B is a view of a state in which the
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sem conductor wafer is |oaded; Fig. 14 is a schematic
sectional view of the plasna processing apparatus in a

webteaisa12424Whi ch a pl asma di ci ng processing i s earuPmde/307997

out; Fig. 15 is a schematic sectional view of the
pl asma processi ng apparatus in state in which a
pl asma ashi ng process is carri® out; Figs. 16A
t hrough 16C are schematic explanatory views of a
sem conduct or wafer show ng the processes of a

sem conduct or. chi p manuf act(gri n% net hod according to a .
SECSFEF ESodi et df tih%ejpﬁ" s@ht i IRt PorfiifiElte; formation-

Fig. 16Ais a view of a state before processing is

d@&ed, Fig. 16B is a view of a state in which a
protective sheet is adhesi vel%l pl aced, and Fig. 16Cis

a view of &ist-at@?Zi niwhi eh dakesisabiel nphewiny nethe plasma
Figs. 17A through 17C are schenmati c expl anat oryvi ews

ofrodes ssiegi condudtion swafserd strawitrite thlea e clissiesy gfrocessing
the sem conductor chi p manufacturing nethod continued

foform HegpicbBGuotvar etaffldry. 17A is a view of a state in

whi ch a nmask pattern for defining dividing regions is
formed, Fi gigl7B1Bs is Vieewsohemastat esédtidiLh &iew of the
pl asma dicing processing for exposing a polyimde film

IS asma processing apparatus in a state in which a
semiconductor wafer is loaded;

Fig. 14 1is a schematic sectional view of the
plasma processing apparatus in a state in which a plasma
dicing processing is carried out;

Fig. 15 1s a schematic sectional view of the
blasma processing apparatus in a state in which a plasma
ashing process is carried out;

Figs. 16A through 16C are schematic explanatory
views of a semiconductor wafer showing the processes of a
semiconductor chip manufacturing method according to a
second embodiment of the present invention, where:

Fig. 16A 1is a view of a state before
processing is started,

Fig. 16B 1is a view of a state in which a
protective sheet is adhesively placed, and

Fig. 16C is a view of a state in which a

resist film is formed;

Figs. 17A through 17C are schematic explanatory
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carried out, and Fig. 17Cis a view of a state in
whi ch a plasma dicing processing for notch formation

woO0mwanz42ed out; Figs. 18A through 18C are scheauuPmo6/307997

expl anat oryvi ews of the sem conductor wafer show ng

t he processes of the sem conductor chip manufacturing

nmet hod conti nued from Fi g. 17@2 wher e: Fig. 18Ais a
view of a state in which a polyimde filmrenoving

process is carried out, Fig. 18Bis a view of a state

in which an ashing process is carried qut, and Fig.

IBEY$ sO& \Hhew SeBvEoRAECEe At WafArwWSROW iPGunkly processes of
portions are forned by isotopic etching; Figs. 19A and

108 sewisehdiatirr ekpbamaroripaiiwiiibimepeod continued from
sem conduct or wafer show ng the processes of the

Begl coducwberehi p manuf act uri ng net hod conti nued from

Fig. 18C, where:Fig. 19A is a view of a state in which

an adhesi ve she®figis Iplzacesd en viwev nafk-mpl atete in which a
aent-faces of sem conductor chips, and Fig. 19B is a

Mbew phtaeshaferi devhhthgt HevaBohectbytoabeels iformed,
peel ed off fromthe circuit-formationface; Fig. 20 is

a flow chart shewyng i1 psocedui &y obra septaeaduat okhich a
waf er di viding nmethod according to a
plasma dicing processing for exposing a polyimide film is
carried out, and

Fig. 17C is a view of a state in which a
plasma dicing processing for notch formation is carried
out;

Figs. 18A through 18C are schematic explanatory
views of the semiconductor wafer showing the processes of
the semiconductor chip manufacturing method continued from
Fig. 17C, where:

Fig. 18A is a view of a state in which a
polyimide £ilm removing process is carried out,

Fig. 18B is a view of a state in which an
ashing process is carried out, and

Fig. 18C is a view showing a state in which
rounded portions are formed by isotopic etching;

Figs. 19A and 19B are schematic explanatory views
of the semiconductor wafer showing the processes of the

semiconductor chip manufacturing method continued from Fig.

18C, where:
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nodi ficati on exanple of the second enbodi nent; Fig. 21
is a schematic sectional view of a sem conductor wafer

wehowingiza sem conduct or chi p manufact uri ng nePoodP2006/307997

according to the nodification exanple of the second
enbodi nent; Fig. 22 is a flow chart show ng the
procedure of a sem conduct or fer dividi ng net hod
according to a third enbodi nent of the present

i nvention; Figs. 23A through 23C are schematic

expl anatory views of a sem conductor wafer show ng the

19 :
processes of a Zéfi-contftictdr EchiiPhenhf &ctifdHy #Bt Wodch an
according to the third enbodi nent, where: Fig. 23Ais
goeswvet aheeht dhePbrechr iesdhrg Maskratpegneptgfaces of
23Bis a view of a state in which an insulating
et eondye tore st ips , adivdsi vel y pl aced, and Fig. 23Cis
a view of a state in which aresist filmis forned,

Fi gs. 24A throudhig24Q % el schemaeivc odx | asbabey ini ehsich the
of the sem conductor wafer showi ng the processes of
plretsemicvendictedr ichigeabedf affufirog iichad mont i -ntednation-
fromFig. 23C, where: Fig. 24Ais a view of a state in
fhiceh a mask pattern for defining dividing regions is
formed, Fig. 24Bis a view of a state in which a

Fig. 20 is a flow chart showing the procedure of
a semiconductor wafer dividing method according to a
modification example of the second embodiment;

Fig. 21 1is a schematic sectional view of a
semiconductor wafer showing a semiconductor chip
manufacturing method according to the modification example
of the second embodiment;

Fig. 22 is a flow chart showing the procedure of
a semiconductor wafer dividing method according to a third
embodiment of the present invention;

Figs. 23A through 23C are schematic explanatory
views of a semiconductor wafer showing the processes of a
semiconductor chip manufacturing method according to the
third embodiment, where:

Fig. 23A is a view of a state before
processing is started,
Fig. 23B is a view of a state in which an

insulating protective sheet is adhesively placed, and

Fig. 23C is a view of a state in which a
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pl asma di ci ng processing for exposing an insul ating
protective sheet is carried out, and Fig. 24Cis a

woiew/10t42a state in which a plasnma di ci ng proceesuPm06/307997

for notch formation is carried out; Figs. 25A and 25B
are schemati c expl anatory viemg of the sem conduct or
waf er showi ng the processes of The seni conduct or chip
manuf act uri ng net hod continued fromFig. 24C, where:
Fig. 25A is a view of a state in which an ashing
proceii |§ carried out, and Fig. 25B is a view show ng

MatiSc H ITSRF ed portions are forned by
i sotopi c etching; Figs. 26A and 26B are schenmatic
expl anat or ¥ 1@iSews? $A f LhREUGENIZASn dEe oF ClRgRert ish owimkpnatory
the processes of the sem conductor chip manufacturing
esd onthausamicomdmicgor258 famhesowing 2bA ipyoresses of
view of a state in which an adhesive sheet is placed
e eemasidilcicenestio f agesfattsemmgongtibbdr asrifgsiued from
and Fig. 26Bis a view of a state in which the
iFnsul 2BCngwhreateect i ve sheet is peeled off fromthe
circuitformati on- face; Figs. 27A through 27C are
schemati c expl amdtar y29hews of aisenmcbngdustartaraier which a
showi ng a conventi ona

mask pattern for defining dividing regions is formed,

Fig. 24B is a view of a state in which a
plasma dicing ©processing for exposing an insulating
protective sheet is carried out, and

Fig. 24C is a view of a state in which a
plasma dicing processing for notch formation is carried
out;

Figs. 25A and 25B are schematic explanatory views
of the semiconductor wafer showing the processes of the
semiconductor chip manufacturing method continued from Fig.
24C, where:

Fig. 25A is a view of a state in which an
ashing process is carried out, and

Fig. 25B is a view showing a state in which
rounded portions are formed by isotopic etching;

Figs. 26A and 26B are schematic explanatory views
of the semiconductor wafer showing the processes of the
semiconductor chip manufacturing method continued from Fig.

25B, where:
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sem conduct or chi p manufacturing nmethod, where: Fig.
27A is a view of a state before processing is started,

woige/127841is a view of a state in which a maskrPoauPEne 307997

for defining dividing regions is forned, and Fig. 27C

Is a view of a state in which pl asma di ci ng

processing is carried out; Fig ©"28A and 28B are

schemati ¢ explanatory views of the sem conductor wafer
showi ng the processes of the sem conductor chip

manuf acturi ng nethod continued fromFig. 27C, where: .

Fig. 28A is a vitd@-of2&f stat& i Sthieh an Sstihgin which an
process is carried out, and Fig. 28B is a view show ng
adseside nSHAPEN ithePprELECtOWe thiveciask-pbarenepfffaces of
fromthe circuitformat ion- face ; Fig. 29 is a

el candicépiracgé®ssclagat i ¢ vi ew i nt he nei ghbor hood

of the dividing region of a sem conductor wafer in a

state in whi ch tthe.cé&fkents onalvisemodformustatewahewhich the
pl asma dicing processing is carried out; Fig. 30 is a
sokedatiagperspective whewt( iinclpedilegl @ ffarfral the circuit-
renmoval cross section) show ng the appearance of the
femmaanducttarcechi p forned by the sem conductor chip

manuf acturi ng nethod of the first enbodi nent; and

Figs. 27A through 27C are schematic explanatory
views of a semiconductor wafer showing a conventional
semiconductor chip manufacturing method, where:

Fig. 27A 1is a view of a state before
processing is started,

Fig. 27B is a view of a state in which a
mask pattern for defining dividing regions is formed, and

Fig. 27C is a view of a state in which a
plasma dicing processing is carried out;

Figs. 28A and 28B are schematic explanatory views
of the semiconductor wafer showing the processes of the
semiconductor chip'manufacturing method continued from Fig.
27C, where:

Fig. 28A is a view of a state in which an
ashing process is carried out, and

Fig. 28B is a view showing a state in which
the protective sheet 1is peeled off from the circuit-
formation-face;

Fig. 29 is a partially enlarged schematic view in
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Fig. 31 is a schematic plan view show ng the pl acenent
of aresist filmin a state in which rounded portions

wanesiiozared at corner portions by the sem condeCctTaP2006/307997

chi p manufacturing nethod of the first enbodi nent.
Best Mbde for Carrying Qut the hnvention Before the
description of the present i nvédti on proceeds, it is
to be noted that |ike parts are designated by |ike
reference nuneral s throughout t he acconpanyi ng

dr.awi ngs Her ei nbel ow, one emhodi nent, of the present
.t}hﬁerﬂ%wl?%ﬂb%%%r%eahﬁndaé’tléﬂrlgwrteﬁm@f &fer eSEBepRAUCTOX

acconpanyi ng drawi ngs . FI RST EMBODI MENT CONSTRUCTI ON

Gl fmrAShVA PROGESSE NERAPBARATUSh i gonvesfidwiad semiconductor
schematic structural view that schematically shows the
dErsy wretdsore ol Glipd asrRc 9 oides st higeppaired uwwullol used

for dividing a sen conductor wafer by a manufacturing

met hod f or Blem coldduct b cli ps sofhamad il r speesbeditiert view
of the present invention. It is noted that Fig. 1 is a
sChetatdinet pugtartalalVi ewmslvadi ngrass orgidtludimal showing the
sectional view of the plasma processing apparatus 101.
Tmgerasrae proctessheg apparainguiditr | schihe apamaidus by the
t hat manuf actures sem conductor chips by dividing a

SicIEYr Wadlelp ORahlifagthieihy- f REEBRbUONoff aCthe first
(first surface) of which a plurality of seniconductor
A RBRAE and

Fig. 31 1is a schematic plan view showing the
placement of a resist film in a state in which rounded

portions are formed at corner portions by the semiconductor

chip manufacturing method of the first embodiment.

Best Mode for Carrying Out the Invention

Before the description of the present invention
proceeds, it is to be noted that like parts are designated
by 1like reference numerals throughout the accompanying
drawings.

Hereinbelow, one embodiment of the present
invention 1is described in detail with reference to the
accompanying drawings.

FIRST EMBODIMENT
CONSTRUCTION OF PLASMA PROCESSING APPARATUS
Fig. 1 shows a schematic structural view that

schematically shows the construction of a plasma processing
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formed, into individual pieces of the sem conductor
chips that include the sem conductor devices. In a

weeonieas24f manuf acturi ng processes of the sen eondPID@B07997

chi ps as descri bed above, a protective sheet, which is

made of a material that is Ies§ et chabl e than, for

exanple, silicon that is the p ﬁncipal material of the

sem conductor wafer, is stuck to the

circuit-formation-face (i.e., the surface on which the
devices are fornmed) of the sem conductaqor wafer where
tQRP%ﬁﬂﬁ%ﬁn%R%t%?e@e§PEeglgﬂ@1PSrﬁe&qm%conduCtor wafer by a
devi ce-formati on-regi ons defined by dividing regions
g uning rvaghey éPﬁtﬁﬁ$NQW%X , Clhgs a Offaslihe first
for defining the dividing regions for separatlng t he

daRbosE eyt § orhe g eFren i ity el o dualt pieceetedobhat Fig.
t he sem conductor wafer is forned on a

rasks plaacembrmatace (veuuntralr raes) sharing shelongitudinal
surface opposite fromthe circuit-formation-face.

Tdet, icangdl asivew ed € hilneg pdrecoes S{pd @sawl 1py cogsstagls Sueh.  The
as plasnma dicing is carried out by the present plasna

lecessi pYcappayiaigls apphratulshe 10Qj edki vehe apparatus that
senm conductor wafer in the state. The constructi on of

trideh 8B Y OCesshAgoapnatat-us 18aips comsf et el viding a
described with reference to Fig. 1 . In the plasm

RS QERSHAE EPPanates, 10h ofn&i g4 rhulihe foRelade - Bice (first
vacuum chanber 1 serves as a processi ng chanber 2 for

CAlBHY QU PROERSS PBuCE1ERe QY eCddi¥@nductor devices are

formed, into individual pieces of the semiconductor chips
that include the semiconductor devices.

In a series of manufacturing processes of the
semiconductor chips as described above, a protective sheet,
which is made of a material that is less etchable than, for
example, silicon that is the principal material of the
semiconductor wafer, is stuck to the circuit-formation-face
(i.e., the surface on which the devices are formed) of the
semiconductor wafer where the semiconductor devices are
formed in device-formation-regions defined by dividing
regions arranged in a roughly grating-like shape, and a
mask for defining the dividing regions for separating the
device-formation-regions into individual pieces from the
semiconductor wafer is formed on a mask-placement-face
(second surface) that 1is the surface opposite from the

circuit-formation-face. Then, a plasma etching process
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sem conductor wafer and is able to forma seal ed space
for generating plasma under a reduced pressure. A

woawsriisizect rode 3 (first el ectrode) is pl acedpomirives/307997

| ower side inside the processing chanber 2 , and an

upper electrode 4 (second elegééode) I's placed above

the I ower el ectrode 3 and opp tely to the | ower

el ectrode 3 . The electrode 3 and the upper el ectrode

4 have a roughly cylindrical shape and are

concentrically arranged_in the processing chanber 2 .

TR ASBRe PrOCEST W UL RSaddd i Litidte 15 GRfered out by
its periphery is surrounded by insulating nenbers 5A

dh¢ SPUEIRRNGr ePLABMRay BES CRSEATEH t3PH3T3tYp tRE1 on  the
bottom portion of the processing chanber 2 and its
ectdvef seaifasmnduattaimivweagf athd robjhectstad-ee processed

is fixed exposed at the center portion of the bottom
portion of Thee provessiagichanbtef 2the Thelbhemer processing
el ectrode 3 is made of a conductor such as al um num
apgarachisddd la id sdorsiraiedet edgadd qubomtitdn Bafdoence to Fig.
retai ning the object to be processed and a col umar

Support portion 3b that protrudes downward fromthe

| oner surface of the electrode portion 3a and whose

one end i s 1hordmRd ERasehradesdend ppaacium cherher #ig. 1,

in an integrated state. Moreover, the support portion

e sidie g by et he vaeuum chamerr 11visardd ngyl at igbcessing
menber 5C, and the lower electrode 3 is attached to

thRmpREUUIN CATDRL, 1 iR A gﬁf}t S MU G 1 hA Sthe objective
el ectrically iInsulatéd by being thus retained.
semiconductor wafer and is able to form a sealed space for
generating plasma under a reduced pressure. A lower
electrode 3 (first electrode) is placed on the lower side
inside the processing chamber 2, and an upper electrode 4
(second electrode) is placed above the lower electrode 3
and oppositely to the lower electrode 3. The electrode 3
and the upper electrode 4 have a roughly cylindrical shape
and are concentrically arranged in the processing chamber 2.
The lower electrode 3 is placed in a state in
which its periphery is surrounded by insulating members 5A
and 5B that are two layers mounted to £fill up the bottom
portion of the processing chamber 2 and its upper surface
for retaining the object to be processed is fixed exposed
at the center portion of the bottom portion of the

processing chamber 2. The lower electrode 3 is made of a

conductor such as aluminum and includes a disk-shaped
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The upper electrode 4 is made of a conductor such as
alumnumsimlar to the |lower el ectrode 3 and i ncl udes

wa 20licsii2ehaped el ectrode portion 4a and a col urROaIP2006/307997

support portion 4b that protrudes upward fromthe

upper surface of the el ectrode portion 4a and whose

one end is forned exposed out siYe the vacuum chamber 1

in an integrated state. Moreover, the support portion

4b is electrically continued to the vacuum chanber 1

and nmade el evatabl e by an el ectrode el evation unit 24
F%@Qtﬁpﬁe 1B?rtllﬁ tﬁé elf&ct r 664 2dMavist | dhsunioPIegt  to  be
t he upper. el ectrode 4 is nmade el evatabl e between a
REPEESISGEdRRGY inl CRITRR D oSTRPORT t RAFtient R Gpgér Repfrudes
position of the elevation and where a | arge space for
Hewdivagdafddomnitbadilnyex sewifeordedt dhanaflectivodge@ettiion 3a
and the lower electrode 3 is forned and a di scharge
spdcevhoseatinen gogi tionfohmaedi sextpmsd¢dwentende the vacuum
position of the el evation and where a di scharge space
thampemerlat imgapl aisneeh sched get&be . pl asomegracessheg support
is formed between the upper electrode 4 and the | ower
pbectioade38 . ifhehellect bgde tekevatticvmminidchazddber 1 via an
functions as an interelectrode di stance changi ng neans

andulstabhentoperangse and rher eleel’ ededirgldance i} attached
(see Fig. 2 ) between the | ower electrode 3 and the

uBPeknel ecLEQER 4chymPBYi NG uphand down-d he UPRAIich it is
el ectrode 4. The detailed structure of the | ower

@h%@%&qggl§yaaﬂshh%tégﬂbgo%@EﬁbOEhW%f%@f% nkle obj ect

to be proceSsed
The upper electrode 4 is made of a conductor such

as aluminum similar to the lower electrode 3 and includes a
disk~-shaped electrode portion 4a and a columnar support
portion 4b that protrudes upward from the upper surface of
the electrode portion 4a and whose one end is formed
exposed outside the vacuum chamber 1 in an integrated state.
Moreover, the support portion 4b is electrically continued
to the vacuum chamber 1 and made elevatable by an electrode
elevation unit 24 (see Fig. 13). By the electrode
elevation unit 24, the upper electrode 4 is made elevatable
between a wafer loading/unloading position that is the
upper end position of the elevation and where a large space
for loading and unloading a semiconductor wafer between it
and the lower electrode 3 is formed and a discharge space
formation position that is the lower end position of the

elevation and where a discharge space for generating plasma
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are described next. As shown in Fig. 1, the upper
surface of the electrode portion 3a of the | ower

wehewimpde 3 is a planar retention surface (oneCENPIONG/E7997

of the retention portion) on which a sem conduct or

wafer 6 is placed, and an insq%ﬁting coating |ayer 3f

is provided around the entire rcunference of the

out er edge portion of the retention surface. The

insul ating coating layer 3f is fornmed of ceram c such

as alum na,_ and _the outer ed gportlon of the

|dﬁ§l9lh§tr|gﬁg f@6aﬂlﬁ§maa)}7é%oc§fss $£%drk |f£41§ﬁ%6%ﬁé3r"tﬁﬁ%ttl}? upper
an insul ating nenber 5A as shomn in Fig. 1 in a state

e opHroRler he  13Rer tcectPyge ?l%c%%@e& nsi Geet Rlectrode
vacuum chanber 1 . The outer edge portion of the | ower
sledatdee 3uist | Rulfamed ibnomaheapl dsvhergdsetardg idiistance
t he di scharge space by having the structure, and

atyaogimly ehestsi caid dilschalbphe dam l@élamga/eanedixﬁrmlectrode
bei ng generated. Fig. 2 is a partial schematic

skhctieona Vi esnsdolingg 2)sthatterdem Whehlbher electrode 3 and
sem conductor wafer 6 is placed on the | ower el ectrode

3hkef appepl asictdicddg 4i sbgt aictvdthg The Send caact Ohe upper
wafer 6 is a sem conductor substrate nade of a

Rilick¢iale mMat erial of, for exanple, silicon, and a
protective sheet 30 is adhesively stuck to a

circuit-formmat i g Aceq 63t LhéfsEeSWH aggl QBwéPeelectrode 3
surface (lower surface side in Fig. 2 ) of

se Cﬁ{@ugéﬁfcc\ﬁ\@éﬁétgr whRe@ %tfat’ﬁ'lé nrﬁé\‘?ée{? EBebe processed

sem conduct or wafer is placed ention surface

%QeOfdetéE%l%e%:tr{eggce. poggiggoﬁg Rﬂa‘f‘l'ggi 1, the upper surface

of the electrode portion 3a of the lower electrode 3 is a
planar retention surface (one example of the retention
portion) on which a semiconductor wafer 6 is placed, and an
insulating coating layer 3f is provided around the entire
circumference of the outer edge portion of the retention
surface. The insulating coating layer 3f is formed of
ceramic such as alumina, and the outer edge portion of the
insulating coating layer 3f 1is partially covered with an
insulating member 5A as shown in Fig. 1 in a state in which
the lower electrode 3 is mounted inside the vacuum chamber
1. The outer edge portion of the lower electrode 3 is
insulated from the plasma generated in the discharge space
by having the structure, and abnormal electrical discharge
can be prevented from being generated.

Fig. 2 1is a partial schematic sectional view
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t he upper surface of the |ower electrode 3, the
protective sheet 30 is to closely adhere to the

woebtmntiz«am surface 3g. The protective sheet 30PO@IP06/307997

construction that includes an insulating |ayer

obtained by formng an insulating fil msuch as

polyimde into a filmof a t hi ¢kness of about 100 mm

and is peelably stuck to the circuit-fornation-face 6a

of the sem conductor wafer 6 with an adhesive

mat er.i al. When the sem conductor wafer 6 to which the )
POV vE shkabe3dn sWBLGRK FRer IMIRRPYICENe IBidgr 6 is
electrode 3, the insulating layer functions_as a _
dleicest rpR itheel LevebhsEdEcERqde aft PedOineg Phesma dicing is
sem conductor wafer 6 by the retention surface 3g of
tHardlesbt r odBL porsis Balvas adesveifibed ¢ atler . avbsepyepnductor
with regard to the nmaterial of the protective sheet
3Wpsitirate prefler alff eat piglaigtala materiall tdbt ifeor essample,
etchable than silicon that is the principal material of

tshd isem,c amolct grrotafearive dilradiy el pladines vel pgstuck to a
descri bed |l ater. Mreover, a nask-placenent-face 6b

(slecarid -Aorimace)orfady chat hefinastkk tarfdekinid the surface
dividing regions (dividing lines) in the plasma dicing

stiage rdeseridied diaterin sikf.aced d5 HOWHetk Ot beor wafer 6.
opposite side (upper side in Fig. 2 ) of the

cinf GUid-deL mak | YR1ERCEnEAscThecrBSktbe {RF®d dYis placed on
abradi ng the surface on the side that becones the

RSRIACRIE L o f 0L 68y byr £AE ©13RLBaMUNUIN BS that is
the upper surface of the lower electrode 3, the protective
sheet 30 is to closely adhere to the retention surface 3g.

