DESCRI PTI ON MANUFACTURI NG METHOD FOR SEM CONDUCTCR
CH PS, AND SEM CONDUCTOR CHI P Techni cal Field The

wor@semo7i nvention relates to a sem conduct or BOT/PP@OEA301376

a sem conductor chip manufacturing nmethod for form ng
sem conductor devices arranged in a plurality of

devi ce-formati on-regi ons defined by dividing regions
on a first surface of a sem conductor wafer and

i ndividually separating the device-formation-regi ons

of the sem conductor waf di vi di ng regions,
t her eby manuf acturing seﬁ#%%#gﬂ%¥% chi ps that include
the individualized sem conductor devices. Background

Art Conventionally, as a nethod for dividing a

sem conduct or wafer into individual seniconductor

chi ps YNETRHTER DEmiMEokitiie tBR cHtht CRIRH GE i FigF S, AND
net hod, various nethods have been known. For exanpl e,

a method for dividi ngSEM3ERNPHREGR: 6HIRaf er by

mechani cally cutting the wafer by neans of a dicer

(rotary blade), i.e., nechanical dicing is known.

However, when semi conductor wafers, which havebeen

Mbelechin héahefiakdl t hi nner and susceptible to externa

forces, are subjected to the nechanical dicing

descrlbed dhovepresents dbhventibe cedetelert® téhesemiconductor
sem conduct or waf er

chip and a semiconductor chip manufacturlng method for
forming semiconductor devices arranged in a plurality of
device-formation-regions defined by dividing regions on a
first surface of a 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 diwviding a
semiconductor wafer into individual semiconductor chips by
such a semiconductor chip manufacturing method, various
methods have been known. For example, a method for
dividing a semiconductor wafer_by mechanically cutting the
wafer by means of a dicer (rotary blade), i.e., mechanical
dicing is known.

However, when semiconductor wafers, which have



Is damaged at the tinme of cutting, and this |leads to a

problemthat a reduction in the processing yield
w@aneotsobe avoi ded. A s such a danmage, there iBCT/iER006/301376

exanpl e, the occurrence of chipping that the corner

portions (edges) of the senicogductor chi ps becone

chi pped due to the sharply cut”shape. In recent years,

pl asma di cing that uses plasnma etching has been

attracting attention in place of the conventiona

chanj cal %’cin d i,hed above. .F |
TEHUs ohe P i%se e S fnd o SiEkBREs 5q erternal
publ i cati on No. 200%;172%65 A. A thod%ior.dLvidi .
a#%%(fﬁ%’onafﬁ@t STIREFEEY kY iThG \/‘F%ﬁ‘?ms% cgﬁ&&&gorélgscrlbed
chi ps by,the conventiqnal plas di ci I s descrjbed
Ty with e ieh e ched S Rehh: ol Gty tor wafer
views shown in Figs. 18A through 18E. Fir%t ?{ aIL, gs
shdwAaragery. atigAlea WaR cOhdettdriifar efR80£H1S pugads to a
into a state in which sem conductor devices 502 are
fRFPREET nthak peZpeBELiendan &Bef BHPQSSEIN%R g ighid FFannot be
defined by dividing regions R2 on its
cdveidedf or nd3 | sichace SedaderactHefe t A6 sefPEorgePde, the
devices 502 is constructed of a silicon oxide 551
foroedrehcect fycbhpphegcitheti thieooeamiedn -Hawtel Bslaledges) of
anda device | ayer 552 forned on the silicon oxide 551.
Neth¢ heemi hendiibtoon chipde Hesbmeorchippeldvioe Itayeth&5@harply
is formed in portions that correspond to the dividing
r@gt osisape.

In recent years, plasma dicing that uses plaéma
etching has been attracting attention in place of the
conventional mechanical dicing described above. For
example, reference should be made to 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. 18A through 18E.

First of all, as shown in Fig. 18A, 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 501a. Each of the

semiconductor devices 502 is constructed of a silicon oxide

551 formed directly on the circuit-formation-face 50la and



R2 of the circuit-formation-face 501a. Next, as shown
in Fig. 18B, a protective sheet 504 is peel ably

waddvesrsoel y stuck to the circuit-formati onf acep&0irovd/ 1376

an adhesive so that the circuit-formati onface 501a of
the sem conductor wafer 501 do$s not suffer damages.
Subsequently, a mask (nmask pattern) 505 is placed on a
surface 501b to be processed, or the surface opposite
fromthe circuit-formation- face 50la so that the

ort ns th corr g to the divjding |ons @%t
45&%9 $ed. %§9 PEBPHI ngpl %ﬁa.%ﬁ i ng St >0t

sen1 nductor fer 501 i.ch the nasg 505 is_thus

F s e%@g‘éansaﬁflﬁse@gﬂ B ST atevEgTp IeHE: 552 s
|s not covered with the mask 505 is etch d,
t@fernpﬁﬁHrbn%owa@n%owagp6ﬁarteap9ﬁ@ &evitdien lrveléﬂfldwg regions

. Through this process as shown in Fig. 18C, the

cPezucr,% the Rl BHL Tt et RN - faee iHfdidd dual |y
separated, formng the individual pieces of the
sem conductNgxtohi p8 5howrhatn | Béfudd 8the 3eRFOSRGGdVEr sheet
devi ces 502. Consequently, the sem.conductor wafer 501
i 5041i v dpdelabbyt hdheadivel dustugkedes tdfe trcuit-formation-
sem conductor chips 510 that include the respective _
seadeohtlet oriadean ceshB82val ey thet dithiedi ¢igr ¢wigi ofsrmation-
R2 . Subsequently, as shown in Fig. 18D, the mask
5btdaboils rodnaiie ngenncbhéustof aeafedlb5db Gees not suffer
processed of the separated sem conductor chips 510 is
r g esk by Dulsseodughioly, 4 aiaskamplsk pat@sinng05 is placed
process. Subsequently,
on a surface 501b to be processed, 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
covered with the mask 505 is etched, removing the portions
that correspond to the dividing regions R2. Through this
process, as shown in Fig. 18C, the device-formation-regions
R1 are individually separated, forming the individual
pieces of the semiconductor chips 510 that include the
semiconductor devices 502. Consequently, the semiconductor
wafer 501 is divided into the individual pieces of the
semiconductor chips 510 that include the respective

semiconductor devices 502 along the dividing regions R2.

Subsequently, as shown in Fig. 18D, the mask 505



as shown in Fig. 18E, an adhesive sheet (dicing sheet)
506 is stuck to the surface 501b to be processed of
wo bwspearconduct or waf er 501, and the protectiPMeT/sieei301376

504 that has protected the circuit-formation-face 501a

of the sem conductor wafer 501,is peeled off. As a
result, the sem conductor chips 510 are arranged on

t he adhesive sheet 506 in a state in which they are
separated into individual pieces . By dividing the

sem conduct or . 01 in he c ntion
ehaﬁ Egeg:cerl l\(\ﬁfngtoo\g/he t}g‘gmg‘é:téfagleven\ﬁt% é(g Be QJI%SCIEBSsed of
ufactured sem conduct hi ps 510 ca e r.educ
cBiparF bt B ARG Ehdhehorcned Hecndh BAtCali Sl oty Tea by
Di scl osure of |pvention wever, even 1
ST EOMRAICOT cHY DS BATR L Svhi Th 3780 W IR T o SiRseauently,
i ndi vi dual  pieces by _the conventional plas dicin
RICFIOE ABobed- aﬂéEroaﬁa@éhﬁ&ﬁfﬁ e @r j 5gf5%%t >06
(edges) forned b% the separation as shown in H
th¥ olgcIBE toThERE | SUBTRAEBDLI ePi R hdio t ke o@éef:@éﬁ@éi on the
Chlpflng cannot be avoi ded when the sharp corner

errdEsRonr safer neleonanfe thenirdot@sdtiore cHignt 5394 that

as descri bed above.In particular, the conventiona
phasnmepdptengedesthebed iaisové -fesnatibarfeceri #Qla of the
that the ions in the plasma have increasing
dséhicahdiesor nwedachistg tie peehedgolfdt.t omipoet igswlst, the
getting closer to the bottom portion.
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.

Disclosure of Invention

However, even the semiconductor chips 510, which
are divided into the individual pieces by the conventional
plasma dicing described above, are to have sharp corner
portions 553 (edgesf formed by the separatidn as shown in
Figs. 18C through 18E. There is a problem that the
occurrence of chipping cannot be avoided when the sharp
corner'portions 553 are formed on the semiconductor chips

510 as described above.



Therefore, it is sonetines the case where the
protrusive sharp corner portions 553 are fornmed at the

wo owen7send portions of the separated sem conduetDiP2006/301376

chips 510 as shown in, for exanple, the partially

enl arged schematic view of thecetched dividing region
R2 shown in Fig. 19. In such a case, there is a
probl em that the corner portions 553 beconme nore
easily chi pped and the transverse rupture strength of

the seni congyetor Gl J,s 1 educed,, 00,00hect of1Lhfa aicing

present invention 1s to Solve thé af orenen

probl e ndkP I OV] sem conduct qr: chj n? . .
TR SO B R R e o Fof Pafnitggs n the
i ndi vidual i zed seni conduct .qﬂg s by, dividi.ng a :
Sl T IR Br L RS 1 1hb i i Hiee ¢ i) SRTA oMM i eteping
chi ps have hlgh transverse rupture strem&%h gi%hout £
R g PPRE 18BN ¥DndGELAP IcHFRRSCT n Lo dehe t §O4LRMe RO T ELOR
the object, the present invention is constituted as _
RS BRECT AecoF dilify TPNALFReSt thSp&ias ot WhRES pléSeRrotrusive
invention, there is provided a manufacturing method

f PharRnicogR@dct BPrERPPS condr iadiengfopBrLoraf ndhs aspyer end
etching on a second surface ofa sem conductor wafer
therthers aofi Fhe saphaasedn sehilchnsEgitosnlidisr 510 as shown
devices placed in a plurality of deviceformation- .

riegi ofisrdekiamgd eby tdievi pangiakbly oaslandedn sichemlagticngZiew of
filmplaced in the dividing regions are forned

the etched dividing region R2 shown in Fig. 19. In such a
case, there 1is a problem that the corner portions 553
become more easily chipped and the transverse rupture
strength .of the semiconductor chip is reduced.

An object of the present invention is to solve
the aforementioned problems and provide a semiconductor
chip and a semiconductor chip manufacturing method for
forming individualized semiconductor chips by dividing a
semiconductor wafer, so as to make the semiconductor chips
have high transverse rupture strength without damaging the
semiconductor chips.

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

According to a first aspect of the present
invention, there 1is provided a manufacturing method for

semiconductor chips comprising:

performing plasma etching on a second surface of



and the second surface on which a mask for defining
the dividing regions is placed, the second surface

whedoagrdoocat ed opposite fromthe first surfacepcmimeoedsn13’ec

portions that correspond to the dividing regions are
renmoved and the insulating filgis exposed from

et ching bottom portions; renoving corner portions put
in contact with the insulating filmin the

devi ce-formati on-regi ons by continuously performng

the Bln"i*%gﬁfi%tc%&n%l 3 %Qi;ie HaAL Wi Cf*lr%’%p%ﬁgﬁce on which

surfaces of the’insu I'mare charged w
el ectric.char eC%%e to i LN plasna; : C o
TSR dRiiiard | RERekBoohd MR aitationg & | ffsotevice
that the device-formation-regjons are individual
AR OWRET SHSP S erf B HITEL o YchiY 148 of Saticgly  and  an
i ncl udes. i ndi_vi dual.i zed sem conduct or., devi ce .are
P SRR A ELARCBHEERE L o RecOntdLPEcE SGr e are formed
present invention, there is provided the nanUfactunin%
netfodheorse¢rnd oAV EEABRCOSr Whi PR as etk néari falHging the
first aspect, wherein in the renoving of the exposed )
i pEvi dineg FeYhens hels nslatedhg fihen i seeend | nFRbfaed being
of silicon oxide (Sig2 ) on the first surface of the .
skodzorducrpprswakerfronccdrali Agred gurfiece  agpwielyf portions
the presentinvention, there is provided the
melmait acour ¢ sgomet bodtfierdihid segri condores oarehigsorsd and the
defined in the first aspect, wherein in the renoving
of n$hkaekpgseilmnssl expogedi fromtéechisylladtbonfpoénticns;
a surface protection filmfornmed of
removing corner portions 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; and
subsequently, removing the exposed insulating
film so that the device-formation-regions are individually
divided, whereby semiconductor chips each of which includes
individualized semiconductor device are manufactured.
According to a second aspect of the present
invention, there 1is provided the manufacturing method for
the semiconductor chips as defined in the first aspect,
wherein in the removing of the exposed insulating film, the
insulating film is a film formed of silicon oxide (Si0O:) on

the first surface of the semiconductor wafer.

According to a third aspect of the present



polyimde (Pl) to protect surfaces of the

sem conduct or devi ces which are placed on the first
waobacss7of t he sem conduct or wafer. Accor di ngpeDIRR006/301376

fourth aspect of the present invention, there is

provided a manufacturing nmethod for sem conduct or

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

Zir%%l{ﬂéﬁ,y QRePSViigef JRtd OJ"t}ﬁg%gpﬁfg%ftmgﬁgmfneﬁ:hod for
I'vidi ng regi ons an ninsulatrng ril'mplaced i'n the
dividi_ng.reqi.ons are med aq%? he segqon rf 0 ‘
ot n B EER T BB M Hae dr TG gt The et mspect,
pl.aced, the second surface_being |ocated. o site fro
PHESTT 1R R P eI EER T PR [ BHROT Rt RO bRt LB the
the djviding regions are renmoved and the.insulatin
FTRRRRE Bpodad™ r o &t CRPRG 266t LBRY POF £ Bfe: T oy PAGed Of
t he exposed insulating filmwhile renoving corner |,
pePtVErsdput(BIn chbt FOWAAth FHREIRASEI RF ngPFi | HTHconductor
the device-fornmation-regions by continuously
p@e Y bees ng't i plagsmaPéfeRAngenn Ehat il st whirdigce of the
exposed surfaces of the insulating filmare charged
wiehliedrdreierharferdue to ions in plasm, whereby the
devi ce-formati onregi ons are individually divided and
consequent | csend togndunt ora cHiopg tdaclaspecokhi of the present
i ncl udes individualized sem conductor device are
nanuéaciomed.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
that correspond to the dividing regions are removed and the
insulating film is exposed from etching bottom portions;

removing the exposed insulating film while
removing corner portions 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



According to a fifth aspect of the present invention,

there is provided the manufacturing nethod for the
waesssousaduct or chi ps as defined in the fourth PSPER#NY6/301376

wherein in the renoving of the exposed insul ating

film the insulating filmis a,surface protection film

formed of silicon nitride (SiSRM) to protect surfaces

of the sem conductor devices which are placed on the

first surface of the sem conductor wafer. According to

| xt h t of th t t her e. _
PV R ETOE nahARRT U e Bt o 1 Eh Ry braut oy formation-
hi i sing:. performng pl asma. et chi
SEROHRISur 3 of I SEHTEDhtCt of VEFET 1 Y has g seauently

first surface on which sem conductor .devices placed, in
2SHFARFRGESF e@epéemt?gnwws&i &%‘a@ﬁ%eﬁn@wlduahwd
dividing regions are formed and to which a protective

sHEBE CORIN AL Brle iseR BT AGPRBPRFEYE S stuck and the

second surface on which a mask for defining the

di vi di ng r iFersding plteedd tHbfEacontPel f a2k behpg Present
| ocated opposite fromthe first surface, whereby
pbmvénhsomhatheﬁﬁréépmMPYkﬂQ%etaﬁvW@Pﬁéaﬁégﬁéﬂgzﬂ%ihOd for
renmoved and the insulating protective sheet is
ekpeseeficonduciiong dviponapodeifdnsed thienthhe fourth aspect,
devi ce-formati onregi ons are individually divided and
cehsegirenihytsent enodicg oo f chh@segpehedf inkitating film, the
i ncl udes individualized sem conductor device are

manshast ired;fidmd is a surface protection film formed of
silicon nitride (S1i3Ny) to protect surfaces of the
semiconductor devices which are placed on the first surface
of the semiconductor wafer.

According to a sixth 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 are formed
and to which a protective sheet having an insulating
property is stuck 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 protective sheet is exposed



renmovi ng corner portions of the sem conductor chips
put in contact with the exposed insulating protective
wa@b@en7doyr conti nuously perform ng the plasma epchiregod/avni37e

a state in which exposed surface of the insulating
protective sheet is charged mﬁgh el ectric charge due
toions in plasma. According to a seventh aspect of

the present invention, there is provided the

manuf acturi ng nethod for the sem conductor chips as

defined in.the sixth aspect, wherein after T .
ot orER1hgr skt BBRE L ephy ot f e AR Mornat ion
contj nuousl erformng,t | asy g%g%in %he
i RIS ng %?%t ecth Vlslﬂbagtelfs ﬁg&% ffg‘je{h r SHRRSAuently
fromthe first surface of the senicondugﬁor mafggﬂ i dualized
ARG TP anCRiBAt FasSpett BRithe | individualize
invention, there is provided a sen conductor chip
heRM HePRARGkRih| e Fiees aighiBansiagiel it aidhd by
di viding a sem conductor wafer, on one surface of |
whi ch a pl wemetingf wametondgetdpngevPéestte FYiRRRductor
into individual pieces of the sem conductor devices, .
whieies rpat | im i cgetdalesvofh ttee rotrisgd risvsaiyjuing Ryptective
the one surface are renoved. According to a ninth _
asipeet b tduerpimeserdly nvenféoming héhe imlgamyi dedhihg in a
sem conduct or chip asdefined in the eighth aspect,

- Whied e nim whit ste dexpowex swrface @brtheoninsulatimg protective
each of portions that correspond to the renoved
rsxlget | hesciodrdde witighd Ve ¢teri @anghd age odué hieo ohens in plasma.
surf ace.

According to a seventh aspect of the present
invention, there is provided the manufacturing method for
the semiconductor chips as defined in the sixth aspect,
wherein after removing the corner portions of the
semiconductor by continuously performing the plasma etching,
the insulating protective sheet is peeled off and removed -
from the first surface of the semiconductor wafer.

According to an eighth aspect of the present
invention, there is provided a semiconductor chip having a
roughly rectangular shape obtained by dividing a
semiconductor wafer, on one surface of which a plurality of
semiconductor devices are formed, into individual pieces of
the semiconductor devices, wherein all ridgelines of the
roughly rectangular on the one surface are removed.

According to a ninth aspect of the present

invention, there 1is provided the semiconductor chip as



According to the present invention, by enploying a
sem conduct or wafer on which the -insulating filmis

w@b@cmmorn t he portions that correspond to thepdi/yr2uoas91376

regions of the first surface as the sem conduct or

waf er, and renmoving the corner,portions of the fornmed
sem conduct or chi ps by performng plasnma etching
process on the second surface, a sen conductor chip
manuf act uri ng net hod capable of form ng, for exanple,

- portions (rounded. portiaons or. cu nvex e
Eoé)ﬁojirber?g) o\ fgﬁg r'e %I ¢oi nee(‘{t’por}{l%%r?g?lang i(?rlg%%%ﬁgngconvex
the transverse rupture strength,can be, achieved. ..n
S Feried

A%, WEFEMVIHY thetPorti ohs ERET c8fr eSS XY thet
the dividing regions by carrying.out the plas
TR HP Prdc ek oﬁh?he¥§@ﬁV6 ndgépgﬁl&HFér,oFﬂgthe roughly
insulating filmis exposed fromthe etching bottom
PR G h v IS sy iR 1811 BRIIGHRS nui ng t he pl asma
etching process, the exposed insulating filmcan be _
char ged wi tAcgedinyetehblrgePgaeens fRYePGAON/n Rihetploying
plasma. By bending the trajectory of the applied ions .
by tsemiglaeciudteocharderdeser iiecabdhe dhsudetaeg film 1is
portions of the sem conductor chips put in contact
wldcede innsthat ipwr fidma céhabe cerowspoBy rtenothrg dividing
the sharp corner portions of the sem conductor chips,
sesvy cangluotforthehi psrswhisalt faar supptiess skemd concwatencevatfer,
of chipping in the manufactured sem conductor chips
angd of mdnadhinde tghansveos@erupt poetions of the  formed
semiconductor chips by performing plasma etching process on
the second surface, a semiconductor chip manufacturing
method capable of forming, for example, R-portions (rounded
portioﬁs or curved convex surface portions) at the removed
corner portions and improving the transverse rupture
strength can be achieved.

