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

wonemant428nventi on relates to a manufacturing mretrlapzos/307996

for sem conductor chips for forning sem conduct or
devices arranged in a pluraliti

devi ce-formati on-regi ons defined by dividing regions

on a first surface of a sem conductor wafer and

i ndi vidually separating the deviceformation- regions

of the sem conductor wafe l.ong the dividing regions,

t her eby manuf acturing seﬂ&ggﬂﬁ%%T Nch ip s that

i nclude the individualized sem conductor devices and

to a sem conductor chip. Background A«t

Cbnventionalhy as a nethod for dividi

seni c OMNIET S TURENT NIREROD noPR i FfMTCe @EQEU%HBPS/ AND
chi ps by such a manufacturing nmethod for sem conduct or
chi ps, various net hodSENACONDEFERORNGWIP For exanple, a
met hod for dividing a sem conductor wafer by
mechanically cutting the wafer by neans of a rotary

bl ade call ed the dicer blade, i.e., nmechanical dicing
iBedimoiwa 1l Hovesder , seni conduct or waf ers have recently
beenmade thi nner and thinner, and a sem conduct or

waf er suscepid bbeesonextiavreatibar gedatessuly ecte@htiPacturing

t he nechani cal dicing described above, it is often the

@@&sthod for semiconductor chips 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 and

to a semiconductor chip.

Background Art

Conventionally, as a method for dividing a
semiconductor wafer into individual semiconductor chips by
such a manufacturing method for semiconductor chips,
various methods have been known. For example, a method for
dividing a semiconductor wafer by mechanically cutting the
wafer by means of a rotary blade called the dicer blade,
i.e., mechanical dicing is known.

However, semiconductor wafers have recently been
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where the sem conductor wafer is damaged at the tine
of cutting. This leads to a problemthat a reduction

wonodshie2q28 ocessi ng yi el d cannot be avoi ded. AspPewab2006/307996

damage, there is, for exanple, the occurrence of

chi pping that the corner portigns (edges) of the

sem conduct or chi ps becone chi pped due to the sharply

cut shape. In recent years, plasma dicing that uses

pl asma etching has been attracting attention in place

of the conventional nechani cal dicing described above

(Pafer eHRETEABU @Mk FRdENES, f AR&xafpl 8eMIGpRARBSEOr wafer
unexan ned_patent publication No. 2004-172365 A ) . A
netASEPEBP LR vit@i ne dlconBleeEes wiber sigcted to  the
i ndi vi dual sem conductor chips by the conventiona
prashenifzl nglicindesdespetba@r @bowe t hikefigr enfbeno the case
the schematic explanatory views shown in Figs. 27A

tWhengh th2C semicpgducsn aade28Bis Fidestgel adt, the time of
shown in Fig. 27A, a sem conductor wafer 501 is put

i ototanst at hils Vileaxds sesn @ opdobiiem dévitces Hua@rfon in the
formed in the respective device-formation-regions R |
detooess byg dyvetlinganhagitobe Bodrldd.s As such damage, there
circuit-formation-face 501a. Each of the sem conductor

dey) cesr SOZaimpte PdeEe de¥teLBe 8 NoBSCBIMPng that the corner
(Met al - Oxi de- Sem conductor) structure

tpensisdoOr ¢eagtelched tofe & SRMHERNGUIOT-WBE £ b@0dme chipped
(Sem conductor), a silicon oxide 551 (Oxide) forned

et o0 R LGB o ace s0La and o

In recent years, plasma dicing that uses plasma
etching has been attracting attention in place of the
conventional mechanical dicing described above (reference
should be made to, for example, Japanese unexamined patent
publication No. 2004-172365 A). A method for dividing a
semiconductor wafer into individual semiconductor chips by
the conventional plasma dicing is described herein with
reference to the schematic explanatory views shown in Figs.
27A through 27C and Figs. 28A and 28B.