The protective sheet 30 has a construction that
includes an insulating layer obtained by forming an
insulating film such as polyimide into a film of a
thickness of about 100 pum and is peelably stuck to the
circuit-formation~face 6a of the semiconductor wafer 6 with
an adhesive material. When the semiconductor wafer 6 to
which the protective sheet 30 is stuck is retained on the
lower electrode 3, the insulating layer functions as a
dielectric in electrostatically attracting the
semiconductor wafer 6 by the retention surface 3g of the
electrode portion 3a as described later.

Moreover, with regard to the material of the
protective sheet 30, it is preferable to select a material

that is less etchable than silicon that is the principal
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described |l ater and thereafter patterning the surface
wWth a resist film3la, by which regions excluding the

woaodsiion4t hat correspond to the dividing regi eas/JPmo&s07997

subjected to the plasma etching are covered with the

resist film3la. That is, the %rtions that correspond

to the deviceformati on- regions-are covered with the

resist film 3la on the mask-pl acenent-face 6b of the

sem conductor wafer 6 , so that mask slit portions 31b

are arranged in the portions that correspond to the

Jrafishi ré?g’i orsS . SKBREOREHCTRE Sbdr i f FRYTing, fhife plasma
| ower electrode 3 has a plurality of attraction hol es

FE g Gperrbred k2@t ention surface 3g, and the

attraction holes 3e comunicate with a suction hole 3c

provi ded i Mexeoveper a& ectesderdacemestsifaae i n6ki g. (second
1, the suction hole 3c is connected to a vacuum
ststfiasrepuap Whidha thgasakknefeni defidnengvalieldilng regions
and the gas line swi tchover valve 11lis connected to an

N2 igaisdisuppl ines) tid I hdab]l suppl desiNg gasgeBjescribed later
switching the gas line switchover valve 11, the

Sikctp bancdd| es3preandede el €ed | ypbystoanedided (pddie side in
vacuum suction punp 12 or the N2 gas supply unit 13.

IFLgongetef hhesebesthng-tbemyacYHATsHEt i@, PUMPhd2nask is
by the gas |ine switchover valve 11 and driving the

VRGHEE UL t 419 U @ﬁ%iéhﬁféé@t&niﬁh¥mé£@etbﬁa§uﬁé%9ﬂes the

hol e 3c communi cates with the vacuum suction punp 12,

s 166N LAMICE OF s VR €51, 6 Blacedon WG PMEr  nachining  as
el ectrode 3 can
described later and thereafter patterning the surface with
a resist film 3la, by which regions excluding the portions
that correspond to the dividing regions to be subjected to
the plasma etching are covered with the resist film 31la.
That 1is, the portions that correspond to the device-
formation-regions are covered with the resist film 3la on
the mask-placement-face 6b of the semiconductor wafer 6, so
that mask slit portions 31b are arranged in the portions
that correspond to the dividing regions.

Moreover, as shown in Fig. 2, the lower electrode
3 has a plurality of attraction holes 3e that open on the
retention surface 3g, and the attraction holes 3e
communicate with a suction hole 3¢ provided in the lower
electrode 3. As shown in Fig. 1, the suction hole 3¢ is

connected to a vacuum suction pump 12 wvia a gas line

switchover wvalve 11, and the gas line switchover valve 11
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be held by vacuum attraction by effecting vacuum
suction through the attraction holes 3e. Therefore,

wohavcatite2act i on hol es 3e, the suction hol e 3c aau/JIPives/307997

vacuum suction punp 12 serve as vacuum sucti on means

for retaining the seniconductog waf er 6 by vacuum
attraction in a state in which3fhe protective sheet 30

is closely fit to the retention surface 3g of the

el ectrode portion 3a by effecting suction through the
attraction holes 3e that open on the retention surface

3§ &qu?ecr%%?oeﬁﬁcﬁqﬂo@él% supeovett by ddtadctsrgplies No
the N2 gas supply unit 13 by the gas |ine sw tchover

Pabve 13%@&16&#%@&i*ﬂgetﬁésS&éﬂeorﬁvwdwél%e%oVﬁﬁ@eNélr the
gas supply unit 13, the N2 gas can be gushed through
shetdory daliomhotas Be sgacasivehy ronpecdedf doe Wfe vacuum
the protective sheet 30. The N gas is the gas for

Isluowiiog pwrpose iont abdedf grscenpplygonnliy déparati ng

the protective sheet 30 fromthe retentionsurface 3g

as descri bao |cairerrethdyr éov ereleaast islyowhen v @uud su@&ion pump
refrigerant passage 3d for cooling use is provided in

ke bpwetheel gatr ddee3 swabdhbherr efalivger ant passadgevitdg the
I's connected to a cooling unit 10. By driving the

&aehiufg sttt okl pusp' af iigerant aeC A nasEeM | #19e Wal@lion hole
circulates in the refrigerant passage 3d, by which the

sen conduat @b teal ef;i6ni Stae0! YA tHEELOMRN pump 12, the
el ectrode 3 and the protective sheet 30 on the | ower

el PR IR WESh Ehg1herperat WiksS 1ower electrode 3 can
be held by vacuum attraction by effecting vacuum suction
through the attraction holes 3e. Therefore, the attraction
holes 3e, the suction hole 3c and the vacuum suction pump
12 serve as vacuum suction means for retaining the
semiconductor wafer 6 by vacuum attraction in a state in
which the protective sheet 30 is closely fit to the
retention surface 3g of the electrode portion 3a by
effecting suction through the attraction.holes 3e that open
on the retention surface 3g of the lower electrode 3.
Moreover, by selecting the N, gas supply unit 13
by the gas line switchover valve 11 and connecting the
suction hole 3c to the N; gas supply unit 13, the N, gas
can be gushed through the attraction holes 3e against the
lower surface of the protective sheet 30. The N, gas 1is
the' gas for blowing purpose intended for compulsorily

separating the protective sheet 30 from the retention
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are raised by heat generated during the plasma
processing. It is noted that the refrigerant passage

wGOdomnd242he cooling unit 10 serve as cool i ng nmeangprio0s/307997

cooling the |ower electrode 3 . Mreover, in the

pl asma processing apparatus 101 _of Fig. 1 , a vacuum

punp 8 is connected via an exhavst sw tchover valve 7

to an exhaust port la provided communicating with the
processi ng chanber 2 . By driving the vacuum punp 8 by
switching the exhaust sw.tchover valve 7 to the

SFAGSE SUES S Frikssdiaigchanber 2 of the vacuum
chanmber 1 is internally evacuated, allow ng the .
processi ng MHEHET 2 2F bENaY erifal IEL Becohpr esseefrigerant
Mor eover, the processing chanber 2 has a pressure

Passege2 84 ndorsheenliingFi gsel lsseerfivgded), iandtlby lower
controlling the vacuum punp 8 by a control unit 33
edestEicgle B,) atabdhichent drtgmrant tdwes drse S3dfig heonnected to
pressure neasurenent result ofthe pressure sensor 28,
thecpobdtegsiwmgiichafber Bycadrbeimgt efheal bgoling unit 10, a
deconpressed to the desired pressure. The vacuum punp

& effari gdecorpr esséion 49 tBeocllesyr edapeesswyiecante® in the
controlled by directly controlling the evacuation

akifiritge rent hes yageinm PUPy 8whi 8Bl tnby sesdik®dnd@tor wafer 6
exanpl e, a variable capacity type as the vacuum punp 8

Qk PEOYLEENG B @Reni NYvdegwialdrgwal ye fhut '{:ﬁléfl]gyrotective

valve etc.) in the evacuation path and indirectly

cRRLL0H R, tHg € tdinalidd ty Sy Gondy olld n&nﬁneeratures
opening. It is noted that the

are raised by heat generated during the plasma processing.
It is noted that the refrigerant passage 3d and the cooling
unit 10 serve as cooling means for cooling the lower
electrode 3.

Moreover, in the plasma processing apparatus 101
of Fig. 1, a vacuum pump 8 1is connected via an exhaust
switchover wvalve 7 to an exhaust port 1la provided
communicating with the processing chamber 2. By driving
the vacuum pump 8 by switching the exhaust switchover valve
7 to the exhaust side, the processing chamber 2 of the
vacuum chamber 1 is intermally evacuated, allowing the
prodessing chamber 2 to be internally decompressed.
Moreover, the processing chamber 2 has a pressure sensor 28
(not shown in Fig. 1, see Fig. 4), and by controlling the

vacuum pump 8 by a control unit 33 (see Fig. 4) described

later on the basis of the pressure measurement result of
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vacuum punp 8 and the exhaust sw tchover valve 7 serve
as an evacuation unit (deconpression neans) that

wonw@rinai2ky deconpresses the processi ng chanbePCRIPm06/307997

the desired pressure. Mreover, by switching the

exhaust sw tchover valve 7 to the atnospheric open

side, the atnosphere is i ntrodd€ed into the processi ng
chanber 2 through the exhaust port la, allow ng the

i nternal pressure of the processing chanber 2 to be

restored to the atnospheric pressure . The detail ed
dheucPEFESHE ©t RETer 281 et dBTrACFSS B crGiaPeiexe, can be
The upper. el ectrode 4 has a center el ectrode portion

AR terd anl an g aonnrsssed 4ftcondier udeedrel apressure. The

insulating filmprovided fixed to the outer periphera
PHRAUEh BinR e 9 e claameo wes 9kon ot uFheoudels i hed pressure can
el ectrode portion 4a. The annul ar nenber 4f has an

ioesi deondf awbted nhde dppeoxilyat eloptequdlintg ttiee evacuation
out si de di ameterof the el ectrode portion 4a of the

ipdri et exf rolde daamdni punpneéerittsieddl by argiangedfén @xample,
shape that expands outwardly of the circunferentia

sunfacienloie t bgphoiey €fpet aedehd vathemamimrs nerberoviding
4f plays the role of holding a di skshaped gas bl ow ng

ROY tddn g pragadakting heveie ceplefe PRIy i 08108 R .) in the
upper electrode 4 . The gas bl owi ng portion 4e

SHRRIAS & PHAERR g8NeHA i - 9Py EOht9618h AL Nhd! &8Buation
di scharge in the discharge space forned between the

Wpnar &) a6t reget fo@Mng the opening. It is noted that the

vacuum pump 8 and the exhaust switchover wvalve 7 serve as
an evacuation unit (decompression means) that internally
decompresses the processing chamber 2 to the desired
bressure. Moreover, by switching the exhaust switchover
valve 7 to the atmospheric open side, the atmosphere is
introduced into the processing chamber 2 through the
exhaust port 1la, allowing the internal pressure of the
processing chamber 2 to be restored to the atmospheric
pressure.

The detailed structure of the upper electrode 4
is described next. The upper electrode 4 has a center
electrode portion 4a and an annular member 4f constructed
of an insulating film provided fixed to the outer
peripheral portion of the electrode so as to surround the
electrode portion 4a. The annular member 4f has an inside

diameter made approximately edqual to the outside diameter
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the I ower electrode 3 . The gas blowi ng portion 4e is
a member obtained by processing a porous material that

wono@rnai2ky has many mcropores into a disk-IikReTahzpe307997

and is able to supply in a uniformstate the plasm
generating gas supplied into a gas retention space 4g,

whi ch is surrounded by the | owdf surface of the

el ectrode portion 4a of the upper electrode 4 the

upper surface of the gas blow ng portion 4e and the

i nner peripheral surface of the annular nmenber 4f, b ,
RRKTRg ERECEEONPPSEROP trowh S TP Sorigeodpdiend is
via the mcropores. A gas supply hole 4c that
CORfBRCEaCad L tar nagefhsiPefeniiant spek ggbagds outwardly
provided in the support portion 4b, and the gas supply

led| e cér@umﬁéce@giaé Wi tesrm géndhat i hyens edeppkpde 3.
unit placed outside the vacuum chanber 1 . The pl asma
Forerannprappambeus 4faspaafbr sthegasobapplfy uml di2PAa disk-
a second gas supply unit 20B, a third gassupply unit

206padd @afowrltdvigas soppliynunié 20Bcas aipl w allbtgrofcenter
gas supply units that individually supply gases of

ghofrc@ bant tkitheds updegas IAGM@ At i on (junction of

pi ping) 19 to m x the gasses supplied fromthe gas

supply uni tr$1e206\as2®Loﬂﬁ§garwbﬁﬁb@nalepugub?@i@@s a plasma

conposition into a uniformstate, and a gas flow rate

lRarkaliing Sgaki 0Ac21 %@ﬁérgﬁiﬁba0§ﬁa§ﬁé\AE&Dséﬂsr%%s in the
m xi ng portion 19 and the gas supply units 20A, 20B,

%%cﬁﬁ@fg%o%ﬁa{‘é’ei POLYLAUYd Y d SOULRL S RE SUPRLYrEdOWs  and
rates of the gases

the lower electrode 3. The gas blowing portion 4e is a
member obtained by processing a porous material that
internally has many micropores into a disk-like shape and
is able to supply in a uniform state the plasma generating
gas supplied into a gas retention space 4g, which is
surrounded by the lower surface of the electrode portion 4a
of the wupper electrode 4, the upper surface of the gas
blowing portion 4e and the inner peripheral surface of the
annular member 4f, by making the gas uniformly blow into
the discharge space via the micropores.

A gas supply hole 4c that communicates with the
gas retention space 4g is provided in the support portion
4b, and the gas supply hole 4c is connected to a plasma
generating gas supply unit placed outside the vacuum

chamber 1. The plasma generating apparatus has a first gas

supply unit 20A, a second gas supply unit 20B, a third gas
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supplied to the gas m xing portion 19. The gas fl ow
rate regulating section 21 has a first flowrate

woanieriot42val ve 23A that i ndependently regul at eBCTHR2006/307997

flowrate of the gas supplied fromthe first gas

supply unit 20A, a first on/ofg val ve 22A capabl e of
interrupting the gas supply, a Qecond flow rate

control valve 23B that independently regulates the
flowrate of the gas supplied fromthe second gas

supply unit 20B, a second on/off valve 22B capabl e of

ISR IMUpER ARG t4HE 988 dsuppFoLuraht nged Wk Yat BRéSnt7 P as a
val ve 23C that independently regulates the flowrate

Fluted igas SdippPred FERRAY henifis dtgad sippiyidnptly supply
20C, a third on/off valve 22C capable of interrupting

e qfa® s Gigi e reantf dumds f lcowasatiel xiord rdr Madve(R8rtion of
that independently regulates the flow rate of the gas
Supplnoad 9 obet hexf dinet lyagase ssuppdyl Ledt f20D dhe ayas supply
fourth on/off valve 22D capable of interrupting the
gasidispp2 §A, TREOBependdgandnt2roal and tdher onhef fasondongbosition
of the valves are executed by the control unit 33

deger i beduhaferm Theapéasmmdr ecesgisngrapparadtus Wgulating
of the present first enbodinent is able to supply, for

ocifllon 224 Wi hexalddswodegas {rExjad memide portion 19
first gas supply unit 20A, helium (He) fromthe second

g3y SUPR! Y guBi t sZ2EB1 yoxyaeRs( gl froant hexphi rghg@aszop  and
supply uni t 20C and frifl uorone t hane (CHF3) fromthe

IR BR3 1SHPRE Yo it d s 260 TheRhASHBL,9eperati B 935 gases
supply units constructed as above
supplied to the gas mixing portion 19.

The gas flow rate regulating section 21 has a
first flow rate control valve 23A that independently
regulates the flow rate of the gas supplied from the first
gas supply unit 20A, a first on/off valve 22A capable of
interrupting the gas supply, a second flow rate control
valve 23B that independently regulates the flow rate of the
gas supplied from the second gas supply unit 20B, a second
on/off valve 22B capable of interrupting the gas supply, a
third £low rate control valve 23C that independently
regulates the flow rate of the gas supplied from the third
gas supply unit 20C, a third on/off valve 22C capable of
interrupting the gas supply, a fourth flow rate control
valve 23D that independently regulates the flow rate of the

gas supplied from the fourth gas supply unit 20D and a

fourth on/off valve 22D capable of interrupting the gas
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makes it possible to individually regulate the flow
rate of the gas(es) supplied fromone or a plurality

woho@as2eupply units selected fromthe gas suppCy/Jerw0é/307997

20A, 20B, 20C and 20D by the gas flow rate regul ating
section 21, supply a m xed gas éﬁr singl e gas) of the
desired gas conposition and fldw rate to the gas
m xing portion 19 and supply the gas (m xed gas) m xed
in the gas mxing portion 19 into the discharge space
t hrough a gas supply hol e 4c as _retention space 4
artPRl Ygas %V\?Eﬁ%nb‘é‘{ft?%tﬁ‘éi R/B% Srér Or’o’y? Gt L Of the
only the supply flow rate w thout changing the gas

H6h e¥e@ited Ry gde Appiset atnbt b38 udesgriped later.
function of the gas flow rate regul ating section 21
that can i fdievi dubdsne r ggodeeesing f ppwaratesof lddch of the
gas, the internal pressure of the processing chanmber 2
¢are s tc ohitrso | enbodimennci et eplby toomtupplllyi, nfdthesxgasple, a
flow rate regul ating section 21 by the control unit 33
cntleirhasesabluarpresetaspr €S8y e faandi then @kt hgas supply
i nternal pressure of the processing chanmber 2 detected

hyn itthe2 g esser eus e(Eey 28omt HRei Beebnal JRessiprE wiunit 208,
the processing chanber 2 can be regul ated to coi ncide

Wiydrhe [@,¢ssyiencortet | @nirBherRfor esuddle, gagmfd oveoc  and
rate regul ating section 21 concurrently has the

Frunci i@ dfe 1R atding) tﬁgoﬁorﬂ@l@s'ﬂdmwfgééﬂes%ly unit 20D.
supplied into the proceSS|ng chanber 2 and t

et 107 (%e‘i’fétrra‘% i G &P B nali £ eébsﬁg&@étécﬁ] as above
proceSSIng C .

makes 1t possible to individually regulate the flow rate of
the gas(es) supplied from one or a plurality of gas supply
units selected from the gas supply units 20A, 20B, 20C and
20D by the gas flow rate regulating section 21, supply a
mixed gas (or single gas) of the desired gas composition
and flow rate to the gas mixing portion 19 and supply the
gas (mixed gas) mixed in the gas mixing portion 19 into the
discharge space through a gas supply hole 4c, a gas
retention space 4g and a gas blowing portion 4e.

Moreover, by changing only the supply flow rate
without changing the gas composition, i.e., the gas supply
ratio by using the function of the gas flow rate regulating
section 21 that can individually regulate the flow rate of
each gas, the internal pressure of the processing chamber 2

can be controlled. In concrete, by controlling the gas

flow rate regulating section 21 by the control unit 33 on
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Mor eover, as shown in Fig. 1, the |ower electrode 3
is electrically connected to a high-frequency power

wanode/11742vi a a matching circuit 16. By drivi ngrcingPr2006/307997

hi ghfrequency power unit 17, a high-frequency voltage

I's applied between the upper electrode 4 that is
electrically continued to the %9cuum chamber 1
grounded to a grounding portion 9 and the | ower

electrode 3. A s aresult, plasma discharge is

enerated in_the di scharge space between the upper
%Q§n9%ﬁk§495né HE ISt - T VLS 0BG fhophend the internal
processi ng chanber 2 , and the plasma generating gas
HIsEd | ffo the ppBeESEPARIchahBBPeZ ndkedehected by the
transition to the plasma state. Mreover, the matching
HOaEAUr el 6 et S f et ilov eomatatwhd septche § ipeelaproecessing
of the plasma discharge circuit in the processing

chantber 2 weeh tde heghldtequéencycqovweirdainvi ti7 tate thwessure
time of generating plasma. In the present enbodi nent,
tdvendiitglonf.r e eneyfoowsr tie tgak/ #Elnev the:areteedi gt ing section
circuit 16 serve as one exanple of the high-frequency

Eavercapplytaigc devi hes FuhldherfumctXomowsr umidgul&tfidly the
electrostatic attraction is connected to the | ower

elegidsaae on W e s iddgy i Byvedrind irddhes g chamber

power unit 18 for electrostatic attraction, the

surdracerd fhect p¥RT o £l 86HELHE13nkS tRRAKISE MWD pressure of
negative charge (indicated by "-""in the figure) "as

o elhe i<G- wi ew of the plasma processing
appara?ug 1O{E€?§%?%k 3A. A s shown in

Moreover, as shown in Fig. 1, the lower electrode
3 is electrically connected to a high-frequency power unit
17 wvia a matching circuit 16. By driving the high-
frequency power unit 17, a high-frequency voltage 1is
applied between the upper electrode 4 that is electrically
continued to the vacuum chamber 1 grounded to a grounding
portion 9 and the lower electrode 3. As a result, plasma
discharge is generated in the discharge space between the
upper electrode 4 and the lower electrode 3 in the
processing chamber 2, and the plasma generating gas
supplied into the processing chamber 2 makes a transition
to the plasma state. Moreover, the matching circuit 16 has
the function of matching the impedance of the plasma
discharge circuit in the processing chamber 2 with the
high—frequency power unit 17 at the time of generating

plasma. In the present embodiment, the high-frequency
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the schematic view of the plasma processi ng apparatus
101 of Fig. 3B, if a plasma 34 (indicated by the

wdabdead2qaertion in the figure) is generated i nPCIEP2006/307997

processi ng chanber 2 by driving the high-frequency

power unit 17 in this state, a direct current

application circuit 32 that cohnects the seni conduct or

wafer 6 placed on the retention surface 3g via the
protective sheet 30 to the grounding portion 9 is

formed via th% plasma_34 in the processing chanber 2 .

Rowex r@_hft 1/a @rdsédeci PetchiRhatCidediint L&l I§eTVve as one
connects the |ower electrode 3, the RF filter 15, the
BEagewer odnithe181pbr falestiansst Rove ratantdotingh deHee -
groundi ng portion 9 , the plasma 34 and the

seni conductferthefrer & D f ppwed, wndt t B séatconldagiimystatic
wafer 6 is charged with positive charge (indicated by
attriggttilea fisgureinectitkerto atlGul owbrf eleetirakles 3 via an RF
ef fect between the negative charge "-" in the

reflértd orl s.ur f acky 3gdefiviihgl owdre elBet rodeed fandied afs  for
a conductor and the positive charges "+" in the

s@rictandieide wadetrdcivien} he thieot eshrvecsheeaif 30thbat lower
includes an insulating layer as a dielectric, so that

thecseiceorslucs orhvehen &iith redqdtiege oAhbRgel QWRHicated by
el ectrode 3 by the Coulonb force. At this tinme, the RF

it & 18nor eyenks) t e radies f{8aueRcYs Ml A86: 0hikheor the
radi o-frequency power unit 17 from being applied

Shssstl loud ek Boyeeeitt 148 Iof BLEE! iRl G chown in
REWETs e tl® FP{ew of the plasma processing apparatus 101
of Fig. 3B, if a plasma 34 (indicated by the dotted portion
in the figure) is generated in the processing chamber 2 by
driving the high-frequency power unit 17 in this state, a
direct current application circuit 32 that connects the
semiconductor wafer 6 placed on the retention surface 3g
via the protective sheet 30 to the grounding portion 9 is
formed via the plasma 34 in the processing chamber 2. As a
result, a closed circuit that sequentially connects the
lower electrode 3, the RF filter 15, the DC power unit 18
for electrostatic attraction, the grounding portion 9, the
plasma 34 and the semiconductor wafer 6 is formed, and the
semiconductor wafer 6 is charged with positive charge
(indicated by "+" in the figure).

Then, a Coulomb force takes effect between the

negative charge "-" in the retention surface 3g of the
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el ectrostatic attraction nmay be reversed. A's
descri bed above, in the plasna processi ng apparat us

waQdoe/titwe4 conmponent s that substantial ly contri Parapr1006/307997

t he generation of the plasma can also be referred to

as a plasma generating apparatus. Mreover, in the

above construction, the DC pomé? unit 18 for

el ectrostatic attraction serves as an electrostatic
attraction neans for electrostatically attracting the
sem conduct or waf er by utilizing the Coul onb force

Jr%‘(feﬁc aReQCEF LRt 3beft‘Wé%9r§jtﬁ§ Senf LRFATER Br aRaf drhe positive

and the retenxlon surface 3g of the [ower electrode 3
CR#HIZSS arte’ siéparha écﬁraagﬁqrrﬂglqﬁ@f af2fele GHekz Boe pyotective
applylng a DC voltage to the lower electrode 3 . That

isheadi (3P ridgdr dnoludes rast eimswienbansldver res ak nilhglectric,
t he sem conductor wafer 6 on the | ower electrode 3 ,

tdre thet tiipessehichedwacounwsiietri én irears diogred/asuurhe lower
attraction ofthe protective sheet 30 via the plurality

af L extttuoaizt | ®nblyol Ese 3eotihamboferan. t hatr efleid | @Ame, the RF
surface 3g and the electrostatic attracti on nmeans can

pridpesd y 1lse pseenivdr eeter, radiefrirgguantypassagagdd of the
for cooling use is provided in the upper el ectrode 4

asdiv-Afe Ry ebesdr odaid 1angréhepeehyl %ﬁ%ﬂrﬂted directly
passage 4d is connected to the cooling unit

ref riger ot pswek aﬁqlctoqls %WE@Ec%BQHB@E@S Attt A& ion. 1t
refrlgerant passage 4d by driving the cooling unit 10,

and f6tsamkes | £nRosY1RLE P SPOltHdepe power unit 18 for

electrostatic attraction may be reversed. As described
above, in the plasma processing apparatus 101, the
components that substantially contribute to the generation
of the plasma can also be referred to as a plasma
generating apparatus.