In concrete, by removing the portions that
correspond to the dividing regions by carrying out the
plasma etching process on the semiconductor wafer, the
insulating film is exposed from the etching bottom portion.
Subsequently, by continuing the plasma etching process, the
exposed insulating film 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 corner portions of the semiconductor chips put in

contact with the insulating film can be removed.



strength is inproved, can be manufactured. Mreover,
when the exposed .insulating filmis formed of silicon
w@z00d@780r1 pol yi m de, the insulating film can bBCT/JP2006/301376

positively etched by perform ng the plasma etching by
changi ng, for exanple, the kinglof the gas, and the
removal can reliably be achieved. Mreover, when the
exposed insulating filmis formed of silicon nitride,

the exposed insulating filmcan be etched concurrently

with the e%ghhg%ngﬁ&%ﬁ{n%gefog%%Pgngﬁggﬁgi g%rEﬁgns of the

corner porti er nore, y1ng

i nsul ati rotecti.ve sheet _as a protecti sheet . .
AT TS i sr or sertepio it fof s R AR or vpigh oo
sem conduct or wafer, rennvi&g t he gortians %Bat N q
CORREIONd HhE 1 S VT hig OfegFomRPHRY te ERpodtA ficture
the insulating protective sheet and thereafter

I GRAMC ke shd®Psa 28<hiofy VRLe stdt% FRERAVERSEherUPture
exposed insul ating protective sheet is electrically
cHaF At h t he HorreYedhoreibie danHa e ¥dnduct or -
chi ps can be renoved, neaning that.an effect simlar _
to the af or¥emervohed Wiehectheareostd ailmsdlptiey film is
Description.of Drawi ngs These and other aspects and .

f fatre@sobf stild coneseritdd nwenpe briimi e, bébenengw@ting film
fromthe foll owi ng description taken in conjunction _
wrdh bhe poseftenvedy entrddidreny spehéoeningi tther aflersmiceetching
to the acconpanyi ng

by changing, for example, the kind of the gas, and the
removal can reliably be achieved.

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

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, meaning that an effect

similar to the aforementioned effect can be obtained.



draw ngs, in which: Fig. 1 is a schematic structura
vi ew showi ng the construction of a plasm processing

w@ppanaius according to a first enbodi ment of P¢BIP2006/301376

present invention; Fig. 2 is a partially enlarged
sectional view of the |ower elfgtrode of the plasma
processi ng apparatus of Fig. 1 Fig. 3Ais a
schematic structural view of the pl asma processi ng
apparatus of Fig. 1 or a schematic structural view

oW $Ha Stat he surface of the | ower
SEFH oee |rlpq1§rngeo\(;g1vm ah& eggatlve charge by driving a

power unit for el ect os tic attra t|on Fi
schematic sttid ufdd veENeEho®PR§CESst abe |§e%§ r%§ “of the
plasma is nerated in rocessi ng chamher by _driv
aorrea%ﬁq;frl &@ﬁ&ynpow? ﬁf??cowg f%sngreslnﬁ%? Onlglowmg
bl ock di agram show ng .the construction of the _contro
@mRIIqthe brASTR denerc@N P HDRA at Uit b »‘-5?15 Preferred

5ﬂg§ 5 is a schematic explanatory view for explaining

PHIRR Y e tWrereqd] a§#§hd|é?ﬁ@rSPSSeSEOne?%%dL%ﬁﬁPWR?nylng
the first enbodi ment, showing a state in which the
idﬁﬁWkHGSK;#nlwhi%hhot exposed from an etching bottom

portion; Fig. 6 is a schematic explanatory view for
expl ai ni ng Bie. pkiieiplschomathiec 8 gt wial gl ¢ ogheaging the

construction of a plasma processing apparatus according to
a first embodiment of the present invention;

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

| Fig. 3A 1is a schematic structural view of the
plasma brocessing apparatus of Fig. 1 or a schematic
structural view showing a state in which the surface of thg
lower electrode is charged with negative charge by driving
a power unit for electrostatic attraction;

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

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

Fig. 5 is a schematic explanatory view for

explaining the principle of a plasma dicing process method



met hod used in the first enbodi nent, .showi ng a state
in which notch formation is perforned with the

wo nmahadorng fil m exposed fromthe etching botteor/ir2006/301376

portion; Fig. 7 is a flow chart showi ng the procedure
of a sem conductor wafer divi dh?g nmet hod according to
the first enbodi nent; Figs. hrough 8E are
schemati c expl anatory views of a sem conductor wafer
shovvi ng the processes of a sem conductor chip

d di he fi
SRitr Reneb SRR L BrBOSTREnEY Shelfr LS Gy pich the
L OESSRL I, IS g ELD e vy Aneqe EEfupdboton

IS a view of a state in which a resist filmis forrred

Y tEPRis a view of a state in which a mask pattern

for defining dividing regions is formed, and Fi

is a view ogl‘é st@t et$ n %.%@P%}n%irﬂa%na%ﬁ]ﬁ%t %ce‘éjsew for
for exposing a silicon oxide iscarried out; Figs. 9A

t e b DI artd s c RERd 1@ e plodnatbey Wéﬁ@aofd%ﬁéng process
sem conductor wafer show ng the processes of the
seeteddusedr hi phaarfufect uenhgdimehbd - shoi@d j asistate in

enbodi nent continued from Fig. 8E where:
which notch formation is performed with the 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. 8A through B8E are schematic explanatory
views of a semiconductor wafer showing the processes of a
semiconauctor chip manufacturing method according to the
first embodiment, where:

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

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

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

Fig. 8D is a view of a state in which a mask
pattern for defining dividing regions is formed, and

Fig. 8E is a view of a state in which a

plasma dicing process for exposing a silicon oxide is



Fig. 9Ais a view of a state in which a plasma dicing
process for notch formation is carried out, Fig. 9B is

w@2006ev800f a state in which a silicon oxide rePOVIFgG06/301376

process is carried out, Fig. 9Cis a view of a state

in which an ashing step is car#ed out, Fig. 9D is a

view of a state in which an adhesive sheet is placed

on mask-pl acenent -faces of semnm conductor chips, and

Fig. 9E is a view of a state in which the protective

sheert. :gssdo eled off froma circuit-formationface; Fig.
' mati c sectional vi ew of the pI asm

processing apparatys in a in whic _
seni conductfordSwaf ég‘ i ST %é arells? emasc%e eXtPlanatory

sectional view of the Iasma rocessi paratus in
SHAYS | Af wkREh SETHCR C&loc,rl ﬁga%qreps?%‘gjc%‘? ?@8 &]ff)cesses of

Fig. 12 is a schematic sectional view of tﬁ fs ,
p‘%}zﬁeggmhgoaﬁpammﬁw dn%%%cmrmgcﬁle; of the first
pl asmaashing step is carried out; s. 13A 't hrough

19 ot ianaseth erat i i s | farrar driyg V|8éims €L seni conduct or

waf er showi ng the processes of a sem conductor chip

manuf act uri ng metimd 98cordi ag ®ieva 8éconhdsEabediifenthich a
of the present invention, where: Fig. 13Ais a view of

P Eate dsfiore process for notch formation is carried out,

Fig. 9B is a view of a state in which a
silicon oxide removing process is carried out,

Fig. 9C is a view of a state in which an
ashing step is carried out,

Fig. 9D is a view of a state .in which an
adhesive sheet 1is placed on mask-placement-faces of
semiconductor chips, and

Fig. 9E is a view of a state in which the
protective sheet is peeled off from a circuit-formation-
face;

Fig. 10 is a schematic sectional view of the
plasma processing apparatus in a state in which a
semiconductor wafer is loaded;

Fig. 11 ié a schematic sectional view of the
plasma processing apparatus in a state in which a plasma
dicing step is carried out;

Fig. 12 4is a schematic sectional view of the

plasma processing apparatus in a state in which a plasma



processing is started, Fig. 13Bis a view of a state
in which a protective sheet is adhesively placed, Fig.

wa 3@eiozsoa1 vi ew of a state in which a resist fiPorT/iER006/301376

formed, Fig. 13D is a view of a state in which a mask
pattern for defining dividing fggions is fornmed, and
Fig. 13Eis a view of a state in which a plasnma dicing
process for exposing a polyimde filmis carried out;
Figs 14A through 14D are schematic explanatory views

sﬁﬂ; s;gg {gnggc s af & showi ng the processes of

e se i p manuf act uri ng met hod of the

Secoﬂd enb_ in§nt1§RnE|Q%%%hfnﬁﬂ%Fége %%%e gﬂﬁk@ eiﬂﬁhnatory

14A is a viewof a’stat | asa

process for notch formation i carrled ou

i §LVYi 8 8f%f%ﬁ99§§ﬁ Qﬁu(ﬁ1erp%T?wh?%e%Pe E%OC%éges of a
renmoyvi n rocess .is carrl Cjs_a view of
R GRSk S ] Tmeh RSl SeBBbappe’ o
whi ch an adhesi ve sheet i's adhe3|vel stuck t .

nBRKCPH aRBPRAt IRk 3T of NS S TBF \}/ef&‘fﬁ%% @h%lr% g.

14D is a view of a state in which the protectlve sheet

is peeled of f frbb¥a cl3Ruiisf o maiOnf Rk, FigStake| ébefore

a schematic sectional view of a
processing is started,

Fig. 13B is a view of a state in which a
protective sheet is adhesively placed,

Fig. 13C is a view of a state in which a
resist film is formed,

Fig. 13D is a view of a state in which a
mask pattern for defining dividing regions is formed, and

| Fig. 13E is a view of a state in which a

plasma dicing process for exposing a polyimide film is
catried out;

Figs. 14A through 14D are schematic explanatory
views of the semiconductor wafer showing the processes of
the semiconductor chip manufacturing method of the second
embodiment continued from Fig. 13E, where:

Fig. i4A is a view of a state in which a
plasma dicing process for notchlformation is carried out,

Fig. 14B is a view of a state in which a
polyimide film removing process is carried out,

Fig. 14C is a view of a state in which an



sem conduct or wafer show ng a sem conductor chip

manuf acturing nmet hod according to a nodification
wezaopriw7of the second enbodi ment; Figs. 16A tPCDIRM006/301376
16E are schematic explanatory views of a sem conductor
waf er showi ng the processes of;a sem conductor chip

manuf acturing met hod according to a third enbodi nent

of the present invention, where: Fig. 16A is a view of

a state before processing is started, Fig. 16Bis a

V] 0 L [ n _insul.ating: protect| .

SR PrOHELF oP, CarELeR G R ARLPECpRC i Retve sheet
state in whi.ch-a resjist filmis formed, Fi )| '
TS o SR LoURE L ik popfarrerafendfiaricls  of
dividing regions is forned, Fig. 16E is a view of a

ST %ﬁg% Jrffsa(srﬁfr%i ci ng process for exposing

the insul ating prot ec{:'ve,sheet is carried _ouyt; Figs. . h th
17A through 17D 5% stHendfi @ &evarfdt of ySifEhs 18 e
sem conduct or wafer, show ng the processes of the _
SR e’ e oFNEREp ifanBfatedr i%fgfpn%]f%daofc%?fé‘]t%?drmatlon"
enbodi ment continued fromFig. 16, where Fig. 17Ais a
vizgeof a state in which a plasma dicing process for

notch formation is carried out, Fig. 17Bis a view of
a state in Bwdchldn is a schematic sectional view of a

semiconductor wafer showing a semiconductor chip
manufacturing method according to a modification example of
the second embodiment;
Figs. 16A through 16E are schematic explanatory

views of a semiconductor wafer showing the processes of a
semiconductor chip manﬁfacturing method according to a
third eﬁbodiment of the present invention, where:

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

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

Fig. 16C is a view of a state in which a
resist film is formed,

Fig.A16D is a view of a state in which a
mask pattern for defining dividing regions is formed,

Fig. 16E is a view of a state in which a
plasma dicing process for exposing the insulating

protective sheet is carried out;



ashing process is carried out, Fig. 17Cis a view of a
state in which an adhesive sheet is stuck to the
worr@k/opoacenent - f ace of sem conductor chi ps, apdI/FrP2g06/301376
17D is a view of a state in which the insulating
protective sheet is peeled off;fromthe
circuitformation- face; Figs. 18A through 18E are
schemati ¢ explanatory views of a sem conductor wafer
showi ng a conventional sem conductor chip

manuf act urigyg et fipd, cyheneh Rig 184 E%h@g&kﬁW@HXﬁianatory

state before processing is’started, Fig. 18Bis a view

&Ii\” dslstgqfethg %im(ilao d@?:%g)’rpéfégﬂf] él%w <§i Eh@g pfroacl:esses of

ng regions is forme 18Ci1s a view O

st.ate in.which I dicin e ' [ , .
i “oapifendlohel, D ChapifREGRAT] MR eRRH O b third
prqcess is carri.ed out, andkig. E i,s view of a

s‘?ng? AMERhi R TGS e 'sh]elfgt "fhse]%eel ed of f from

the circuit-formationface;, Fig. 19 is artially. .

enl arged schenmatiid vi i‘? it h% NEPYhBr hdod WGf-& tn which a
di vi di ng_regi on of the seni conduct or fer in a stat

iR &HiE A RO PIRESRESH g rﬁ?%bs%"%‘i‘av‘%@ cohveth Jo‘?fglout'
sem conductor wafer is carried out; Fig. 20 is a, . ,
schematic plan iy o} 7BedScohdikedrof @ state in which an

ashing process is carried out,

Fig. 17C is a view of a state in which an
adhesive sheet 1is stuck to the mask-placement-face of
semiconductor chips, and

Fig. 17D is a view of a state in which the
insulating protective sheet is peeled off from the circuit-
formatidn—face;

Figs. 18A through 18E are schematic explanatory
views of a semiconductor wafer showing a conventional
semiconductor chip manufacturing method, where:

Fig. 18A 1s a view of a state before
processing is started,

Fig. 18B is a view of a state in which a
mask pattern for defining dividing regions is forméd,

Fig. 18C is a view of a state in which a
plasma dicing process is carried out,

Fig. 18D is a view of a state in which an

ashing process is carried out, and



chips in a state in which the ashing is perfornmed by
the sem conduct or chip manufacturing nmethod of the
wo poos7smbodi nent, and Fig. 21 is a schemati c PCT/JP2006/301376

perspective view (including a partial renoval cross
section) show ng the appearancggof the sem conductor

chip fornmed by .the sem conductor chip manufacturing

met hod of the first enbodi nent . Best Mode for

Carrying Qut the Invention Before the description of

t he present invgg%*onl oggegsvféwigftg be.poted &gﬂ%h the

like parts are gnated by | i ke reference nunera

h ] ' i . | | .
ESUBON 1. CPIPEDNLER H5RNAR, 108 Do racion-

in detail with reference to the acconpanyi ng draw ngs
R8T EMBODI MENT CONSTRUCTI ON OF PLASMA PROCESSI NG

APPARATUS Fig. 1 shows a schematic structural view . .
that schendiitall$ Showddie Tonb (TR GToREt pdrview in
processi ng apparatus 101 used for dLvidkgg a _
s coptulborhoRd epf by difaALRdcEEriiRg Mt HAE® fifmiconductor
sem conductor chips of the first enbodi nent of the
prabent in nventfba. int whichotbe tHasMa gicings pyocess of the
schematic structural view showing a longitudinal
seen vemtal onva v i i edredyst teestirey e elsss | R Tigpshraitts 101,
The

Fig. 20 is a schematic plan view of semiconductor
chips in a state in which the ashing is performed by the
semiconductor chip manufacturing method of the first
embodiment, and

Fig. 21 is a schematic perspective view
(including a partial rémoval cross section) showing the
appearance of the semiconductor chip formed 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 humerals throughout the accompanying
drawings.

Hereinbelow, one embodiment of the present
invention is described in detail with reference to the

accompanying drawings.



pl asma processi ng apparatus 101 is the apparatus that
manuf act ures sem conductor chips by dividing a
wGesssomaduct or wafer, on the circuit-formati onpEEIR006/301376

(first surface) of which a plurality of sem conductor
devices are forned, into indivi{gual pieces of the

sem conduct or chi ps that include the sem conductor
devices. In a series of manufacturing steps of the

sem conductor chips as descri bed above, a protective

sheet [ IshiRAgef a material that is less

et chaquq%}r%&@ or exlgrrpl e, silicon that is the
princi

st uck @%@ﬁ#cw&%l}%ﬁ |or{-ﬁ?{§§]{ﬁ A\wpﬁ{féwsslsﬂface

on which the devices are for of . t he sem con uct or
waf er wher & the denf V@u@toge%%@?Eﬁg &é g 'Vl@” that

deV|ce fornatlon regi oqns defi ned by div d|n re i ons
oSl LI Ot e s el et byl o

for deflnlng t he d|V|d|na,realons for separati %

tHeRRRA tews B ket 0R - Fegi hYIPARE @n&.e\l}ul&@ari%té’ eafer by a
fromthe sem conductor wafer is fornmed on

reaik 7 Gle s - maéboqlséeéncﬁ%@rﬁf%ctt%tcmsp% hef the first
surface opposite fromthe circuit-formation-face.

TR diingitasei Ere R priodevseplasm Br deedatrp that Fig.
such as plasma dicing is carried out by the present _

pl assa Ppr scbspiaftigcapparnattusralDl verwt hehabjrect avelongitudinal
sem conductor wafer in the state. The construction of

t hecipl asah processi tthe gpiestet usrdddss sng anpatatys 101. The
described with reference to Fig.

plasma processing apparatus 101 1is the apparatus that
manufactures = semiconductor chips by dividing a
semiconductor wafer, on the circuit-formation-face (first
surface) of which a plufality of semiconductor devices are
formed, into individual pieces of the semiconductor chips
that include the ‘semiconductor devices.

In a series of manufacturing steps 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



1. In the plasma processing apparatus 101 of Fig. 1 ,
the inside of a vacuum chanmber 1 serves as a

wEe@ces®rng chanmber 2 for carrying out processpamIEbG/301376

t he obj ective sem conductor wafer and is able to form
a seal ed space for generating ?asna under a reduced
pressure. A |lower electrode 3 irst electrode) is

pl aced on the | ower side inside the processing chanber
2 , and an upper electrode 4 (second electrode) is

he | ! de; 3 i

PSP RO L LU0 AL oS00 R 0RRESLIEIE Loron ene

el ectrode 4 have rou hlyfc%li dri cal shgg
&% nepheeg

are
CHEATITHGITS Gisred 3 o oRESr offes? nd e (gfent -face
The | ower el ctr?de 3 ts pla% dina.state in mﬂ%;h th
| {SeqR9 iy 508 IsuFRBEndeY bPSi et 537 g ARARSAS SATOm  the
and 5B that are two_|ayers nounted to fill UE tFe
kﬁ&??ﬁﬁ?ﬁﬁ??%ﬁF%ﬁnTﬁﬁF%rocegg?ﬂg chakdérs™® aRHCPERY Process
ugger surfacefor retaining the object to be processed-
| PFaerl REQRATHLRG) (HCR it ¥l 3gha | SHC U9 the BfieA out by
portion of the processing chanber 2 . The | ower
etleet rpgesents @SS PIUIRARINS sALPRBATES unilAdm on  the
and includes a di sk-shaped el ectrode portion 3a for
r @bt o Fige tdemivtprdtcter beafrocds sidte afeh e col umar
support portion 3b that protrudes downward fromthe _
| oner surf dtlee of come telugdticade @brt itdre 3apdardmahoserocessing
one end is forned exposed outside the vacuum chanber 1
| @ppar a2 it €0 @l eds statere bl polesgr ithed swpporteference to Fig.
1.