First of all, as shown in Fig. 274, a
semiconductor wafer 501 is put into a state in which
semiconductor devices 502 are formed in the respective
device-formation-regions R1 defined by dividing regions R2
on its circuit-formation-face 50la. Each of the

semiconductor devices 502 includes devices such as a MOS

(Metal-Oxide-Semiconductor) structure transistor
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silicon oxide 551. Further, the sem conductor device
502 further includes connection termnals 552 (al so

woabded242Be bondi ng pads) for electrically conreTtP1gs/307996

the devices to external electronic apparatuses.
Moreover, a surface protection filmb553 is forned on
the surfaces of the sem conductor devices 502, so that
the surfaces of the sem conductor devices 502 are
protected. The connection termnals 552 are exposed

out si de out beln .covered with the surface

pF8F§E¥?%% 5 Pﬁ155§e KNePRHABFTPRe WSt RF c 8L oXPEBIsDRFgEOr) , a
the_ surface protection film553 is formed in portions

t RAL1EQR r OFPERd 1D t X HE®I dfREIEEYiBAS A 1ofoR hehe circuit-
circuit-formation-face 501a. Next, as shown in Fig.

ofgrmat hewtr fecpvE0dReands@s nat aleef Bt y(Melbel] vEbyned on the
stuck to the circuit-formationface 50la via an

aghéscor ositkatbihe cFucuherf orvhet | smfiaserdifdizonf dehigéce 502
sem conduct or wafer 501 does not suffer danages.
Sthstlgeenthg L udesaslonfrash gpatiteemminHG5 352 plated ealaed the
surface 501b to be processed (that is, a

pbonésisy nglaarsget fof aedkctrakalineg sushmee: DPPosHee dé@®Mes to
the circuitformation- face 501a so that the portions

taterRil esppBdttoniBe ghyhdhilskeQi ONSMERedi8r, a surface
exposed. Next, by perform ng plasma etching on

t E§€é‘&’@9@ﬂucfplmwaj§3 3@1 eBrwhicho ﬁhecH@Sks@_of.Saéés of the
thus forned, the exposed surface of the surface 501

tBéﬁlé@ﬁ(ﬂ‘l@@:t89VQ{@ﬁé’¥§ hsphbe mask 50% | shet Cgll?fifaces of the

renmovi ng the portions
semiconductor devices 502 are protected. The connection

terminals 552 are exposed outside without being covered
with the surface protection film 553. Neither the silicon
oxide 551 nor the surface protection film 553 is formed in
portions that correspond to the dividing regions R2 of the
circuit-formation-face 501a.

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

Next, by performing plasma etching on the
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that correspond to the dividing regions R2 . Through

this process, as shown in Fig. 27C, the
wdevictie24£28r mat i on-regi ons R are individually PCT/JP2006/307996

separated, form ng the individual pieces of the

sem conductor chips 510 that include the sem conductor

devi ces 502. Consequently, t he %eni conduct or wafer 501

is divided into the individual pieces of the

sem conductor chips 510 that include the respective

sem condyct or devi ces 502 al ong the dividing regions .

RN UG ERRt YATee ShdwnOFn LR 28K° { RéShaoROB0sS thus

that is remaining on the surface 501b to be processed

of ¥ hedsepBPatERCS R eBRAaELoPIchipsSBEGare POHby&dapyis not

carryin% out, for exanple, an ashing process.

StpgeFEentifh &hesHawk APl o88hedn wehesing $heeportions

(dicing sheet) 506 is stuck to the surface 501b to be

pklezessedrebrohnd denitdondditvbdingf eegs0hs &l t h&hrough this

protective sheet 504 that has protected the

chrecéssf ongnshonnf aneF5§1a2d€, t hkesdavtondiiotran twahetregions

501 is peeled off. A s a result, the sem conductor

chl psabd0 aneiatdaaded osepheasdhbesi ferahagt %06 i Andividual

state in which they are separated into individua

ppbesess . dy ahei diagi c¢hedsend£onsigisor swaf ern 501 Usd e the

t he conventional plasna dicing described above,

d@@@ﬂ@@n@t&@@iOdébﬁcggngﬁﬁgtUCSHS@&?%ﬁFEgQCERE sBhREonductor

510 can be reduced in conparison w

afof erengioned neGhafak ndbCi e DhaGhAYH8 Obiecces of the
I nvention

semiconductor chips 510 that include the respective
semiconductor devices 502 along the dividing regions R2.

- Subsequently, as shown in Fig. 282, the mask 505
that is remaining on the surface 501b to be processed of
the separated semiconductor chips 510 is removed by
carrying out, for example, an ashing process. 'Subsequently,
as shown in Fig. 28B, an adhesive sheet (dicing sheet) 506
is stuck to the surface 50l1b to be processed of the
semiconductor wafer 501, and the protective sheet 504 that
has protected the circuit-formation-face 50la of the
semiconductor wafer 501 is peeled off. As a result, the
semiconductor chips 510 are arranged on the adhesive sheet
506 in a state in which they are separated into individual
pieces.