Moreover, in the above construction, the DC power
unit 18 for electrostatic attraction serves as an
electrostatic attraction means for electrostatically
attracting the semiconductor wafer 6 by utilizing the
Coulomb force that takes effect between the semiconductor
wafer 6 and the retention surface 3g of the lower electrode
3, which are separated by the protective sheet 30, by
applying a DC voltage to the lower electrode 3. That is,
with regard to the retention means for retaining the
sem{iconductor wafer 6 on the lower electrode 3, the two

types of the vacuum suction means for vacuum attraction of
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upper el ectrode 4 whose tenperature has been el evated
by heat generated during the plasma processing.

woOhomauenrs an opening | b for | oadi ng and unl oadCngPiob&307997

sem conductor wafer 6 that is the object to be
processed is provided on the side surface of the
processi ng chanber 2 (see Fig.4f3) . A door 25 that is
noved up and down by a door opening/closing unit 26 is
provi ded outside the opening Ib, and the opening Ib is

%Pened and cl osed by noving up and down the door 25. ,
R Profens i¥estHeet n3fhi Cha t fdes el ebnbiieY oo fwapBEraction
6 is | oaded and unl oaded with the opening |Ib opened by

MASYy dewithale @ser X bbeher gbertbpenisvg/icicssi Ag and the
unit 26. Mreover, as shown in Fig. 13, a space for
Oz use 25t madurad mermeenat herappely ebectsede

4 and the | ower electrode 3 by noving up the upper

el ectrode AMdyedver el ectratiel gbesat i passhaige 24dt dfor cooling
position the el ectrodein the wafer |oadi ng/unl oadi ng

poss tisnpdorvidgd He |tdesi ngpand dldgadideg of akhdn the lower
sem conductor wafer 6 . In this state, a suction head

Xlddatods JuUckidgand ot diérgat Hep S£54 §ONIYICL OT c¥Rf8Eted to
6 is made to enter the processing chanber 2 via the

opeNi @go 1 bnyuaper abi.ng ANy AL AL gdaanBy shibhs QPEMI QY water
the | oadi ng of the sem conductor wafer 6 onto the

Ll 80 e datbe U ont leslpd TOE TR ing  che
RYJOMBdunit 10, and this makes it possible to cool the
upper electrode 4 whose temperature has been elevated by
heat generated during the plasma processing.

Moreover, an opening lb for loading and unloading
the semiconductor wafer 6 that is the object to Dbe
processed is provided on the side surface of the processing
chamber 2 (see Fig. 13). A door 25 that is moved up and
down by a door opening/closing unit 26 is provided outside
the opening 1b, and the opening 1b is opened and closed by
moving up and down the door 25. Fig. 7 shows a state in
which the semiconductor wafer 6 is loaded and unloaded with
the opening 1lb opened by moving down the door 25 by the
door opening/closing unit 26.

Moreover, as shown in Fig. 13, a space for
conveyance use is secured between the upper electrode 4 and

the lower electrode 3 by moving up the upper electrode 4 by

the electrode elevation unit 24 to position the electrode
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CONSTRUCTI ON OF CONTROL SYSTEM The construction of the
control system of the plasma processing apparatus 101

woOhads/thar4t he above construction i s descri bed REXP2WOE/B07997

reference to the bl ock diagram of the control system

shown in Fig. 4 . As shown in Fig. 4 , the contro

unit 33 has a storage section 6% that stores various

data and a processing programand a process contro

section 91 that executes control of the plasm

processi ng_by executing the operatign control of the ,
Y&t @Hédb@%éﬁﬁlﬁﬁééégsPﬁ§15ﬁ6§réFH§1¥DIUH% loading

the basis of these data and processing program The

ATt age ceeii D D rhey $raaxt gt P oressy n% cobdi Ehohsstate,

81 (allowed to be plasma conditions or operating

Gondiudtory) ameledn dper bhpbn psogsawkddof arte phakiing the

processi ng, and the process control section 91

eeaduoesiicgity olwadert hé plasmeaqe odessengeon the bastsessing

of t he operation program 82 and the plasma processing

ciragideirorns Bila Aheoppeatngn/Iinput seetaoin4ahns atrhe27a. By

i nput means such as a keyboard and executes data input

afhitsheopd BSBop) 0CRSSI NG diONgli bfonhandesOcondadtdor wafer 6
I nput of operating conmands. A display section 93 is a

Erl ayhdeviieRerWhetBclirspleays azgHi denscreeNoalingo of the
on at the tine of operation input. Al though not shown,

idrorRs 8 & SRASRONNRS ! REy €aNtd Ol sdii dodBi d¥aSr 8levices) are
external input/output interface and exchange of

iﬂggyagﬁgdqn with the outside of
CONSTRUCTION OF CONTROL SYSTEM

The construction of the control system of the
plasma processing apparatus 101 that has the above
construction 1s described next with reference to the block
diagram of the control system shown in Fig. 4.

As shown in Fig. 4, the control unit 33 has a
storage section 92 that stores wvarious data and a
processing program and a process control section 91 that
executes control of the plasma processing by executing the
operation control of the components of the plasma
processing apparatus 101 on the basis of these data and
processing program. The storage section 92 stores plasma
processing conditions 81 (allowed to be plasma conditions
or operating conditions) and an operation program 82 of the
plasma processing, and the process control section 91

executes control of the plasma processing on the basis of



10

15

20

25

the device is perfornmed. In this case, the plasm
processing conditions used in the plasma processing

wappwriazaas 101 of the present first enbodi ment PC$/JP2006/307997

descri bed. The plasma processing steps carried out in
the present first enbodi nent ingludes mai nly four
processing steps of a plasma dr i ng processing (or
pl asma et ching processing) , an insulator renoval
processi ng, a mask renoval processing and a corner
qg&%ion renpval processing (second corner portion )
rdifov aPP P DB i NPT AEEER betd | adRf) 5BSdedstdPEr Processing
| ater. Moreover, in the plasma dicing processing, two

i teps B aperasipar spPEkpEsGitd opr fbesst ighe input
and a first corner portion renpval processing (or
mseets f oueRt Ben Pprierbobng) and eseriledsowatsy input of the
perform ng plasma etching as described |ater, and
plleswe processisigacordintdignisogd fard cava yigwy ocamdt hiemput of
processing steps are prelimnarily individually
dgtegrahimed. tommendset e, At hél gbasya sprotdessi B9 is a display
conditions 81 are determ ned by conbi nati ona

clenvdidd, ongiafh dichlexam guide gaseaomasidd osn ot thee time
pl asma generating gas, the pressure inside the

RIocasst g ehaibeit 2 and tadgph ddemieney, (dtsahar 8@ a case
frequency) applied between the upper el ectrode 4 and

bR doweheel @6t Rde InitVOBEOVIRLs 1R tBRLBLASAR input/ocutput
processi ng apparatus 101 of the present first

enRQAI AR o A MO L ¥RES AT o8t Y AG- S B Ut Y il 8 ge of

etching characteristics of anisotropic
the device is performed.

In this case, the plasma processing conditions
used in the plasma processing apparatus 101 of the present
first embodiment is described. The plasma processing steps
carried out in the present first embodiment includes mainly
four processing steps of a plasma dicing processing (or
plasma etching processing), an insulator removal processing,
a mask removal processing and a corner portion removal
processing (second corner ©portion removal processing
described later) as described later. Moreover, in the
plasma dicing processing, two processing steps of an
insulator exposure processing and a first corner portion
removal processing (or notch formation processing) are
carried out by performing plasma etching as described later,
and plasma processing conditions 81 for carrying out the

processing steps are preliminarily individually determined.
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etching that has a nore intense etching characteristic
in the direction of thickness than in the direction

weahowgi1242¢ surface of the sem conductor wafer BCTUPE6/307997

etching characteristic principally effected in the

di rection of thickness) and is%topic etching that has

a roughly equivalent etching c Sracteristic in the

direction along the surface and the direction of

t hi ckness are used as the plasnma etching. In concrete,

in the plasma dicing processing, the insulator |
e@(bosqﬂrgjlfﬁ%'esst’r% FE e RFPePSPbrYi orPrehblans 81 are
processing are carried out by performng the

HRDTMEHT Y TR 1 s el bhems pp BeceEar ngxample, the
conditions, and the second corner portion renoval

FaT esFipws 1 51l ear of ethoub lBprperdesyaniaig nchesd ot olpe cpressure
etching. Here, intensity of the etching characteristic
ingide dithect iroe asfs stihigc k cbsgbies: expr essedaashigh, &ndquency
intensity of the etching characteristic in

t B clentgonf md@nend e e fiaod lodtwden seme coppleict ol ectrode 4
wafer 6 is expressed as "B", it is desirable to set

ratd ashdetoveen A ctarutie B, for the respective types of
etching as follows, For the anisotropic etching: A/B >

10 For theNsi®opde, el:htRE: pazmd/ Brocks@iaexaipheatus 101
of the plasma processing conditions 81 as descri bed

&prﬁhéngfé%‘é&ti neihe dahgoahbatof t_FvJog-t%ﬁs Act shaWling of

in Fig. 12, plasna processing conditions for the
HUSHIQPI §1 8EEPLAY U@ d NSHLALBEPXPPSULE of anisotropic

etching that has a more intense etching characteristic in
the direction of thickness than in the direction along the
surface of the semiconductor wafer 6 (i.e., etching
characteristic principally effected in the direction of
thickness) and isotopic etching that has a roughly
equivalent etching characteristic in the direction along
the surface and the direction of thickness are used as the
plasma etching. In concrete, 1in the plasma dicing
processing, the insulator exposure processing and the
corner portion removal processing are carried out by
performing the anisotropic etching on the same plasma
processing conditions, and the second corner portion
removal processing is carried out by performing the
isotopic etching. Here, intensity of the etching
characteristic in the direction of thickness is expressed

as "A", and intensity of the etching characteristic in the
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processi ng and the corner portion renoval processing
are provided by the conbinational conditions that the

wgasoegiozqosi tion of the mxed gas (i.e., m xtuPETURI0@307997

of the gases) is constituted of SF6 and O2- at a ratio

of 10 : 2, the pressure is 100_Pa and the frequency

is 60 MHz. Moreover, plasm prégessing conditions 81B

for the isotropic etching are provided by the

conbi nati onal conditions that the gas conposition is

constituted of SF and He_at a ratio of 10 : 30, the _
e 25000 Phar ke requehe yS¢B1qanadecips . wafer 6 is

conditions other than those of the plasma dicing

PTGy, 29 hdb'e ikt afs i dreietleke rg@eseat stahtesppetween "A"

bet ween the upper electrode 4 and the | ower el ectrode

Fand 4Rl for Exenptspect Vg Uevges sefreeittloimg eaanfollows,

interel ectrode distance DI) considered to b e optinmum

within a range afosn ithe Hhisnasophe éindlerel ectrpEe> 10

di stance D is set as the plasma processing conditions

81A and 81B. Mor emsershepl asdieopi @ Cessh gy condi ta,ans 81C

for the insulating filmrenoving process are provi ded

by the conmumat eaableond tilnspthahat @S sing conditions

conposition is constituted of CHF3 at a ratio of 20,

tde gy eksieibsd HbdRa and dhed r BIUeReYd4d6a 18290 ME Fig. 12.
when silicon oxide (SiQ2) is used as the insulator as

descsnbed hat in-g.quzt,hegfla&hésﬁ@oléég‘é@ﬁ%i RGERRAiIddONBIA for
81D for the mask renoval process are provided by the

o010 TERASKRLGEAR AR (B 5 COMERLLE? | Sxposure
processing and the corner portion removal processing are
provided by the combinational conditions that the gas
composition of the mixed gas (i.e., mixture ratio of the
gases) 1is constituted of SFs and 0O, at a ratio of 10 : 2,
the pressure is 100 Pa and the frequency is 60 MHz.
Moreover, plasma processing conditions 81B for the
isotropic etching are provided by the combinational
conditions that the gas composition is constituted of SFe
and He at a ratio of 10 : 30, the pressure is 500 Pa and
the frequency is 13.56 MHz. As conditions other than those
of the plasma dicing processing, there is an interelectrode
distance D between the upper electrode 4 and the lower
electrode 3, and, for example, a value (assumed to be an
interelectrode distance D1) considered to be optimum within

a range of 5 to 50 mm as the interelectrode distance D is

set as the plasma processing conditions 81A and 81B.
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pressure is 50 Pa and the frequency is 13.56 Miz.
Mor eover, a value (assuned to be an interel ectrode

wdizedcanze4 D2) considered to be optimum wi t hi n aCTaPe6/307997

of 50 to 100 mmas the interelectrode distance Dis

set for the plasma processing condltlons 81D for the

mask renoval process. Moreover, 48 he pl asma processing

conditions 81 include the condition of a processi ng

time. Moreover, although the selective execution of

(or swi tchgver between) the anisotropic etching and

the i sot ror}‘f[%r%?%?ﬁngﬂlﬁsﬁf}?e Brasfasdnei mpPpibeesns nglC for
e., .the_selective execution of the etching

c%%ﬁ at BRI 3EARIsHOUIMY PPRPEHBEI PrsEeschi @edpPBpvided by the

alternatively selecting the plasma processing

cenfh inankoB A ofor@bt pdasm thesceddieng arondi tompes BIBN  is

deternmi ned by the conbi nati ons of the gas comnposition,

t¢enPrictsied ahdCihe at equeritio asf RScrilbedpabsverethe 50 Pa

sel ected paraneters are not limted tothe conditions.

| andreiyhdef me gasecywhes €1 3 hg6 seHectvhee exédubhobxdfdet H81i0.) is

etching characteristic can be achi eved even when only

ane=dpasi@neher iabulhvorexanuedcrtitedgasteanposititier, plasma
the pressure and the frequency is selectively sw tched

iprqdeanei i Soehi el easeslborotrhe ree e %r&gvéi‘eprocess are
etching characteristic, the gas conposition is the

nRsdvieddectdye wry a@%&r\%ﬁ’na%ri@ntarle senend iand tIEt’:'h (E the gas
nost effective paraneters are the pressure and t

fécﬁt@ﬁt%hoélloﬂeigecééﬂseéi)’tug&ﬁ &ang] at\/\’héenrtal%%o of 20, the

sel ective execution of
pressure is 50 Pa and the frequency is 13.56 MHz. Moreover,

a value (assumed to be an interelectrode distance D2)
considered to be optimum within a range of 50 to 100 mm as
the interelectrode distance D 1is set for the plasma
processing conditions 81D for the mask removal process.
Moreover, the plasma processing conditions 81 include the
condition of a processing time.

Moreover, although the selective execution of (or
switchover between) the anisotropic etching and the
isotropic etching in the plasma dicing processing, i.e.,
the selective execution of the etching characteristic
should preferably be achieved by alternatively selecting
the plasma processing conditions 8lA or the plasma
processing conditions 81B determined by the combinations of
the gas composition, the pressure and the frequency as

described above, the selected parameters are not limited to
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the etching characteristic is performed by only

changi ng the gas conposition, the switchover fromthe
wani@atizapi c etching to the isotropic etching eanip20e6/307997

achi eved by changing the gas conposition of SF6 : Q2 :

He from10 : 2 : 0O to 10 : O : 30. Mreover, when the

sel ective execution of the etcﬁ?ng characteristic is

performed by only changing the internal pressure of

the processing chanber 2 , switchover fromthe

ani sotropic.etching to the isotropic etching can be .

ad¥si eGeBIBY IPREr easithg FRE Rresduréase. gheng oo eective

to 500 Pa) . Moreover, when the selective execution of

e @ttdiithgoéhdiect eErbing i shpeateweatby omly be achieved

changi ng the frequency of the high frequency,

SWietchoen fowhy t lkecanbssemeies edvthi ntpn o eeaple, the gas

i sotropic etching can be achi eved by | owering the

focgypeeridyi dre. gihe froms $0r &Hantlo the. F&eMuancy tis sselectively

noted that, for exanple, a high-frequency out put

(sevigchegetinniglhice @@ angth of &k L 03Q00 N9 @@ @RS of the

supply flow rate are al so used as a paraneter besides

these near enetecBer Mot ey Ertha@s ghlle GaspsOMPOsht i) £BE most
the anisotropic etching, it is preferable to use a gas

CEFTREHiON Sakedhddiat, a paact iten produsdiat hahgeasinki¥d most
deposits (deposition: vapor deposition or deposition)

 FTQICtaXRAD Erafe f & HOT inQ oK de 9 <S8 I)rieC Oéhcgsit)ﬁ%y &equency,

(x, y and z are integers in thiS case) can

SRR AT PR Y UL U IR W rccuion of
the etching characteristic is performed by only changing
the gas composition, the switchover from the anisotropic
etching to the isotropic etching can be achieved by
changing the gas composition of SF¢ : O, : He from 10 : 2

0 to 10 : 0 : 30. Moreover, when the selective execution
of the etching characteristic is performed by only changing
the internal pressure of the processing chamber 2,
switchover from the anisotropic etching to the isotropic
etching can be achieved by increasing the pressure (e.g.,
from 100 Pa to 500 Pa). Moreover, when the selective
execution of the etching characteristic is performed by
only changing the frequency of the high frequency,
switchover from the anisotropic etching to the isotropic
etching can hbe achieved by lowering the frequency (e.g.,

from 60 MHz to 13.56 MHz). It is noted that, for example,

a high-frequency output (e.g., set within a range of 500 to
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the gas conposition for the anisotropic etching. The
fluorine oxide has a characteristic that it is |ess

webtadsabte4t han silicon. Taki ng advantage of t heCT/JP2006/307997

characteristic allows the groove portions to be forned

on the surface of the senicondﬁgtor waf er by

perform ng the ani sotropic etchfng and allows the film

to be formed on the inner surface side of the forned

groove portions by making the generated fluorine oxide
adhere_to the surface (sidewall deposition) . On the

ottt Han@Rd he f93r FHBP LY del besah6t 2ERi Ry Sgdhgsed as a
to the bottom surfaces of the groove portions by

FHRATRGHC T G IfE i e e SRS ons.  For the above
reasons, the inner surfaces of the groove portions can

be made | es®raairbl e ehan thwe boesom senmdegksiomand for the
this consequently allows the etching to produce an
iantieswosfifeectetohihe, ditlection pfretfleirebiess tof tdme a gas
sem conductor wafer, so that nore ideal anisotropic
etanpagjdarbe sandhi evidtht Ther efere; 1ot i srgpdedfter abhatt oeasily
use the gas conposition that pronotes the ani sotropic
etedugig,s | (depoditel @as eposddpart that @asddépo£huses). For
sidewal | deposition as the gas conposition for the

HHBPIQPi£ £1ebrnge TREAB! dFTE: P DEGSSIHY, KONAI LkONS; and =
81A for the anisotropic etching, the plasma processing

ondi ftriteRee &l f o tdhe d:ot ropl G etghidghtdde Pl aseBreaction
processi ng conditions 81C for the insul ator renoving

Itﬁi{hxgﬁﬁngcgtk%{}g n%%‘/%}g' %E%ZEEBfgx‘rﬁééiﬂQo&O%a@ WMz 18RS Bxygen as
the gas composition for the anisotropic etching. The
fluorine oxide has a characteristic that it is less
etchable than silicon. Taking advantage of the
characteristic allows the groove portions to be formed on
the surface of the semiconductor wafer by performing the
anisotropic etching and allows the film to be formed on the
inner surface side of the formed groove portions by making
the generated fluorine oxide adhere to the surface
(sidewall deposition). On the other hand, the fluorine
oxide does not easily adhere to the bottom surfaces of the
groove portions by physical etching with accelerated ions.
For the above reasons, the inner surfaces of the groove
portions can be made less etchable than the bottom surfaces,
and this consequently allows the etching to produce an

intense effect in the direction of thickness of the

semiconductor wafer, so that more ideal anisotropic etching
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stored in the storage section 92 of the control unit
33. The plasma processing conditions 81 necessary for

weaats/ipzacessi ng step are sel ected on the basi ecofiP10b&@307997

operation program 82, and the plasma processing is

carried out by the process control section 91 on the

basis of the selected plasma p?%cessing condi ti ons 81.
During the plasnma processing carried out on the basis

of the operation program 82, as shown in Fig. 4 , the
conponents, which are the gas flow rate regulatin%

Ségt ibn 2ehieKedgas TheeeEarechoverl Sy apyeigabipeto use the
hi gh-frequency power unit 17, the DC power unit 18 for
ST tGBRAR I L oa thhact iienaliRs Sl sokrepbyeeteive 1.e.,
7 , the vacuum punp 8 , the vacuum suction punp 12,

tihe doos opepehgl tdbosthgtusesily madsease sidetaldedeposition
el evation unit 24, are controlled by the process

eanttled geertdamp ol tivbr ebverthebyarismit b hg ¢hehirog al

supply anountof the gases by controlling the gas flow

rate regul atiengpdeciiesonpzbckystiheg proadssionst rellA for the
section 91 on the basis of the pressure detection

resigdtimp idee priebsyl) e thensias2t bheckBkehgalconditions 81B
pressure of the processing chanber 2 can be controlled

R 1C A HC | ity tWiddl & R dH asiTR tHOGRISSY SaRek &4 &Inditi
Further, as sﬁ%ﬁh in Fig. 4, t%g-pontf%I unitﬂg% has rerons
R IR 0GR3SI RYet 'i@s@?@@é’fe%ﬁoxﬁﬁ'ﬁ' PR s MGl the plasma

measures the processing tinme of e pl asma processing
%ﬁ%cessing conditions 81D for the mask removing process are
stored in the storage section 92 of the control unit 33.
The plasma processing conditions 81 necessary for each
processing step are selected on the basis of the operation
program 82, and the plasma processing is carl;ied out by the
process control section 91 on the basis of the selected
plasma processing conditions 81.

During the plasma processing carried out on the
basis of the operation program 82, as shown in Fig. 4, the
components, which are the gas flow rate regulating section
21, the gas line switchover valve 11, the high-frequency
power unit 17, the DC power unit 18 for electrostatic
attraction, the exhaust switchover valve 7, the vacuum pump
8, the wvacuum suction pump 12, the door opening/closing
unit 26 and the electrode elevation unit 24, are controlled

by the process control section 91.

Moreover, by regulating the total supply amount
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executes control such that, when the nmeasurenent
result reaches the condition of the processing tine

wonelonded4i n the plasma processing conditi ons 84T/JP2006/307997

control to end the processing is by the process

control section 91 can be perforned. The principle of

the plasma etching processing Rt hod used in the

present first enbodi nent is described next with

reference to the partially enlarged schematic

expl anatory views of the_nei ghborhood of the dividing _
r%gi bhs SFSERe RenfeBhaGLoRIWEST B28hdhevi Fatigsregulating
and 6. Fig. 5is a viewshowing a state in which the
pff%ffs%pret%gihg phec &3z ascaren e busesti iphe YPorati ophe basis
that corresponds to the mask slit portion (or mask

cif othe goresvme JAdted¢ton tdruldi Vibdi Digeregessufeosensor 28,
t he maskpl acenent- face 6b side on the senm conduct or

Wefeer it eonahe priescuirte fof mahe o prfoaces Ganf cvdiniclrt Be can be
protective sheet 30is adhesively stuck and on which
tdmntresiséd fi b 3laoiacpbacedvitth defite t beadingi digocessing
regi on on the mask-pl acenentface 6b. Moreover, as
sdvavd t okt g1 5 the sem conductor wafer 6 used in the
present first enbodinent is the sem conductor wafer on

the circuitrpiainet | ofs f agewhainf sy chy t ke $iddBob1 unit 33
oxide film35 formed of silicon oxide (SiQ2) of one

BRRIDLS, obeiiet ) AU NI, SRR nicn
R4 o4 hate CREHERRARAY bl A VhE! 4 S 60 Prodsing and
executes control such that, when the measurement result
reaches the condition of the processing time included in
the plasma processing conditions 81, control to end the
processing is by the process control section 91 can be
performed.