In the plasma processing apparatus 101 of Fig. 1,
the inside of a vacuum chamber 1 serves as a processing
chamber 2 for carrying out processing of the objective
semiconductor wafer and is able to form a sealed space for
generating plasma qnder 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 1is 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



portion 3b is held by the vacuum chanber 1 via an

i nsul ating nmenber 5C, and the I ower electrode 3 is
wa@rtdoaotdi t o t he vacuum chanber 1 in a state iPCTHR2006/301376

it is electrically insulated by being thus retained.

The upper electrode 4 is made §f a conductor such as

alumnumsimlar to the |ower electrode 3 and includes

a di sk-shaped el ectrode portion 4a and a col umar

support portion 4b that protrudes upward fromthe

%ﬁggrréyéiﬁﬁﬁ g%%éhgbgég tQQQQxPQﬁf.QQS§@da@g Wﬂ%%ﬁ% %gposed

one end i's exp out st de t he vacuum cha

in an.integrated state. Mreov t he or, rtio
éf{)lc i gﬁl’}ﬂ ec‘%’r} S )Pocrécﬁﬁrhue()?t gcr}%%el%vozmts&%gw é%oa eorr{ 1%f the
and made el evat abl e by an_el ectrode el evation, unit_ 2
(e G T101 (SRR ( P oIl IS el SR ATt 134mEde of a

t he upper el ectrode 4 is nade el evat abl etween a
VEIRFUG TR SYISinI 65di AGUPSSHE oﬁn%/iha’tn?ﬁu‘?‘ﬁ% Lﬁapecﬁséﬁ‘fhaped
position of the elevation and where a Iarqg'spacefor

| OLRF P dhd RATT RN ngda S cothfdioimay &%%r Buisfen to be

it and the lower electrode 3 is forned and _a discharge
Spereedapteandna pesi URBATt BHPPPE Tt RertdRer 3dndhat protrudes
position of the elevation and where a di scharge space
faywyeriet afitony Piasknwel sohafare fof Praside Prioeds Rig-L1on 3a
is formed between the upper el ectrode 4 and the |ower
ettt whdse. Iondhenel ets r ddemsicevakposedniquigfide the vacuum
functions as an interel ectrode di stance changi ng neans
artthnilse @bl e ino axhahgtegnatadesdelaget.r oddodesvance the support
(see Fig. 2 ) between the | ower electrode 3 and
portion 3b is held by  the vacuum chamber 1 via an
insulating member 5C, and the lower electrode 3 is attached
to the vacuum chamber 1 in a state in which it is
electrically insulated by being thus retained.

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. 10). By the -electrode
elevation unit 24, the upper electrode 4 is made elevatable

between a wafer 1loading/unloading position that 1is the

upper end position of the elevation and where a large space



t he upper el ectrode 4 by noving up and down the upper

el ectrode 4 . The detailed structure of the | ower
webkmeorsode 3 and the sem conductor wafer of thecDipeed301376

to be processed are described next. A s shown in Fig.

1, the upper surface of the ebgctrode portion 3a of

the lower electrode 3 is a planar retention surface

(one exanple of the retention portion) on which a

seniconductor wafer 6 is placed, and an insul ating

098}' ;1 #ﬁleaam ed %M@nhﬁ%t%?t itwra%er_ between it

Cl I‘CU eren e oute edge portion o

;%gcgegﬁgplgg;fgfnc eghRdelo A | PO-ROR! b LO¥AAHa I space

SucC as al'um na, and er e

t f th 3f
plgr{lil%t{]}?% ngg} ggad %ﬁ{xlagn chﬁggt%l%t Ilﬁ)é)éer r g%s‘;iglon of the
h Fi t at whi ch t he, |
AN EPRE SRR Jréq%agr%ésc%%%ﬁ#ﬁrﬁh%%%%aamg plasma

The outer edge portion of the Iomeréﬁlect
| &} A RERATIF Gtk AR PRERIRS YeHer 4 fdv%%maﬁfg% upper

space by having the structure, and abnormal el ectrical
drSedrede cdn e dprigdventledery ofl BEFREIGendr at edh eF%%ﬂeCtrOde
2 is a partial schematic sectional view show ng
sebewiromhiohtt Rd samcoimifctaf Aaf g{nt@r,esle‘gtm ohistance
the lower electrode 3 before plasma dicing is started.
Thizas@in g omdacisor andf ers 6abd ea senidwmdiect sn subseratectrode
made of a principal material of, for exanple, silicon,
adtstapcot Bect(see FHeet 30 batwakresthel yoweucklegtaode 3 and
the upper electrode 4 by moving up and down the upper
electrode 4.

The detailed structure of the lower electrode 3
and the semiconductor wafer of the object to be processed
are described next. .As shown in Fig. 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 is 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 wvacuum chamber

1. The outer edge portion of the lower electrode 3 is



circuit-formation- face 6a (first surface) of the

surface (lower surface side in Fig. 2 ) of the
weewsomoduct or wafer 6 . In a state in which tPer/Jr2006/301376

sem conductor wafer 6 is placed on a retention surface

3g of the electrode portion 3a2%hat I's the upper

surface of the |lower electrod the protective

sheet 30 is to closely adhere to the retention surface

3g. The protective sheet 30 has a construction that

|ncI S nlnsulat | ayer obtain y r

Lﬁaateﬁer% H P R e RRRRLRRL RL o ﬁl%%h%%e space
th| kness o abot 100 nm and i s _pee
&% AT LADr ﬁr‘rl%lér%a 3, ﬁ%ﬂgéfﬁaﬁo%u R o enaroe
Wi th an adhe3| ve mat erial . When t he sem conduct or
ViEfTe P RIE VR e %%%%&l%%d 30 is stuck is
retained on the |lower electrode 3 , the insulati f .
| ayer functfighs &s &Sdi2l &a%51@) nSePeRardSt af?%g ppal view
attracting the sem conductor wafer 6 by the retenti on

sthavieg 3§ ofteheelidct WBdEhpokRE orP eTbl GRNHELNGY bogfer 6 1is

| ater. Moreover, with regard to the material_ of the
mlaeed | 08 dieet 1ggeri eliectyosieer abbefogesapbrsng dicing is
material that is |l ess etchable than silicon that is

tdteapréaici paTheatsenigorsfudtne seaifesnducticr aaf¥gmigconductor
during the plasma dicing described later. Wth this
asulseigeatent matibe qf ok eqdn vecigheelet m30efrindt iohs dorarexample,
etching stop layer even if a case where an etching
r&d Bi cbhrst ratditda @rdhedthierel ssret i 30 nid adhidorneln stheck to a
process of plasma dicing and parti al
circuit-formation-face 6a - (first surface) of the surface
(lower surface side in Fig. 2) of the semiconductor wafer 6.
In a state in which the semiconductor wafer 6 is placed on
a retention surface 3g of the electrode portion 3a 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 um and 1is 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



variation occurs in the etching rate of the

sem conduct or wafer. Moreover, a mask-pl acenent-face
w®boogeesoond surface) on which the mask for defPai/meeoos/301376

dividing regions (dividing lines) in the plasma dicing

stage described later is pIacE§4is provi ded on the

opposite side (upper side in Fig. 2 ) of the

circuit-formation-face 6a. The mask is formed by

abradi ng the surface on the side that becones the

K- enent.-f ace, 6h by . e machi ni ng as

n'gl:eccrtﬁ!nozdge g%%%loglngiat %e&'{)e(iaefszcglbpegtr%r%rn'g the surface

with a resist film 3la, by which.regio excluding-th

portions tﬁ’gcirecoovrerrefspgﬁ&%t o’ tHR G v1ig%li nr%ler eg‘f’lg%ggg% bcgf the

subjected to the plasnma_etching_are covered with the .

r Fﬁcqﬁqu%ﬁ%ﬁtT%gt %E,thBrgéﬁfﬁsﬁs fRatt LS Trehdif er1al

to the deviceformation- regions._.are covered, w the . .

HERCLiF] LRES16 GHANE rESRD pPAderEn: Fifte 6B 6Pt fFincipal

sem conductor wafer 6 , sothat mask slit portjons 31b

Mate¥anged ithe neepdreneusteRatvalRy eSpotitr 1vP t ke Pplasma

dividing regions. Mreover, as shown in Fig. 2, the

| diing| edesodEbad hakahept ur al Wifhof thtits adiGnarmeasE, the

3e that open on the retention surface 3g, and the

arotettiore et 30 commini s asvah SLeind oitdnl e even
provided in the lower electrode 3 . As shown in Fig. 1

,if ha2 sast¢iwhehel en3etichbivgnmectked itsd rd bracwambsudttieorplasma
punp 12 via a gas |line switchover valve 11, and the

gbs honeusifochover thal peotéss of plasma dicing and partial
variation occurs in the etching rate of the semiconductor
wafer.

Moreover, a mask-placement-face 6b (second
surface) on which the mask for defining dividing regions
(dividing lines) in the plasma dicing stage described later
is placed is provided on the opposite side (upper side in
Fig. 2) of the circuit-formation-face 6a. The mask 1is
formed by abrading the surface on'the side that becomes the
mask-placement-face 6b by, for example, machining as
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 3la.
That is, 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



is connected to an N 2 gas supply unit 13 that

supplies N 2 gas. By switching the gas |line swtchover
wo 2006078031 t he suction hole 3c can be sel ecti vedHIP2006/301376

connected to the vacuum suction punp 12 or the N2 gas

supply unit 13. In concrete, bygselecting the vacuum

suction punp 12 by the gas |line switchover valve 11

and driving the vacuum suction punp 12 in a state in

whi ch the suction hole 3c comunicates with the vacuum

fﬁlqﬁgq qfy, O l}%’ g&%%&%%?ﬁoﬁg?ﬁgfgr aWa%r eQi piﬁcﬁﬂeo_'bortions

ower electr by vacuum attraction

ffecting va m,Sucti. .hr o .t attraction
%éagcs gt l:"I%Deorneef #)e,t %hg lgltqtdtrlglgti o%lﬁgfsés 3e, the
O s 2l SHAPH TS 451 % PYIR 2,88 S ectrode

as vacuum

sem conduct or fer by ,vacyum attraction j state

5T b PRETPLSF dcOity @ CEHBEL B0 1N HseTy RRE PBepnen the
retention surface 3g of the el ectrode portion 3a
REASECAThg SUEERER t BoughPithe &Pfracdttioirdot@d 3Boles  3e

that open on the retention surface. 3g of the |ower
SFETGA R | WhBR edvauCipPTshebei A tHOWdEGasn the lower
supply unit .13 by the gas |ine sw tchover valve 11 and ,
corrrietadry Bhe dgctdhmvrhole Bégrolvhdhe gastiepphgle 3c is
unit 13, the N2 gas can be gushed through the .
atanrestticoh Kol es 3emayai nstuctien opempsu¥? ackl ®of at hgas line
protective sheet 30. The N2 gas is the gas for blow ng
pawipodever enakde f dit , camoultdor i §3s skpae asivagchbyer valve 11
protective sheet 30 fromthe retention
is connected to an N; gas supply unit 13 that supplies N;
gas. By switching the gas line switchover wvalve 11, the
suction hole 3c can be selectively connected to the vacuum
suction pump 12 or the N; gas supply unit 13.

In concrete, by selecting the vacuum suction pump
12 by the gas line switchover valve 11 and driving the
vacuum suction pump 12 in a state in which the suction hole
3¢ communicates with the vacuum suction pump 12, the
semiconductor wafer 6 placed on the lower 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 vVvacuum 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



surface 3g as described |later. Mreover, as show in

Fig. 1, arefrigerant passage 3d for cooling use is
w@e@giodssdl i n the | ower el ectrode 3 , and the PCT/JP2006/301376

refrigerant passage 3d is connected to a cooling unit

10. By driving the cooling uni4-10, a refrigerant such

as cooling water circulates in the refrigerant passage

3d, by which the sem conductor wafer 6 is cooled via

the |l ower electrode 3 and the protective sheet 30 on

tetk%el cgzlbr %luecgiro%d%h%o%%hv\,@h%h attr{{e: atc RGY HUl&S 3 &hat open

raise f heat generated during the plasnma processing.

It i,s noted that the srefrigerant, pass e

o1y rr‘?g:@ﬁ‘é:ﬁio?msﬁf féec Ve %as? %géc N fﬁlé’%%gra%g e?:rg (r}otd% 3

cooling the | ower el ctrq%g i n

3 . Moreover, the .
pl asma pr oCESSNG Tappar at us® Eﬁ?%f{?$gﬁz1g?5a59886¥n9n1t 13
punp 8 is connected via an exhaust s '{chover val ve 7
RY ntBRhARt pore 13 Hr R I c SRR cht | A0S ERORREEING  the
processi ng chanber 2 . By driving the VaCuuﬂ1ﬂinD 8 b%«
SMAtT e kR égha@stthdn Yehdver SVRPde MR t hdr the No gas
exhaust side, the processing chanber 2 of_ the_vacuum
Hanbee quskedntBrpuphy tBeacfdiartian o hesSt Ae against the
processing chanber 2 to be internally deconpressed. ,
Norvessy esur faiee ppbcddsi e eirgiviere 2shasta 3Presstipe N2 gas 1s
sensor 28 (not shown in Fig. 1, see Fig. 4), and by _
cdre r @lds ndorheblawdnm ppmpp8sey ntendedl oWt @gpulsorily
(see Fig. 4 ) described later on the basis of the
easstrtel mpatincemerb teesulve ofheet 30 from the retention
surface 3g as described later.

Moreoéver, as show in Fig. 1, a refrigerant
passage . 3d for cooling use 1is provided in the lower
electrode 3, and the refrigerant passage 3d is connected to
a cooling unit 10. By driving the cooling unit 10, a
refrigerant such as «cooling water circulates in the
refrigerant passage 3d, by which the semiconductor wafer 6
is cooled via the lower electrode 3 and the protective
sheet 30 on the lower electrode 3 of which the temperatures
are raised by heat generated during the plasma processing.
It is noted that the refrigerant passage 3d and the cooling
mechanism 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 valve 7 to an exhaust port 1la provided



the pressure sensor 28, the processing chanber 2 can
be internally deconpressed to the desired pressure.

wdb@ewazsooum punp 8 for deconpression to the deB¢T/#€R006/301376

pressure can be controlled by directly controlling the
evacuation ability of the vacugsn punp 8 itself by

usi ng, for exanple, a variable capacity type as the
vacuum punp 8 or providing an opening regulating val ve
(butterfly valve etc.) in the evacuation path and

g el d e SentroLhi 19l e SYACUAL OBRERELE Y DY py arivi
conIQ§%¢%%F§£e&g%en?n§. %5 not%d that the va‘cue{md’erlng
p 8 and the e ust_ swi t.cho Y e e '
VAR ola P i (et PR R S S AR P vanve
conpresses the processing, chanber 2 to the desir
of o200 TS NEFBOGSE TS Cofi At tins iy ERamBE ¢ of tne
swi tchover valve 7 to the atnospheric o en ide,ﬁ%he, h
af HOLPher @AMt dodtR edt MRS A pPYBESERG chambey1Bd  the
t hrough t he exhaust port la, allowi ng the _interna
PERGEFBIRY t REPRBEEssiPng thanBer ZNterhe Llyst dieerirressed.
t he atnospheric pressure. The detailed structure of
R epTRE, el thirieusing ddsathded M@ .2 MieePpes sensor 28
el ectrode 4 has a center electrode portion 4a and an
afmeit asheenbén 4fdcordst rigs eBidf 4h, i a5dl ¥ mprtinghling the
provided fixed to the outer peripheral portion of the '
evactundpusp &s byo asuromurl tweitl| 83t Hede Foat-i oh 4described
The annul ar nmenber 4f has an inside dianeter made
apptexi oat éhe dopels t oft Hheot e iUk ametenrement result of
the pressure sensor 28, the processing chamber 2 can be
internally decompressed to the desired pressure. The
vacuum pump 8 for decompression to the desired pressure can
be controlled by directly controlling the evacuation
ability of the vacuum pump 8 itself by using, for example,
a variable capacity type as the vacuum pump 8 or providing -
an’ opening regulating valve (butterfly valve etc.) in the
evacuation path and indirectly controlling the evacuation
ability by controlling the opening. It is noted that the
vacuum pump 8 and the exhaust switchover valve 7 serve as
an evacuation unit (decompression means) that internally
decompresses the processing chamber 2 to the desired
pressure. 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



of the electrode portion 4a of the upper electrode 4
and is concentrically arranged in a shape that expands
wowiosarsdry of the circunferential surface of tPer/iroer301376

el ectrode 3 . The annul ar nenber 4f plays the role of
hol di ng a di skshaped gas bl owi ng portion 4e placed in

a |lower center portion of the upper electrode 4 . The

gas blow ng portion 4e supplies a plasnma generating

gas for generating plasma discharge in the discharge

SRRG ried n 4 heg _upper e 4 apg.t ;
I O\A/ecfegeﬁqeng%er 82%&.%%? T%’eeté)asggl o%%g%eg?t itg)n geei tshecénOSpherlc
nenber obt ai ned by processing a porous material that

ifMternally has many nicropores into a disk-1ike shape

and is able _to supply in uniforn1§; t.e the plas
generatinggﬁg% §%€g+¥%ﬁ F%F8c5u§§SCDet ?ﬁigﬁpgﬁa 22f§F°de 4
mhicg is surrounded by the | ower surface of th
etclPSAE1REM: i wa of heUBBBEr %1%T st 4 fa“f‘ﬁaea center
upper surface of the gasbl owi ng portion 4e and the

i DRI IRAS pRRF Bl OB ufPad@dfalt hehRArheT alSRBRBer? IafCOTyEructed
maki ng the gas uniformy blow into-the_di scharge space

Vi tHe nilBFYPELésg Afddd supmyidrsl e BEXefat tO  the outer
conmmuni cates with the gas retention space 49 is .
meovinierdlh poetsoppoft ther talerawdeansd t A8 §as SSupgiypd the
hol e 4c is connected to a plasna generating gas supply
i ectptededoout sémedd he Theuannoharbaenber fie hgisagm inside
generating apparatus has a first gas supply unit 20A

ad secorer gagdsuppoyouning t208 awhad thdr dhe outside diameter
of the electrode portion 4a of the upper electrode 4 and is
concentrically arranged in a shape that expands outwardly
of the circumferential surface of the lower electrode 3.
The annular member 4f plays the role of holding a disk-
shaped gas Dblowing portion 4e placed in a lower center
portion of the upper electrode 4.