By dividing the semiconductor wafer 501 using the

conventional plasma dicing described above, damages given
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However, even the sem conductor chips 510, which are
divided into the individual pieces by the

woamsant42enal pl asma di ci ng descri bed above, aPeTuB2006/307996

have sharp corner portions 554 (edges) forned by the

separation as shown in Figs. 27C, 28A and 28B. There

is a problemthat the occurrence of chi ppi ng cannot be

avoi ded when the sharp corner portions 554 are forned

on the sem conductor chips 510 as descri bed above. In
articular, the conventiagnal plasma dicing described

g% vtﬁﬁagagugﬁ&FHE?gﬂ%ﬁm%? tofe GO9S | vl @ heapl Bgneduced
have increasing difficulties in reaching the etching .

boit t SYTPRF L FOR Usthyethengfersuentionefenpshepiral dicing.
portion. Therefore, it is sonetinmes the case where the
protrusive sharp corner portions 554 are fornmed at the

| ower end portions of the separated sen conductor

i peloggraso§hbwmenwiofior exanple, the partially

enl arged schematic view of the etched dividing region

R2 shown i nHévgveR9. etransttie sacrdseondurarer i shfps 510, which
probl em that the corner portions 554 beconme nore

ease | gichidpgednand thke itndnsivrge gigddy eogt tRBYEBNOENtional
the sem conductor chip is reduced. Further, in the

e ©od d ddiodh ot hil@sc blifed assh@Ni air&i Go 2RavBOotsYY corner
the formation of the sharp corner portions 554 on the
deuidné obBat i (@agkage Rideeduby atse LR Ay Ofhown in
sharp corner portions 555 on the surface 501b to be

rogesseddesubh, A0d thiss | eafig o aPprobleMyien that the
occurrence of chipping cannot be avoided when the sharp
corner portions 554 are formed on the semiconductor chips
510 as described above.

In particular, the conventional plasma dicing

"described above has a characteristic that the ions in the

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

Further, in the semiconductor chips 510, as shown
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that the reduction in the transverse rupture strength
of the sem conductor chips 510 becones nore

weigritfiza2ant . An obj ect of the present inventi 8aTAUB2006307996

sol ve the aforenenti oned probl ens and provide a
manuf act uri ng net hod for senicgnductor chips for

form ng individualized sem conductor chips by dividing

a sem conductor wafer, so as to nake the sem conductor

chi ps have high transverse rupture strength w thout

danaglng t he sem conductor chi ps and a sem conduct or

cHt pTiFat s BOEh W ghber s SO upfur Bh8t séRgEh. corner
In order to achieve the object, the present invention

iRO Rk t 964d a5 BRI G Cuddcdioditag i afd9e sb0hgpdtt also
of the present invention, there is provided a

nereif Berwathgn nefhedhafrpr emmiagoneectopnghiops on the surface
conprising: performng plasna etching on a second

st fraceoobea mrmamwilictesuliaf eenthdthimslaafisr b a problem
surface on which sem conductor devices placed in a

pthatal thy ofedieticef ormatihen-t v wnssaetrupédrby strength of
di viding regions and an insulating filmplaced in the

ditve b ¥l £ @GS0 B €h I8 NBTO sk dihes seepads somf acteant.

whi ch a mask for defining thedividing regions is

pl aced, thensegpfdcsuldacendeppgskatat etoOpposht esf oM solve
the first surface, whereby portions that correspond to

the digi AR tegnees prepiensvethand,tdhe ddhsyl ahif@racturing
filmis exposed frometching bottomportions;

method for semiconductor chips 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
and a semiconductor chip that has such a high transverse
rupture strength.

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

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

performing plasma etching on a second surface of
a semiconductor wafer that has a first surface on which
semiconductor devices placed in a plurality of device-
formation-regions defined by dividing regions and an

insulating film placed in the dividing regions are formed

and the second surface on which a mask for defining the
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renovi ng corner portions on the first surface side put
in contact with the insulating filmin the

wdevieiet«s mat i on- regi ons by perform ng the pl a6maP2006/307996

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

to ions in plasma; and subsequently, renoving the

exposed insulating filmso that the

devi ce-formati on-regi ons are separated into individua

sem conduct or chi ps, ,whereby the sem conductor chips ,
RO NI FROTARE 1dbS t RLAEPR vi BOgI | 28HORG . surfhce being
sem conduct or device are nmanufactured, wherein '

i ¥R bPT c OBPaSiECetidithgths flFphesYsdidnedhe ¥l t Rertions
second surface on the sem conductor wafer or the