The principle of the plasma etching processing
method used in the present first embodiment is described
next with reference to the partially enlarged schematic
explanatory views of the neighborhood of the dividing
regions of the semiconductor wafer 6 shown in Figs. 5 and 6.

Fig. 5 is a view showing a state in which the
plasma etching process is carried out on the portion that
corresponds to the mask slit portion (or mask cutout
portion) 31b, i.e., the dividing region from the mask-

placement-face 6b side on the semiconductor wafer 6 to the

circuit-formation~face 6a of which the protective sheet 30
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senm conductor wafer has a construction different from
that of the conventional sem conductor wafer on which

w0 20068uz424 Si | i con oxide is fornmed in the porti @aTUPR06/307997

corresponds to the dividing region. It is noted that

the protective sheet 30 is adhesively stuck to the
circuit-formation-face 6a | ocaPéd on the thus-formed

silicon oxide film35 side. A's shown in Fig. 5, the

ions in the plasma are made roughly perpendicul arly

i ncident on the sem conductor wafer 6 by an electric .
121 @9geReratedd St heapfladin Procksdhsy Bpphsht ddim 3la is
101, and the incident ions reach the bottom portion
(RizEeAgtDoAe Bl porle o} viding greebenpent tba haskedlpgement-
an etching process, pronoting the etching. The ions

(@ n§pposMoree visirar &9 shhewn hawve FrigachHed the eewhingductor
bottom portion are reconbined with electrons in the
seafeonductimedvafier GHeor peesehtsi lfiicet t kabodimehe is the
sem conductor material. That is, since the

ssémtoomdit@roml walfeor has ctias actierdstti-€fomsatdion-face 6a of
conductor, the ions that have reached the etching

bait 1 €N paet il Besh hakedposiitlinve3shaf@ened eorecnbidd oxide
with the electrons in the sem conductor wafer 6 due to

amsebACt bEC ANt eRbiiY cbed feamd hengtighictRdgbot L DM (that 1is,
portion and the inside of the sem conductor wafer 6 .

Tﬂ%@l&@ir{% #otd om peréd omd s poinghasged) W § heormed also in
positive charge so long as the elecCtriC continuity Is

Zﬂ%eﬁsgti&ﬁ ﬁ:ﬁgtm&ﬁ?’re@%%%dsastéhei@@ id'lindQngG reg\mﬁfn The
semiconductor wafer has a construction different from that
of the conventional semiconductor wafer on which no such
silicon oxide is formed in the portion that corresponds to
the dividing region. It is noted that the protective sheet
30 is adhesively stuck to the circuit-formation-face 6a
located on the thus-formed silicon oxide film 35 side.

As shown in Fig. 5, the ions in the plasma are
made roughly perpendicularly incident on the semiconductor
wafer 6 by an electric field generated in the plasma
processing apparatus 101, and the incident ions reach the
bottom portion (etching bottom portion) of a groove portion
formed by an etching process, promoting the etching. The
ions (having positive charge) that have reached the etching
bottom portion are recombined with electrons in the
semiconductor wafer 6 formed of silicon that is the

semiconductor material. That 1s, since the silicon
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state in which the etching progresses to renove the
et ching bottom portion and expose the surface of the

weizbiciomw2oxi de film 35, no el ectric continuityPCE/JP2006/307997

achi eved between the exposed silicon oxide film 35 and

the inside of the sem conductor wafer 6 , and

therefore, the silicon oxide fPfm 35 exposed by the

reach of the ions is surface charged (electrically

charged) with positive charge for the charging of the

positive charge. Wien the state in which the_ thus
%l%lt%nh%ﬁ(l@BaF?FF?BSSFécéhélsg@d Gandhalpr, the ions

positive charge, ions that enter next |ooses the

sihradi gﬂ?ﬁﬁ@ssrﬁﬁ@h@@f Hee tefenen@| dattice f perdsosf and have

positive charges, and the track (trajectory) thereof

i 2ig- e belmrrg©ongequesndnb ingd sowh itthdri gledtronke in the
ions reach both , corner portions of the groove
pondamdsy drhata fstic i mipd e orledtatc bodttimeity between
corner portions, and renoved portions of a shape that

ithecal éedhim@t cbbtwlar e gdye: pooveangdor titoni sisbadpl y of the
expanded in the widthwi se direction at the bottom

il s f ofdlsk §hi s Tk tdecihndcbpteof doi@ion is not
pl asma et ching process nethod used in the present

fdHstgermbeditienbos iBY vehusnbhegl ngot heongt chgs @ﬁetthectrlc
bottom portions of the groove portion, renoval of the

Ctemyaant 11eNs @fi gy separated semi conduct or chi ps,
or, for exanple, formation of rounded (R) portions

that are cyfyed, cORVeX SULAFe BT tdiaNS WOEN M EVCE, when =

fromthe sen1conductor
state in which the etching progresses to remove the etching

bottom portion and expose the surface of the silicon oxide
film 35, no electric continuity is achieved between the
exposed silicon oxide film 35 and the insidet of the
semiconductor wafer 6, and therefore, the silicon oxide
film 35 exposed by the reach of the ions is surface charged
(electrically charged) with ©positive charge for the
charging of the positive charge. When the state in which
the thus exposed silicon oxide film 35 is charged with the
positive charge, ions that enter next looses the
straightﬁess thereof due to the electric fields of positive
charges, and the track (trajectory) thereof is to be bent.

Consequently, as shown in Fig. 6, the ions reach both

. corner portions of the groove portion, so that etching is

performed at both the corner portions, and removed portions

of a shape that is called "notch" where the groove portion
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wafer 6 side, or the side to be etched can be achi eved
(first corner portion renpoval processing) . Moreover,

wonbds/megard to the principle of the plasm precesdBiong307997

met hod as descri bed above, it is preferable to perform

ani sotropic etching so that the ions in the applied

pl asma easily reach the etchi bott om portions in the
state showmn in Fig. 5, i.e., in the state in which

the silicon oxide film35 is not exposed, and the
anisobrog'c etching iis also perfgormed in the insulator
&RpoSHré EVOC%§%?% e@f the Hier stVigkbydisfentlirREEéBRerat the
a processing time necessary for prosin% the silicon

oRitde™ RGBS . are ppseedsi ngdisnel of thReprdsginter of the
exposure processing) and a processing tine (i.e.,

Plecassi agching oradesst i pethedr neredoini orhe eppeaknt first
processi ng) necessary for form ng notches of a
pmesckiinteed .si ze (i.e., renmoving the corner portions,

such as chanfering and rounded portion formation)

after theepyosurersof fdwemind i come oxhdéchielsm 3% i nthehe bottom
pl asma di cing processing are included in the plasm
poatdssisngoconthé i ansoBdA. pIEMiCNDUCERvGHl Pof the corner
MANUFACTURI NG METHOD Next, a manufacturing method for

POHLCORIUCHEr €h PSRl Fd i Oy ASMhips, or, for
processi ng apparatus 101 that has the construction

deseidikRed mpone iand & sephcaduek pr pwatebndi VindikNG re curved
nmet hod (plasna di ci ng processing) carried out through

e RKOGRES e WSrtions when viewed from the semiconductor
wafer 6 side, or the side to be etched can be achieved
(first corner portion removal processing). Moreover, with
regard to the principle of the plasma processing method as
described above, it is preferable to perform anisotropic
etching so that the ions in the applied plasma easily reach
the etching bottom portions in the state shown in Fig. 5,
i.e., in the state in which the silicon oxide film 35 is
not exposed, and the anisotropic etching is also performed
in the insulator exposure processing of the first
embodiment. Moreover, a processing time necessary for
exposing the silicon oxide film 35 (i.e., processing time
of the insulator exposure processing) and a processing time
(i.e., processing time of the first corner portion removal
processing) necessary for forming notches of a prescribed
size (i.e., removing the corner portions, such as

chamfering and rounded portion formation) after the
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manuf acturi ng nethod for sem conductor chips are
descri bed below. A flow chart show ng a series of

wonomadune of the sem conduct or wafer dividi ngpaethmde/307997

is shown in Fig. 7, and schematic explanatory vi ews

for explaining a series of processing contents of the

manuf acturing met hod for seni c8Aduct or chi ps are shown

in Figs. 8A through 8C, Figs. 9A through 9C, Figs. 10A

t hrough 10C and Figs. H A and HB. Reference is nade

with reference to mainly these fL%ures. The o
SERAGHRIC? br LHRf 8+ L 5CRRs %L HPs K1k & S Hapetharkl asma dicing
plurality of device-formation-regions R are arranged
IHFACHBTFI& F10r minlyded cin cihe -5 be ¢t | BRofageing. cqpditions
size of the device-formation-regions R are determ ned
a&ldording to the size of the sem conductor chips to be

manuf actured and arranged in, for exanple, rectangul ar

regi oMEMFCQNDIBA Ghovidl 2 Nrlii FACTYR BiG aMEEEOBchemat i €
sectional view of the sem conductor wafer 6 . A's

shown i nFi Nes8A / adiwadufgctegi ngs &t hodi ghrar €emiconductor
roughly belt-shaped regions that have a prescribed

Vgt deaepse@n ofut. oy &hee@ldkridiaprbassaingdidbparatus 101
di mension sufficiently smaller than that in the

lenot hwinggs di £B6t i oBoh BEFEOtIon ArfeHFoNOed REIAREN and &
the nutual ly adj acent device-formation-regions R . The

ol otk U AHHESHONS RE ST V139 gliRg T efbeRsdl Nakp@EEna  dicing
arranged in a roughly grating-Ii'ke shape on t%e
Prcedddagmt| oz, {8ge 0ac0l difiey 3 condUCLOL JMRLE £ tne

ng t devi ce-formati on- regions and al'so

‘ﬁ%ﬁﬁ%éﬁ%df%h&rﬁ%%ﬁ@@p%gr semiconductor chips are described

below. A flow chart showing a series of procedure of the
semiconductor wafer dividing method is shown in Fig. 7, and
schematic explanatory views for explaining a series of
processing contents of the manufacturing method for
semiconductor chips are shown in Figs. 8A through 8C, Figs.
9A through 9C, Figs. 10A through 10C and Figs. 11A and 11B.
Reference is made with reference to mainly these figures.
The semiconductor wafer 6 has a disk-like shape,
and a plurality of device-formation-regions R1 are arranged
in a matrix form on its circuit-formation-face 6a. The
size of the device-formation~regions R1 are determined
according to the size of the semiconductor chips to be
manufactured and arranged in, for example, rectangular
regions. Fig. 8A shows a partially enlarged schematic

sectional view of the semiconductor wafer 6. As shown in
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regi ons arranged outside the peripheries of the
device-formation-regions R with regard to the

woeb@tiipn4t her eof to one devi ce-formati on-regi 8ATRP2006/307997

Further, the dividing regions R2 are located in

di vidi ng positions where the dgvice-fornation-regions

R I are separated into individ Al pi eces in the plasna

di ci ng processing. Mreover, the sem conductor devices

44 are fornmed in the respective

device-formation-regions R. In concrete, as shown in

7 e (He BT oA R L BCR s2¥er hedolety gbelt-shaped
silicon substrate 45 that has _a disk-|ike shape, and
RIS cEhadxitR e | PmBEIEF e ofvigtly dimepshed oi.e., a
the entire circuit-formati onface 6a thereof. Further,

t R0 5edhi dwiddradra deldide s e kot oswEfichepblyi sngller than
that correspond to the device-formationregions R I of

tHeati dowi the¢ orleaditdnvifsec ed baecThensetheonuiict oere arranged
devi ces 44 include devices of MOS

(vt ved €Ox | dree St vahdyctads b cetirtucidair e d f Borsist d15-regions R1.
constructed of a silicon substrate 45 (Sem conduct or)

arlse | iddem daxigder 851 60%i d&) ferved disr eehéy @yildiss that are
circuit-formation-face 6a and a netal film (Metal)

for rethan the asitdegml pxydat3hg-Fudheshagd€on the circuit-

senm conduct or devi ces 44 have connection term nals 43

(8 &t el -ath ddhes bandli 11t PRSI Mut SEINAER 1Y defining the

connecting the devices to external electronic

SRS iol Al RNt AURISER AL e erane-
Séﬂatﬁézc?sr%t;ions arranged outside the peripheries of the
device-formation-regions Rl with regard to the relation
thereof to one device-formation-region RI1. Further, the
dividing regions R2 are located in dividing positions where
the device-formation-regions R1 are separated into
individual pieces in the plasma dicing processing.
Moreover, the semiconductor devices 44 are formed in the
respective device~formation-regions R1.

In concrete, as shown in Fig. 8A, the
semiconductor wafer 6 is formed of a silicon substrate 45
that has a disk-like shape, and the silicon oxide film 35
formed of Si0, is formed on the entire circuit-formation-
face 6a thereof. Further, the semiconductor devices 44 are
formed in portions that correspond to the device-formation-

regions R1 of the circuit-formation-face 6a. The

semiconductor devices 44 include devices of MOS (Metal-
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t he sem conductor devices 44 for the protection of the
surfaces of the sem conductor devices 44. The

woamsaats2on term nals 43 are not covered wth POEJIP2006/307997

surface protection film 35 but exposed outside. A's

shown in Fig. 8B, in order thaé the circuitformtion-

face 6a m ght not suffer damag g duri ng each process
subsequently carried out on the sen conductor wafer 6

, the protective sheet 30 is peelably stuck to the
circuit-formation-face 6a V|a an adhesive. Wth regard
t%ﬁ%e ST CITHE Yhe et T BEC tRFR TS 3tQRapeaAnFRFeCted of a
the sane shape as the exterior shape of t he
seniicnriustbrtrarer % i $SanéaosduERar) t her shééicepversde 35
the entire surface of the circuit-formation-face 6a

ik ids  Aetrmgotdiutke ¥ ¥ vmonhet s nicd gethidt-do mmaftdions face  6a
By using the protective sheet 30 of the shape, damage

tanedt @ haepedt ekitlinve (Maeal ) 3Gopmetir wdi nghér emltihen oxide 35.
sem conductor wafer 6 is damaged by the plasma canbe
Fhevdreed frlen cemirddmindiot hedsubseguedd phacessedgnection
such as plasnma processing. Next, as shown in Fig. 8C a
neesdnifrorl slef i43 ng (kheodi vidibgdr egitans Ry ddimgli vpdbey  for
t he sem conductor wafer 6 into individual pieces of

SAEEONIICIOf  edhmscal®g f ohaBde@iickRe to external electronic
mask- pl acei uent-face bb that is the back surface of

theLidds f ormati Ohdace 6aof; the-s6m %P@E&E@Ion film 46
wafer 6 . In concrete, a resist film31 nade of, for

exanpl e, rarhesdi Bel SIQFRthas {he fRMed Lo ek e faces of
the semiconductor devices 44 for the protection of the
surfaces of the semiconductor devices 44. The connection
terminals 43 are not covered with the surface protection
film 35 but exposed outside.

As shown in Fig. 8B, in order that the circuit-
formation-face 6a might not suffer damages during each
process subsequently carried out on the semiconductor wafer
6, the protective sheet 30 1is peelably stuck to the
circuit-formation~face 6a via an adhesive. With regard to
the protective sheet 30, one that is shaped into the same
shape as the exterior shape of the semiconductor wafer 6 is
used so that the sheet covers the entire surface of the
circuit-formation~face 6a and does not protrude from the
semiconductor wafer 6. By using the protective sheet 30 of
the shape, damage that the protective sheet 30 protruding

from the semiconductor wafer 6 is damaged by the plasma can
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entire surface of the mask-placenent-face 6b of the
sem conduct or wafer 6 . Subsequently, as shown in Fig.

wOAomasi4sl it portions 31b are formed by patteCnuPm06/307997

the resist film31 by photolithography and renoving

only the portions that correspond to the dividing

regions R2 by a width of, for %%anple 20 mn. As a

result, a mask pattern such that the portions that

correspond to the device-formationregions R are

§6¥ered with the resist film3la and the portions that
rBERYRATEE (KT AP aRREIPEgiEnstRe &P sOPERd REOCessing

the mask slit portions 31b is fornmed on the

I8 fadeieita RRRCSts 819 ¢ he seni conduct or wafer 6 .

The sem conductor wafer 6 provided with the mask in

the state D¥asdivesashehobjpecin t Bide HGhj ezt mdsko fidre defining

pl asma processing described later. A nmethod for

diha didigyitHegsenegbodact®? wafrer digipiow détlewi $émtbenductor

mask into individual pieces ofsem conductor chips is

cesit bédiatoondidigittmatihepfdae char keafi congluctow tdhips are

reference to the schematic views of the plasna

oaaessi pg aphar ahask1Plasbount + Pafé gseb 1 HAY ough $Be back
It is noted that the control of each subsequent

eparfiddon ide t ham asm Rfocesmh e Adis 10dais of  the
executed by controlling the conponents by the process

ﬂdﬂndﬁ%ﬁdﬁﬂhé@anGtheIQa§b§c9EtEheao@géﬂéﬂnkllm 31 made
program 82 stored in the storage section 92 of the

ANt Q] l{:ﬁiatm]_:ﬁ% R nslsf & lsordbSteP e Halberd ! O er the

chart of Fig
entire surface of the mask-placement-face 6b of the

semiconductor wafer 6. Subsequently, as shown in Fig. 9A,
mask slit portions 31b are formed by patterning the resist
film 31 by photolithography and removing only the portions
that correspond to the dividing regions R2 by a width of,
for example, 20 pm. As a result, a mask pattern such that
the portions that correspond to the device-formation-
regions Rl are covered with the resist film 3la and the
portions that correspond to the dividing regions R2 are
exposed at the mask slit portions 31b is formed on the
mask-placement-face 6b of the semiconductor wafer 6. The
semiconductor wafer 6 provided with the mask in the state
becomes the object to be subjected to the plasma processing
described later.

A method for dividing the semiconductor wafer. 6

provided with the mask into individual pieces of
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7 , the sem conductor wafer 6 provided with the mask
is |oaded into the processing chanber 2 as shown in

wei2gne/113124 Duri ng t he | oadi ng operation, the PCT/JP2006/307997

sem conductor wafer 6 held by the suction head 27 via

the mask is | oaded through the opening Ib into the
processi ng chanber 2 by operat?ﬂg the arm27a in a

state in which the upper electrode 4 is noved up by

the el ectrode elevation unit 24, and the sem conduct or

wafer 6 is placed on the |ower el ectrode 3 via the
p?edffléaril%c%etchg@s Nét , defer Vaedum GeRIAHM ptip the flow
is driven to effect.vacuun1suct|on t hrough the

ahadet Pon fRaled Jéltl tefarencehd v athamsshemasticorviews of
of the sem conductor wafer 6 , and the DC power unit

18 d o lelsect r pspaeseiagt r appavatilts t U hedsloowr( stiep B2ps. 13
. By the vacuum attraction, the sem conductor wafer 6
ithimwligh byldhe | dier ied ectotoee Xhat a shat ecomtmdbl chof each
the protective sheet 30 closely adhere tothe retention

s s 8ot afpddee: i aawein etlectglotkn protdes pr@cessSangtus 101
chanber 2 . Subsequently, the door 25 is closed as

showsxebuteg. b4, caigrd heimppeheel @GigReentds | BymM¥Rd process
down by the electrode elevation unit 24 (step S3) . At

tdsc #d IBs e dthiyrP| AS h PHIRC s iNY CONEL | 9RS 8t foi 0E!SJfogram 82
the anisotropic etching is selected and taken out

te Al asim tnfeocsec%w% condi tdons, &l stk é%ﬁ&%f%nlt 33.

storage section 92 the control unit 33

process copty echion 1 Qg @ of the flow chart of Fig.

7, the semiconductor wafer 6 provided with the mask is
loaded into the processing chamber 2 as shown in Fig. 13.
During the loading operation, the semiconductor wafer 6
held by the suction head 27 via the mask is loaded through
the opening lb into the processing chamber 2 by operating
the arm 27a in a state in which the upper electrode 4 is
moved up by the electrode elevation unit 24, and the
semiconductor wafer 6 is placed on the lower electrode 3
via the protective sheet 30.

Next, the wacuum suction pump 12 is driven to
effect wvacuum suction through the attraction holes 3e to
turn on the vacuum attraction of the semiconductor wafer 6,
and the DC power unit 18 for electrostatic attraction is
turned on (step 82). By the wvacuum attraction, the
semiconductor wafer 6 is held by.the lower electrode 3 in a

state in which the protective sheet 30 closely adhere to
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basi s of the operation program 82, and the
i nterel ectrode di stance D between the upper el ectrode

wo 2e0s0i1242¢ | ower el ectrode 3 is set to a prescpCibar2006/307997

condition (i.e., interelectrode distance DI) within a

range of, for exanple, 5 to 50 mm based on the

condi tion of the interel ectrod8ldistance D included in

the plasnma processing conditions 81A for the

ani sotropic etching. Next, the vacuumpunp 8 is

operated to start deconpression in the processing ,
eptontiepsasfacewnh ehethhsilpwar ehectrode 3 in the

processi ng chanber 2 reaches a prescribed degree of

RFARATS 4THE (e sl ected by the gas flowrate

regul ating section 21 are regulated to a prescri bed

gas conposidusrequrhtal pr eklee | Bedrf 28w iait elbasdd agn shown in
the sel ected plasna processing conditions 8l A for the

dicsot t 6pi enet cthenguppdrs@ipldtecbdent 6 tilse nwaksdbng by the
chanber 2 (step S5) . In concrete, the first on/off
\cdlewe224d se bpedtetbronuhhe basi(stefp tde) pl admathis time, the
processi ng conditions 81A for the ani sotropic etching,

PIhHED isrecppdieg feomitbeofisr se1gas mupplohdini 4in2&¥ropic
to the gas mxing portion 19 with the supply flow rate

theireiofg regutat ede by bhe thksh buewdmatigLitdRla \Z/ﬁf&@essing
23A. In addition, the third on/off valve portion 22C

i RPeN&shs agd RrbseguUpRl | efel rOMLRE NLEL ORS 92 of the
supply unit 20C to the gas m xing portion 19 wth the

SRRl O Eae HReIE begULabet it dle LLLLAI 8Y on the

rate contr val ve "23C

basis of the operation program 82, and the interelectrode
distance D between the upper electrode 4 and the lower
electrode 3 1is set to a prescribed condition (i.e.,
interelectrode distance D1) within a range of, for example,
5 to 50 mm based on the condition of the interelectrode
distance D included in the plasma processing conditions 81A
for the anisotropic etching.

Next, the wvacuum pump 8 is operated to start
decompression in the processing chamber 2 (step S4). When
the inside of the processing chamber 2 reaches a prescribed
degree of vacuum, the gasses selected by the gas flow rate
regulating section 21 are regulated to a prescribed gas
composition and a prescribed flow rate based on the
selected ©plasma processing conditions 81A for the
anisotropic etching and supplied into the processing

chamber 2 (step S85). In concrete, the first on/off wvalve



10

15

20

25

this tinme, the second on/off valve 22B and the fourth
on/ of f valve 22D are put in a closed state, and

woeddshez42ile nor CHF3 is supplied. Mreover, SFrandPRe/307997

are m xed together so as to have a gas conposition of

10 : 2 at the gas mxing portion 19 and supplied into

t he processing chanber 2 . The®? in the gas supply

process, the internal pressure of the processing

chanber 2 is detected by the pressure sensor 28 and
conpared with the pressure condition (e.g., 100 Pa) in

2R pligsnfPpRegessSPngthendP2Fbhs BIA thfd Riagea processing
confirmed that the detected pressure has reached the
mcesEirienexpB bBsetb by tite phresstirerdendetfbhngThand sSFe is
the interel ectrode distance D between the | ower

elgptliede Bramd thive Oppet @leesct sopply ,unie 20A to the gas
conposition of the gases to be supplied to the

priodessi pepraiamberl R andhit hechient evurad 1 ypr eSlsaw e wiftd hethereof
processi ng chanber 2 are set on the basisof the plasmm
eRfasHiadg wpndhki ofsr 81 Arfow thiereantsntropi adivehi nga. In
Then, after the condition setting is conpleted, a

highifirequeney traldagan Mdfa rareepattiod 2condidganed, and
is appl i ed between the upper electrode 4 and the | ower

&l,eGtd oglg B g dE k¥ Hehe i - FRgqueREN WaWeI t UPDE to the
18 on thelgggls of the frequencyé(e g., 60 MHz) and

t Ot piL 4 C ql QN 06 {Aenhi gihs f s gﬂﬁ@ﬁyffgth%te thereof

asnma proce |ng condi tions 81A, and plasma di scharge
'f%éﬁfggép'$§t%ﬂéighlrd flow rate control valve 23C. At
this time, the second on/off valve 22B and the fourth
on/off valve 22D are put in a closed state, and neither He
nor CHF; is supplied. Moreover, ©SFs and 0O, are mixed
together so as to have a gas composition of 10 : 2 at the
gas mixing portion 19 and supplied into the processing
chamber 2.