The gas blowing portion 4e supplies a plasma
generating gas for generating plasma discharge in the
discharge space formed between the upper electrode 4 and
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 uniformvstate the plasma generating
gas supplied into a gas retention space 4g, which 1is

surrounded by the lower surface of the electrode portion 4a

of the upper electrode 4, the upper'surface of the gas



gas supply unit 20C as a plurality of gas supply units
that individually supply gases of different kinds, a

wW@2mo678orng portion (junction of piping) 19 toPOi/XP26E301376

gasses supplied fromthe gas supply units 20A, 20B and
20C and put the gas conposition,into a uniform state,
and a gas flowrate regulating section 21 that is

pl aced between the gas m xing portion 19 and the gas
supply units 20A, 20B and 20C and i ndivi dual |y

| at t he. : f ied
A RGP ORP RS 1R RS pRETRAERE] Ml or the
| ati ti 21 h i fl .
A ATERECE | Adenchiahe Y'Y obiPai B | RS FRaiYapaon into
f_ the | ied fromthe first I it
288 G TRIOHRATS VA A/ T ARRRTE BT |t er rupt i ng

the gas supply, a second flow rate control valve 23B.

t hat indepéﬁd%?l FUPRGY &od¢€ t4fe Fhol FS{“E‘HBFCFESSgé@th the
supplied fromthe second gas supply unit 20B, a )
sExondehedt oy aPPace 2B G ara P e BEdetht &R r GPei My RN tydertion
supply, a third flow rate control valve 23C that

i felepanderiiey gagyubaPRS vt RO lE off r dfe GRRGfEqfhsto a plasma
supplied fromthe third gas supply unit 20C and a .
tdeneraninf f ged vesBXG xapiblle afldgredr raptside t Hgasvacuum
supply. The opening control and the on/off control of
tdimaniad wek. arthexeasmed dynetet icontappaxmius 3gas a first gas
described later. The plasma processing apparatus 101

ofupiey puesenkOhj r et serdwodi N $gprbY eubdts@Ppl wndf v third
exanple, a '

gas supply unit 20C as a plurality of gas supply units that
individually supply gases of different kinds, a gas mixing
portion (junction of piping) 19 to mix the gasses supplied
from the gas supply units 204, 20B and 20C and put the gas
composition into a uniform state, and a gas flow rate
regulating section 21 that is placed between the gas mixing
portion 19 and the gas supply units 20A, 20B and 20C and
individually regulates the-supply flow rates of the gases
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



sul fur hexafluoride gas (SF6) fromthe first gas
supply unit 20A, trifluoronethane (CHF3) fromthe
waemasndsogas supply unit 20B and oxygen (O 2) fpromeoes/301376
third gas supply unit 20C. The plasma generating gas
supply units constructed as abgye nakes it possible to
individually regulate the flowrate of the gas (es)
supplied fromone or a plurality of gas supply units
selected fromthe gas supply units 20A, 20B and 20C by

0P Ao 28 CEBULELI B SEGLLA0eElnon he it suoriy,
A Rprt P e gt (R hast e Tt Gact b et 1y
DL BT L 0r g LPETIOE 2P e LULRINR A5 e thira
S TS 20 G Iy P SR B A e of
i.,e., the gas supplyratio hy using the function of the

gEHRCSTHWP RS ERGUPASI RyPRddti onThq PRghIRgncontrol and the
individuallg regul ate the flow rate of each gas, t
g

he
i oA hbl cpREsslr @ HofthhevplBeassitigy PRGN 2P¥arfife control

controlled. In concrete, by controlling the gas flow

ranet rgguliles¢ngoedctaterr 21 by the control unit 33 on

the basis of a preset pressure condition and the

i nternal prBssurplasmahepproeessndg ebaabetuz ddildct edff the
by the pressure sensor 28, the internal pressure of
theepencessray ehbotitmeftcan bbleedul atuepltyo cimcesenple, a
with the pressure

sulfur hexafluoride gas (SFs) from the first gas supply
unit 20A, trifluoromethane (CHFs3) from the second gas
supply unit 20B and oxygen (O;) from the third gas supply
unit 20C. The plasma generating gas supply units
constructed as above makes it 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 and 20C 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



condition. Therefore, the gas flow rate regul ating
section 21 concurrently has the function of regulating

w0 b@couswposi ti on of the gas supplied into the PCT/JP2006/301376

processi ng chanber 2 and the function of controlling
the internal pressure of the pgpcessing chanber 2 .
Mor eover, as shown in Fig. 1, the lower electrode 3
is electrically connected to a radio-frequency power
unit 17 via a natching circuit 16. By driving the

Vra?dtt age s ap ?rf&ﬁ%él 7*0@ trl‘Péj daasfl rﬁ% t1:nequlat1ng

bet ween t he upper ectro

I
el sh 1t éh%;zgzé. NETAINLE V%ﬁﬂih?@a%? Ao race o
W08 oo MR T R g romoer

el ectrode 4 and the Iomer electrodewg
Tt e88i P2 | HhdCPher pHas Yge%%?‘é%?%lgl@%sthe gas
supplied into the processing chanmber 2 nmakes
tFheidi R bRt 5ePHEaBLBIMEeSEALE. NordbvEReS Fﬂatﬁaitcwg 33 on
circuit 16 has the function of natchlng t he |npedance
othe heapiasmd @ S¥IrTefe Rressiite| AorA_tpPBCERS) fdie internal
chanber 2 with the radio-frequency power unit 17 at
tivee s $wee ofo yeridreat PAGCEisedme. Fhamherpr dse@gtected by the
enbodi ment, the radi o- frequency power unit 17 and the .
et e e ciemiit 2% sy elmenurtl axeepterofof ehe processing
radi o- frequency power applying device. Further, a DC
powanbemi £ H&nf dve ekegtilesedt ito atdimcideonwiith the pressure
connected to the lower electrode 3 via an RF
condition. Therefore, the gas flow rate regulating section
21 concurrently has the function of regulating the
composition of the gas supplied into the processing chamber
2 and the function of controlling the internal pressure of
the processing chamber 2.

Moreover, as shown in Fig. 1, the lower electrode
3 is electrically connected to a radio-frequency power unit
17 via a matching circuit 16. By driving the radio-
frequency power unit 17, a radio-frequency voltage is
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 1in the

processing chamber 2, and the plasma generating gas

supplied into the processing chamber 2 makes a transition



filter 15. By driving the DC power unit 18 for

el ectrostatic attraction, the surface of the | ower
web®ehrsode 3 is charged with negative charge (Ponimate®hi3ze

by "-" in the figure) as shown in the schematic view

of the plasma processing appargbtus 101 of Fig. 3A A's

shown in the schematic view 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

pf&cﬁ?érﬁ‘lgas%ﬁl et e2 by rd g the radi K f{LFWENYit 16 has

povver IS state, a ‘direct curren

aﬁf Cr:g{n QY LGPt %%chh% C%H@ecﬁﬁg% S\rj‘cgf’t”ﬂ&i’?éorplasma

Siaced o thé retention sur

p ctive sheet .30 tO tq} groundi n ort
PR AS Bl Shidantt od e PRECHFacRTe M ththpa with the

result, a closed circuit_ that sequentjall .
oA A R POBPEC (e 37 Hho TR 1 1er b5 9FRRFating
DC power unjit 18 for eIectrostatlc attraction, é
iR ng pbRtithe oPrethepl RGNSy t hee radio-frequency
sem conductor wafer. 6 is fornmed, and the sem conduct or
\Mﬁ%ﬁr6upétdﬁﬂgééﬁmﬁhﬁp@@ﬁ?ﬁ&@gcm%iﬁPKWnélmﬁ%ﬁV%yas one
"+" in the figure) Then, a Coul onb force takes .
e 4R 1 & e hieldie tTrd reyhre GeeRMarkRier "appl Yy device.
retention surface 3g of the | ower electrode 3 forned
of a conduckwrtlzend the Posidowes chaifesl® +forn ekrctrostatic
sem conductor wafer 6 via the protective sheet 30 that
i actvaesiam isnsaobahéngediayer the aodies| edectaodso 3 heita an RF
t he sem conductor wafer 6 is retained on the | ower
filter 15. By driving the DC power wunit 18 for
electrostatic = attraction, the surface of the lower
electrode 3 is charged with negative charge (indicated by
"-" in the figure) as shown in the schematic view of the
plasma processing apparatus 101 of Fig. 3A. As shown in
the schematic view of the plasma processing apparatus 101
of Fig. 3B, if a plasma 34 (ihdicated by the dotted portion
in the figure) is generated in the processing chamber 2 by
driving the radio-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 thelprocessing 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



el ectrode 3 by the Coulonb force. At this tine, the
RF filter 15 prevents the radio-frequency voltage of
w0 bwenadrn- f requency power unit 17 from bei ng eppireas/301376

directly to the DC power unit 18 for electrostatic
attraction. It is noted that the polarity of the DC
power unit 18 for electrostatic attraction may be
reversed. A s described above, in the plasm

processi ng apparatus 101, the conponents that

substantially.contrj % g t i;0n LOf¢ S b
60N Olrorifed d th
rﬁulaasﬁ'lrnaa céalr;‘ aa’%/%o ée %g#{‘té??}égu ggﬁs‘%g%%?asnasger?er at |’ngan ©
apparatus. Moreover, in the above cgnstructi . DC
p‘g‘%@rccﬁ}él‘lc%f(‘ﬁ@ rec{%r ostat ?lga)é??aac %gﬁ ér]%/leé{]‘g% charge
an, electrostatic attraction neans for

el AT GEed il ly &t ?%b‘% i%g?‘i 'seni conductor wafer 6

by utilizing the Coul onb force that takes ?g ect th
bet ween th i BN Naf RFCS &Adthect £ Eht PEAWeen the
surface 3g of the |ower electrode3 , which are

sematie’l sparpe prot eddy vehghaetendionyapprirfg 2Pcot the
voltage to the lower electrode 3 . That is, with o
rkepex edecheodet ntiomeans Porcandugiphganfle the positive
senm conductor wafer 6 on the lower electrode 3 , the '
toimatgges”©f imetheacirm sardudiomesnief of Whe Ul protective
attraction of the protective sheet 30 via the . .
pbheat i3y tHatatinaiden dwliosBatied bpesr oms thedielectric,
retention surface 3g and the electrostatic attraction
n@ansh&antpe openligohduased. whbeeoverns aatefinegereantthe lower
passage 4d for cooling

electrode 3 by the Coulomb force. At this time, the RF
filter 15 prevents the radio-frequency voltage of the
radio-frequency power unit 17 from being applied directly
to the DC power unit 18 for electrostatic attraction. It
is noted that the polarity of the DC 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 wafe; 6 by wutilizing the

Coulomb force that takes effect between the semiconductor

wafer 6 and the retention surface 3g of the lower electrode



use is provided in the upper electrode 4 as in the
| ower electrode 3, and the refrigerant passage 4d is

wa@onsetdoed to the cooling unit 10. A refriger aptT/$R065/301376

as cooling water circulates in the refrigerant passage
4d by driving the cooling unit5]0, and this makes it
possi bl e to cool the upper el ectrode 4 whose
tenperature has been el evated by heat generated during
the plasnma processing Moreover, an opening Ib for

'?ad'w’ilﬁ %”d | ddie 5 ERQst% C\,A@Jf\% @h%‘éact .30, by
%he b #ef r e pr?cess d I's prozl ded on t?e)3|
Ce o : :
3%%9?%%nqh%tgs %’%%% ug%hﬁgld m%w%r éfgcgkgde 9 fhat is,
i ng/ cl [ I ded
Sﬁiﬂ!?”%ch@"r%a% élspeﬁl% rtggpsesséﬁtsi F6 cretaine the
novi ng and do t he_ door

St at
R R s oL ShAL OF vidrbr L696E RIRHSd osfR >, the tuo
unl oaded with the opening I b opened by noving down t
EﬁFGQSOSytbﬁeaéﬁPuﬁpéﬁpgéPBl&ﬁ%ﬁ?lﬁﬂq VESu r%ﬁﬁEﬁCtlon of
as shown in Fig. 10, a space for conveyance use s
seeer od obechdds tfhlée%pép eVt thge PR 1He Pdnegttraction

el ectrode 3 by noving up the upper electrode 4 by the

ehekes ode ethalt cpenurdr Zhet orprntion shEfeicect$ddend the
in the wafer | oading/unloading position during the

| @helt hgo sinalt Ll ot agt odn theasend zo eierer 1 waberused.

In this.state, a suction head 27 that is sucking and

hol di ng t heMsesdcandueat arefmfger#nt s pasdegeo 4dt gort heooling
processi ng

use is provided in the upper electrode 4 as in the lower
electrode 3, and the refrigerant passage 4d is connected to
the cooling unit 10. A refrigerant such as cooling water
circulates in the refrigerant passage 4d by driving the
cooling unit 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 1lb for loading and unloading
the semiconductor wafer 6 that 1is the object to be
processed is provided on the side surface of the processing
chamber 2 (see Fig. 10). A door 25 that is moved up and
down by a door opening/closing unit 26 is provided outside
the opening 1lb, and the opening 1lb is opened and closed by
moving up and down the door 25. Fig. 10 shows a state in

which the semiconductor wafer 6 is loaded and unlocaded with

the opening 1b opened by moving down the door 25 by the



chanber 2 via the opening Ib by operating an arm 27a.
By this operation, the | oading of the sem conductor

wowrdoen7gd7ont o the | ower el ectrode 3 and t he unbOBOR2005/301376

of the processed sem conductor wafer 6 (sem conductor
devices) are performed. CONSTREETI ON OF CONTROL SYSTEM
The construction of the control system of the plasna
processi ng apparatus 101 that has the above
construction is described next with reference to the

%@é‘ﬁoc%]eaflgi:]@ﬂ%ﬂfo%m’eg ﬁﬁﬁet{ 0Jg system shown in Fig. 4 .

control unit 33 has a storage
part 92 thg& stores variou ta.andza, proggssing
program an Oa“:?JQr\f)ecre’ss%‘csont‘c’r%é)lqaparl%31 91 ¥hat ekec%t gpace  for
control of the plasma processing by .executing th
FRTRI B IMT ofS 1o THEL ISR <15 GRS propirrode 4 and
processi ng appar at sa%]1 on the basis of these data
RERE prOtDRss T (HOSA ain DA HRTGIRGE piq WP ek Gy e trode 4 by
pl asma_pr ocessi ng condi tions 81 lfjal | owed .t 0 betgjltasrra
cehrli elersrede opdryBtAgc oliditt i ThsC aR@Sak18Perdts gplectrode
program 82 of the plasma_processing, and the process _
cont Fo¢ paferoloedérndyvslesringl PeFLLtRETpICA R the loading
processing on the basis of the operation program 82
aared tyrel pA i PF ddee stenl corictonsvatier A In this state,
operation/input part 94 is the input neans such as a
keybsactiamd bgedut 83 dahati npgt cluakiagpl & holding the
processing conditions and so on and i nput of operating
coembroisdudt off splafierpait 98 imade to enter the processing
chamber 2 via the opening 1lb by operating an arm 27a. By
this operation, the loading of the semiconductor wafer 6
onto the lower electrode 3 and the unloading of the
processed semiconductor wafer 6 (semiconductor devices) are
performed.

CONSTRUCTION OF CONTROL SYSTEM

The construction of the control system of the
plasma processing apparatus 101 that has the above
construction is 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 part 92 that stores various data and a processing
program and a process control part 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



di spl ay device, which displays a guide screen and so
on at the tinme of operation input. Al though not shown,

WO Roosmysobe a case where the control unit 33 haBCEIP2006/301376
external input/output interface and exchange of
information with the outside ofsthe device is
perfornmed. In this case, the plasnma processing
conditions used in the plasna processi ng apparatus 101
of the present first enbodi nent are herein descri bed.

| asma_procgssi carrig qhglt poLbesPh sség_%# $
nq’oor‘gﬁ%npafgugﬁ?y slncg)c]iefde Srée %r%égsgess 1 1?{:lréens 81
l.asma dICI pr,ocess, an..insul ating E I Ving,. ., .

V@é&ﬂ?%ﬂ&Pa %a§%aﬁgﬁoff ﬁﬁ%%%%soﬁs gggkﬁggodOﬁﬁltlons
Iater and the plasm roc Si conditions 81 for
G yAHOBBEF heR pPEEESaBs T2y ¢ lpr RS P aﬁi“ﬁyprocessmgr and
i ndividually deternmined. In_concrete, the asmy 1

Pt QI FRP T oF EF DhsP BT aP & SéFEPﬁ?ﬁe&oﬁfr or the plasma
conbi national conditions of, for exanple, the
RERRARFISIT i Bh WTe 7 iR e Rfe AR P Y RFQIr AP 2 and the
internal pressure of the processing chanber 2 and the
farlepiencyr ¢ aesehag geondaghensy)Blof the PREraricsddapey part
appl i ed between the upper electrode 4 and the | ower
é4cts odee 3inpih meawsetvcht ke pl &eyboprdcassi mrecutes data
conditions 81A for the plasna dicing process are-
pirrgwi td e d £byt Hehep tasbha ngtricorss ingndenditsiohat ande gason and
conposition of the mxed gas (i.e., mxture ratio of
tihrppases) opecatnshyt wt@tnaidSF6 ahd d2splaw meibito 68 is a
10 : 2, the pressure is 100 Pa

display device, which displays a guide screen and so on at
the time of operation input. Although not shown, it may be
a case . where the control wunit 33 has an external
input/output interface and exchange of information with the
outside of the device is performed.

In this case, the plasma processing conditions
used in the plasma proceséing apparatus 101 of the present
first embodiment are herein described. The plasma
processing carried out in the present first embodiment
roughly includes three processes, which are a plasma dicing
process, an insulating film removing process and a mask
removing process as described later, and the plasma
processing conditions 81 for carrying out the processes are
preliminarily individually determined. In concrete, the

plasma processing conditions 81 are determined Dby

combinational conditions of, for example, the gas



and the frequency is 60 MHz. A s conditions other than
those of the plasma dicing process, there is an
w0 ndosedoect r ode di stance D between the upper eberir200#301376
4 and the |ower electrode 3 , and, for exanple, a
value (assumed to be an interekgctrode distance D)
considered to b e optimnumwithin a range of 5 to 50 nm
as the interelectrode distance Dis set as plasnma
processing conditions 81A. Moreover, as plasma
P ' ondi ti,Qns or [ I fi -
rééﬁgﬁg%;%h%cggsfh?ﬂe$£&$%£a%éﬁ%i%qg; t %%gz'nkggdlnternal
' udi F3 sed a.ga onmposi.ti o f
et on P o P i BBl Bt | Shfs it Sauency
as.an _.insulating filmas descrjbed |l ater. -Further, as .
AT et oo RGUEBRYS 11 Sile. 810t oF AHE RESR ALYy | PPl ied
rocess, for exanple radi o- frequency. out put. withi
B RRN e 18Pt ABREARIC A eds e WA F LG a3
of 5 to 100 Pa and a val ue considered to be optinmum .
(assumed t ol heCREReR el lghe rRIRSTR RECES )9 v&%ﬁ%%ons 81A
interel ectrode distance Dis wthin a range of 50 to
150r mihre PAESTRDr BVEMY t HRIQFASTa PFBcedIPgded by the
conditions 81 include a condition of a processing,
exerinahlienak. cPREipiassn PracesBEngatonapipenstsam of the
for the plasma dicing process, the plasnma processing
cobhged | oms 818 f ormikeuiestdtaie ngt fhen gaseyl ngs constituted
process and the plasma processing conditions 81C for
the sEskandendwialg prozess af descrilbedhebpressnge is 100 Pa
stored in the storage part 92 of the
and the frequency is 60 MHz. As conditions other than

those of the plasma dicing ©process, there is an
interelectrode distance D between the upper electrode 4 and
the lower electrode 3, and, for example, a value (assumed
to be én interelectrode distance D1l) considered to be
optimum within a range of 5 to 50 mm as the interelectrode
distance D 1is set as plasma processing conditions 81A.
Moreéver, as plasma processing conditions 81B for the
insulating film removing process, there is a condition that
a mixed gas including CHF3 is used as a gas composition of
the mixed gas when, for example, a silicon oxide is used as
an insulating film aé described later. Further, as plasma
processing conditions 81C for the mask removing process,
for example, a radio-frequency output within a range of 100
to 1000 W, a pressure within a range of 5 to 100 Pa and a

value considered to be optimum (assumed to be an



control unit 33. The plasnma processing conditions 81
necessary for each step are selected on the basis of

wo b@soprat i on program 82, and the pl asma pr oCEBSEIFRG04/M1376
carried out by the process control part 91 on the
basis of the selected plasm pggcessing conditions 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 regul ating
sect i g i SW oV al v 1
T Paer e s o fhr U ¥ e ectrode
for electrastatic.attraction, the exhaust swi.t.C er
vcgjr%téar'?c? he' Yalaumpurp §a?gﬁheo€al§§un¢%u\goboﬁg%u%e set.
12, the door__openjng/closing unit 26 and_the el ctnodﬁ
HMERaR TSy UPE R ATPE EHATRATEE byOPAL PhSect 1nclude a
control part_91. Mreover, by regulating the tota
STOREYE R UMt BIPTHE RS %‘b’%%?’blﬂ’ﬁ%‘the gas flow
rate regul ati ngsection 21 by the process control part
91, the i ntBrfalPlirdiasuis s sHiedpr 6088ditAgnshafbér S0r the
can be controlled to coincide with .the plasm o
pp be e | AEcEoRdP ¥ emss 81theEuptaena RECGHDWNY nCHRgltons 81B
, the control unit 33 has a processing tine
mfasutdeeninpatat 05y liiloh PeBeUiRE PREOCSSGceaRinghe plasma
time of the plasma processing and executes control
spchce hatng whendt heoneadiliCefemt theswask exhesinheprocess as
condition of the processing tinme included in the
plasonilpedcabsivag acendstoomd 84, thike srocessi pgrts92 of the
ended by the
control unit 33. The plasma processing conditions 81

necessary for ‘each step are selected on the basis of the
operation program 82, and the plasma processing is carried
out by the process control part 91 on the basis of the
selected plasma processing conditions 81.