i Fee Vi eeBreseend obeuther dehi pinei thoinesnask pemowddaend the
any timng before or after exposure of the insulating
finsmleaehpyalfibh iheexpraed Poomienshongrenbvah pbrthens;
insulating filmis carried out. According to a second

aspect of thengviEsentcameant pomtivher eons firovifdedt heurface
manuf acturi ng nethod for the sem conductor chips as
defdaeout nit heoftast wspecthe Whesel At CognEL 1p0fhi ©R8 device-
put in contact with the mask placed on the second

stofragei Sncee @i ens eV edet fotHeng the plasma etching in a
devi cef ormati on-regi ons of the sem conductor wafer or

tdiea &M S ONHUELOExBBRY RYir¢atey RE GUle thesh SOLIOPI €i1m are
pl asma etching. According to a third aspect of the
EeSEMd with electric charge due to ions in plasma; and

subsequently, removing the exposed 1insulating
film so that the device-formation-regions are separated
into individual semiconductor chips, whereby the
semiconductor chips each of which includes the
individuaiized semiconductor device are manufactured,

wherein isotropic plasma 'etching is further
performed from the second surface on the semiconductor
wafer or the individual semiconductor chips with the mask
placed at any timing before or after exposure of the
insulating film, removal of the corner portions or removal
of the insulating film is carried out.

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

wherein corner portions put in contact with the mask placed

on the second surface side are removed in the device-
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invention, there is provided the manufacturing nethod
for the sem conductor chips as defined in the first

wazspwat2428her ei n t he exposure of the insul ati ngctibPrmeé/s07996

performed by carrying out anisotropic plasm etching
on the sem conductor wafer, the corner portions are
renmoved by continuously perform ng the anisotropic
etching, the corner portions brought in contact with
the mask are renoved by carrying out the isotopic

swi tching qver_fromthe anisotropic etching

etching, b .

t%OFH%&r%%f%%%O%%chiOﬁg, fd ¢ PERIFRBIPREQrat Hafey Or the
renoyed. According to a fourth aspect of the present

| ATRREPRAUCE Per EDLESprioY i GaYTYAS InePikE adher i P Heatiee plasma
for the .sem conductor chips as defined in the third
a8pekingwherein the switchover between the anisotropic
etching and the isotopic etching is performed by

swi t chi ng dveeob@ingentpl asnmatleondi t repsctorofhethe present
ani sotropi c etching and plasma conditions for the

i sovept tomt chhrgedédtsermiaoneididy cbhbi miamm e vpdmanatiethod for
or a plurality of parameters including a pressure of a

gelse f sempaskdmcgerer ahipsn, ad gASELOEPOSIH | BRe &irst aspect,
hi gh-frequency out put or a discharge frequency.

wherein

the exposure of the insulating film is performed
by carrying out anisotropic plasma etching on the
semiconductor wafer,

the corner portions are removed by continuously
performing the anisotropic etching,

the corner portions brought in contact with the
mask are removed by carrying out the isotopic etching by
switching over from the anisotropic etching to the isotopic
etching, and

then the insulator is removed.

According to a fourth aspect of the present
invention, there is provided the manufacturing method for
the .semiconductor chips as defined in the third aspect,
wherein

the switchover between the anisotropic etching
and the isotopic etching is performed by switching over

between plasma conditions for the anisotropic etching and

plasma conditions for the isotopic etching determined by
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According to a fifth aspect of the present invention,
there is provided the manufacturing nethod for the

weemegiozydsict or chi ps as defined in the first aBpEaP006/307996

wherein, in the plasma etching fromthe second

surface, the insulating filmfaormed of silicon oxide

(Si2) on the first surface of 2 he seni conductor waf er

is exposed fromthe etching bottom portion. According

to a sixth aspect of the present invention, there is

provj ded the manufacturjng method for the,
sgﬂ?%bﬁﬂﬁgto?nﬁhiBér%@eﬁﬁ inBd i A t REUFRLiEYaspdct parameters
wherein, in the plasm etching fromthe second _
SURFAERING SUPFESSUSEoPECH SIS | ToH fBF AWM oFepBF§LAPEe & gas
(PI) to protect surfaces of the sem conductor devices

f 6PHRESHR1PRe fiar sthidiyfiaceawinetie suPedndwst orawaldéscharge
is exposed fromthe etching bottom portion as the

i Asagaen@y-film According to a seventh aspect of the
present invention, there is provided the manufacturing

nmet hod for Abeosdimgondoctar thiEpk assdeftnedfi nthke present
first aspect, wherein, after the renoval of the

i hsukatiog, f itheret hes neskvided erbee thdnyn eIt dnethod for
ashing on the second surface of the sem conductor

waher sAadaotidug Hor afhBbghtds agpecheafl ithetpeeseMst aspect,
i nvention, there is provided the nmanufacturing nethod

f QlietéEn seth COREUgt O5m& he PShasgdetbnednt Ns8B¥naN€ueface, the
the first through seventh aspects, wherein, the plasna

el1fBh iy film formed of silicon oxide (Si02) on the first
surface of the semiconductor wafer is exposed from the
etching bottom portion.