Then, in the gas supply process, the internal
pressure of the processing chamber 2 is detected by the
pressure sensor 28 and compared with the pressure condition
(e.g., 100 Pa) in the plasma processing conditions 81A, and
it is confirmed that the detected pressure has reached the
pressure expressed by the pressure condition. That is, the
interelectrode distance D between the lower electrode 3 and
the upper electrode 4, the composition of the gases to be

supplied to the processing chamber 2 and the internal

pressure of the processing chamber 2 are set on the basis
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A s aresult, the supplied m xed gas nmakes a
transition to the plasma state in the di scharge space

woebtoweni2t he upper el ectrode 4 and the | ower ebPeTuPmde307997

3 . By the plasma generation, ions in the plasm are

applied fromthe mask side (resist film3la side) to

t he sem conductor wafer 6 . ByG@he application of

ions, only the portions corresponding to the dividing
regions R2 that are not covered with the resist film

31? of the silicon (i.e., silicon substrate 45) that .

i QL t hee RIFRTpRPrAeeering SPnEhbicRA 8bAdhet oFNRapBASEtropic
are etched. Concurrently with this, a direct current
appFihEadion circuit 32 is formed in the discharge

space between the upper electrode 4 and the | ower

el ectrode 3Tpgni hefptrashee (cerdEtgen SAthhWg3By compideted, a
a result, an electrostatic attraction force is

gehehaf eelnbetopenciliegeowsBratel egireede WBitdndthke condition is
sem conductor wafer 6 , and thesem conductor wafer 6

| spheled byb¢hiecdowethel egpporde Slacthotibe 4 and the lower
el ectrostatic attraction force. Therefore, the

pebéectode 3hpegt d3Avsayi shactargH-yradheies; dOs€r t@nit 18 on
the retention surface 3g of the | ower electrode 3 and

t fige SBAL EONAUT e WaF8GUENES S(teagi.x, reg arpedl iamd hehe output
pl asma processing process. In addition, the protective

sheedi Blbn sogatirsd agt ghikycgaehed hyet hﬁec?llaiég%d grocessing

function provided for the | ower &l ectrode ,

t&@{@?ﬂiWQ?A,‘jugn%iogmgéﬁag%ﬂ%rdﬁa%ebyisr he. DL ASE® (step s6) .

di scharge i s prevented.
As a result, the supplied mixed gas makes a transition to

the plasma state in the discharge space between the upper
electrode 4 and the lower electrode 3. By the plasma
generation, ions in the plasma are applied from the mask
side (resist film 3la side) to the semiconductor wafer 6.
By the application of ions, only the portions corresponding
to the dividing regions R2 that are not covered with the
resist film 31la of the silicon (i.e., silicon substrate 45)
that is the principal material of the semiconductor wafer 6
are etched.

Concurrently with this, a direct current
application circuit 32 is formed in the discharge space
between the upper electrode 4 and the lower electrode 3 by
the plasma (see Figs. 3A and 3B). As a result, an
elegtrostatic attraction force is generated between the

lower electrode 3 and the semiconductor wafer 6, and the
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Mor eover, since anisotropic etching is performed on
the basis of the plasma processing conditions 81A in

woOhesphizagma di ci ng processing (insul ator exposBCEJIP2006/307997

processi ng) by the anisotropic etching, the etching
characteristic has an increase _in the thickness

direction of the sem conductor®fafer 6 . Therefore, as

shown in Fig. 9B, the surface of the sem conduct or

wafer 6 corresponding to the mask slit portions 31b is
etched in the thickness direction, so .that groove .
POt SRS Bt e kGt ithdte ks Ryougre vl il c1cERede 3 with
wi dth of the mask slit portions 31b, i.e., the width

dihe hee e Gt EP PR FEGi 0AS tRACALODS or FECE Mor eoVid¥ergfipre,  the
step S7, the plasma dicing processing (insulator

egrosAtd s osassitngd0 | mastigfast ors loar eiledreat alms¢ to the
the etching bottomportion that is the bottom portion

ofettardg igrooverfecei oiy 60fi sthentwedbyetechiindgeand), t hed the
surface of the silicon oxide film 35 isexposed from

tdeen omtricomtmor t warfefi . €. ,isuntitbbillye setfmcedofit hehe plasma
insulator is exposed) , or for exanple, until the tine
meassyed rhy phecesocesInndd el seasthempibrsettiven Heet 30
reaches the condition of the processing tine necessary

fiy expDSEA@éhLl i kbe0BJOH erhe | B3 ihgCIMERA iidh thEovided
pl asma processing conditions 81A. By thus providing a

sttt e WD diheesiddec o axide, il dnmD | SafXPos dan heat

the groove portions 6¢, the portions that correspon

e 1l i) NG, d 69103 RA A48 FRIOVEd, [ Ldie,
stlicon substrate "45.

Moreover, since anisotropic etching is performed
on the basis of the plasma processing conditions 81A in the
plasma dicing processing (insulator exposure processing) by
the anisotropic etching, the etching characteristic has an
increase in the thickness direction of the semiconductor
wafer 6. Therefore, as shown in Fig. 9B, the surface of
the semiconductor wafer 6 corresponding to the mask slit
portions 31b is etched in the thickness direction, so that
groove portions 6c of a width that i1s roughly equal to the
width of the mask slit portions 31b, i.e., the width of the
dividing regions R2 are formed.

Moreover, in step 587, the plasma dicing
processing (insulator exposure processing) in step S6 is
carried out until the etching bottom portion that is the

bottom portion of the groove portion 6c is removed by

etching and the surface of the silicon oxide film 35 is
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When it is determned in step S7 that it reaches the
prescribed tine, the plasma dicing processing under

woOhersgiaze4 condi tion i s continuously carried ouPCbyP2006/307997

ani sotropic etching in step S8 as a plasna dicing
processing for performng the notch formation (i.e.,
notch formation processing or PPrst corner portion
renoval processing) . As aresult, the exposed
silicon oxide film35 becones electrically charged
with the positive charge of the ions applied from
i FHRUET He Pt dsh BG4 Fe BT EHMR pbt t § onsif it nehgr seykace of
portions 6¢, and the trajectory of the incident ions .
i e hergi bdver pdft PERAGS8E) ar reofeaqfemiinl heritntil the time
performng the etching of the divided silicon
qudstURad® Y sohehaprredres Hony ont Poe t inersugfemand gsectéon 95
portions 6¢c are expanded in the w dthw se direction.

nthe, casdshoom oA Ehg MWCcamstiches 4R arecessary for
formed at both corner portions of the bottom portions
dxpdergr oolve padticons o&ddie efilr hg5conaseudpar tironshofplasma
the portions put in contact with the silicon oxide
fptonedsinfg eachdpt €66s oB1phe dByi defisSipiERNASHPSHr altite in
45 are renoved / form ng rounded (R) portions 40a. The

pieidie €héei BRE 1RIceee TRk f o11M0Bch forambbo8di BtSteR groove
S8 is carried out in step S9 until the notches 42 and

s comaescPoLtoptAngg MECPESTELLB IR Siriaing
EARRTEY SACUIAD RN rEAheshd he £ 1l Of £ 0es 5.

When it is determined in step S7 that it reaches
the prescribed time, the plasma dicing processing under the
same condition is continuously carried out by anisotropic
etching 1in step S8 as a plasma dicing processing for
performing the notch formation (i.e., notch formation
processing or first corner portion removal processing). As
a result, the exposed silicon oxide film 35 becomes
electrically charged with the positive charge of the ions
applied from inside the plasma to the bottom portions of
the groove portions 6c, and the trajectory of the incident
ions in the groove portions 6c are consequently bent,
performing the etching of the divided silicon substrate 45
so that the bottom portions of the groove portions 6c are
expanded in the widthwise direction. Consequently, as

shown in Fig. 9C, notches 42 are formed at both corner

portions of the bottom portions of the groove portions 6c,
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processing time necessary for formng the notches of
the prescribed size included in the plasma processing

woaoittizaams 8l A. If it is determned that it hRET/JP2006/307997

reached the processing time in step S9, then the
pl asma dicing processing (notch formation processing)
by the anisotropic etching is &Rded, and the pl asma
processi ng conditions 81C for the renoval of the
insulating filmare selected by the process contro
section 91, and the gases selected by the gas flow
rht® ¢eEBPaHQQ?%ﬁuﬂ9¥ﬁﬂ@HSaP§|§Rﬁﬂ%@%€l@%SaPUt in contact
prescrlbed as conposition an rescribed flowrate

TP (He T T I Bt S4BT ceh et ek OF the divided
proceSS|ng chanber 2 (step SIO . In concrete, the
foukiepon/ifstuetee 22D ey coperadved,t héobasing ofrothded  (R)
pl asma processing conditions 81C for the renoval of
thertiimng d0ang film and CHF3 is supplied fromthe
fourth gas supply unit 20D to the gasm xi ng portion 19
with the supp ypidamardfeihbepeolceseduloatied: byotble formation
fourth flow rate control valve 23D. Th en it is
canfstepdsshak thaerireraad pfessypesof unhd IPracessétfthes 42
chanber 2 detected by the pressure sensor 28 has

r&at hete a rPL@RE ©GHbAd 0n06e . oF | t19d B@Esb&ﬂU%% sizes are
pl asma processing conditions 81C in the gas supply

ProsRss, ktg.s nehed dhat the dupter %?Ctﬂl’@ep@o%te@%‘iﬁg time

DI between the |ower electrode 3 and the upper

el e Qde it | Ss&kePio@S bE | S$eaches the condition of the

processing time necessary for forming the notches of the
prescribed size included in the ©plasma processing
conditions 81A.

If it 1is determined that it has reached the
processing time in step S9, then the plasma dicing
processing (notch formation processing) by the anisotropic
etching is ended, and the plasma processing conditions 81C
for the removal of the insulating film are selected by the
process control section 91, and the gases selected by the
gas flow rate regulating section 21 are regulated to a
prescribed gas composition and a prescribed flow rate based
on the conditions and supplied into the processing chamber
2 (step S10). 1In concrete, the fourth on/off valve 22D is
opened on the basis of the plasma processing conditions 81C
for the removal of the insulating film, and CHF; is

supplied from the fourth gas supply unit 20D to the gas
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Subsequently, by starting plasma discharge with a
hi gh-frequency voltage that agrees with the conditions

wappisitezs2bet ween t he upper el ectrode 4 and t hepPCoOMR2006/307997

el ectrode 3 by driving the high-frequency power unit

18 on the basis of the frequency (e.g., 13.56 MHz) and

the output condition of the pI&%na processi ng

conditions 81C, the plasma etching for renoving the

silicon oxide 35 exposed at the groove portions 6C is
started (insulator_ renoval processing in step Sl

B EERT yi RE bR t he” plasha ebBfi nguBkRlYesEtPHedrabsvethereot
the silicon oxide 35 that has been exposed, i.e., the

STFebrtoskiee B | fare fhovheaperepohsol hgglve 23D.
correspond to the dividing regions R2 are positively

et ched as sHo®im i ht Fig. coOAirmed Hatatt Hehsi fntennaki deessure
35 in the portions is renoved. Consequently, the

pof tilonsordaessing espondet 02t Hetdcvedilny tkgi presBire sensor
are conpl etel yrenoved fromthe sem conductor wafer 6 ,

a2l hhs dedatefdorarapiressuregicongiiRilorar e sgpar gveda) in the
into individual pieces, formng the sem conduct or

ol sl ot e s s e uskend hiei sespetti ve sesi §98d8abpLy process.
devices 44. It is noted that the plasma etching Is

CRf ri£thotdd Uikt dhe {inhPBrSPASHESMe DYishenBEOBESEEPfcen the
ti me neasurenent section 95 reaches the processing

(LRt el deds D08:0l T8 REBCESELABLEON'Y O AR uo it

Subsequently, by starting plasma discharge with a
high-frequency voltage that agrees with the conditions
applied between the upper electrode 4 and the lower
electrode 3 by driving the high-frequency power unit 18 on
the basis of the frequency (e.g., 13.56 MHz) and the output
condition of the plasma processing conditions 81C, the
plasma etching for removing the silicon oxide 35 exposed at
the groove portions 6C is started (insulator removal
processing in step S11).

By carrying out the plasma etching as described
above, the silicon oxide 35 that has been exposed, i.e.,
the silicon oxide 35 1located in the ©portions that
correspond to the dividing regions R2 are positively etched
as shown in Fig. 10A, so that the silicon oxide 35 in the
portions is removed. Consequently, the portions that

correspond to the dividing regions R2 are completely
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reached the prescribed tine, then the plasma etching
process for the insulating filmrenoving process,

WO 2e06/11242¢ i nsul ator renoval processing i s endedT/Je¥es307997

the processing is ended, the supply of the m xed gas

and the application of the high-frequency voltage are

st opped. Subsequently, an i nt eP&l ect rode di stance

change for making a transition to the plasna ashing

process (mask renoval processing) is perfornmed (step

S13) . In _concrete, the plasma processing conditions _
TG t BEFask e e FEHLEGIIISEETs WrEeEel%ct 88dbyhehedevice-
process control section 91, and the upper electrode 4

| OFREPRprogiake Bl eetroderaraiad ditimi ingdiividual pieces,
shown in Fig. 15 on the basis of the conditions,

skaamieg t hBhient eerlieendodéodi siciipe betGveerhathe iuppbude the
el ectrode 4 and the |lower electrode 3 to the

imtspetieive odentishdnceoD2devThesi dder ellBrti®deoted that the
di stance D2 when the mask is renoved by the plasma

gslaswp astdednyi Hed aboveedsoset udidelr thantime measured by
theinterel ectrode distance DI in the plasm dicing

prine esgicig s Sulsequest | yeabheehbBhtd gast 5eppl 95 Ukkbiches the
20C is selected on the basis of the plasma processing
st dd oSy 81RimaNd anphasem ashing was ,(?-Msmaoxylﬁﬁaa;essing
is supplied fromthe third gas supply unit 20C wit

tden gasi swpps e flowg at oy egul ated (step S14) . Then,
by detecting the internal gas pressure of the

processi ng ghanher ;2 i@e{@}ﬁm?}ﬁédsq_ 'tﬁgggo‘@ﬁ ™Mt it has

conmparing the pressure wt at o | asma

gé;&sﬁ%ngtﬁ@ndégésoﬁibécﬁ 'E‘:Llﬁé),nf'{lqglq t@ﬁé tgfasma etching
process for the insulating film removing process, i.e., the
insulator removal processing is ended. When the processing
is ended, the supply of the mixed gas and the application
of the high-frequency voltage are stopped. Subsequently,
an interelectrode distance change for making a transition
to the plasma ashing process (mask removal processing) is
performed (step S13). In concrete, the plasma processing
conditions 81D for the mask removing process are selected
by the process control section 91, and the upper electrode
4 is moved up by the electrode elevation unit 24 as shown
in Fig. 15 on the basis of the conditions, setting the
interelectrode distance between the upper electrode 4 and
the lower electrode 3 to the interelectrode distance D2.

The interelectrode distance D2 when the mask is removed by

the plasma ashing as described above is set wider than the
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has reached the pressure expressed by the conditions.
Subsequent |y, by applying the high-frequency voltage

woebtoweni2t he upper el ectrode 4 and the | ower ebPeTuPmde307997

3 by driving the high-frequency power unit 18, plasna

di scharge is started (step S15) . As aresult, the
suppl i ed gas nakes a transitiof®to the pl asma state in

t he di scharge space between the upper el ectrode 4 and
the |l ower electrode 3 . The thus generated plasna

takes effect on the mask-pl acenent-face 6b_of the .

: Svatertagce tihker Bbyths MRPTa el pERGtRFRyessing.
the resist film 3la nmade of an organic substance b .
t he pl asnma.SURfaguSHthy + hEhpr dgriests oast ez ngh1Eh&0C is
resist film 3la gradually di sappears, and finally, the
rslkedtssdoopl thel pasdmovedl thenpilhensemwpraising conditions
wafer 6 , i.e., the mask-pl acenent-face 6a of the
$8f,coaddctaorpthsps 4GHiorgredasnt(@.iondi vorugenpi ésessupplied
as shown in Fig. 10B. Theoutput of the high-frequency
pover tdourdel idh dde segKl y env@al 2 Qi ocetsisi tige | gasedupoly flow
a prescribed value set within a range of, for exanple,

o d a0 Wdhagatkrrs1he. plasds, BPaRsSSéding the internal
conditions 81D. Then, after the mask is conpletely

RIPVeKL s S1ies b BSHRe dpbsehaEgenhSchbABB®d2 in the gas supply
Subsequently, an interel ectrode distance change for

g&gﬁd&ssﬁ di@nsdhp &Pk thE BraSHERrE! GhHitRT h‘}%a[;cc%sﬁ the plasma

cond corner portion renoval processing)

iﬁ%ﬁééggfhftEgﬁﬁgtiéng?rﬁﬁf”Eg (LA 2D thdP the pressure

concrete, he prasna

has reached the pressure expressed by the conditions.

Subsequently, by applying the high-frequency
voltage Dbetween the upper electrode 4 and the lower
electrode 3 by driving the high-frequency power unit 18,
plasma discharge is started (step S15). As a result, the
supplied gas makes a transition to the plasma state in the
discharge space between the upper electrode 4 and the lower
electrode 3. The thus generated plasma takes effect on the
mask-placement—-face ©6b of the semiconductor wafer 6,
thereby ashing (incinerating) the resist film 3la made of
an organic substance by the plasma.

Then, with the progress of the ashing, the resist
film 31la gradually disappears, and finally, the mask 1is
completely removed from the semiconductor wafer 6, i.e.,
the mask-placement~face 6a of the semiconductor chips 40

formed into individual pieces as shown in Fig. 10B. The
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processing conditions 81B for the isotropic etching
process are selected by the process control section

wO2R00canzs2t he position of the upper el ectrode 4rPCE/IPINE8H7997

by the el ectrode elevation unit 24 on the basis of the
conditions, setting the interelectrode distance
bet ween the upper el ectrode 4 4Rd the lower el ectrode

3 . In concrete, the interel ectrode di stance D between
t he upper electrode 4 and the |lower electrode 3 is set
to a prescribed condition (i.e., interelectrode

FudPatice OBl ) PRt Mol FapgecBEY RAVEXafE CS dF sphe mask
mm on the basis of the interelectrode distance D o
iGREIAVEdd RrPaafs iglhsha perbcEssenresndiilieshyad1® fegt within
the isotropic etching. Yet subsequently, the gas

Selwaite] oF, ther gasanb b r 408 FegdPA0I Mg keestd om 2dhé splasma
supplied into the processing chanber 2 while being
rregpdestseichd 0 canpridsicmihedBldas corffositi onfiaed athe mask  is
prescribed flow rate on the basis ofthe plasma

proagdstiaiy cendivtaddynsciBl B faasma kel s Sotrgpi s edtcdpped .

(step S17) . In concrete, the first on/off valve 22A

I's opened Gudskertdsilsy of ahhe filasde@ras®ssStifigtance change
conditions 81B for the isotropic etching, and SF6 is

suppl mattihgonyt herdhs st16aS SMUPRME UBhhsAHEA é@cﬁhﬁggaﬁrocess
m xing portion 19 with the supply flow rate thereo

reddiedcBynthe foreioh! MdALA copbiRlsMalgye BIA idBtropic
56 15

addi tion, the second on/off valve portion 2

Wﬁ%&a{@ br ESradAP! (stdpf ram)the sgcond 9asSURRY plasma
unit 2 to
processing conditions 81B for the isotropic etching process
are selected by the process control section 91, and the
position of the upper electrode 4 is moved by the electrode
elevation unit 24 on the basis of the conditions, setting
the interelectrode distance between the upper electrode 4
and the lower electrode 3. 1In concrete, the interelectrode
distance D between the upper electrode 4 and the lower
electrode 3 1is set to a prescribed condition (i.e.,
interelectrode distance D1) within a range of, for example,
5 to 50 mm on the basis of the interelectrode distance D
included in the plasma processing conditions 81B for the
isotropic etching.

Yet subsequently, the gas selected by the gas
flow rate regulating section 21 is supplied into the

processing chamber 2 while being regulated to a prescribed

gas composition and a prescribed flow rate on the basis of
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the gas mxing portion 19 with the supply flow rate
t hereof regul ated by the second flow rate contro

woabosa12@88. At this time, the third on/off vaPQ®JIPRD/307997

and the fourth on/off valve 22D are put in a closed

state, and neither O 2 nor CHF3_is supplied. Moreover,

SF and He are m xed together so~as to have a gas

conmposition of 10 : 30 at the gas m xi ng portion 19

and supplied into the processing chanber 2 . Then, it

is confirnmed that the internal pressure of the ) _
gritt e &diaFgec nBRBERS 5 1 A6t cEPRE BioRhe PrRsdipte §Bfsopsotropic
28 has reached a pressure condition (e.g., 500 Pa) in
tHEPIEms beRceddiling coRdiconsrst®rB et hdrgas umiiy valve
process (step S17) . Subsequently, by starting plasm

A Fehdrge omenieda kinghtheeqbesdy volft agbet haiasmeeesrocessing
with the conditions applied between the upper

slauiibbdmst $IB t Heod owdrel dootode i3 byetdtiiviong hel SFs  is
hi gh-frequency power unit 18 on the basis of the high
fagpileinsy €eoy. ,tHS. S6rbtz)gandstubelgutpnit caodi tton the gas
of the plasma processing conditions 81B, the plasnma

etichimg raaEss (SETON EOr NtHe PAUDENY r efD@Al rate thereof
processing) by the isotropic etching is started (step

Shulatidiceyt kel Spiopt C rabGhingcdasoathkeat ureddabsa. 1n
the etching characteristic in the direction along the

sddBerof the serosenduct of r Wahek 6 and-fhe eb8hiiRg opened,
characteristic in the direction of thickness are

gy e9ualiph?188Ckrom the second gas supply unit 20B to
the gas mixing portion 19 with the supply flow rate thereof
regulated by the second flow rate control valve 23B. At
this time, the third on/off valve 22C and the fourth on/off
valve 22D are put in a closed state, and neither 0, nor
CHF3 is supplied. Moreover, SFs and He are mixed together
so as to have a gas composition of 10 : 30 at the gas
mixing portion 19 and supplied into the processing chamber
2.

Then, it is confirmed that the internal pressure
of the processing chamber 2 detected by the pressure sensor
28 has reached a pressure condition (e.g., 500 Pa) in the
plasma processing conditions 81B in the gas supply process
(step S17).

Subsequently, by starting plasma discharge with a

high-frequency voltage that agrees with the conditions

applied between the upper electrode 4 and the lower
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other, the etching is perfornmed roughly equally in
each of the directions in the portions to which the

wohemnaz42s appl i ed. Al though the etching charaeCeaPBDE/807997

in the direction of thickness actually tends to becone
slightly nmore intense than the Ztching characteristic

in the direction along the surféce even by the

isotropic etching, it is unchanged that an etching
characteristic obviously different fromthat of the

ani sotropic_etching iis exhibited. If the plasm

A PGS TarYi @HlBElflgWhteh@llg@otflr@ﬁL@Dé?thHﬂcﬁrﬁar agnit 18 on
shown in Fig. 10C, etching of the mask-placenent-face
(@éﬁ:o%%%r@ﬁcé}?eeﬁuqubniwwwe(eegu st 18i- P e )hagnd the
been renoved is started on each of the sem conductor
chitgngocondt eboer ofduiiengridems sproggiss legecianglitimns 81B,
groove portions 6¢ formed by the plasma dicing

prioressasiga b ey chimgapsoteopi ¢setohidngoamneretmehgdidm removal
the direction along the surface of the sem conductor .
vafare & ding )hé ynetilgh bios dtoosb iof ¢ theh ond r Ancet{tted, ($ep S18).
t he nei ghborhood of the upper portion in the figure) .