During the ﬁlasma 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 radio-frequency
power unit 17, the DC power unit 18 for electrostatic
attraction, the exhaust switchover valve 7, the vacuum pump
8, the Vacuum suctibn pump 12, the door opening/closing
unit 26 and the electrode elevation unit 24, are controlled
by the process control part 91.

Moreover, by regulating the total supply amount

of the gases by controlling the gas flow rate regulating



process control part 91. PRI NCI PLE OF PLASVA
PROCESSI NG METHOD The princi ple of the plasma etching

w@emeessdrng nmet hod used in the present first epbDor2®01376

is described next with reference to the partially

enl arged schematic expl anatory;yi ews of the

nei ghbor hood of the dividing regions of the

sem conductor wafer 6 shown in Figs. 5 and 6 . Fig. 5
is a view showing a state in which the plasma etching

PLOSESS | 54T | B Ol BT BRLILNLLOR! SE1T RO

e nmas porti o t

region fromthe mask-pl acenent.-face 6 Lde,an

s%’ﬁ?%so%%%c? r t&ﬁf gflé’gpeF&We cc}??%iﬁ]i -?ocrs’%rgt P%n-#o}gero 4ed to
of which the Hggective sheet 30 js adhesj vel s# ck

SRR Ui EhE HeRS o8l TG (AR OASE 1RY (TR 18 e ne

the dividing region on the mask-pl acenent-face Gb. .

Mor eover, asiHSwY | &S FPGOWs 1ng égsegscgﬁﬁuaﬁﬂ'ﬁﬁﬁeﬁnlt 33
6 used in the presentfirst enbodinment is the i

SR cBNBTOCEE Shafert IG1P tTRATIFRUERE oPRAE| dn- fHCETpaneasures
of which the silicon oxide film35.forned of silicon
oxrelertSrepying shdeexdhptlee oPleRBa| REGFEEPAHIf aNH executes
(that is, insulating thin filmor insulating |ayer) is

f opmere bl sech nthab, pphehofhehaeasomedspéndesud t heeaches the
di vi di ng regi on. The sem conduct or wafer has a

comsdiuten onfdi fier pmockeseimphatind tiheludedentn otdle plasma
sem conduct or wafer on which no such silicon oxide is
foroeessing heopditionst Hdt, cone epporgsstiogt hies dendddndy the
region. It is noted that
process control part 91.
PRINCIPLE OF PLASMA PROCESSING METHOD

The principle of the plasma etching processing
method used in the present first embodiment is described
next wifh 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 31b, 1i.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.is adhesively stuck and on
which the resist film 31a is placed to define the dividing

region on the mask-placement-face 6b. Moreover, as shown

in Fig. 5, the semiconductor wafer 6 used in the present



the protective sheet 30 is adhesively stuck to the
circuitformation- face 6a | ocated on the thus-forned
wadosomse7oxi de film 35 side. A s shown in Fig.pP&I/jpoeEs301376

ions in the plasma are made roughly perpendicul arly

i nci dent on the sem conductor ygfer 6 by an electric
field generated in the plasnma processi ng apparat us

101, and the incident ions reach the bottom portion
(etching botton1portion) of a groove portion formed by

aﬁ tch| I 0C ronDtl ng _

'Q%% sall?cgee) Sﬁnﬁt% ave reac C?Ii he eétm?h Clrcmt
0 er thi; electron [

g‘?ﬁ 'ﬁﬁ‘?ﬂ: %ar ?Naf{aer %"‘Fq'b]r ‘j:qb 15%or }%Jha% Lnlln% 935 formed

sem conductor material . Tha since the ﬁ bFon lat

Rt eFiLARCaPsOMLE charXdt ef SPPES %ﬁ“&’l@ona £ ilating

ions that have reached the etching bottom portion and

heAEm pbsRa | s o higk el alr e ¢ dddibi i R HE R rgheer)

in theseniconductor wafer 6 due to an electric o

cEernedi 2 s petmedre tir et ahi g bR IR D Andh g el viding

i nside of the sem conductor wafer 6 . The etching

boegbom por t i Bhei ssanicondngéarwi WRiggsi tiake chargensruction

long as the electric continuity is achieved. On the

od hefehamd, £awn sthivain-o f it geoventwhara b sttt eonductor wafer

whi ch the etching progresses to renove the etching

bot t ebniphr ticonsack expdsent hexsde f ase fofrrtdre $nl ithen portion

oxide film35, no electric continuity is achieved

behseedotheésponds 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 réached the etching
bottom portion are recombined with electrons in the
semiconductor wafer 6 formed of silicon that 1is the
semiconductor material. That 1is, since the silicon
material also has characteristics as a conductor, the ions

that have reached the etching bottom portion and have

positive charge are recombined with the electrons in the



exposed silicon oxide film35 and the inside of the
sem conductor wafer 6 , and therefore, the silicon

w@ziod®7dori m 35 exposed by the reach of the i onBCT/3P2006/301376

surface charged (electrically charged) with positive
charge for the charging of the,positive charge. Wen
the state in which the thus exposed silicon oxide film
35 is charged with the positive charge, ions that

enter next | ooses the straightness thereof due to the

electric.fields o i tjve char thg diask v bet
(?ernéljceocl}dolf%oﬁ het eeorfoiés&]‘ieoerboe ne%?el.se ng%quent Y, gs etween
shown | Lg. 6., .the iaons reach both rner. | on
(%h?heegngag pGAGteR, sﬁ???&ﬁnetéﬁgngqﬁgape% %%%%d §F the
bot h, t he cor ner rtiqgns, and renoved po %ions of .a_ .
SHBEUNHCT AT CURTEE ot ¢ Mhef ECATRY gPObYERpBPELART &5 ot
sharply expanded in the w dthw se direction-at the lectri
bRAEFR Dortli Bhs Pose tigieedhathies £8 t hERPri Ai ptis pfelectric
the plasma etching process nmethod used in the present
f¢oREimpbladi hemcBievYefis formi ng the notches at the
bott om portions of the groove porti-on, renoval of the
corner port®®nghef athesepardt edsSsethedndiBt drihi ps, Wwhen a
or, for exanple, formation of rounded portions when ,
vieake fmomidle Seercoriting @wre@fesses steerengve Hehe etching
side to be etched can be achieved. Mreover, with _
riegiatoint potheopr andi pkpoet the puasmmepradfcagsd ngilicon oxide
met hod as described above, it is preferable to perform
api 5ot B3Epi cnet eliengrie tdatt ihel t pnd si nachieeeppl be¢dween the
pl asma easily reach the etching bottom

exposed silicon oxide film 35 and the inside 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
straightness 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 1ions reach Dboth
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 is
sharply expanded in the widthwise direction at the bottom

portions are formed. This is the principle of the plasma

etching process method used in the present first embodiment.



portions in the state shown in Fig. 5, i.e., in the

state in which the silicon oxide film35 is not
wez@osesd71 Mor eover, a processing tinme necessarBpCt/onr2006/301376

exposing the silicon oxide film 35 and a processing

time necessary for form ng notghes of a prescribed

size (i.e., renoving the corner portions, such as

chanfering, rounded portion formation) after the

exposure of the siticon oxide film35 in the plasm

condi 1 ons B1 D4 CEREUCTER TP RRROPAGTUAMNGL e bottom
SR e, e BRT GPOHE Yol ToRTH | B9, TEADOormer
SO DS “TEre B S sy o o
B AT i (ST W ECHED M dedeischeigom the
bel ow. A flow chart show ng a series of procedure of

t SR EGABBHRIC o L SiaferS IS Athd hfethigif i 0 BviFGhed can be
Fig. 7, and schenmatic explanatory views for

vy aMoseoFsrof YWridtes89aEdcdnt ertes BFinféple of the
sem conductor chip manufacturing nethod are shown in .
P lmsnBA phooaghiBE amdtheds. a3A tdeschhoek . above, it 1s
Reference is nade with reference to mainly these .
fpgefesabldheo spai fomdueshbdsoabpicoetigbiagdisok-tUhdke the ions
shape, and a plurality of device-formation-regions R
atre atheangeglirda phésmx feamsilon itemch the etching bottom
circuit-formation-face 6a. The
portions in the state shown in Fig. 5, i.e., in the state
in which the silicon oxide film 35 is not exposed.
Moreover, a processing time necessary for exposing the
silicon oxide film 35 and a processing time necessary for
forming notches of a prescribed size (i.e., removing the
corner portions, such as chamfering, rounded portion
formation) after the expoSure of the silicon oxide film 35
in the plasma dicing process are included in the plasma
processing conditions 81A.
SEMICONDUCTOR CHIP MANUFACTURING METHOD

Next, a semiconductor chip manufacturing method
carried out by the plasma processing apparatus 101 that has
the construction described above and a semiconductor wafer
dividing method (plasma dicing process) carried out through

the process of the semiconductor chip manufacturing method

are described below. A flow chart.shOWing a series of



size of the device-formation-regions R I are
determ ned according to the size of the sem conductor
W@ boowm78001 be manuf actured and arranged in, forrPeraPI0OE301376
rectangul ar regions. Fig. 8A shows a partially
enl arged schematic sectional vjgw of the sem conductor
wafer 6 . A s shown in Fig. 8A, dividing regions R2,
whi ch are roughly belt-shaped regions that have a
prescri bed width dinmension (i.e., a region that has a

AL L B PR B 1

sSe I on , are arrang

t tual | y..adj t _device;f i on- ' 0

B L 2o o CeRLonIeL] OB elons B oT0Gs  ror
ed. i hl . ting-1ik h t

CLLAIELLD 8 ouhly STl Lo LKe Shape Ofcfeyee o one

defining_the device-formation-re iong R, and §%%$ o
STRNECARIYFEOF 1 GhER hAPRHIREGHENEI aPFARGEd 356t ST it F19s-
perigheries of the device-formation-regions Rl wth

r @yaFHreughh8Er @ngt ifittsher ¥of thECwHe 9E. Reference is made
devi ce-formation-region R . Further, the dividing
refjtlonse ferenee | e diabnly dreseli hgIpodFti ons where the
device-formation-regions R | are separated into .

i ndi vi dual Phecesmiponfiecpbaswaidrciongasr Geedissk-like shape,
Mor eover, the sem conductor devices 44 are fornmed in

t dmed r 2spreta Vet deot cdevicerafdoma t bghongg Rhns IRl are arranged
concrete, as shown in Fig. 8A the sem conductor wafer

6ih s af anarediof farsi ldrcontsubsitratic 4o nntedti drasface 6a. The
di sk-1i ke shape, and the silicon oxide film 35

size of the device-formation-regions Rl are determined
according to the size of the semiconductor chips to be
manufactured and arranged in, for example, rectangular
regions. Fig. B8A shows a partially enlarged schematic
sectional view of the semiconductor wafer 6. As shown in
Fig. 8A, dividing regions R2, which are roughly belt-shaped
regions that have a preScribed width dimension (i.e., a
region that has a width dimension sufficiently smaller than
that in the lengthwise direction thereof), are arranged
between the mutually adjacent device-formation-regions Rl.
The dividing regions R2 serve as the regions that are
arranged in a roughly grating-like shape on the circuit-
formation-face 6a of the semiconductor wafer 6 defining the
device-formation-regions Rl and also serve as the frame-

shaped regions arranged outside the peripheries of the

device-formation-regions Rl with regard to the relation



that is a silicon oxide filmis fornmed on the entire
circuit-formation-face 6a thereof. Further, the

W@E 20vbomoduct or devi ces 44 are fornmed by form npCBIP2006/301376
device layer 43 in portions that correspond to the
devi ceformation- regions R of,}he
circuit-formation-face 6a via the silicon oxide film
35. A s shown in Fig. 8B, in order that the
circuitformati on- face 6a m ght not suffer damages

c%ﬂéfgbfa%h Qﬁﬁge&?vgyg§fﬁgﬁg{lgn§?ééi§g Yt othQ%her, the

sem conductor” Waf e e protective sheet 30 is ,

p qu?l st uck tofé e circuit-formmtian-face 6a vi

acgﬁé g W %eg érqaa]i% Jtchceatperagtlengtclil\/e %Jhe tp%)l,ﬁ%’nrgg] where
that is,shaped. intq .the sane shapg.as the exterior .
stape e%%&%éﬁﬂﬁ@éﬁﬁﬁﬂﬁﬁﬁgaﬁgéer glis 858d so RRRECERe 1DTO
sheet covers the entire surface of_ .the

LY 14t REFORS f AR etBE RAGSHBe LTI IpPHIATES f r JRTEOVEL,
the sem conductor wafer 6 . By using the protective )
sHeet ssDiephAdcEpEpaevacesndde dTat TPRRer dPedthi’/ erespective
sheet 30 protruding fromthe sem conductor wafer 6 is
dderer Byriatel N 2seel @ - prevented from occurring

in the subsequent processing such as plasma :

processi ng. INextcorayedifown BA Figho@C, althasKifer 8A,  the
defining the dividing regions R2 for dividing the

seem tornidiet ber wak Eer 6 6i ritso foutiad dudl apisdddsonf substrate 45
sem conductor chips are fornmed on the

nels&t phasenaentisfkade kéb sHeate,i saridhethbackiddcbacexdfdet Hellm 35
circuit-formation-face 6a of the

that 1is a silicon oxide film is formed on the entire
circuit-formation-face 6a thereof. Further, the
semiconductor devices 44 are formed by forming a device
layer 43 in portions that correspond to the device-
formation-regions Rl of the circuit-formation-face 6a via
the silicon oxide film 35.

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 pfotective sheet 30 of



sem conductor wafer 6 . In concrete, a resist film31
made of, for exanple, a resinis fornmed as the mask to

w@owen7dohe entire surface of the mask-pl acenmeneet/am00d01376

of the sem conductor wafer 6 . Subsequently, as shown
in Fig. 8D, mask slit portions,g1lb are formed by
patterning the resist film31 %y phot ol i t hogr aphy and
renmoving only the portions that correspond to the
dividing regions R2 by a width of, for exanple, 20 nm

ﬁth Ssh‘% reeSul tdcfm%%g‘étaﬁégiag::tttheer rfaftsbl‘tcet}:ttihpet stl'féeetpofd ipci%s't:ruding

at Cco réspaon Vi ce-Tornmati onregi ons R “are

cover with the resist fidlm 3la and t rti.Qns .t

c%ror“és %cﬁetnblctoﬁ’é{uéi it géerregallolnss agfeép g)jpotg{eéd pa%tr‘]a & can
the mask slit portions 31Db.is f.orm@g on %he .
REskPpPYERABAL 8%k BECWF thE d8ni CohdabPEFIMGREr RFCCessing
The sem conduct or wafer, 6 provided with the mask in

tHEER 13 P IRTEhET 3975 B} %ct to be subjected to the

pl asma processing described later. A nethod for .

di vi di ng t REexlom 2dngbersr afEt96 FFoviddeBa ikt Fofhgefining
mask into individual pieces of sem-conductor chips is

dedwer idied ddacor gpagons the ficgw dAziding Frige Befkgpnductor
reference to the schematic views of the plasm _
prates sbngnappamatios el shigwes noFi gsmicongdhegagh chaps are
It is noted that the control of each subsequent

apere¢d oroni nthee phaknplpcenestt hgcappdr attbatl0lsi sthe back
executed by controlling the conponents by the process

cont faxdte pardf 91 tdre t hecihasiist-ofonnteet ioperfdeon prograni  the
82

semiconductor wafer 6. In concrete, a resist film 31 made
of, for example, a resin is formed as the mask to cover the
entire surface of the mask-placement-face ©6b of the
semiconductor wafer 6. Subsequently, as shown in Fig. 8D,
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 um. As a result, a mask pattern such that
the portions that correspond to the device-formation-
regions Rl are covered with the resist film 31la and the
portions that correspond to the dividing regions R2 are
exposed at the mask. slit portions 31b 1is formed on the
mask—ﬁlacement—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.



stored in the storage part 92 of the control unit 33.
First of all, in step SI of the flow chart of Fig. 7 ,

wo b@emessrconduct or wafer 6 provided with the nBSKIP06/301376

| oaded into the processing chanber 2 as shown in Fig.
10. During the |oading operatigg, the sem conductor
wafer 6 held by the suction head 27 via the nmask is

| oaded t hrough the opening Ib into the processing
chanber 2 by operating the arm27a in a state in which

the upper Igggﬁgs s m%ingygn% e ! 8enLERLLOESy water 6

el evati on uni the sem ctor ma

ST ISR LR S I, s o

DG VR R A 0 e

sem conduct gr waf er 6 E Dg r § £
eFRa%ty oot afil@ -att r4Eth oR i §r?BFﬁ %téﬁ lcaylews ©
the vacuum attraction, thesen1conductor waf er

Hetel BLashe | BReCesS8er odPar# hUS stk e %*W%. &H thegs. 10
protective sheet 30 closely adhere to the retentlon

sthreudh 3gldf thelFovkt 1dedd oddrat | ithte GRS RE each
chamber 2 . Subsequently, the door 25 is closed as

stiovwe quetr; eprddatenl thethpperasleRFodRs AL n¢ srRAptus 101
down by the el ectrode elevation unit 24 (step S3) . A

tis hegsetied tthe pdmbnel bingesbengawwtialitohsbglAbfegrprocess
the plasma dicing process is selected and taken out of
tbenpt@snpapto®dssimgthe basis of the operation program 82

flow

stored in the storage part 92 of the control unit 33.

First of all, in step S1 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. 10.
During the loading operation, the semiconductor wafer 6
held by the suction head 27 via the mask is loaded through
the opening 1b 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 ~vacuum suction pump 12 is driven to
effect vacuum 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 S2). By the vacﬁum attraction, the



conditions 81 stored in the storage part 92 of the
control unit 33 by the process control part 91 on the
whamie7s0f1 t he operation program 82, and the  PCT/JP2006/301376

i nterel ectrode di stance D between the upper el ectrode
4 and the |ower electrode 3 is,set to a prescribed
condition (i.e., interelectrode distance DI) within a

range of, for exanple, 5 to 50 nm based on the
condition of the interelectrode distance D included in
LS, PLASITR. I OGRNALNG GONIdI P, 84 Ffud % AlASBle 3 in a
I CI'Ng pr ocess. Xt, t'hHe vacuum punp I'S operated to
st.art deconpr.essign in_the essi S
S Lo Whn R it B e REL P obedtng Lracpesty” sthere to
reaches _a prescribed degree of vacuu th asse .
s %cf%ﬁeﬁgl?ﬂesﬂﬁzaﬁcﬁo gra?g Féﬁul é’tr‘]'}l%g e?e%f%b?ﬁ%l?’ in the
are regul ated tqQ a prescribed gas conposition and a
pﬁ?ﬁﬁﬁ??ﬁﬁﬁf@QﬁW@%ﬁeébased on the sel ected plasma
processing conditions 81A for the plasmadicin proce§§ ,
and suppl | el $RBIEHe" Yor 0BB s ARG L e Hanblet ?l?§%gpa§5f own  1n
In concrete, the first on/off valve 22A is opened on
thed basdils GMa Hehgl BBRETprd@ddiafy coHndst ivpeeB140vpr by the
plasma dicing, and SF6 is supplied fromthe first gas
sebpt yrede t e2evat bor hengas 2 xistempotii on 29 Wihils ttHae, the
supply flow rate thereof regulated by the first flow
ret asmantruolcessding 28Anditiqddi t 8bh, fidie tthier dréaspif dicing
val ve portion 22C is opened, and 02 is supplied from
teotds s digasesappeéy anidt t2®Ent outthe fgdshanpdagma processing
portion 19 with the

conditions 81 stored in the storage part 92 of the control

unit 33 by the process control part 91 on the 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 Dl1) 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
plasma dicing process.