Ther ef or e, gitecgriioyei gordpinSettehaie LichedfSOt@Bet Bhat the
be slightly expanded in the w dthw se direction

tdeiteinfy Maegyeeribhecetiehidne charastebhshilenyends t Qurface
beconme nore intense in the nei ghborhood of the

et raC & i RNV 8y POE L | ONH BCr 1800 @@aracteristic
approaching the bottom portions. Therefore
Qﬁffﬁﬁ@'Hlﬂégiuﬁ9t59mﬂﬁfgﬁﬁ 9. 288 shawm E821 to each

10C, the etching I1s perfornmed on the entlre sur aces
Qﬂctﬁé}:e, S@r?é)néitchlng is performed roughly equally in each of

the directions in the portions to which the plasma is
applied. Although the etching characteristic in the
direction of thickness actually tends to become slightly
more intense than the etching characteristic in the
direction along the surface even by the isotropic etching,
it is unchanged that an etching characteristic obviously
different from that of the anisotropic etching is exhibited.

If the plasma etching 1is carried out by the
isotropic etching, as shown in Fig. 10C, etching of the
mask-placement-face (second surface) 6b from which the
resist film 31a has been removed is started on each of the
semiconductor chips 40. Moreover, during the isotropic
etching, the groove portions 6c formed by the plasma dicing
processing by the anisotropic etching are etched in the

direction along the surface of the semiconductor wafer 6 in
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surfaces 6b of the sem conductor chips 40, and the
rounded (R) portions 40b that are curved convex

weuodcaas2porti ons can be formed at the end por PCOUB20p&B07997

in contact with the dividing regions R2 . That is, the
rounded portions 40b are forneﬁ at the end portions

(corner portions) |located on t 8 second surface 6b

side and the four corner portions of the rectangul ar

plane. It is noted that the plasma etching process by

the isotropic etching in step S18 is carried out until
t?ﬁ@r?ﬁ&ﬁﬁ§??ﬁﬁ?@oﬁ§ 4ed rranFeediiato A pERscREheRPOrhood
size in step S19, or, for exanple, until the tine

mehsthe dBREE HeO B beesER ngh¢ | Feoweakur eRepteSeter ohhgsgroove
el apses over the processing tinme of the plasm
PoEeEFIhPE ok t¢orked 1B fas thebe sotiohbityeeshandged in the
Mor eover, when it is deternmined that the prescribed
tWwhdthisse| agsedcinost e8I oft.he pl dsmaogechi ngche  etching
process by the isotropic etching is

erttech Sudasiegjuisnt | yentlbe dper aid@mof hbeevadwmi@neTp Bn  the
is stopped (step S20) , and the exhaust sw tchover

vied Vghbo itso s d Ehetlef entirehease it anheyioms phef€ions 6c and
(step S21) . As a result, the internal pressure of the

piosessi 8¢ epprbBelchdnigs HIRStI9€toh Nberthenat "OSPheFdfore, by
pressure. Then, the vacuumattraction is turned off,

Fden iy paveri s Lob o St gl i ragt 99,1 Soc,
LS P Aglob el SLOCLEEIS | BSHI SELFER. | Soc, he

SHAREH TR T U bt oo ERcBSA A2 cecons
surfaces 6b of the semiconductor chips 40, and the rounded
(R) portions 40b that are curved convex surface portions
can be formed at the end portions put in contact with the
dividing regions R2. That is, the rounded portions 40b are
formed at the end portions (corner portions) located on the
second surface 6b side and the four corner portions of the
rectangular plane.

It is noted that the plasma etching process by
the isotropic etching in step S18 is carried out until the
rounded portions 40b are formed into a prescribed size in
step S19, or, for example, until the time measured by the
processing time measurement section 95 elapses over the
processing time of the plasma processing conditions 81B for
the isotropic etching. Moreover, when it is determined

that the prescribed time has elapsed in step S19, the

plasma etching process by the isotropic etching is ended.
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pi eces of the sem conductor chips 40 and retai ned by
the protection tape 30 is rel eased. Yet subsequently,

woOhersgiemzeonduct or wafer 6 that has undergone POEJIP2006/307997

pl asma processing is unloaded (step S23) . That is,

t he sem conductor wafer 6 is sucked and held b y the

suction head 27 and unl oaded td%the outside of the
processi ng chanber 2 with the N2 gas bl own through the
attraction holes 3e. As aresult, the plasm

processing for continuously carrying out the insulator
renoval protESFHGEREhE nbRehOPBEAR&LLSN Ofr dd¥s sTaguum pump 8
(first corner portion renoval processing) , the

| hBUFBOPRRAT |(FkPPeRARIng PrOckS, cRheURRSWidaTer valve T
processing and the isotropic etching processing

(beconid dmdhefoporel emse ehovihe prosesshengy i(stepdgdlinm As a
the plasnma processi ng apparatus 101. Then, the
sepswionducher indeemad yMassdett t ofether pwiotdestshieng chamber 2
protective sheet 30 is transferred to a sheetpeeling

pi o cessitoged nintiochthbe prdechévecsherissitrd s peahed, the
off fromthe circuit-formati on-faces 6a of the

Sea0on et i cEhbPSi40tubnedsbawn iahdFitges Od Acner HBait for
the sheet peeling is perfornmed after the sem conduct or

chi dxsc ik @liel ¢ ehakpedt9hnt he adhestyecsheatstdp by22)., as a
sticking an adhesive sheet 37 for retention use to the

nBs&a1R! , aceRBNtfa5s, 161, 0f pi he se conduch 81 +¢ PSeftPcoAductor
s a result, the manufacturing process of the
SeEoonguehon, NS |8, CONPLRL 8. is divided into individual
pieces of the semiconductor chips 40 and retained by the
protection tape 30 is released.

Yet subsequently, the semiconductor wafer 6 that
has undergone the plasma processing is unloaded (step S23).
That is, the semiconductor wafer 6 is sucked and held by
the suction head 27 and unloaded to the outside of the
processing chamber 2 with the N; gas blown through the
attraction holes 3e. As a result, the plasma processing
for continuously carrying out the insulator removal
processing, the notch formation processing (first corner
portion removal processing), the insulating film removing
process, the mask removal processing and the isotropic
etching processing (second corner portion removal
processing) is ended in the plasma processing apparatus 101.

Then, the semiconductor wafer 6 unloaded together

with the protective sheet 30 1is transferred to a sheet
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In this case, Fig. 30 shows a schematic perspective
view (including partial renpval cross section) show ng

woOhercappear ance of the thus-formed senm conduct eCTAPI0P&307997

40. A's shown in Fig. 30, the rounded portions 40a

that are curved convex surface_portions can be forned

so as to renove (i.e., renove { rough the first corner
portion renmoval processing) the sharp corner portions

(or ridgelines) at the end portions (i.e., at the end
portions in all of the four directions) on the _
AN fBFREEF8ARdce 6 YhdeDofthhePsokPESATGCt BReet 30 is
chips 40. Further, the rounded portions 40b that are

ARt cofex TEOrF adBepofireniteinrpetionmiaces asat oof the
remove (i.e., renove through the second corner portion
resayphCEn A Gees SitHg) s t4fe. sHer pslovrmetn pbras onklX oand 11B, the
ridgelines) at the end portions (i.e., at the end
pdradiopsdlirg |1iofpehBfmad o rectilbasjemicdeiductor chips 40
mask- pl acenment -face 6b side of the sem conductorchips

e Thataitned abh ttheecoadisss post iginsetand7t hey sticking an
ridgeli nes of the sem conductor chips 40 can be

reeifescre Atsedt r83ukbr ebtppchgndusd ad ith&L ard€k-placement -
portions and the like that becone chi pped can be

SHHY esisedrf o asaul ddritth b4 henpBufsact urgd a result, the
sem conductor chip 40, and the transverse rupture

R GamPe hrPEQYEd. oWbr aauer, sbhecbAdset8r™dhips  is
sem conductor chip 40 is, for exanple, a sem conductor

i1y reduced thickness such that the thickness
di mension thereof is

In this case, Fig. 30 shows a schematic
perspective view (including partial removal cross section)
showing the appearance of the thus-formed semiconductor
chips 40. As shown in Fig. 30, the rounded portions 40a
that are curved convex surface portions can be formed so as
to remove (i.e., remove through the first corner portion
removal processing) the sharp corner ©portions (oxr
ridgelines) at the end portions (i.e., at the end portions
in all of the four directions) on the circuit-formation-
face 6a side of the semiconductor chips 40. Further, the
rounded portions 40b that are curved convex surface
portions can be formed so as to remove (i.e., remove
through the second corner portion removal processing) the
sharp corner portions (or ridgelines) at the end portions
(i.g., at the end portions in all of the four directions)

on the mask-placement-face 6b side of the semiconductor
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sufficiently smaller than the wi dth di nensi on thereof.
Concretely describing the structure of the

weemetionduct or chip 40, the sem conductor chi prd0/JIP286/307997

first surface (circuit-formation-face) 40c which has a
roughly rectangul ar flat surface and on which the

sem conduct or device 44 is forfh@d, a second surface

40d which is a roughly rectangul ar flat surface

parallel to the first surface 40c | ocated on the side
opposite fromthe first surface 40c, and a connection
SifRsce 440e whiftBRti sifocatled dtha heog@eirphepytéprsheand the
first surface 40c and the second surface 4Qd and
corfiedtisiqshecénd-hsor $¢kr oidudieof i chirsurfceanodan ramoved.
the end portion of the second surface 4Qd.

FRAf thekasre L, t higmmirmbndwet bo diiie ddrisr cposttiwotsecend the
so that the connection surface 40e includes the

reisgecthae begoded gididdeshscaiDabandudPlbesbatd afeom occurring
curved convex surface portions so that no ridgelines

are foreredmahutthe tendgor tdaanisafduded | rehisur 4age 4ded  the
and the second surface 40d. Therefore, in the

narHifsaeing e dgett e nekiedrast weded 149, ididweoped 1 i ons
where the ridgelines have been |ocated by the

convent i onafowaiedact upb NG Rt Hen£epstnEeLed chip 40
of curved convex surface portions, and the transverse

UL urg, st r@i‘%}ﬁléan B esbARESUBd tERNSif8 NG éhey  reguced
fact that the thickness dinension is sufficiently

_ Hk%restéqagzutc]?le. Whg‘:h ﬁﬁgerkl?{tl%ﬂéﬁg h%iﬁ%@s&%@d?ghg&eof is

chip 40 as descri bed above, al so possi

fﬁff?i@ilentﬂ%/ C%elclteirontilég agf 491?dth dimension thereof.

Concretely describing the structure of the semiconductor
chip 40, the semiconductor chip 40 has a first surface
(circuit-formation-face) 40c¢ which has a roughly
rectangular flat surface and on which the semiconductor
device 44 is formed, a second surface 40d which is a
roughly rectangular flat surface parallei to the first
surface 40c located on the side opposite from the first
surface 40c, and a connection surface 40e which is located
at the periphery of the first surface 40c and the second
surface 40d and connects the end portion of the first
surface 40c with the end portion of the second surface 40d.
Furthermore, the semiconductor chip 40 is constructed so
that the connection surface 40e includes the respective
roupded portions 40a and 40b that are curved convex surface

portions so that no ridgelines are formed at the end
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of the curved convex surface portions. Mreover, when
curved convex surface portions, i.e., rounded portions

wGORacans2ior med at the four corner portions of PCEP2006/307997

resist films 31la that have a roughly rectangul ar shape

in plane and are arranged on th% maskpl acenent - faces

6b of the seniconductor wafer €’as shown in the

schemati c explanatory view of Fig. 31, the

configuration of the formed sem conductor chip 40 can

be formed into_a snpother configuration, and this is

pPRF kAT e L) Fithel $ REis- FEFFBESS AR T oRdGctde cPe@rndosurtace
the width dinmension of the dividing regions R2 is, for

ekl fheimpdtrrs, t br2thempanyfrchigeh serbagnenceprt wafer 40,
removed corner portions, i.e., the dianeter dinension

othe heo¥blpiedwperei 6he 40dgmid MGh hHayealimran 016cabed@Oby the
nm, and further the wi dth dinmension of the renoved

sténcent oxialk fidmB3ftivring gechoer ¢tdan BbouwornSErmmted of
. Al'though the curved convexsurface portions cone to

haveved coofrgur atirdacthabritilons,t edldy ttesenbhirSverse rupture
chanfered portions (inclined flat surface portion or a

t afpegregkpoehhome | fmprowedat urdrfiddi@ ng otRdedact that the
portions”, or the "curved convex surface portions"

becoitese 8| HbLgL ¥ynsSiBl kursueh «ehtant ened 1Rar tH100s 8hE width
included in the curved convex surface portions of the

P BREE 1 §DOdi BBt s8R LBRAUAS N A tIPNSs BHESELTNEN above,
surface portions curved even a little. Al though the

Case WNer &, thes £ oynded, PRE L 0081 4PRe connection surfaces 40e

of the curved convex surface portions.

Moreover, when curved convex surface portions,
i.e., rounded portions 3lc are formed at the four corner
portions of the resist f£ilms 3la that have a roughly
rectangular shape in plane and are arranged on the mask-
placement-faces 6b of the semiconductor wafer 6 as shown in
the schematic explanator? view of Fig. 31, the
configuration of the formed semiconductor chip 40 can be
formed into a smoother configuration, and this is
preferable. In the thus-formed semiconductor chips 40, the
width dimension of the dividing regions R2 is, for example,
about 5 to 20 pm, the width dimension of the removed corner
portions, i.e., the diameter dimension of the rounded
portions 40a and 40b is about 0.5 to 20 um, and further the
width dimension of the removed silicon oxide film 35 is not

greater than about 50 um. Although the curved convex
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are fornmed by form ng notches at the corner portions
of the sem conductor chip 40 has been descri bed above,

woOhesramai act uri ng nmet hod for sem conduct or chPEs/JP1006/307997

the present first enbodinent is not Iimted only to

this case, and it may be a case, wher e chanfer portions
obt ai ned by renoving the sharp ‘portions are forned at

the corner portions. This is because the occurrence of

chi ppi ng can be suppressed even if the chanfer

portions are forned as descri bed above. Moreover,
FHHRfEP t REBTEASBSWNECES hetPri REVBal BporEephigerakion that
sem conductor wafer 6 is the silicon substrate 45

f @Y. BPALY | | ETEHUE Dech afRehe®OFHGVERS t HEnsdtigled flat

formati on of the present first enbodi nent can be

siwifage yreukidrdova balenedi pprhioerf f 86t acanryeture of the
obt ai ned even when the sem conductor wafer is forned
ofraurGdd pesedoma! eroml the PpEacecdfcoheeabsuefeaseportions™
It is noted that a gas constituted mainly of chlorine
Bessanams whioih dpsdfer anal 1 e sused ahatferpldsmdrtions are
processing gas in place o f the fluorine based gas (S
FreFd)dédr iat chineg thevsdl i eonvant enimtacdhegpttio®@ASF the
based material is used as described above, the silicon

it skergan dndbdisechtas sbhe1bhgul aki nehd | IgBrMI@PVele convex
al t hough the case where the second corner portion

ramNake D5 OFESShHAchSy&Rr &L QUi ibrYethe isotropic
et chi ng has been descri bed above, the present

enbodi ment AS:Qtgh I FhLedakR LR 1GAS%e |Ho e ®CpBrtions 40a

case
are formed by forming notches at the corner portions of the

semiconductor «chip 40 has been described above, the
manufacturing method for semiconductor chips of the present
first embodiment is not limited only to this case, and it
may be a case where chamfer portions obtained by removing
the sharp portions are formed at the corner portions. This
is because the occurrence of chipping can be suppressed
even if the chamfer portions are formed as described above.

Moreover, although the case where the principal
portion of the semiconductor wafer 6 is‘ the silicon
substrate 45 formed of silicon has been described above,
the notch formation of the present first embodiment can be
similarly carried out and a similar effect can be obtained
even when the semiconductor wafer is formed of a GaAs based
material in place of the above case. It is noted that a

gas constituted mainly of chlorine based gas should
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where the second corner portion renoval processing is
carried out by anisotropic etching instead of the

weahosaizase. It is noted that the isotropic etedrap006/307997

that have an intense etching characteristic along the
surface of the second surface 6b should preferably b e
adopted fromthe viewoint t hat %t he renoval of the

corner portions of. the second surface 6b is

efficiently perfornmed. According to the first

enbodi nent, various effects can be obtained as .
AP BY RBIURET S <1 CORRRE RTRE ST ingndami & place of
the silicon oxide film35 is placed as the insulating

fillem f huehénpobeiseds ddfat (THrr eShondfed effehdingi dilgy silicon
regions R2 of the circuit-formati on-face 6a, as the
s@tiegoreduct or Wiedrer heandadess r Warpdutmaherphhsnhs used as
di ci ng processing fromthe nask-pl acenent-face bb

tdes samcbndbotver, chhe manufaot uoikiglecapahl ebef used as the
form ng the rounded portions 40aat the corner portions

dm stuies tfiorgreth em conduct or chi ps 40 and i nproving the
transverse rupture strength can be achieved. In

concrete, thergivave pAthoRmh 6¢har echeemedhieRet Nehe second
portions that correspond to dividing regions R2

Ryraidry i Beretbnt hesdwBsimpdbetBgi REOCLSSicAG AR 4 heut by the
sem conductor wafer 6 , and the silicon oxide film 35

s mesied tremihie i chiRgboklom poLLi Aishvdd), the present

accordance with the progress of the etching.

LRRAURM Vist B8ARAS®Ld to the case. It may be a case

where the second corner portion removal processing 1is
carried out by anisotropic etching instead of the above
case. It is noted that the isotropic etching that have an
intense etching characteristic along the surface of the
second surface 6b should preferably be adopted from the
viewpoint that the removal of the corner portions of. the
second surface 6b is efficiently performed.

According to the first embodiment, various
effects can be obtained as follows.

By using the semiconductor wafer, on which the
silicon oxide film 35 is placed as the insulating film in
the portions that correspond to the dividing regions R2 of
the circuit-formation-face 6a, as the semiconductor wafer 6
and carrying out the plasma dicing processing from the
mask-placement-face 6b, the semiconductor chip

manufacturing capable of forming the rounded portions 40a
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silicon oxide film35 can be charged with the positive
charge due to the ions in the plasnma by continuing the

wohemnmaz4dici ng processing, and the rounded por PCOUB204&307997

can be fornmed by renoving the corner portions of the

sem conductor chips 40 put in contact with the silicon

oxide film 35 by bending the t?gjectory of the applied

ions by the charging. By thus form ng the rounded

portions 40a on the sem conductor chips 40, the

sem conduct or chips, which are able to suppress the ‘
qQ”ﬁggqﬁr(gﬁﬁﬁﬁqﬁf{gftmhﬁrﬁgﬁﬁggnqﬁ@@conductor chips 40

senmi conductor chips 40 and of which the transverse

Bt urldEE eyt h the | ipravetersan B Henf astueedth can  be

Moreover, with regard to the exposed silicon oxide

fadhhed®dt he silicon oxide film 35 can be positively

etched by perfornming the plasna etching while

swi t chi ng, for examutes, titlee kgrebwd ddwet gass @ndatdeformed in

renoval can reliably be achieved. Therefore, the

diHd cpproxdiote fthat 3Tomtdisdords bet dovi@ingn f#dwgions R2 by

portions that correspond to the dividing regions R2 in

tdaer ranuent banal e cenduwedsor awdefigb0bidrdesing on  the

subjected to the plasma dicing processing, can be

AR W € I b REroW, t ARAPItaTEs £1 CBOAY AUIELSEi Y 35 is
switching the kind of the gas in the case where the

g e de fHd m3n iy e, irﬂ;ﬂ%r@@gﬂ% ggécéf@énce with

correspond to the dividing regions R2, an
$610 cRPAYELAL WA fh8 GAthing.  Subsequently, the exposed

silicon oxide film 35 can be charged with the positive
charge due to the ions in the plasma by continuing the
plasma dicing processing, and the rounded portions 40a can
be formed by removing the corner portions of the
semiconductor chips 40 put in contact with the silicon
oxide film 35 by bending the trajectory of the applied ions
by the charging.

By thus forming the rounded portions 40a on the
semiconductor chips 40, the semiconductor chips, which are
able to suppress the occurrence of chipping of the
manufactured semiconductor chips 40 and of which the
transverse rupture strength is improved, can be
manufactured.

Moreover, with regard to the exposed silicon
oxide film 35, the silicon oxide film 35 can be positively

etched by performing the plasma etching while switching,
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reliably be divided into the individual pieces of the
sem conduct or chi ps 40. Further, by subsequently

woeomviing4t he resist film 3la placed on the PCT/JP2006/307997

mask- pl acenent -face 6b of each of the sem conductor
chi ps 40 through the mask renoyal processing to expose
t he mask- pl acenent -face 6b on gach of the

sem conduct or chips 40 and thereafter performng

i sotropic etching on the mask-pl acenent-face 6b as the

second corner portion renoval processing, etching can

b he PEEFRES ontihe Kidkkr odi de'sutBscesaB tHee greBweal can
6¢c | ocated between the sem conductor chips 40 in the
ditlecah lon kg ongrigieedur fHeerofordre toewi sbhigeropxi@eefilm 35,
6 , so that the etching can be perfornmed in the

Wikt diwi be =et e€eimadi hnt hbenpoghbonsodthadf ¢derespond to the
entrance of the grooves 6¢. By performng the etching

asl wliediord bezh ahov K2 the theincded oporiooat 46bitbaduater wafer
the curved convex surface portions can be fornmed at

t91El el pog ts e el the dos Nela e td DaSn®Nptbeessing, can be
mask- pl acenment - face 6b side of the sem conductor chips
Aemohhed efgr ecagklyihge shdgetidepleambe cremawed piedess by
the sem conductor chips 40 separated by the plasm

CHvEi tieh IHPCESS 1 1Hithd SOF thad §e SIoold sasvefhepOVENe silicon
surface portions can be forned at the portions where

tdie dd dgeld nes pndeGenpar 1ROHEORS, Mave, Ori ald Yrespond to
been | ocated, and the transverse rupture strength can

gct%ééh:'&gfgﬁ/c%ﬂqg “@é&f&%’RQY Lupt REE ReLHUIANE RS Brar 6 can
reliably be divided into the individual pieces of the
semiconductor chips 40.

Further, by subsequently removing the resist film
3la placed on the mask-placement-face 6b of each of the
semiconductor chips 40 through the mask removal processing
to expose the mask-placement-face 6b on each of the
semiconductor chips 40 and thereafter performing isotropic
etching on the mask-placement-face 6b as the second corner
portion removal processing, etching can be performed on the
inner side surfaces of the grooves 6c located between the
semiconductor chips 40 in the direction along the surface
of the semiconductor wafer 6, so that the etching can be
performed in the widthwise direction in the neighborhood of
the entrance of the grooves 6c. By performing the etching

as described above, the rounded portions 40b that are the

curved convex surface portions can be formed at the end
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a state in which the resist film3la is renoved from
t he mask-pl acenent -face 6b of each of the

weemetionduct or chi ps 40, a damage | ayer causedproy/JPi006/307997

exanpl e, an abradi ng process can be renoved by the

et chi ng, and the manufacturing grocess of the

sem conduct or chi ps can be mad®<more efficient. SECOND
EMBODI MENT The present invention is not limted to the

above enbodi nent but allowed to be put into practice

in various npdes. For exanple, a manufacturing nethod

A SR ARIEST QR RUGrdhy 2 Flhe Bagbnglacement-face

enbodi ment _of the present invention is described bel ow

it B3 étferide senineondiidmit i el Hhat ory vi ews

shown in Figs. 16A through 16C, Figs. 17A through 17C,

Fi gs. 18A tHrasgglerE8C alnld Bigys: idos el 168 Hderemoved from
manuf act uri ng net hod for sem conduct or chi psof the

fes epemsecntczmbodhipat 4 ffapasrdtrain bie thier gilasma dicing
enbodi nent in the point that a polyimde (PlI) filmis
geecexss iy | Ul dtHatg ftidan isasicedd ofunrsédlg ¢devex surface
silicon oxide film35 as the insulating filmfornmed in

tdoer thiarrts aren At add R SPorthd pdhel shyiwhéle regd ofsdgelines
R2 as in the sem conductor wafer 6 of the first

empdisenér EBLYibhe GlaffereftgiRpdnty i BedBSAicB@dd, and the
bel ow. The fact that the plasnma processi ng apparatus

%ﬁﬁ%gﬁ;ﬂpﬁ%ﬂé rr:%thrgégﬁfﬁ B S SigRdady used by

Moreover, by further performing plasma etching in
a state in which the resist film 3la is removed from the
mask-placement-face 6b of each of the semiconductor chips
40, a damage layer caused by, for example, an abrading
brocess can  be removed by the etching, and the
manufacturing process of the semiconductor chips can be
made more efficient.

SECOND EMBODIMENT

The present invention is not limited to the above
embodiment but allowed to be put into practice in wvarious
modes. For example, a manufacturing method for
semiconductor chips according to the second embodiment of
the present invention is described below with reference to
the schematic explanatory views shown in Figs. 16A through
16C, Figs. 17A through 17C, Figs. 18A through 18C and Figs.

192A and 19B.

The manufacturing method for semiconductor chips
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for sem conductor chips of the present second
enbodi nent is sane, and therefore, no description is

wonrosiided4f or the apparatus. Mreover, the fl orCTHR2006/307997

showi ng the procedure of the manufacturing nethod for
the sem conductor chips of the_present second
embodi nent is simlar to the fﬁgM/chart used for the
first enmbodiment / no description is provided
therefor. First of all, as shown in Fig. 16A,
sem conduct or devi ces 144 are forned |nfport|ons t hat
&ﬁr&éﬁorﬁreﬁ?%esegga&ﬁwwr% dHdifedts obrergitées first
Rl on a circuitformati on- face 106a of a seni conduct or

iRadirggt Baehtle pPaénserhebnaupcdy igdeceP 44 1ln is used
i ncl udes devices such as a MOS

(avet Blhe Othdel Seiigoddust omststadicofir astingndihst ogilicon oxide
constructed of a silicon substrate 45 (Sem conduct or)
fiadmi3% con oxedéniBbatriudé)lfofioethedl riectihe qottieons that
circuitformati on- face 106a and a netal film (Metal)
farmessgmd hesbl | cdre oxddeidlhg Furédesnsth®&2 as in  the
sem conduct or devices 144 further includes a

connestridut e nivaakr 143 @l ske calilred t&gobentdmg. padnly the
for electrically connecting the devices to externa

eliettduHC BERAtat USeleskhible PRELLANS thEE fact that the
correspond to the dividing regions R2, the silicon

i Al 35p k58951 Hgr "E‘z%ﬁéﬁldt‘ﬁ% th@oil r%}seeaTb%nE%e first

Mor eover, as shown’in 16A, on

Sgsianm Lo e e vl 00 st on e
@6¥(§gﬂlébﬁddégor chips of the present second embodiment is
same, and therefore, no description is provided for the
apparatus. Moreover, the flow chart showing the procedure
of the manufacturing method for the semiconductor chips of
the present second embodiment is similar to the flow chart
used for the first embodiment, no description is provided
therefor.

First of all, as shown in Fig. 16A, semiconductor
devices 144 are formed in portions that correspond to the
respective device-formation-regions Rl on a circuit-
formation-face 106a of a semiconductor wafer 106. Each of
the semiconductor devices 144 includes devices such as a
MOS (Metal-0Oxide—-Semiconductor) structure transistor
constructed of a silicon substrate 45 (Semiconductor), a

silicon oxide 135 (Oxide) formed directly on the circuit-

formation-face 106a and a metal film (Metal) formed on the
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covering the forned sem conductor devices 144. The
polyimde film 146 has a function to protect the

woemisionduct or devi ces 144 forned on the PCT/JP2006/307997

circuit-formati onface 106a and pl aced forned al so

covering the portions that correspond to the dividing
regions R2 on the circuitformaffon- face 106a. In the

sem conduct or devices 144, the surfaces of the

connection termnals 143 are not entirely covered with

the polyimde film 146 but exposed for, electrical .
c?frﬂrﬂé%‘tr%/ Siqbr edver , FEREDREY n thGdys i gapductor devices 144
sem conductor wafer 106 is simlar to that of the
fFsthentgu idas ia e gsdiimn theminal s143r hebisefcahbed the
silicon substrate 45. A protective sheet 30 is

doeging| padi uckox o etlieetsdriaddnduconnensfing 1106 sdeagces to
to protect the entire circuit-formation-face 106a as
shovarnal FiedectB®niSubsepgaeatihipesas shown tihe FpgstidB€ that
and 17A, a mask patternof a resist film 3la and mask
stanrempdridonso 3tha sdfwirddeth t eedebinge i vi dheg siedicons oxide
R2 on the mask-pl acenent-face 106b of the

sies8 ciondisct o med@rurdlitke e sEin consusd @mavaf er 106
provided with the mask forned as above is subjected to

pl asma proogssddigedy 4si BHolHe Pl a8I@. PIEAESSNGhe circuit-
apparatus 101. In concrete, a plasma dicing processing

| o dSitorcatdded 1936, bﬁfankﬁgtr@@hﬁcghﬁnhﬂgrerEEEPe 106, a
mask- pl acenent f ace 106b of the sem conductor warer
106,y BRI P1PY146 is formed as a surface protection film
covering the formed semiconductor devices 144.  The
polyimide film 146 has a function to protect the
semiconductor devices 144 formed on the circuit-formation-
face 106a and placed formed also covering the portions that
correspond to the dividing regions R2 on the circuit-
formation-face 106a. In the semiconductor devices 144, the
surfaces of the connection terminals 143 are not entirely
covered with the polyimide film 146 but exposed for
electrical connection. Moreover, the main body of the
semiconductor wafer 106 is similar to that of the first
embodiment in the point that it is formed of the silicon
substrate 45.

A protective sheet 30 is adhesively stuck to the
semiconductor wafer 106 so as to protect the entire

circuit-formation~face 106a as shown in Fig. 16B.

Subsequently, as shown in Figs. 16C and 17A, a mask pattern
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ani sotropic etching the silicon substrate 45 in the
portions that correspond to the dividing regions R2 .

woho@ugbu2thi s process, as shown in Fig. 17B, gPQONB2006/307997

portions 106c are to be fornmed in the portions that
correspond to the dividing regions R2 . Wth the

progress of the etching, the poPyimide film 146

becones exposed fromthe etching bottom portion

(i nsul ator exposure processing in step S6 of Fig. 7 )

. Wen the polyimde film 146 that is the insulating

f i9fm3a srekboselli b dé3crndediaiovel it heoekposed 31b is formed
polyinmde film 146 is charged with the positive charge

oftat héetigrs daviHangl asrmiormdReheon r Shectmyskqflddmmnent-face
applied ions is to be bent. Consequently, as shown in
Fil§.6b1 p€, thet clkes chiuatef orafedt dt0d.he corner

portions of groove portions 106c, and rounded portions

140a are formimed atmtbendocher peitéons.od phevided with the
separated silicon substrate 45 put in contact with the

palapikmfiterfdd nad46bonet eB fRIRIGONPr B6epShBfal @rﬁc@a@s51ng by
SjB of Fig. 7 ) . Wen the rounded portions 140a of

t he ipes ekl E&@sﬁﬂaz @race skaneGpddia Riagm di cing
processing by the anisotropic etching is ended. Next,

removal of trhe RR|MidAde fi ﬁﬂéé—rﬂg QFEQﬁSdpQBcEE%lng is first

dividing regions R2, i.e., the insulator renoval

e R TR -
Lo BB 00 B B oty oy
p%‘?‘l'ltslo\é? iél%ffe hri% the silicon substrate 45 in the
portions that correspond to the dividing regions R2.
Through this process, as shown in Fig. 17B, groove portions
106c are to be formed in the portions that correspond to
the dividing regions R2. With the progress of the etching,
the polyimide film 146 becomes exposed from the etching
bottom portion (insulator exposure processing in step S6 of
Fig. 7). When the polyimide film 146 that is the
insulating film is exposed as described above, the exposed
polyimide film 146 is charged with the positive charge of
the ions in the plasma, and the trajectory of the applied
ions is to be bent. Consequently, as shown in Fig. 17C,
notches 142 are formed at the corner portions of groove
portions 106c, and rounded portions 140a are formed at the

corner portions of the separated silicon substrate 45 put

in contact with the polyimide film 146 (notch formation



10

15

20

25

pl asma etching on the polyimde film 146 is used. For
exanpl e, a gas that contains oxygen is used as the

webtetlsimgizgas. I n the plasma processi ng appar at eeTAPH06/307997

t he gases of the kinds used in each processing are

stored in the gas supply units 20A, 20B, 20C and 20D

By thus carrying out the insul &3 ng filmrenoving

process, as shown in Fig. 18A, the exposed polyimn de
film146 is renoved fromthe portions that correspond

to the dividing regions R2 . Consequently, the

sendcesgiey orimafsrerl06 8 sodi vided i At o i ndiigdudihe rounded
pi eces of device-formation-regions R, and the

| pdividual 1 pPaces bhetheesenibeddadeer achi porrgd, atae plasma
to be fornmed. Subsequently, the resist film3la is

retoved broocetbengusk- phacentabifapécléBbhohgt Ae ended.

sem conduct or chi ps 140 separated as shown in Fig. 18B

by carryi ngnest, plrasseaashd hgtheago lvdnival prlocesdbngxposed
in step S15 of Fig. 7 ) . Subsequently, the isotropic
ebghivie | 81 seheatedasitdiss ekehi ng. €har aakerisdhTat@ndremoval
the plasnma etching process by the isotropic etching is
S%@BE@QS@Hgt he sacondsurdegse §maskrplracenent- faeepver, due
106b from which the resist film 3la has been renoved

(sgc R 400, T EABVAL AT Qs 4 Pn§l8iim for
O?SF?EQ ?ﬁ?ﬁyﬂgﬁg #1000, I eABVaL Rl QGeSEI i hHuBhe §h

he plasma etching process using the

i§8Er0%§h*%éﬁaqgkof22%§§89ndfﬂgfaSE 1%%%‘ﬁp£ Eent  second

sem conductor chips IS entirely etch as shown in
s EenE b SN B R 008 by iR et ng
plasma etching on the polyimide film 146 is used. For
example, a gas that contains oxygen is used as the etching
gas. 1In the plasma processing apparatus 101, the gases of
the kinds used in each processing are stored in the gas
supply units 20A, 20B, 20C and 20D. By thus carrying out
the insulating film removing process, as shown in Fig. 18A,
the exposed polyimide film 146 is removed from the portions
that correspond to the dividing regions R2. Consequently,
the semiconductor wafer 106 is divided into individual
pieces of device-formation-regions R1, and the individual
pieces of the semiconductor chips 140 are to be formed.
Subsequently, the resist film 3la is removed from
the mask-placement-face 106b of the semiconductor chips 140
separated as shown in Fig. 18B by carrying out plasma
ashing (mask removal processing in step S15 of Fig. 7).

Subsequently, the isotropic etching is selected
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the direction along the surface of the sem conductor
wafer 6 in the nei ghborhood of the entrance (i.e., in

woOheoonie2zghbor hood of the upper portion in the PCOQUPEP6/307997

as a consequence of which the groove portions 106c are
etched so as to be slightly expanded in the w dt hw se
direction thereof. As a resul 8/ the rounded (R

portions 140b that are curved convex surface portions

put in contact wth the dividing regions R2 can b e

formed on the mask-pl acenentface 106b of the ,
sesi comiuctiothiohd pshp4@ctREstiC, t BOS odi@ed PRGERong tching
140b are fornmed at the end portions (corner portions)

| pratesls obyt i ansistotpiapiereatchase 16615 tsirdedfor hehe second
sem conductor chi ps 140 and the four corner portions

ofut hece ectmarzgtHdra delnemd - Butsseqliéadbl yras whowh ithe resist
Figs. 19A and 19B, the adhesive sheet 37 is stuck to

t helmaskapliegeneatnf acemchab, (asdohbe cprokectpoet streetremoval
30 is peeled off fromthe circuitformation-face 106a.

Apsode£88Hkt int he mamUf@acs Br FRg. pr/ocesBpfthdeplasmna etching
sem conductor chips 140 is conpleted. A s described

apoyEes8Vels Men thhe Seii copductacnaigr 406 us@soddesurface
polyimde film 146 that is the surface protection film

gso%geo%n%ﬂénééﬁhééﬂ&ﬁéﬂ@feghﬁﬁsth@odf@(%ﬁEﬁfSQ%geﬁched as

the rounded portions 140a can b e ;orned at t
CORBEL RS 08, ST e [ PLBLL R PEmf08RGRI 2.0,
f%gggigﬁg agg%igg %Hg Bgﬁﬁg%nghgkgg Bﬁgﬁgsﬁu%g'aﬂ%detched in

the direction along the surface of the semiconductor wafer
6 in the neighborhood of the entrance (i.e., in the
neighborhood of the upper portion in the figure), as a
consequence of which the groove portions 106c are etched so
as to be slightly expanded in the widthwise direction
thereof. As a result, the rounded (R) portions 140b that
are curved convex surface portions put in contact with the
dividing regions R2 can be formed on the mask-placement-
face 106b of the semiconductor chips 140. That is, the
rounded portions 140b are formed at the end portions
(corner portions) located on the mask-placement-face 106b
side of the semiconductor chips 140 and the four corner
portions of the rectangular plane.

Subsequently, as shown in Figs. 19A and 19B, the

adhesive sheet 37 is stuck to the mask-placement-face 106b,

and the protective sheet 30 is peeled off from the circuit-
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rounded portions 140b can be forned at the end
portions on the mask-pl acenent-face 106b side b vy

wa0sg1242¢ i sotropic etching after the nmask rerovar2006/307997

processing is carried out. Therefore, sem conductor

chi ps 140 that have corner portions forned of snooth

curved convex surface portionsEVith all the ridgelines
renoved can b e formed, and sem conductor chips of

whi ch the transverse rupture strength can be inproved

can b e manufactured. MODI FI CATI ON EXAMPLE OF SECOND )
ERBODR VENT-ARERoUgACRhe .cadE wher Ee6He tpol e d@epufpcturing
146 forned as the surface protection filmis used as

t heocasal afi hbef semipbadedtion thépdi V@i A§ cogirdrseR2

has been descri bed above, the present second

enbodi nent RAs neisdriifdddedalooty, t evehe wiase. the mepilbenductor
a case where, for exanple, a silicon nitride film

f eafed Qf06siddezonthn tpobdeinBu8N4) 1ins Idfedclast t e the surface
surface protection filmin place ofsuch a case. The
cpgetruberent heisml igon whéritdesdidtmng USElni placed in the
descri bed bel ow as a seni conductor chip manufacturing

mgt hodiagCordidgnd 0 o hodid cabheeaxappkeishst he40a can be
present Second enbodi ment is described bel ow.

HERUEN raf OEhEP%nQiesﬁéj:Ebeﬂg' o THow ehard, ithaWm@tion-Fface

t he procedure of the sem conductor chip manufacturing

”%%st'&aesﬁg}”g%icgﬁ%gn Qhea%gt%hs%%iignn&scﬁn the first

expl anatory owng a state in
SREEIBRE PHERLTOP GBS Beciotge, ana tae
rounded portions 140b can be formed at the end portions on
the mask-placement-face 106b side by using the isotropic
etching after the mask removal processing is carried out.
Therefore, semiconductor chips 140 that have corner
portions formed of smooth curved convex surface portions
with all the ridgelines removed can be formed, and
semiconductor chips of which the transverse rupture
strength can be improved can be manufactured.
MODIFICATION EXAMPLE OF SECOND EMBODIMENT
Although the case where the polyimide film 146
formed as the surface protection film i1is used as the
insulating film placed in the dividing regions R2 has been
described above, the present second embodiment 1is not
limited only to the case. It may be a case where, for

example, a silicon nitride film formed of silicon nitride

(SisNy) is used as the surface protection film in place of
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is showmn in Fig. 21. First of all, as shown in the
flow chart of Fig. 20, the |oading of a sem conduct or

woabmri1206 in step S31 to the conpl etion of theCcT/JP2006/307997

i nsul at or exposure processing in step S37 are simlar

to the procedure of the first enbodi ment of Fig. 7 .
Subsequently, the exposed sili&8n-nitride film246 is

to be renoved by anisotropic etching in step S38. Wth
regard to the gas for etching the silicon nitride film

246 , the same gas as the sul fur hexafluoride gas

(8K8) &haksies t Hheasaber Wwtests nghe heisirppomitride film is
substrate 145 is used. Therefore, in the schematic
axpddinatiar y deewrabeBi g. b2lowhowisig & pl asmd cgingiuggor  chip
processi ng state of the sem conductor wafer 206 where

triven s 4 & e@nimg tuidttdeod | Aoe@46ing toraedodsfihetion example of
insulating film when the silicon nitride film246 is

expO Sek § E0M §deohot diBd @Oméh bNSs ofle sbeibednbdlgwoovEoreover,
portions 206c¢c by etching the silicon substrate 245in

tAer PERLi gBScHNBticAl M aspansh tehdhe ghotthqotiegboesedure of
R2 by using SF |, notch formation is carried out by

bﬁﬂgi§@h£@§n&ﬁé%@§t8ﬁ¥pOﬁaﬁﬂﬁabﬂﬁfﬂﬁﬁtmé@Hédes_shown in Fig.
chargi ng the exposed silicon nitride film246 with

AT CQarsgﬁem?G‘ié:: Qﬁxﬁfeﬁ)ﬁéw?&irﬁi ieen shigide i ldate in

246" i s concurrent ed. Consequently, by carrying
SHhi D 50T R ARl g oLt BBk bnnsorico
cenl ) posed silicon
P#i%*g?a%gbghgégicggggg'gfgg¥§§ éﬂ9t83n58£98££99 @Qgried out
is shown in Fig. 21.

First of all, as shown in the flow chart of Fig.
20, the loading of a semiconductor wafer 206 in step S31 to
the completion of the insulator exposure processing in step
S37 are similar to the procedure of fhe first embodiment of
Fig. 7. Subsequently, the exposed silicon-nitride film 246
is to be removed by anisotropic etching in step S$38. With
regard to the gas for etching the silicon nitride film 246,
the same gas as the sulfur hexafluoride gas (SFs) that is
the gas for etching the silicon substrate 145 is used.
Therefore, in the schematic explanatory view of Fig. 21
showing a plasma dicing ©processing state of the
semiconductor wafer 206 where the silicon nitride film 246
is formed as the insulating film, when the silicon nitride

film 246 is exposed from the bottom portions of the formed

groove portions 206c by etching the silicon substrate 245
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A s described above, in order to concurrently carry
out the formation of rounded portions 240a on the

weemegionduct or chi ps 240 by notch formati on angCriir2006/307997

renoval of the exposed silicon nitride film246, it is
preferable to determ ne the formation thickness of the
silicon nitride film246 in cofS deration of the

pl asma processing tine necessary for formng the

desired notches. In the flow chart of Fig. 20, the

mask renoval processing is carried out in steps S40

thr ot B2ZLiendséhasnior naf@ansbtiopie eféhityng regions R2
processi ng (second corner portion renoval processing)

iy casingdSBut riatch ebersBienrbughasubed pHE bYaBaading the
di cing processing is conpleted by the prescribed
ptogddateryn ot efise S4nditeouighi©59, mndchkemgépadudter exposed
chi ps 240 are formed. TH RD EVMBODI MENT Next, a

nahuf ach uriitg vkt had 1fwor 2 $€nivcidridupbeichives acgzogej ngend  the
to the third enbodi nent of the present invention is

deggekbad deliewnwid h-Fefier enqe to46 he sf | @mehardntofy etched.
the procedure shown in Fig. 22 and the schenmatic

exphaBsaheny1y) ews shewy iy s tR8A 185080018860 processing
Fi gs. g4A th¥ougﬁ 24%%®%Fgé. 25A and 25B and Figs. 26A

aﬁ? 2RB. 2BystheopRaut aehiuhhngorehBednf ebraefieanduekokxposed
chi ps of the present third enbodi nent, notch formation

L I
tgngeiggaiggoknremoval processing) .

As described above, in order to concurrently
carry out the formation of rounded portions 240a on the
semiconductor chips 240 by notch formation and the removal
of the exposed silicon nitride film 246, it is preferable
to determine the formation thickness of the silicon nitride
film 246 in consideration of the plasma processing time
necessary for forming the desired notches.

In the flow chart of Fig. 20, the mask removal
processing is carried out in steps S40 through S42,
subsequently the isotropic etching processing (second
corner portion removal processing) is carried out in steps
S43 through S46, the plasma dicing processing is completed
by the prescribed procedure in steps 8547 through 850, and
semiconductor chips 240 are formed.

THIRD EMBODIMENT

Next, a manufacturing method for semiconductor
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the dividing regions R2 unlike the first enbodi nent
and the second enbodinent. Only the different point is

wdeswriibed bel ow. Mreover, the manufacturing reTaPzH06/307997

for sem conductor chips of the third enbodi nent can be
carried out by the processing apparatus 101 used in

the first enbodi ment. Thereforé&l no description is

provi ded for the construction and so on of the plasm
processi ng apparatus 101. A s shown in Fig. 23A a

sem conduct or device 344 is forned in each of the

delvipe- fasiapatdiare r 6§i oblse R thigifl gembodiment of the present
circuit-formation-face 306a of a sem conductor wafer
30BveTheos erfisc ofdsict bbedevdadewdadi thel nrleetisvieesosudre flow
as a MOS structure transistor constructed of a silicon
sthsttabé 4he didddure oxhaen 336 fFaoned®diamtt teoschematic
the circuitfornmati on- face 306a, and a netal film

f expean@tot Pevsevsconoaxi da B35s.FaBrhehroubd 23C, Figs. 24A
sem conduct or device 344 al so hasconnection term nal s

3dBrbagnebect r iFaals.y asmneed i nget heddevigees 26n and 26B. By
external electronic apparatuses. Moreover, the surface

0fn & henSeM-anduGiPr ndevibee /¢ isenE@RIRErt NcRips of the
surface protection film34 6 . The connection term na

gégeéénemthqqﬁ{fréﬂb%&ﬂehﬂ§ siHdare rBrRkesbhondd | Bo on are

5 but exposed outside. Moreover, neither the silicon
CEASE RS O LiF LA ¢ A ) A L he an
;ﬁg%ﬁ?gtﬁ%g' pggkz&tya%sshcqq\@ ﬂr{klfllagt:n?gnglﬁn PEQtBEL .b“i%ced in

the dividing regions R2 unlike the first embodiment and the
second embodiment. Only the different point is described
below. Moreover, the manufacturing method for
semiconductor chips of the third embodiment can be carried
out by the processing apparatus 101 used in the first
embodiment. Therefore, no description is provided for the
construction and so on of the plasma processing apparatus
101.

As shown in Fig. 23A, a semiconductor device 344
is formed in each of the device-formation-regions Rl on a
circuit-formation-face 306a of a semiconductor wafer 306.
The semiconductor device 344 include devices such as a MOS
structure transistor constructed of a silicon substrate 45,
a silicon oxide 335 formed directly on the circuit-

formation-face 306a, and a metal film formed on the silicon

oxide 335. Further, the semiconductor device 344 also has
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I's adhesively stuck to the circuit-formation-face 306a
of the sem conductor wafer 306 for the protection of

woOhercgiuzf2ace. In the present third enbodi nent, Pan/JP2006/307997

insul ating protective sheet 330 that has an electrica

insul ation property is used as such a protective

sheet. Moreover, the insulatind?rotective sheet 330

descri bed above serves as one exanple of the

insulating filmto be placed in the dividing regions

R2 . Subsequently, a resist film31 is formed covering

t pennackion ader@himF lace3806F 6 ehecssdradhrducgpnecting the
waf er 306 as shown in Fig. 23C, and a mask pattern
constirast bd ektelmatnskl esttinongot tarperbsemd r¥orspver, the
film3la is forned so that the portions correspondi ng

t sutliecdi vitdithee reghbosndR2ctre drposed 3d4¢ sirowovered with a
Fig. 24A. The sem conductor wafer 306 provided with

t bartfhus- peohed tiesk fislmsubi@ct edheo Edmsee jprrocessinngal 343
by usi ngthe plasma processing apparatus 101. In

copcneite, cavrescriied precetdfadss pasteéetiont fiilm 335 but
steps S51 through S55 shown in Fig. 22, and

sukpeauenNblYsid® . ShoMBrédvEL g- n24BhetrheRordi bhsok hakide 335
correspond to the dividing regions R2 are renoved by

CALLYI Pige OUly B k&S PR A LI PT ¥G8%ST BAcbY: 3Ni SOHAERI Cin  the
etching (protective sheet exposure step in steps Sb56

WBPohBE FEog; oPatePRrS FrufiribartoreRatuE e
devi ce-for ”9&%8@',"%%1 oé}?ow%’iﬁofi%a.t z‘ﬁ?, iart]diﬁ(bggéltive sheet
is adhesively stuck to the circuit-formation-face 306a of
the semiconductor wafer 306 for the protection of the
surface. In the present third embodiment, an insulating
protective sheet 330 that has an electrical insulation
property is used as such a protective sheet. Moreover, the
insulating protective sheet 330 described above serves as
one example of the insulating film to be placed in the
dividing regions R2.