Next, the wvacuum pump 8 is operated to start
decompression in the processing chamber 2 (step S4). When
the inside of the précessing 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 plasma



supply flow rate thereof regulated by the third fl ow
rate control valve 23C. At this tine, the second
wedehtsoval ve 22B is put in a closed state, anelctddR80d/®1376

not supplied. Mreover, SF and 2 are m xed toget her

so as to have a gas conpositiopgof 10 : 2 at the gas

m xi ng portion 19 and supplied into the processing
chanber 2 . Then, in the gas supply process, the

i nternal pressure of the processing chanber 2 is

d $@fﬁ§ggpxc&9s ghassg{f 1%%%%@@ a§9 %%e@rs%qn\sef thamber 2

e pr ure condition 100 P t he

ocessi condi ti 1 a ont.i d ;

PHECEET 850 ea prossike ﬁafé‘érreﬁﬁ dfﬂiefp?éééﬁﬁfe vifbe 22a is
ex res ed ress ition. That_is
SRETER ot it KA Sreh B DATURUI e Toer e el bions 813
3 and he upper .el ectrode 4 ,.the co .
Ji8Ber L oSne" Bififred o (P proRuSPhEeanERgE: e rst gas
the internal pressure of t rogessi ng_chanber
s%?p%hyth%uﬁhs?g%f1¥hetBPa§ﬁ§?pFﬂ§é§§in@oEBhﬂPtH&%sW1th the
81A for the plasna dicing process. Then, after

COWRR1Y ofi L eut £RkG ihednad et lat ¢hdpy- FPéqlﬁéﬁﬁ flow rate
vol tage that -agrees with the condition is applied

beemeedl t Nelygpe? 3R ectiodaddihhant héheowsh1sdecry/odd valve
3 by driving the radio-frequency power unit 18 on the
beersiofi £RE fisequesngdandndh@2outpusupphiedi dmonf thre third
radi o-frequency of the plasma processing conditions

83¢#s andppyasmatdidchargethes gaar nédifgt ppredpn 18 swith the
r:ﬁ;éi§ flow rate thereof regulated by the third flow rate
control valve 23C. At this time, the second on/off valve
22B is put in a closed state, and éHFB is not 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 gés 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 b? 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 ére set on the basis



t he supplied m xed gas nmakes a transition to the

pl asma state in the discharge space between the upper
web®ehrsode 4 and the |ower electrode 3 . By thecpimsess01376

generation, ions in the plasma are applied fromthe

mask side (resist film3la sidgj to the sem conduct or

wafer 6 . By the application of ions, only the

portions corresponding to the dividing regions R2 that

are not covered with the resist film 3la of the

sidicon (i;e.. sili ‘ t . Af h [ S e

r?rﬁl' nglgsalpjh%?ﬂéari gIrO%% gtsﬁg%:eéngﬁgﬁég%rtl%raév&a e;f B(% 'aF%e plasma

et.ched. Concurrently with this, a direct current

é{fﬁ’i%t‘?rﬁ?eﬁsﬁcuit 32 is formed in the discharge

space between the per_.el ectrade 4 and.t.he l.owner

el ectrode 3AfP+ r?efu%ram (Cé’égﬁ%lé’él %e%td‘ﬁl(? 3B) CORRJefed, a

result, an electrostatic attraction force i ener t%d :

pe o 1erEaTswer Vel 9% olBaS A9F EERe ‘”Qetﬁt? cg}ﬁ ué:f)ﬁ‘al ion 1S

wafer 6 , and the sem conductor wafer 6 is held by the

|apiRyied edgoReB it APRATectd Gttaade atd r &9 orfhe  lower

force. Therefore, the protective sheet 30 _

skectizador] 15y athistiey dhss e adia e By GPVan fged 18 on

3g of the lower electrode 3 , and the sem conductor

vidierb®sis of abhy fredieedyi anthéhpl eyRusr seassitign of the

process. In addition, the protective sheet 30 is

sedd sf-attequdncicoofedtsy pheswmeolpmurdamiotd onopdotiided 81A,

for the lower electrode 3, and a thermal damage due

tandiepl agraeddtetabyet hes ptasneedi 4shapg&b)s As a result,

prevent ed. Moreover, since anisotropic etching is

peid osP@lied 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 appliéd from the mask side (resist film
31la sidé) to the semiconductor wafer 6. By the application
of ions, only the portions correspopding to the dividing
regions R2 that are not covered with the resist film 3la 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 eléctrode 4 and the lower electrode 3 by
the plasma (see Figs. 3A and 3B) . As a result, an
electrostatic attraction force 1is generated between the
lower electrode 3 and the semiconductor wafer 6, and the

semiconductor wafer 6 is held by the lower electrode 3 with



on the basis of the plasma processing conditions 81A

in the plasma dicing process, the etching
w@bawacdoer i Stic has an increase in the thi ckneBsr/Jr2006/301376

direction of the sem conductor wafer 6 . Therefore, as

shown in Fig. 8E, the surface gf the sem conductor

waf er 6 corresponding to the mask slit portions 31b is

etched in the thickness direction, so that groove

portions 6¢c of a width that is roughly equal to the

qi é@%onggléllgtE%éEtggﬁ S%Qu‘ - 8. t?ﬁef@?&?e, the

I nNg regions are forne ‘Mor eover,

ste the pla gl ro ns
R e L ER
bat.t om |on of th ooV ortion 6¢c i nmoved

Hy SHATERE Sift f Aee Hie ¢ HEVER i%ﬂ%%&?%% /| nfiid the
35 IS ex osed fro the batto tion, (%%

J) Uity vRESEi n ﬁ€a5g¥83 By E?ﬁ? eéglnbhe plasma
tlne neasurenent part 95 reaches the condltlon of th % 0
RISEss My (PHRFRERssarlp A Idd3bi nf ¢ hBTSFPFELHS Sheet 3
oxide film35 included in the plasm E[OCGSSI _ i
condsatbrtasiariby cRasepr Hv dt'rlrfg GOQt hpe ifhm\‘ﬁ%ilé’ﬁ e vided
silicon oxide film35 is exposed at the groove
plortt i tdves 1Buven heel gyirddens3 t feard cortihespnld dagnadfe due to heat
dividing regions R2 are renoved fromthe silicon
sy radtan 4% tWeerpliasnas detahyandged s prwntSd L hat it
reaches the prescribed tine, the plasma dicing process
under the Mowmeawewi tsimce sagbdadtnopiis| gtechinged soerformed
in step S8 as a
on the basis of the plasma processing conditions 81A in the
plasma dicing process, the etching characteristic has an
increase in the thickness direction of the semiconductor
wafer 6. Therefore, as shown in Fig. 8E, 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 is 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 S7, the plasma dicing process
in step 86 is carried out until the etching bottom portion
that is the bottom portion of the groove portion 6c 1is
removed by etching and the surface of the silicon oxide
film 35 is exposed from the bottom portion, or, for example,

until the time measured by the processing time measurement

part 95 reaches the condition of the processing time



pl asma di cing process for performng the notch

formation. As a result, the exposed silicon oxide film
w@20bersomes el ectrically charged with the posipdmE2006/301376

charge of the ions applied frominside the plasma to

the bottom portions of the grogye portions 6¢, and the

trajectory of the incident ionhs in the groove portions

6¢c are consequently bent, perform ng the etching of

the divided silicon substrate 45 so that the bottom

eloerd%soggsr felpe ggsgyggp%@ ogﬁ]l%r@r& @a@m '3'35 1% 1uded

ditec nsequently, as shown In

tlﬁie %g%t fowriﬁsﬁrb%‘ tparroec f 8% '}ftﬁ caotn&ioctlrb e T pq%}} 'tﬁlﬂ..rc‘se.cgrov1d1ng

I"ons e groove portlons

ner, ns_.of th ortlon ;? ont act
d LRETHE. SR Mt o ﬁ?h?%% sriss lp%n}ec of Ot frgposed at
di.vided silicon subst ar .rean formn
r M P PEF 17U Ao th I}ﬁ tS“éptr oci:%rs%e%bornd to the
notch_ formation |nste S8 is carrled out in step S9
(71910 FRTLoRS B2 4RE FﬁQOVSGnd‘ié&m’p&sﬁ Gl 1 grubstrate
the prescribed sizes are forned, e.g., the tine
nMeasured by the processing tinme measurenent part 95
reaches the condition of the processing tinme necessary
for fornindg'h¢re hot tnedebermieedr éBcpihed S5 Ahat 1t reaches
included in the plasna processing conditions 81 A |If
ithé spdeseribadd ttilvat, ithhaplremeheati aing ppoeesspngnder the
time in step S9, then the plasnma dicing process is
enﬂmﬂ,camdith@npiasuanpinuesslmgceondbdion§ 8B sftep S8 as a
t he
.plasma dicing process for performing the notch formation.
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. 9A, notches 42 are formed at both corner
portions of the bottom portions of the groove portions 6c,
i.e., the corner portions of the portions put in contact
with the silicon oxide film 35 of each piece of the divided
silicon substrate 45 are removed, forming rounded portions

40a.

The plasma dicing process for notch formation in



insulating filmrenoving process are sel ected by the

process control part 91, and the gases selected by the
w@amehlbsoma r at e regul ati ng section 21 are regul B¢ BEIPHE/A1376

prescri bed gas conposition and a prescribed flow rate

based on the conditions and sugplied into the

processi ng chanber 2 (step SIO . In concrete, the

second on/of f valve 22B is opened on the basis of the

pl asma processing conditions 81B for the insulating

fl r vin SS,. .. an [ i fr

STt sl PEEnSreoth FEeR 2 B TR sl 42 and

with the supply flow rate thereof ! te e

itg?: i P rpacf)"gt%oorﬁ rol® va vtehezﬁesl%rgl%%gcftselﬁzs@y 458 formea,

confirned that the internal essure of .the ,processin

CRehiver 52 (b1 BE BBy ERePYr S0SuRE SSERSN Hd T meastrement

reached the pressure condition.in th@ p] asma . .

Rdcessihg LEGdaS orbes1B8oPALEA g su{)lb‘?y Broceiging  time

It is noted that the interel ectrode distance D ) _

RRGRETAE e LPEWSRTEAY ofee 30858 ERe AUppbire ePElscEdbes size

is kept as it is. Subsequently, by -applying a

r bt dedgirendye wladie RTREeSHIEECRdH s 81A.

conditi ons between the upper electrode 4 and the | ower

el ectrode 3By idridisngdehernsaedf ridepiendyc ppasr GApched the

18 on the basis of the frequency and the output

conuki¢seineftihe indsbebr 8§uetbpnofthieh® lsisammgdicing process

processing conditions 81B and starting plasma '

dischadge, theé phaspiastehiprgcessingnoondd tilvassi§likofpr the

oxi de film 35 exposed at each of the groove portions

6tnssl st i edf { Bhepremoving process are selected by the

process control part 91, and the gases selected by the gas
flow rate regulating section 21 are regulated to a
prescribed gas compositibn and a prescribed flow rate based
on the conditions and supplied into the processing chamber
2 (step S10). 1In concrete, the second on/off valve 22B is
opened on the basis of the plasma processing conditions 81B
for the insulating film removing process, and CHF3 is
supplied from 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.

Then, it ié confirmed that the internal pressure
of the processing chamber 2 detected by the pressure sensor
28 has reached the pressure condition in the plasma
processing conditions 81B in the gas supply process. It is

noted that the interelectrode distance D1 between the lower



SII) . By carrying out the plasma etching, the silicon
oxide film 35 that has been exposed, i.e., the silicon

w@zeodm7dori m 35 | ocated in the portions that copCEIREB01376

to the dividing regions R2 are positively etched as
shown in Fig. 9B, so that the gilicon oxide film35 in
the portions is renoved. Consequently, the portions
that correspond to the dividing regions R2 are

conpl etely renoved fromthe sem conductor wafer 6 ,

NP oo M e Bl o0 e o & o SpELED 1600

that the oSubieapalt eniuslol A eah e | 548100k Suency
ESEAES, Pl b e B eee S IR A RS LSRN b BB the upper
RPEserds £ oA IR Sl SO A bl dht g the radio-

prescribed tinme, then the plasma etching_process for
t FeeHRRRF Wt PAYCFi Pl tertdyity ‘fﬁ%c%%%l?sgén fWfRdiency and

the processing is ended, the supply of the m xed gas
akle t REtRPH| icOrdiddonr Ahethadr8diPefteArgney| Cdgehg eplasma
st opped. Subsequently, an interelectrode distance .
chadges $ Brg mekeindg tad omsandl B i 8Rdt oS et ids e 258 ngischarge,
step is perforned (step S13) . In concrete, the plasm

ptle epdaagacendhtingnsE 81 é¢mevinashie ashlhgoar @xide film 35
sel ected by the process control part 91, and the upper
ebteposedleat egchovédthe groove portions 6c¢ is started (step

S11).

By carrying out the plasma etching, the silicon
oxide film 35 that has been exposed, i.e., the silicon
oxide film 35 located in the portions that correspond to
the dividing regions R2 are positively etched as shown in
Fig. 9B, so that the silicon oxide film 35 in the portions
is removed. Consequently, the portions that correspond to
the dividing regions R2 are completely'removed from the
semiconductor wafer 6, and the device-formation-regions Rl
are separated into individual pieces, forming the
semiconductor chips 40 that include the semiconductor
devices 44. 1t is nofed that the plasma etching is carried
out until the time measured by the processing time
measurement part 95 reaches the processing time included in
the plasma processing conditions 81B (step S12).

If it is determined in step S12 that it has



up by the electrode elevation unit 24 as shown in Fig.
12 on the basis of the conditions, setting the

w0 ndosedoect r ode di st ance between t he upper el ee¢T/oRMO01301376

and the |l ower electrode 3 to the interel ectrode

di stance D2 . The interelectrog@ di stance D2 when the
mask is renoved by plasma ashing as descri bed above is
set wider than the interel ectrode distance DI in the
pl asma di ci ng process. Subsequently, a plasma ashing

s. (e, 9.,..0xygen)_I.s. pl fr IFe g%%? hi
PSP ) BT LS e 0, Bl econing
t hr ough ch op, the_basis.of the pl .pr.o ' .
HRATT DneoB1EP i TASERE 50d CORBoSLTROAang Re g yondec:
flow rate regul at ed (stepdaga.. Then, by detecting .
tHRen nF}é?.nHFg§S§SbP83§l§r & 'he b oé‘é@%%/%go%h%’ﬁe?mi(ed gas
in the gas supply process and conpari t he pressu
WA (e GPPLREESEABNTObr ot s G 00N AALEASY | Pojbage are
confirmed that the pressure has reached the
p? EerRR @ex prdsegusR tliYe cIndinEerelestbeeguaispngs change
applying the radi o-frequency vol tage between the upper )
efert malteing amd thHenséhépnel ket rdtR PURP™Gr | dSAgRChestep 18
radi o-frequency power unit 18, the plasma discharge is
sperfedn¢dt éptEP5513)A s Bnresokretehe thepliagngaprocessing
nmakes a transition to -the plasna state in the
desedbt jens pa®kC befareem liasmauppehislgecaredesglantedheby the
| oner el ectrode 3 . The thus generated plasma takes
epfectsoncoherahskapt agkreamd f doe Gbpof ¢hectrode 4 is moved
sem conductor wafer 6 ,
up by the electrode elevation unit 24 as shown in Fig. 12
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
plasma ashing as described above is set wider than the
interelectrode distance D1 in the plasma dicing process.
Subsequently, a plasma ashing gas (e.g., oxygen)
is supplied from the gas supply unit selected from among
the gas supply units 20A through 20C on the basis of the
plasma processing conditions 81C with the gas composition
and the supply flow rate regulated (step S14). Then, by
detecting the internal gas pressure of the processing
chamber 2 in the gas supply process and comparing the

pressure with that of the plasma processing conditions, it

is confirmed that the pressure has reached the pressure



t hereby ashing (incinerating) the resist film 31la nade

of an organi c substance by the plasma. Then, with the
w@eagneswst of the ashing, the resist film 3la grarmobe/301376

di sappears, and finally, the nmask is conpletely

renoved from the sem conductorgyafer 6 , i.e., the

mask- pl acenent - face 6b of the sem conductor chips 40

formed into individual pieces as shown in Fig. 9C. The

out put of the radi o-frequency power source in the mask

rgggy' tep ..S. S Q. escri bed value set within
a anég%%o ,blgoﬂrheexcg)‘r;rrlpﬂtlgc,laof% to 1000 Wbased on the

pl asma processi ng. ¢ | tiqns. E) . g{t th Sk

conpl et el y Sf’“iq%ﬁfgﬁer&t e pl snaa-g Fl&clhn ggtrhles S a{o?glpéédﬂrsequency
Fig. 20 32#% a schematic plan vie viewed from the
{?ﬁglktagﬂ%c V@fe-efrace%?o) LH?FPeﬁweegeerﬁ o%%ct r Eh pst%fo lower
t hat has_under gone .ashing. A sﬂghomg in Fig. 20w t he t 18
rotRePFor £ BYs oY &% T nBYCtn t hieTRnitt Y ePOWer uni ’
peri pheries of the end portions |ocated on

tHeR | PERFRA f 6 AERRBAST aSe SGATSEde GItRachlof - thds a result,
sem conductor chips 40, i.e., over the entire _
peie pherp ekedf gahenakaghpy traBeaRhgaratcetdep HlEHEs Tpte 1n
the four sides. Subsequently, the operation of the

vidreiudi pohprge i speceppedveshef s 8)ppennglefbredfadsand the
switchover valve 7 is switched for release to the
atowsphelectsodp 317) TheAtdus g@ygngtaduphaﬁmqrﬁﬂkes effect
pressure of the processing chanber 2 is restored into

tde erospdierp kaqaressin Bacd h@n, o f hehe amemuicertduciory orefer 6,
is turned off, and the DC power unit for

thereby ashing (incinerating) the resist film 31la made of
an organic substance by the plasma.

Then, with the progress of the ashing, the resist
film 3la gradually disappears, and finally, the mask 1is
completely removed from the semiconductor wafer 6, 1i.e.,
the mask-placement-face 6b of the semiconductor chips 40
formed into individual pieces as shown in Fig. 9C. The
output of the radio-frequency power source in the mask
removing step is set to a prescribed value set within a
range of, for example, 100 to 1000 W based on the plasma
processing conditions. Then, after the mask is completely
removed, the plasma discharge is stopped. Fig. 20 shows a
schematic plan view (viewed from the mask-placement-face
6b) of the semiconductor chips 40 that has undergone ashing.

As shown in Fig. 20, the rounded portions 40a are formed on

the entire peripheries of the end portions located on the



el ectrostatic attraction is turned off (step S18) . A
s aresult, the retention by attraction of the

waetnsomeduct or wafer 6 in a state in which it PGI/JP2006/301376

di vided into individual pieces of the sem conductor
chips 40 and retained by the pggtection tape 30 is
rel eased. Yet subsequently, the sem conductor wafer 6
t hat has undergone the plasma processing is unl oaded
(step S19) . That is, the sem conductor wafer 6 is

SUEKEH AL NEL A QY- 406 SUCLL O e 2ok, ¥ il ARt duct
t%lerk%g]ttginlgoert}%%td]t e erlgeceé;asiénlg chanber Wth the uetor
gas. bl o t hrough t he étrac Is I iy
réhiﬁ?,xﬁhelp?aSnﬁvﬁFo ?sfﬁgl%%r%%gﬁ%P%géﬁél%fﬁthe roughly
carrying out th dgl sna diciqgggr cessji%he i nsul ati ng

(R GH RABA M P RUec O The MCHIG |5 WFRted i n ¢ he

pl asma processi ng a_gfratus 101. Tgen tgf 8
sem conduct PRI 6 Y| bABeAPPEFEL AR Ofi {Re f@cuum pump
protective sheet 30 is transferred to a sheetpeeling
pkoceteprPefl WkiteR HE)pr arttile sKears§oswd tcdaveg valve 7
off fromthe circuit-formation-faces 6a of the

sk BoHdckedriehi palamse Ae SRVBETPSEIRRS oFeamdcSHE - BAs a
the sheet peeling is performed after the sem conductor
chépsld0 she dattsirned @rasmursiheli thespaecesFipg chamber 2
sticking an adhesive sheet 37 for retention use to

-ihe mesioqEdicément f Abe Ghtmbspher senipmmiinteor chfpsn, the
40. As a result, the manufacturing process of the
seatwandattoacthopsisstoonpbepéd, and the DC power unit for
electrostatic attraction is turned off (step S18). As a
result, the retention by attraction of the semiconductor
wafer 6 in a state in which it 1is 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 S19).
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 plasma dicing process,
the insulating film removing process and the ashing 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



As shown in Fig. 9E, the rounded portions 40a that are
curved convex surface portions can be forned so as to

WO eowoMeEsothe sharp corner portions at the end ppct/iE06s6/301376

of the circuit-formation-face 6a side on the thus
formed sem conductor chips 40.54n this case, Fig. 21
shows a schematic perspective view (including a
partial renmoval cross section) showi ng the appearance
of the thus-formed sem conductor chips 40. A s shown

Lpﬂtar%lieigi%ﬁalroc:tehses r %%%%&Oféﬂeo%ifgn%gcgj?% sq{c?eett % iso peeled

nvex surface portions ormed so as t
renpve the sharp corn t ri %ine at
e endtBoh 1 onbe (1 BerelRh- pBPRrbeknCragRy (hebyoupt  the
sidgﬁéal cated on, the circyit-fornmation-face si%g
RO N cRitlr AT p 46, SHOW 18] 951 hebogPer’s: the
partions and the ridgelines can be . renoved on tqf .
CHHRRH (RS o AP WL At S T S SOt Yy chips 40
chip 40. As a result, chipping due to the corner ,
po7e | dieFadmed hen | kBehaddetbiR &hiSSded 3danPle sticking an
suppressed from occurring on the manufactured
sa;?hmcmee%h% for zRYenhéonr BESveLsdhuftafe placement-
strength can be inproved. In the thus-forned :
stmde oflduotorthehi gemiondyrt el dehiBf méfsi orAof at @sult, the
dividing regions R2 is, for exanple, about 5 to 20 mm .
,m3mef atdihird) nepsooasef e rdmvedenbeordupberi ogfips 1s
i.e., the dianmeter dinension of the rounded portion
dbampketaddut 0.5 to 20 nm, and further the width
di nensi on of the renmoved silicon oxide film35 is not
great er thaws abavwn50immFigl.t 9E, the rounded portions 40a
that are curved convex surface portions can be fo:med so as
to remove the sharp corner portions at the end-portions of
the circuit-formation-face 6a side on the thus formed
semiconductor chips 40. In this case, Fig; 21 shows a
schematic perspective view (including a partial removal
cross section) showing the'appearance of the thus-formed
semiconductor chips 40. As shown in Fig. 21, the rounded
portions 40a that are the curved convex surface portions
can be formed so as to remove the sharp corner portions (or
ridgelines) at the end portions (i.e., end portions of all
the four sides) located on the circuit-formation-face 6a
side of the semiconductor chip 40. That is, all the corner
portions and the ridgelines can be removed on the circuit-

formation-face 6a side of the semiconductor chip 40. As a

result, chipping due to the corner portions and the like



is noted that a plurality of connection termnals 43a
are forned on the circuit-formati on-face 6a of the

wa@esssomduct or chi ps 40 shown in Fig. 21. Al theoghe2ews01376

case where the rounded portions 40a are forned by
form ng notches at the corner ggrtions of the

sem conduct or chip 40 has been descri bed above, the
sem conduct or chi p manufacturing nmethod of the present
first enmbodinment is not limted only to this case, and

iEhQ@Ybeb&%xﬁeeC%i%%@lggcfatr?I(ﬁégsgfpﬁgééﬁlsf% %&ﬁprxbﬁhg on the

r enovi ng orned at the corner

portions. This is .because the urrence chi ppi
cl%mbga UHpT s lecfélgﬂllcfecotrﬂecgﬁgnf érs’po‘?1 {ion@%r eergansverse
formed as described above. Nbreover, alt ougjg?t he_.case

WHER e e it thal ©pBr tPBn BIPT1HE Seni cdRduthor Waferiormed
6 is the silicon substrate 45 formed. of silico as .. . ..
DRIt GRS T %lbléef%,‘}‘{rhete}ffotva&%r TR G & etrhe dividing
present first enmbodi ment can besimlarly carried out .
alrely Bow$ nRRarl sof f €@ e#AMBécobtaINEd evéR wHenHiRhe the width
sem conductor wafer is forned of a GaAs based materi al

i dippreionf ehe BbBverems¥ed|t GOFNRSt edPAHAONS gast -+  the
constituted mainly of chlorine based gas should

pd bde bt yd beenskon agft hbepragmdegr podddiong 4Pas s about 0.5
pl ace of the fluorine based gas (SF6, CF4) for

-eb chongund, hearsd | fepthant ehealwidiendihenéads bésedthe removed
material is used as descri bed above, the silicon oxide

canl beonsedias themi BSuliat nog fgrde@ter than about 50 um. It
is noted that a plurality of connection terminals 43a are
formed on the circuit-formation-£face 6a ‘of the
semiconductor chips 40 shown in Fig. 21.

Although the case where the rounded portions 40a
are formed by forming notches at the corner portions of the
semiconductor chip 40 has been described above, the
semiconductor chip manufacturing method 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 1s the silicon

substrate 45 formed of silicon has been described above,

the notch formation of the present first embodiment can be



According to the first enbodi nent, various effects can
be obtained as follows. By using the sem conductor
wowadoenysoon whi ch the silicon oxide film 35 is ptBIERGIIGE®1376

the insulating filmin the portions that correspond to
the dividing regions R2 of thecgircuit-formtion-face

6a, as the sem conductor wafer and carrying out the

pl asma di cing process fromthe naskpl acenent- face 6b,

t he sem conductor chip manufacturing capabl e of

he rounded ns 4 -

pormﬂaﬁgfsefcwl%%r%% g ehi s ndfedsr ﬁf%?% e obtained

rovin e transverse rupture strengt
a% \/’él't’z‘g”1 ﬂl%o%%r?le?oen %%Olgr"() €eer plo?tg%n%e%c arae Gahs based
forned |n the portions that correspond to_dividin
ey ohsd R21By P g&FﬁyFﬂg e 2ReVpl &ag - d|c¥Engrggg§§ that a
on the sem conductor wafer 6 and the silicon, oxide
f92%n 350PEtEkPEeed RRSGMYheO&t cKPHQTBOE oRaT& | S i nshould
accordance with the progress ofthe etching
mm%m%beet%%e%x%s‘%&esW Ja e Mwﬂmqn%%s cih phace of
charged with the positive charge due to the ions in
tbee pfavpuiby demechuday (HBspl GEna BPEi R Pipgeddie silicon
and the rounded portions 40a can be fornmed by renoving

thetepviakr porihems oifiet heakenikasedct®rtenipt 40spugsed as
in contact with the silicon oxide film-35 by bendi ng
tdestrpedt abow, t hbeappllidomn omstige t kenchae giuspd Bps the
thus form ng the rounded portions 40a on the

sensebating ofitmi ps 40, the sem conductor chips which

> According to ‘the first embodiment, various
effects can be obtained as follows.

By using the semiconductor wafer, on which the
silicon oxide film 35 ié 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 process from the mask-
placement-face 6b, the semiconductor chip manufacturing
capable of fbrming the rounded portions 40a at the corner
portions of the formed semiconductor chips 40 and improving
the tranéverse rupture strength can be achieved.

In concreté, the groove portions 6c are formed in
the portions that correspond to dividing regions R2 by
carrying out the plasma dicing process on the semiconductor

wafer 6, and the silicon oxide film 35 is exposed from the

etching bottom portions in accordance with the progress of



able to suppress the occurrence of chipping of the
manuf act ur ed sem conductor chi ps 40 and of which the
WO p@eevserse rupture strength is i nproved can bBCT/JP2006/301376

manuf actured. Mreover, with regard to the exposed
silicon oxide film35, the silggon oxide film 35 can

be positively etched by performng the plasm etching
while switching, for exanple, the kind of the gas, and
the renoval can reliably be achieved. Therefore, the

S{l_ﬂl(it gsgc%(ge fkhﬂkéggﬁgﬁggb Eﬁen%&}oggreﬁecémé&e&(ildne film

porti ons t corres the dividing regions

L. CROVRD! LRAPLSULERIHE! BhotRlEE SBL S Whe ro rhe ions

| asrma di Ci process, can be Tenove

by carryi out the plasma_et Ein process h
oV  ChF 1B EE= KPKACBRTARE Gds TP PHE s e Wil RyRsess, and
silicon oxjde film35 is fornmed in Ege ortions that .
coRe egpongiefo RPRELIORT it r €T oRE ?rﬁﬁa the removing the
sem conductor wafer 6 can reliably be divided into_the ,
| FRFREHUROT des Gff t hESenSEBAGRRABF ORI pshans stPoNprt 1in
EMBODI MENT The Eresenp invention is not limted to the
apoveaghbadithenthputs bl 1eRRed od dse pitmi ndo pacPpreing the
in various nodes. For exanple, a manufacturing method
f bradeateonduttidre civpbied cornl Mgy tihe hehaegnd-
enbodi nent of the present invention is described bel ow
with referebgethost Hergdhandtic expidedt poytipeas 40a on the
shown in Figs. 13A through 13E and Figs. 14A through
ld®niconductor chips 40, the semiconductor chips which is
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,
for example, the kind of the gas, and the removal can
reliably be achieved. Therefore, the silicon oxide film 35,
which is not formed in the portions that correspond to the
dividing regions R2 in the conventional semiconductor wafer
501 to be subjected to the plasma dicing process, can be
removed by carrying out the plasma etching process by
switching the kind of the gas in the case where the silicon
oxide film 35 is formed in the portions that correspond to

the dividing regions R2, and the semiconductor wafer 6 can

reliably be divided into the individual pieces of the



The sem conduct or chi p manufacturing nethod of the

present second enbodi nent differs fromthe first
wendedrsoent in the point that a polyimde (Pl)pET/irmecs301376

used as the insulating filminstead of using the

silicon oxide film35 as the iggulating filmforned in

the portions that correspond to the dividing regions

R2 as in the sem conductor wafer 6 of the first

enbodi ment. Only the different point is described

%%ﬁﬁ%oéﬁﬁﬁgégifﬁfgg 4de plasma processing apparatus

use iI'rst enbodinent is simlarly used by

the sem I\ manuf acturi ng nmethod of the
el

presen nt is same, and therefore, no

descri pti o%esi;grr%velgr&e?_jé%ernattihen aipspal}roact Lﬁ.siﬂiiztjsﬁrﬂ?tsto()fthe above

all, as sh . evi'ce Tayer
fﬁomrt?ncg '_ﬁ%}%ygg;ﬁgg?vgﬂgr%%t |bCe8|r,{gg1§tSpQHgot %r%g%ice in various
circuit-formation-facelP6a of a seni conductor wafer
ST a a si FPEon S%FWRI¢1 | ma3sMaplipstyging « naethRd  for
silicon oxide film135 is not formed in the portions
t $RI L eI dCh bR 8 he cdoFPdndg txgidpsSreond embodiment of
Sem conduct or devices 144 are fornmed of the silicon
okieler¥esentl 35nYAAL i pR éévﬁ@éCFéPQQ g3 owviHddy erefegzence to
shown in Fig. 13A, on the circuitformation- face 106a
othe heckemd tbndexpbanaadey YOewsaspowpi mndd ifgs .mU3ps through
is formed as a surface protection filmcovering the
f b3Erezhd e eondidh othdawdicekdll44. The

The semiconductor chip manufacturing method of
the present second embodiment differs from the first
embodiment in the point that a polyimide (PI) film is used
as the insulating film instead of using the silicon oxide
film 35 as the insulating film formed in the portions that
correspond to the dividing regions R2 as in the -
semiconductor wafer 6 of the first embodiment. Only the
different point is described below. The fact that the
plasma processing apparatus 101 used in the first
embodiment is similarly used by the semiconductor chip
manufacturing method of the present second embodiment is
same, and therefore, no description is provided for the
apparatus.

First of all, as shown in Fig. 13A, a device

layer 143 is formed in the portions that correspond to the

device-formation-regions Rl on a circuit-formation-face



polyimde film 146 has a function to protect the
sem conduct or devices 144 forned on the

W@ 2eo6ovdn7f or mat i onf ace 106a and pl aced fornmed ed'EDP2006/301376

covering the portions that correspond to the dividing
regions R2 on the circuitformagpon- face 106a. It is
noted that the nmain body of the sem conductor wafer
106 is simlar to that of the first enbodinent in the
point that it is fornmed of a silicon substrate 45. A

Prod £t i ve é&%fé?g&é%oﬁdﬁgﬁéi’ehM6S§7§9kat%itltlecon; oxide film
war er

sem conduct or 6 so as to protect the entire
iycuit-formatian- 0 as. in,F.g. +13B. :
dhtequincry i hone tnchrgd 15 B, LR g5 is ot
pattern aof a _resist f.ilm3 nd_ mask_ sl i rtiEnNsS ... 4.
%ni‘escyf IPmel€ o RRSGHPE i %ﬁagngc?lélg?s n%n(&z%g)n tﬁ% dividing
mask- pl acenent -face 106b of the semc uct or fer
TR Kl c I R OB by Lddd 143 LS FBRdsRT the
formed as above is subjected.to plasma processjng by
Ut ATh P 38 el 19t Sy G dastire fevey n'l‘w-
concrete, a plasna dicing process i's first carried out )
fromthe mBdkEgAvRIomeds - FREEN1G6h 0¥9 ¢ heSRenPBortdfctorrcuit-
waf er 106, renoving by etching the silicon substrate
sBoimathen pearge oddahatoL Eber espBABORGUERETd] YREPRg 106, 2
regions R2 . Through this process, as shown in Fig. _
1IBE ygnbdwef pbmt Ldhs 15060 rmad tas be SorFage padfection film

portions that correspond to the dividing regions R2 .
VWeverimg the formed semiconductor devices 144. The

polyimide film 146 has a function to protect the
semiconductor devices 144 formed on the circuit—formatién—
face 106a and placed formed also covering the portions that
correspond to the dividing regions R2 on the circuit-
formation-face 106a. It is noted that the main body of the
semiconductor wafer 106 1is similar to that of the first
embodiment in the point that it is formed of a 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. 13B.
Subsequently, as shoﬁn in Figs. 13C and 13D, a mask pattern
of a resist film 3la and mask slit portions 31b is formed
to_define dividing regions R2 on the mask-placement-face
106b of the semiconductor wafer 106.

The semiconductor wafer 106 provided with the



progress of the etching, the polyimde film 146

becones exposed fromthe etching bottom portion. Wen
wo b@epudoyi mide film 146 that is the insul ati nge€T/ir006/301376

i ke is exposed as described above, the exposed

polyimde film 146.is charged g@th t he positive charge

of the ions in the plasma, and The trajectory of the

applied ions is to be bent. Consequently, as shown in

Fig. 14A, notches 142 are fornmed at the corner

por t. ops_of .groov rtion 06 nd_r )t

f%ﬁ%ka %r?%?ngg a CE%%:%%r%%éj%%F?$ogg ggg?ﬁg BYcCe¥ting by

sqgaraﬂgg siiicon suq§tra1e 451$ut in qﬁpfact with the

poT Vi T fR1351% B OO Y HPRGUHIEY borti ons 14 Oa

of the prescribed size are faqrned the.glasna dicingS

process i.s Bhd&QRCREXE, r SGt EhEIRY pdESFESS

polyimde film146, i.e., an insulating filmre i ng
pFoesd i 0%k ar tERm Pi%vé?a}smél%ewgtv%ﬁﬁ niHeeR | 6  the
14 6 used as theinsulating filmfor the sem conductor
VRERF CAMBIGEOE hvapeEs ert6 s cEBREVeRBodeRt ChiRd et njt 1icon
gas capable of positively effecting plasm etching on

t plebporagten deSfiimn 14ee | PasletpnFortexamFerresRRd to  the
that contains oxygen is used as the etching gas. In _ ,
t v pd brsgrer @y bers skhg apperedlustidd, Pxdeegasexs ofhewie in Fig.
ki nds used in each processing are stored in the gas

SUpP) yguoove BOALiGOB 4AAc28Ce By theusfarared/iimy g portions
the insulating filmrenoving process, as shown in Fig.
18t t ke reoqepsed] pobyi thele diiMinding regions R2. With the

first

progress of the etching, the polyimide film 146 becomes
exposed from the etching bottom portion. _When the
polyimide film 146 that is the insulating film like is
exposed as described abéve, 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. 14A, 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. When the rounded portions 140a of the
prescribed size are‘formed, the plasma dicing process 1is
ended.

Next, removal of the exposed polyimide film 146,
i.e., an insulating film removing process 1is started.

However, due to the polyimide film 146 used as the



W

146 is renoved fromthe portions that correspond to

the dividing regions R2 . Consequently, the
cewsomoduct or wafer 106 is divided into indi vPCLa#2006/301376
pi eces of device-formationregions R, and the

i ndi vi dual pieces of the sem cgpductor chips 140 are

to be forned. Subsequently, the resist film3la is
renoved fromthe mask-pl acenent-face 106b of the
separated sem conductor chips 140 by carryi ng out

BLASUE, A3l NG FUTEDer oyas SBRMIOKRLERGS. JdfeANdobior the

e "Sheet is stuc
mask- pl.acement - f ac 0] nd the pr.otectjve, she
i’ Seéé?ted BT o %fbr]?ea%gﬁlerrgtm t -For %—tclholﬁn-éf ac%agllo aafp%go le of

s aresult, t nuf acturi ng process of e L .
§§ﬁ%ﬁﬁﬁﬁ&¥o?Pgﬁggén%4ﬁaﬁ§méoﬁ&é§%§9 995£ESSgﬁH¥§Tlde film
above, even when_t he sem conduct or fer 106, uses the .
pA S 75 dESEAF m 1R t FARTPLCt h8 RS aTe?br GPBERIBR FrYgen 1S
as the insulating filmplaced in thedividing regions ,
psede@ondiRt ALRNIPE EHpabl e of? peritor MiRFhe Processing
notch formation as in the first enbodinment in the .
preF i ngP br ocddss FRPSTProvi e hefitdhseid in  each

rupture strength can be manufactured. Although the.
qseceheieg tdee pot 9t ad dénf them $as6 stePyd U tshe20A, 20B and
surface protection filmis used as the insulating film
p2eCed iByt hbudi Wadinwjinegbohs tRe higspbahligesdlilpedremoving
above, the present second enbodiment is not limted .
ot gycé s t hascabewnl tinneide hdBas€hahexposkedr 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 R1l, 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 separated semiconductor
chips 140 by carrying out plasma ashing. Further, as shown
in Figs. 14C and 14D, the adhesive sheet 37 is stuck to the
mask-placement-face 106b, and the protective sheet 30 is
peeled off from the circuit-formation-face 106a. As a
result, the manufacturing process of the semiconductor
chips 140 is completed.