Subsequently, a resist film 31 is formed covering
the mask-placement-face 306b of the semiconductor wafer 306
as shown in Fig. 23C, and a mask pattern constructed of the
mask slit portions 31lb and resist film 3la is formed so
that the portions corresponding to the dividing regions R2
are exposed as shown in Fig. 24A.

The semiconductor wafer 306 provided with the

thus-formed mask is subjected to plasma processing by using
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pi eces of the sem conductor chips 340 are forned.
Moreover, if the portions that correspond to the

wdi2vietliizg4r egi ons R2 are renoved as descri bed aboue2006/307997

the surface of the insulating protective sheet 330 is

to b e exposed (i.e., the insulating filmis exposed)

inthe dividing regions R2 . Wieén the insul ating

protective sheet 330 is exposed as descri bed above,

the exposed insulating protective sheet 330 is charged

with the positive charge of the ions in the plasm,

t Bhet rial awtar PrFce Hei _UbsaRAarR TYE | ndldent ildns Gogcrete, a
bent, and the notches 342 are formed at the corner
pprteisonsbda@cmr@d:edmmeheisil Fasrigdeddyontr sSitg®sofSphe through
sem conductor chips 340, i.e., the rounded portions

386a ahewhorimedFag. sBGwn amd Fsgbs@4@enivhen else stoawmedin Fig.
portions 340a of the desired size are formed (notch

f puBRpt itaB PoaceEsgingtioat f costrespondr tportliieondiendial regions
processing in steps S58 and 59 of Fig. 22), the

pkasardi GichdRIDaeSStagrhynheuanissoprapis e@lehhggpreocessing
ended. Subsequently, plasma ashing (mask renoval
p59c%§§%6ﬁrbﬁﬁafﬁﬁbﬁixithﬁ@@gécﬁﬁﬁeo%hﬁb@ @dod¥re step in
carrled out to renove the resist filnms 31a as shown in

Fh@ep 25Assgubggguentlhy, ckhepphasmacet chi ngspracesesMt, the
e |sotop|c etching is carri éd out on the

"?%Rﬁ853§88€82 LAGR &3Q§Rsf59mdﬂwfaé&f%h&§5i§&1§hhﬂbl pieces

een renove second corner portion renoval

pg%C%%él '&%'\; Stf%[ﬁna% % L %Ligﬂlss% Ofsg' ‘Qhagz)che %ﬁdl\fldual

carryi ng out e secon

pieces of the semiconductor chips 340 are formed.

Moreover, if the portions that correspond to the
dividing regions R2 are removed as described above, the
surface of the insulating protective sheet 330 is to be
exposed (i.e., the insulating film is exposed) in the
dividing regions R2. When the insulating protective sheet
330 is exposed as described above, the exposed insulating
protective sheet 330 is charged with the positive charge of
the ions in the plasma, the trajectory of the subsequently
incident ions is bent, and the notches 342 are formed at
the corner portions located on the illustrated lower side
of the semiconductor chips 340, i.e., the rounded portions
340a are formed as shown in Fig. 24C. When the rounded
portions 340a of the desired size are formed (notch
formation processing or first corner portion removal

processing in steps S58 and 59 of Fig. 22), the plasma
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portion renoval processing by the isotropic etching,
rounded portions 340b are fornmed at the corner

woaodsiionR4 | ocat ed on the nmask-pl acenment -face 3061/JB10d€307997

of each of the separated seni conductor chips 340 as

shown in Fig. 25B. Subsequentlé, by carrying out a
prescribed procedure in steps 87 t hrough S70, the
separating process of the sem conductor chips 340 by

the plasma dicing is conpleted. Further, as shown in

Fi gs. 26A and 26B, an adhesive sheet 37 is stuck to

t dhec e Ko P @R erbhng - PruchaoBbl 2P trprigentebhadct §r ended.

wafer 306 , and the insulating protective sheet 330 is
peel ed of f $voseqhentlycui thbasmei onashiee 306@ask s gemoval
result, the sem conductor chips 340, where the rounded
porédensiBd0anaseepor 60 ahrbheghc @aferofporidg ond2 bf ishearried
circuit-formati on-face 306a and the rounded portions

34@b s erémvoedtht theisorAeimpoBlaoas showhein Fig. 25A.
mask- pl acenent - face 306b, are manufactured. Since the

notch formagieBecfiScRELyOr fBE 3siLascr ébediagoyaoddxs by the
sem conduct or chi ps, ich can formthe rounded

POLL+ OpSc 3d0aneAqt e rRrufiact Wed semeensddekopleliepent-Fface
340 even when thé insulating protective sheet 330 is

usgeh, asetdle st ihg fibaypkacedihn 3he diad difien removed
regions R2 and of which the transverse rupture
Pﬂgrhste?ps S63

e e R T
C%Hrgggﬁa§g6tg% E?Sq ng. By carrying out the second corner
portion removal processing by the isotropic etching,
rounded portions 340b are formed at the corner portions
located on the maék—placement—face 306b side of each of the
separated semiconductor chips 340 as shown in Fig. 25B.
Subsequently, by carrying out a prescribed procedure in
steps S67 through 870, the separating process of the
seniconductor chips 340 by the plasma dicing is completed.

Further, as shown in Figs. 26A and 26B, an
adhesive sheet 37 is stuck to the mask-placement-face 306b
of the semiconductor wafer 306, and the insulating
protective sheet 330 is peeled off from the circuit-
formation—-face 306a. As a result, the semiconductor chips
340, where the rounded portions 340a are formed at the
corner portions of the circuit-formation-face 306a and the

rounded portions 340b are formed at the corner portions of

the mask-placement-face 306b, are manufactured.
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carrying out the plasm etching process for renoving
the insulating filmby using the insulating protective

woehewi11330 t hat can freely be adhesively stuckPCo/Jp1006/307997

peel ed off fromthe sem conductor wafer 306 as the
insulating filmand of which the efficiency is

i nproved, can be provided. The3Sem conductor chips
manuf actured by the seni conductor chip manufacturing
nmet hod of the present invention can inprove the
transverse rupture strength by virtue of the curved

convex surf@gecdorthens nbedied fidrmdtel qortiens di@brmed as
correspond to the positions where the ridgelines are

foardedi soqt habyal | drhe £bdoebhdestF e dhameveduhich can form
Therefore, it is particularly effective to use the

Sl.ﬁrlfg Co &éc@rp& I psnd 0544 L Sardse %ér{h@éﬁ’&ﬁfécﬁ‘ semiconductor

sem conduct or” chi ps such as personal authentication

. i 1. 1.C .
Qﬁ(%§s BI?ﬁg?gﬁvﬁhéﬁ Qﬁ%aﬁ%%uﬁﬂﬁgngl&&S&%%tgﬁﬁﬁg%%gg 330 1is

features hey "are often porta

ﬁ%%%ngfggggrg%nt.Q£9£na%ig%b§§8%%%t%%ﬁﬂﬁg(%ﬁvéﬁﬁh§z¥%gions

can be I np ove using the semco
chi ps of the present invention of ich the strength,
Tl FRE BENBRhG" | S1F i VBIEE T 41 ¢ et T Rdl § i, Lmeroved,
by properly conbining the arbitrary enbodi nents of the
oF 3t RnPRBRE/ICYAFEOus enbodi nents, the effects
possessed by them can be produced. Althqugh the £
present i nVBAEERYLhas bedn fuFPpudesérigay j n method or
connection with the preferred enbodi nents thereof with
re¢ei epe@uebor hechérBnpalipilfg dFawi ngdviats s the need for
carrying out the plasma etching process for removing the
insulating film by using the insulating protective sheet
330 that can freely be adhesively stuck to or peeled off
from the semiconductor wafer 306 as the insulating film and
of which the efficiency is improved, can be provided.

The semiconductor chips manufactured by the
semiconductor chip manufacturing method of the present
invention can improve the transverse rupture strength by
virtue of the curved convex surface portions formed in the
portions that correspond to the positions where the
ridgelines are formed so that all the ridgelines are
removed. Therefore, it is particularly effective to use
the semiconductor chips for IC cards with built-in
semiconductor chips such as personal authentication cards.

The above is because such IC cards have the features that

they are often portably used and often contain important
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to be noted that various changes and nodifications are
apparent to those skilled in the art. Such changes and

wondisfiizati ons are to be understood as i ncl udegCnirpivoer307997

the scope of the present invention as defined by the
appended cl ai ms unl ess they depart therefrom The

di scl osure of Japanese Patent Application No.

2005- 117239 filed on April 14, 2005 including

speci fication, drawing and clains are incorporated

herein by reference inits entirety. CCAIMS 1 . A
mapgbambihong sabdhatd SOr i 88MHePNdd OthehiRS 1ability can be
conprising: perform ng plasnma etchlng on a second

SE&%@%@e@f Sﬁﬁhﬁ@”@W@“%eﬂf@@ﬁdﬁ&%@rhéﬁl@sfHf@tthe present
surface on |ch sem conduct or devices placed in a

pll ‘v%h‘t%no%fd%%'l%%f PhEBLEQD; rt?lg'a‘égilrlg%f F%ﬁﬂé% is improved.

di vi I Ng regl ons and an |nsu tl ng ace

L 8D B R 5 B g oo
PRi8Ee 0 RIS 0 Lo SRR s

L, e e s e i e

corner portlons on the first surface side put in
contact wit AltReUshsutaei My999h i arFREtion has Dbeen fully

devi cef ormati on- regions by continuously performng
t Hespirdbggl 1in connection” with the preferred embodiments

thereof with reference to the accompanying drawings, it is
to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended
claims unless they depart therefrom.

The disclosure of Japanese Patent Application
No.2005-117239 filed on April 14, 2005 including
specification, drawing and claims are incorporated herein

by reference in its entirety.
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etching in a state in which exposed surfaces of the
insulating filmare charged with electric charge due

woaoteans2én pl asma; renoving the exposed i nsul aCTAB006/307997

filmfromthe second surface after the renoval of the
corner portions on the first surface side, so that the
devi ce-formati onregi ons are sefdrated into individua
sem conduct or chips; renoving the nask fromthe second
surface of thesem conductor chips; and renoving corner
portions on the second surface side by subsequently
further performng plasma et@dfAE on the second
surfaces of the sem conductor chips fromwhich the
mask has been renoved, whereby the sem conductor chips
each of which includes the individualized

sen conduct Ar nttewvi e tanel mpnufedtiosr eflor2 semihmonductor chips
manuf acturi ng nethod for the senm conductor chips as
debhpetdsingel aim 1l , wherein renoval of portions that
correspond to the dividing regions and exposure of the

i nsul ating ﬁékﬁb@ﬁ@n@abﬂdﬂidﬂgtdh&ﬂﬁ”é@f£1Bgcond surface of
ani sotropi c etching as the plasnma etching, and renoval

of thenCUBIctF t yarer! agpitednhgl thersesendusudaceon which
S|de I's carried out by performng isotropic etching as

gmﬂk@ﬁgﬁc Lehi 88vides Thesdmpufiact uripguprihed fOF device-

sSem con UCt or

formation—regions defined by dividing regions and an
insulating film placed in the dividing regions are formed
and the second surface on which a mask for defining the
dividing regions is placed, the second surface being
located opposite from the first surface, whereby portions
that correspond to the dividing regions are removed and the
insulating film is exposed from etching bottom portions;

removing corner portions on the first surface
side put in contact with the insulating film in the device-
formation-regions by continuously performing the plasma
etching in a state in which exposed surfaces of the
insulating film are charged with electric charge due to
ions in plasma;

removing the exposed insulating film from the
second surface after the removal of the corner portions on
the first surface side, so that the device-formation-
regions are separated into individual semiconductor chips;

removing the mask from the second surface of the
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chips as defined in claim1 , wherein, in the plasm
etching fromthe second surface of the sem conduct or

woabmriipn4swhi ch the mask i s placed, the insul apcngprioné/sn7997

formed of silicon oxide (SiQ2) on the first surface of

t he sem conductor wafer is exposed fromthe etching

bottom portion.4 . The manufact?®ing nethod for the

sem conductor chips as defined in claim1l , wherein,

in the plasma etching fromthe second surface of the

sem conductor wafer on which the mask is placed, a
sgefhacenguetesat icbdpsiil antlor med of polyimide (Pl) to

protect the surfaces of the sem conductor devices

formed on tmembviisiy scwfreee porthersendkoidigct 8ecaaflersurface
is exposed fromthe etching bottom portion as the

i BYdeatdyngstibsayusntl Fhéumihefragariompineg hotlaféoa Eftehing on
sem conductor chips as defined in claim1l , wherein

r eV ale nd heupdsked r om tthe ssanhcbdudtane ohiphe from which
sem conductor chips are carried out by performng

aghienea@k tHhes secondrsus¥age. wherebhe thenyleadidsridig-tor chips
nmet hod for the sem conductor chips as defined in any

oRgaf Skaiym:dnt NRUGhe® . tuher ehdividies Pl 2888 semiconductor
etching is performed fromthe second surface of the

S%%Eﬁ%%d%&%Ohdﬁﬁﬁﬁbtu%%dwhiCh the mask is placed, the
ughl'y

mask having ro convex curved portions formed in
portions that correspond to the corner portions of
each of the device-formation-regions, each of the

?g\é: gﬁ.-zf.or Wﬂeonﬁgghggétﬁgﬂlag r@egl'%]cghlf%rr eﬁﬁgn%ﬂconductor
chips as defined in claim 1, wherein
removal of portions that correspond to the
dividing regions and exposure of the insulating film are
carried out by performing anisotropic etching as the plaéma
etching, and
removal of the corner portions located on the

second surface side is carried out by performing isotropic

etching as the plasma etching.

3. The manufacturing method for the semiconductor
chips as defined in claim 1, wherein, in the plasma etching
from the second surface of the semiconductor wafer on which
the mask is placed, the insulating film formed of silicon
oxide (Si0;) on the first surface of the semiconductor

wafer is exposed from the etching bottom portion.
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7 . A manufacturing nmethod for sem conductor chips
conprising: performng plasm etching on a second

wourodeaeri2of a sem conductor wafer that has a f PCTP2006/307997

surface on which sem conductor devices placed in a
plurality of deviceformation- regions defined by
di vi di ng regi ons and an insul atdhg filmplaced in the
di viding regions are formed and the second surface on
whi ch a mask for defining the dividing regions is
pl aced, the second surface being | ocated opposite from
the fi#st sOhfaceanwirrabylpor Medhodt hfer cdrhres peid copductor
the dividing regions are renoved and the insulating
f chipssasxgesedefir om el ehinng, boheomiper tinofide Pe@wiangtching
the exposed insulating fil mwhile renoving corner
pOrbmOBReOBetbadf snugfasur bacehel dempubnductont actfer hm which
the insulating filmin the device- formationregi ons by
perkonfdlg the gilasy ebchimEdde apsbeeetionwhiidm formed of
exposed surfaces of the insulating filmare charged

bhyeheatr i(@1§6hacggreue o thensuiraRledsiE tMersiiyiconductor
the device-formation-regions are separated into

iﬁQbYEggwf6¥ﬂg&08Hu%H@'f&%§§;sﬁ?ﬁﬁ&éngnfh€h€a$@ﬁﬂdﬁﬂductor
t he second surface of the sem conductor chips; and

r%g?%ﬁcngi§°[e§§5588rtfﬂ?§ PHe! NG SAGRNILSHELRAC G S t9orPYas the
subs Iy

equen urther perform ng plasna etching on the

siégﬂga%gaga%ganpf t he sem conduct or chips, whereby
i .

5. The manufacturing method for the semiconductor
chips as defined in claim 1, wherein removal of the mask
from the second surface of the semiconductor chips are

carried out by performing ashing on the second surface.

6. The manufacturing method for the semiconductor
chips as defined in any one of claims 1 through 5, wherein,
the plasma etching is performed from the second surface of
the semiconductor wafer, on which the mask is placed, the
mask having roughly convex curved portions formed in
portions that correspond to the corner portions of each of
the device-formation-regions, each of the device-formation-

regions having a roughly rectangular region.

7. A manufacturing method for semiconductor chips

comprising:
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sem conduct or chi ps each of which includes the
i ndi vi dual i zed sem conductor device are

wourosiiazur ed. 8. The manuf acturing nmet hod for POEJIP2006/307997

sem conductor chips as defined in claim7 , wherein

renoval of portions that correspond to the dividing

regi ons and exposure of the insifl%ting filmare

carried out by perform ng anisotropic etching as the

pl asma etching, and renoval of the corner portions

| ocated on the second surface side is carried out by
perforni ng Pssteropiindetdifisng &FdHaPlernd seckpfgsugface of
. The manufacturing nethod for the seni conductor chips

as defnimzhductdmi wefer wheatei hasi @ t Rerpbashsr &@ashi ag which
fromthe second surface of the sem conductor wafer on

weketh coheurask | depiaesd,phased f doe propéuraontli laf device-
formed of silicon nitride (Si3N4) to protect the

stbf-ace ioh-tregisesi corduciar deyvi ceésvidtngd eergtibas and an
first surface of the sem conductor wafer is exposed

f iagut Be ielchiing: botd esd pent itk asidheingsubaibng are formed
film 10. The manufacturing nethod for the

sgpcanckaroshl RSiraSs def bAednihnCl Al Wbk #Ergefiining the
renoval of the mask fromthe second surface of the

Zgg&%g@%%CtQ%gqgh@S e ?g%ﬁﬁﬁﬂ Oy DY REIFY M face being

t he 'second sur e. 11. The manufacturing

TSRUALPTI8 AT SOOILY SIS 85, BEELTEGHASBY portions
e%%gkn%ok%e%%%%%r%%dtgko@fgy%i%%c%%%f%ﬂgE%?%(gemoved and the
insulating film is exposed from etching bottom portions;
removing the exposed insulating £film while
removing corner portions on the first surface side put in
contact with the insulating film in the device-formation-
regions by performing the plasma etching in a state in
which exposed surfaces of the insulating film are charged
with electric charge due to ilons in plasma, whereby the
device-formation-regions are separated into individual
semiconductor chips;
removing the mask from the second surface of the
semiconductor chips; and
removing corner portions on the second surface
side by subsequently further performing plasma etching on
the second surfaces of the semiconductor chips, whereby the
semiconductor chips each of which includes the

individualized semiconductor device are manufactured.
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the sem conductor wafer, on which the mask is pl aced,
t he mask having roughly convex curved portions forned

wono@ant42ens that correspond to the corner porPCOUB2006/307997

each of the device-formation-regions, each of the

devi ce-formati onregi ons having a roughly rectangul ar

region. 12. A manufacturing nmetRéd for seni conductor

chi ps conprising: performng plasma etching on a

second surface of a sem conductor wafer that has a

first surface on which sem conductor devices placed in

a plurality of deviceformation- regions defined by

di viding regions are formed and onto which a

prot ec8i ve Bheetndraviawtaninionsueshiodyg peopdrtey psmiconductor
stuck and a second surface on which a mask for

dehips ngst her thadidingcleghons wsepkaoed, the second

surface being | ocated opposite fromthe first surface,

wher eby por témssal habrcoroespond t ccdte devidésigond to the
regions are renoved and the insulating protective
sheet i sgexResed sf rom ekepbbgreotdoMmper tirisatdid film are
then the device-fornmationregions are separated into

| pgdiyidya |, CBAUSLAR NGk PS50t BBYLNGERRRAG! as the pl
pg?%¥%%§ %ﬁ?e§¥ %ontact a?th tﬁg iggulatinglp?osgctiﬁep asme

S : e of the sem conductorchi ps by perform ng
tEgggﬁgéhaggﬁching in a state in which exposed

surfaces of _the iTsulgtkﬂg1@A£ﬁ§geﬁggquﬁgsmﬁggaﬁed on the

electric chg?%%v%ue oions inp

nggclgof'lcriorsnutr gc%e%%rc]i% Siusr fcaacrer:'Loefdtohl?t by performing isotropic

asrm, renoving the

etching as the plasma etching.

9. The manufacturing method for the semiconductor
chips as defined in claim 7, wherein, in the plasma etching
from the second surface of the semiconductor wafer on which
the mask is placed, a surface protection film formed of
silicon nitride (SisNy) to protect the surface of the
semiconductor devices formed on the first surface of the
semiconductor wafer is exposed from the etching bottom

portion as the insulating film.

10. The manufacturing method for the semiconductor
chips as defined in claim 7, wherein removal of the mask
from the second surface of the semiconductor chips are

carried out by performing ashing on the second surface.
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sem conduct or chips; and renoving the corner portions
on the second surface side by subsequently further

woeodoanzazmg pl asma et ching on the second surf aees/ypin06/307997

t he sem conductor chips, whereby the sem conduct or

chi ps each of which includes the individualized

sem conductor devi ce are manuf ak4red. 13. The

manuf acturi ng nethod for the sem conductor chips as

defined in claim12, wherein renoval of portions that
correspond to the dividing regions and exposure of the

i nsul aflilng phet esahvEactieeindr angdred edosuttlpy semiconductor
perform ng ani sotropic etching as the plasnma etching,
antipemesaldedfinede imoengr oper tifors. dissatedharpudie 10, wherein,
second surface side is carried out by perform ng

i soter qiagmet cdtidigiras theqt fisnmeét Chomgthé4 setlomd surface of
manuf acturi ng nethod for the senm conductor chips as
defienetbrincd@idock?, water ei on afitien tttee cosgler is placed, the
portions |ocated on the second surface side are

I epRkedhathe g NSYhatilRy ROORRGE | eishept dortieyedtddymed in
bei ng peel edoff fromthe first surface of the

S?Hﬂ%ﬂ‘émt@fatm@fcﬁfres%ndTh@o nMBRYf aetHEFNBoRREBOE f cach of
t he sem conductor chips as defined in claim12,

WReILI R i QR VR0 ithe FaRE s, oaddie seaend & acer Ofnation-

t he sem conductor chips are carried out by performng
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12. A manufacturing method for semiconductor chips
comprising:
performing plasma etching on a second surface of
a semiconductor wafer that has a first surface on which
semiconductor devices placed in a plurality of device-
formation-regions defined by dividing regions are formed
and onto which a protective sheet having an insulating
property is stuck and a second surface on which a mask for
defining the dividing regions is placed, the second surface
being located opposite from the first surface, whereby
portions that correspond to the dividing regions are
removed énd the insulating protective sheet is exposed from
etching bottom portions, and then the device-formation-
regions are separated into individual semiconductor chips;
removing corner portions put in contact with the

insulating protective sheet at each of the semiconductor
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chi ps as defined in any one of clainms 12 through 15,
wherein, the plasnma etching is performed fromthe

woeawnd2eur f ace of the sem conductor wafer, onpr@hileiv6/307997

the mask is placed, the mask having roughly convex
curved portions fornmed in portions that correspond to
the corner portions of each of the
devi ce-formation-regions, each of the
devi ce-formation-regions having a roughly rectangul ar
region.
chips by performing the plasma etching in a state in which
exposed surfaces of the insulating film are charged with
electric charge due to ions in plasma,
removing the mask from the second surface of the
semiconductor chips; and
removing the corner portions on the second
surface side by subsequently further performing plasma
etching on the second surfaces of the semiconductor chips,

whereby the semiconductor chips each of which includes the

individualized semiconductor device are manufactured.

13. The manufacturing method for the semiconductor
chips as defined in claim 12, wherein
removal of ©portions that correspond to the
dividing regions and exposure of the insulating protective
sheet are carried out by performing anisotropic etching as
the plasma etching, and
removal of the corner portions located on the
second surface side is carried out by performing isotropic

etching as the plasma etching.

14. The manufacturing method for the semiconductor
chips as defined in claim 12, wherein, after the corner
portions located on the second surface side are removed,

the insulating protective sheet is removed by being peeled
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off from the first surface of the semiconductor wafer.

15. The manufacturing method for the semiconductor
chips as defined in claim 12, wherein removal of the mask
from the second surface of the semiconductor chips are

carried out by performing ashing on the second surface.

16. The manufacturing method for the semiconductor
chips as defined in any one of claims 12 through 15,
wherein, the plasma etching is performed from the second
surface of the semiconductor wafer, on which the mask is
placed, the mask having roughly convex curved portions
formed in portions that correspond to the corner portions
of each of the device-formation-regions, each of the
device-formation-regions having a roughly rectangular

region.