As described above, even when the semiconductor

wafer 106 uses the polyimide film 146 that is the surface

protection film as the insulating film placed in the



exanple, a silicon nitride filmformed of silicon
nitride (Si 3N4) is used as the surface protection
wa pdogrorsn7pl ace of such a case. Wth regard to peEIRB66/301376
for etching the silicon nitride film the sanme gas as
t he sul fur hexafl uoride gas (Sﬁg) that is the gas for
etching the silicon substrate 5 is used. Therefore,
in the schematic explanatory view of Fig. 15 showing a
pl asma di ci ng processing state of the sem conduct or

VB plq 208 WELE Lhe BT cOLpy Lol de dil metols tarmRde o

ing fi when e sificon nitrrde

246 LS _expos ﬁ fromthe hottam portions.of t or&ﬁg :
F OB | Efie SBRE oy BRI the LT Fhsn TR  igodinent
245 in the portions that correspond.to_the dividin
oy bhe RESBPauST g NP TORTER PBAMATPERV LA diransverse
out by bending the trajectory of the incident ions by
cREPBIFY ¢ HecKidoserP 79 i%ﬂyﬁqt‘r%%dfi I m 246 with
positive charge, and theexposed silicon nitride film,
246 is conchRiEReIly EREhetRSTONBBERetISy, PRYY LRG| Aglm 146
out the plasm dicin% process for notch formation, the
ekposed sidi dde nbbrfadeef i probastian bl endvedusagd as the
descri bed above, in order to concurrently carry out
t hesfibapbng ofii b podandddipothicods viddadorradiens R2 has been
sem conduct or chips 240 by notch formation and the _
réesvalbed tdimoexpodete sidresemtni seicdadf i embedémnent i s not
preferable to determine the formation thickness of the
siimtoed nohiliydeto 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
such a case.

With regard to the gas for etching the silicon
nitride film, the same gas as the sulfur hexafluoride gas
(SF¢) that is the gas for etching the silicon substrate 145
is used. Therefore, in the schematic explanatory view of
Fig. 15 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
in the portions that correspond to the dividing regions R2
by using SF6, notch formation is carried out by bending the

trajectory of the incident ions by charging the exposed

silicon nitride film 246 with positive charge, and the



film 246 in consideration of the plasma processing
time necessary for formng the desired notches. TH RD
waEMBODIVENT Next, a manufacturing nethod for PCT/JP2006/301376

sem conduct or chips according to the third enbodi nent

of the present invention is deggribed bel ow with
reference to the schematic explanatory views shown in
Figs. 16A through 16E and Figs. 17A through 17D. By

t he sem conductor chip manufacturing nethod of the

pe{ Soesnetd t h%ig?ﬁﬂb?ﬂiﬁ}ﬁ'&t@ Pﬁlﬁ;hZ];l%_r nPé i Egnéﬁgﬁggtggs etched.

a Carrie by using a protective sheet t
i nsul at.i.n roperty .as the insul ati fi:l mt §H%
SonsRAieRtNe By PEyiths T8 GA%e (He Fig dfrooess for
enbodi nent _and the_second en%gdi. nt. Only the ..
dit<t e ?rTﬁﬁ+ﬁnistggsgﬁpﬁéﬁ §4E%CQQH%ﬁ%Eﬁ$Etﬁélm 246 can
sem conductor chip manufacturing nmethod of the third
ofi®fidcan be carried out by the processing
apparatusl1l0l1l used in the first enbodi nent. Therefore,
no descri pthon de$FHFEUeadPPYR  t hePconEdftict Fon GafWgFently
on of the plasma processing apparatus 101. A s shown
iGRIFTYY. OWEA theenfeonatitedr Odevi@@aded4PEEh4OPFct & df On the
a silicon oxide film 335 and a device |ayer 343 are
feemechiiductiner devire-249 nayi BAteRgifermaRipnogngl the removal
circuit-formation-face 306a of a sem conductor wafer
306. thver espesedt Isé 1dicloinc ari toxdidee filmn 336, i §tnats preferable
formed in the portions that correspond to the dividing
reyidetse@@ine the formation thickness of the silicon nitride
film 246 in consideration of the plasma processing time
necessary for forming the desired notches.
THIRD EMBODIMENT

Next, a manufacturing method for semiconductor
chips according to the third embodiment of the present
invention 1is described below with reference to the
schematic explanatory views shown in Figs. 16A through 16E
and Figs. 17A through 17D. By the semiconductor chip
manufacturing method of the present third embodiment, notch
formation and so on are carried out by using a protective
sheet that has an insulating property as the insulating
film to be placed in the dividing regions R2 unlike the
first embodiment and the second embodiment. Only the
different point is described below. Moreover, the

semiconductor chip manufacturing method of the third

embodiment can be carried out by the processing apparatus



First, as shown in Fig. 16B, a protective sheet is
adhesively stuck to the circuit-formation-face 306a of

wo b@emessrconduct or wafer 306 for the protecti oPCDIPDOE301376

surface. In the present third enbodi nent, an

i nsul ating protective sheet 33@5that has an electrica
i nsul ation property is used as such a protective
sheet. Moreover, the insulating protective sheet 330
descri bed above serves as one exanple of the

iRg(w' atisng fijlmtg be plaged i%%ﬁﬂgﬂi Ng meghQ¥Sre, no

Subsequently, a resist fi ormed covering

- - 3 h ]
SFa Al PLE TRl A68 0 nd o SSELERPUE B4 <0 on o
nstr#cted of the mask_sli '

C it _port s 31b and resi st
£ BI2STR ?Eﬁ?&ﬁF%ﬁgt?ﬁﬁafﬁép%oigfbns correspondi ng

to the dividing. regians ar xposed as shown i .

Fig. 16D, The SBRIBotducicd- whPBr SEBIGPBIPGR widgyices 344
thet hus-forned_mask i s subjected tqQ plasma pyrocessin
byORSFRgC E R %Fa@r‘rﬁ%i‘ﬁ@@s@?‘ﬁ&eaﬁﬁgf“aﬁf’é Pé‘ﬁ FiIHior laver
~all, as shown in Fig. 16E, the portions that

cof P eFndTPEMERe M vitdiengdPBHFBNECRRA R @NTERBRAISpRL on 2
carrying out-a plasma dicing process. As a result,

tabreeht choanet benveder 3062 ©1divi aeBirapgurRarvivefar 306.
pi eces of the device-formationregions R, so that the
iMadreddenl phecedléronrhexdaid donducdd? thi pot34@ramed in the
to be formed. Moreover, if the portions that '
ceerespoadtihat t derrespond to the dividing regions R2.

First, as shown in Fig. 16B, a protective 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. 16C, and a mask pattern constructed of the
mask slit portions 31b and resist film 3la is formed so
that the portions corresponding to the dividing regions R2

are exposed as shown in Fig. 16D.

The semiconductor wafer 306 provided with the



dividing regions R2 are renoved as descri bed above,
the surface of the insulating protective sheet 330 is
wo ooobm7sexposed in the dividing regions R2 . \WpQOT/i#F©06/301376
i nsul ating protective sheet 330 i s exposed as
descri bed above, the exposed ipsulating 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 forned

n rm q{tllsonsshﬂ é:q:[ or Cﬁatlnae n&,alélﬁgcreags%ql% by using

I ovver s Yie sem ¢
unde ortlons 3408 are_far V$ the [ d

St Bre a0t e apgargf% ' or nEpfSERSE 211, s
pl.asma di cing pr LS ende Subseguent | as
LMY 8 p%%?orﬁgﬁ’to PR n0& @Sre§?§§ 4&ﬁé%?f sto the
shown,ln Fig.. 17B, _and the adheS|v%®§heet 37 is s 1
%ﬂﬂf&%skem%én&% Ffe eT FBBVC0f Pvh S Wishdaid ora plasma
waf er 306 and the insulating rotectlve sheet. 330 is
peet i oPFOFPDM t héScid chF T b mathenSeracendpesogs water 306
shown in Figs. 17C and 17D. A's a result, the
ki @bvidded ok Nk pad3¥edual PRECcEs Bdr i tioRCoTEQRAtion-
circuit-formation-face 306a of which the rounded
porgions 3BDa armse foblmeld, &he nimdistidwadd. Sieeesthef the
notch formation is perfornmed as described above, the
seem oot toor othizss 0 cdredre flog niadreed ounded
portions 340a on the manufactured sem conductor chips
340 even whésrddneer nsif athagpprotieonsi thashestrr@3@onsl to the
dividing regions R2 are removed as described above, the
surface of the insulating protective sheet 330 is to be
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. When the rounded
portions 340a of the desired size are formed, the plasma
dicing process is ended.

Subsequently, plasma ashing 1is performed to
remove the resist films 3la as shown in Fig. 17B, and the

adhesive sheet 37 is stuck to the mask-placement-face 306b

of the semiconductor wafer 306 and the insulating



used as the insulating filmplaced in the dividing

regions R2 and of which the transverse rupture
wa@teosngion i s i nproved, can be manufactured. MPEDYE006/R1376

sem conduct or chi p manufacturing nmethod, which can

obvi ate the need for carrying ggt t he plasma etching

process for renoving the insulating filmby using the

i nsul ating protective sheet 330 that can freely be

adhesi vely stuck to or peeled off fromthe

e eonduc or velier 5306 a8 e hngul AEENOELikm AN O royie-

ency I's ifpr e provided. It

is to bs d t b ) i ni |

T S Y Ch R ABRE s Br TREThr TR chOATT oddd A oblD:  AS @
etk 0% (UL AT S RSOMbS i 1T TG Bemies portions
fully described in connection with the preferred
ewboditrent 3T eneF ebP IR tHoReFaF@ncd %% Phe “HtiThphhyi mpPunded

drawings, it isto be noted that various changes and

nieel £1ens | dhea arke abpaiemt 2% thRefaKEUTY: in t he

art. Such changes and nodifications are to be

under st ood $&n¢eac| thed wotsin t Fersalbben of 16he Ritdamed  as
invention as.defined by the appended clainms unless .

t deycddpadt ableeef ridm  Fawmidpsdhotare WfirFapareseh can form
-Patent Application No. 2005-15362 filed on January

2¢he 200ndead | pdi ngospesd fa cat | Ome miamwf agtaned céemhgonductor
are incorporated herein by reference inits '

echipet $4CLAVMB when the insulating protective sheet 330 is
used as the insulating film placed in the dividing regions
R2 and of which the transverse rupture strength isAimproved,
can be manufactured.

Moreover, a semiconductor chip manufacturing
method, which can obviate 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 peéled off from the semiconductor
wafer 306 as the insulating film and of which the
efficiency is improved, can be provided.

It is to be noted that, by properly combining the
arbitrary embodiments of the aforementioned various
embodiments, the effects possessed by them can be produced.

Although the present invention has been fully

described in connection with the preferred embodiments

thereof with reference to the accompanying drawings, it is



1 . A manufacturing nethod for sem conductor chips
conprising: performng plasma etching on a second

wanitdcacm7nf a sem conductor wafer that has a fPeBIP2006/301376

surface on which sem conductor devices placed in a
plurality of deviceformation- +ggions defined by
dividing regions and an insulating filmplaced in the
di viding regions are formed and the second surface on
whi ch a mask for defining the dividing regions is
aced, th e S bej | ocat 0 '
e ogﬁifgcggjc UBE%%SS ér?a?n esct ﬁgxt% BBS%HSa%E?@E are

) Y
the TIrs

wher eby porfi ons corfespon
t he dividing regi ons ar.e.renoved,and the i ul.at i
f???ﬁﬁ%p%xﬁgse§@?7%néel@ﬁf g ot 4 p%FEro §¥j}eﬁ§gp §s and

corner. portions put in contact. wth the iinsulating.,, .
FIOHH 1 13 HEToVR EE- F8r Rt | IRTRi b B5 ABRIFAGOUSHYFRIn the
performng the plasma etching in a state i ich

SRR O B LR Se 68 SHRTith oL T FRI r@sf??ﬁiﬁ?a ggfartd’@d appended
wth electric charge due to ions_in plasm; and
sehakRia 185 (i dRPaHe EigFssiesPEnsul ating fil m so

that the device-formation-regions are individuall ) _

di vi ded, whHEhebyisehicfoducPdr éaPpaesachPafenhi dpplication
I ncl udes individualized sem conductor device are _
mémud 3R Ut &2 2 fiflesl mannf acianuany met2dod f8P0Phe including
sem conductor chips as defined in claiml1l , wherein in
t$pecefibvanipwf thewipgsedd rsldiats ngrei limcorporated herein
insulating filmis a filmformed of silicon oxide

(157 gRe feenddeid i 1s¢ sutrimsey of the



sem conductor wafer. 3 . The manufacturing nethod for

the sem conductor chips as defined in claiml
wob@cerse7i n- the renoving of the exposed i nsul PCT/ORR006/301376

film the insulating filmis a surface protection film

formed of polyinide (PI) to protect surfaces of the

sem conduct or devi ces which are placed on the first

surface of the sem conductor wafer. 4 . A

manuf act uri ng net hod for sem conductor chips

conprising: perform ng plaspp,ef,ching on a second

surface of a sem conductor wafer that has a first

surface on which _seniconductor, .deyi ces p%a e% j :
plurality df BégPigggPﬁéP?oﬁyﬂ?56¥o S 4er P O%guthr chips
dividing regions and an insulating filmplaced in the
ARt Ing-t%gi ons are forned and the second surface on
whi ch a nmask for defining the dividing regions is £
pl aced, the LI U LEddethghiveabRd2o5F65 e SYdRCE ©
the first surface, whereb Egrtions that correspond to .
theSER¥FanAgcEesi o edr ethahoéd and ILREti ndt A Ghgon wWhich
filmis exposed frometching bottom portions; renovin .
trmlesqpubietdhs deatlicsg f PLACRAI | &1 r enoPilHgadefFyerot device-
portions put in contact with the insulatingfilmin the
deviteet formeedioms eqlohingy cbit i dagddipIperrdinngg and an
the plasma etching in a state in which exposed
sindakesind fheémi pdekedi g filen dieidhag gedgwony are formed
el ectric charge due to ions in plasma, whereby the
cdawvd cehborswmidmanr g bmse on which a mask for defining the
dividing regions 1is 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 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; and
subsequently, removing the exposed insulating
film so that the device-formation-regions are individually

divided, whereby semiconductor chips each of which includes

individualized semiconductor device are manufactured.

2. The manufacturing method for the semiconductor

- chips as defined in claim 1, wherein in the removing of the



are individually divided and consequently
sem conduct or chi ps each of which includes

woO pabicersdorl | zed sem conduct or devi ce are manufPCL/Ir0ak/301376

5 . The manufacturing nethod for the sem conductor
chips as defined in claim4 , wherein in the renoving
of the exposed insulating film the insulating filmis
a surface protection filmfornmed of silicon nitride
(Si 3N ) to protect surfaces of the sem conduct or

agy r#%eesd“i &34y glagffmon e 1higi Buhbace B e o £i1n

conduc or "wa A manuf act uring

ntco tor chi r Lm |
ot P 2 LicondoiiFa EEB? agﬁengcogé%ggo%%Waﬁce of the
that has a flrst%gurface on whi ch sem conduct or

R L PR Y+ S plural ity of deviceformation-

regi ons deflned by dividing regions are forned and to

which a protective sheet having an insulating property

Is stuck and the second surface on whi ch a mpask f

defi nihg t Qi Wedivigctagings PREpPAcdPT tﬁ@ese%‘?i‘i‘ﬂoconducmr
surface bein ocated opposite fromthe first
scemmeaw@%me%om.%lwm vhareigpo e tFRmoving of the

dividing regions are renoved and the insulating

pexpeeed vénsheéeting &iposedifa omatliing bbiisnmis a surface
portions, then the device-formationregions are

| P e clubdn y 81 ihdedoamddcondeqredtilipisien c@ductiey protect
chi ps each of which includes individualized

ssnr Canelsicobr thevismniarendmrdracdeveces andich are placed on

the first surface of the semiconductor wafer.

4. . 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 régions 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 froﬁ the first surface, whereby portions
that correspond to the dividing regions are removed and the
insulating film is exposed from etching bottom portions;
removing the exposed insulating film while

removing corner portions put in contact with the insulating



renmovi ng corner portions of the sem conductor chips
put in contact with the exposed insulating protective

wa@b@en7doyr conti nuously perform ng the plasma epchiregod/avni37e

a state in which exposed surface of the insulating
protective sheet is charged mn;? el ectric charge due
toions in plasma. 7 . The manutfacturing nethod for
the sem conductor chips as defined in claimé6 ,
wherein after rennving the corner portions of the

S conduct i nu erforn1n th pIQ§§&-
éfteg]ﬁrl g}’l Lf}:g{kléng ré% e Sthiee |sS eel &fnfuouSly
and nnved fron1 he f|r t surface of the

ST oS L7578, ShCB&RPC it B 2 B bnha’%lﬁ& £xposed
rou th rectangul ar sha e obt ained b VIdI .
SO Fbr Cligs aRsUAtIng cF fomFEﬁ with electric
pluralldg}of sem conduct.or devi ces are forned, :E

FieceR o1t e 358 ¢ SRR tate%udceeslce ormation-

wherein all ridgelines of the roughly rectangul ar on

tHRI IS surdtsce ameling : %@}n (?rmgct songfgrently
as defined in claim8 , mhereln a cutved convex ,
sianfigpmndmrttdnnchisps opael iaf edehclf ipedtidess ynhividualized
correspond to the renoved ridgelines of the roughly
regtiarndwrt aon ddel anegumfaggefactured.

5. The manufacturing method for the semiconductor
chips as defined in claim 4, wherein in the removing of the
exposed insulating_film, the insulating film is a surface
protection film formed of silicon nitride (SisNyg) to
protect surfaces of thé semiconductor devices which are

placed on the first surface of the semiconductor wafer.

6. A manufacturing method for semiconductor chips
comprising:
performing plasma etching on a second surface of
a semiconductor wafer that has a first surface on whicﬁ
semiconductor devices placed in a plurality of device-
formation-regions defined by dividing regions are formed
and to which a protective sheet having an insulating
property is stuck and the second surface on which a mask
for defining the dividing regions 1is placed, the second

surface being located oppoéite from the first surface,
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whereby portions that correspond to the dividing regions
are removed and the insulating protective sheet 1is exposed
from etching bottom portions, then the device-formation-
regions are individually divided and consequently
semiconductor chips each of which includes individualized
semiconductor device are manufactﬁred; and

rémoving corner portions of the semiconductor
chips put in contact with the exposed insulating protective
sheet by continuously performing the plasma etching in a
state in which exposed surface of the insulating protective

sheet is charged with electric charge due to ionsAin plasma.

7. The manufacturing method for the semiconductor
chips as defined in claim 6, wherein after removing the
corner portions of the semiconductor by continuously -
performing the plasma etching, the insulating protective
sheet is peeled off and removed from the first surface of

the semiconductor wafer.

8. A semiconductor chip having a roughly rectangular .
shape obtained by dividing a semiconductor wafer, on one
surface of which a plurality of semiconductor devices are
formed, into individual pileces of the semiconductor devices,
wherein all ridgelines of the roughly rectangular on the

one surface are removed.
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9. The semiconductor chip as defined in claim 8,
wherein a curved convex surface portion is formed in each
of portions that correspond to the removed ridgelines of

the roughly rectangular on the one surface.