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

According to a seventh aspect of the present
invention, there is provided the manufacturing method for
the semiconductor chips as defined in the first aspect,
wherein, after the removal of the insulating film, the mask
is removed by performing ashing on the second surface of

the semiconductor wafer.
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performed fromthe second surface of the sem conductor
waf er, on which the nmask is placed, the mask having

woaoughlig2sonvex curved portions formed in portPONgGP100&B07996

correspond to the corner portions of each of the

devi ce-formati onregi ons, each of_the

devi ce-formati on-regi ons havind‘h roughly rectangul ar

region. According to a ninth aspect of the present

invention, there is provided a manufacturing nethod

for seniconguctor,chips conprising:. perform ng plasm

et chi ng on 4°S8EGARIs kT add off & i 88RBGEL P L walihg Present
that has a first surface on which sem conductor
deBVEREL AR acddaLs o SIRFAVig9doftheeiareHGraiaty rg method for
regi ons defined by dividing regions and an insul ating

frﬁﬁq prréeanfncthes ehirdi ag rdafiisred akre 4wy nedeand the first
second surface on which a mask for defining the

dibravely remyiesrsh | sspeated, whersioondhsurphsembeigigching is
| ocated opposite fromthe first surface, whereby
ppetfornsedhafromor riéspordcbadt heudifatdi ngf r éficonscarieonductor
renoved and the insulating filmis exposed from

eveheng botwbichothé ansskand peapedngthbeme¥Rosading roughly
insulating filmwhilerenoving corner portions on the

f costesuchasedsigtarfivng NEspRéact nwgdrttikgd nebh et cB8respond
filmin the device-formationregi ons by performng the

ptasmacet €brngri hoatsbale b8 WHAh sxpased guyfiace$ofhation-
the insulating filmare charged

regions, each of the device-formation-regions having a
roughly rectangular region.

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

performing plasma etching on a second surface of
a semiconductor wafer that has a first surface on which
semiconductor devices placed in a plurality of device-
formation-regions defined by dividing regions and an
insulating film placed in the dividing regions are formed
and the second surface on which a mask for defining the
dividing regions is placed, the second surface being
located opposite from the first surface, whereby portions
that correspond to the dividing regions are removed and the
insulating film is exposed from etching bottom portions;

and

removing the exposed insulating film while
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with electric charge due to ions in plasm, whereby
the device-fornmation-regi ons are separated into

wondioviigaal sem conduct or chi ps and consequent PETAIP®E06/307996

sem conduct or chi ps each of which includes

i ndi vi dual i zed sem conductor devi ce are manufact ured,

wherein isotropic plasma etchiﬂd-is further perforned
fromthe second surface on the sem conductor wafer or

the individual sem conductor chips with the mask

pl aced.at any timng before or after exposure of the _

i hSUP At Hg FIR° DHOR hELBoLAEE tpoTity oake oflde put in
renoval of the insulating filmis carried out.

AERBFAFhg Wida tent inadpebingf fGile presthe devdeer§ermation-
there is provided the manufacturing nethod for the
sERPEBRAUdIYr PEREpEmaBIdethed liasmeheehihihgaspect, state in
wherein corner portions put in contact with the mask

pvateld exposedsesmfthans fafetbeddnssiegrimyedfimt Are charged
devi ceformati on- regi ons of the sem conductor wafer or

t etk erd leariduict ochzhies dme chor yiong olit hesnggt napiceby the
pl asma etching. According to an el eventh aspect of the
piestnet-foveationsréfeorsi S apteoVidgth tdiedanihast uihagvidual
nmet hod forthe sem conductor chips as defined in the

ngahbcasgeetorwheighs t hedexpesdeguehttihe kRsUl abhidonductor
filmis performed by carrying out anisotropic plasm
etiehboge@Rh " which includes individualized semiconductor
device are manufactured,

wherein isotropic plasma etching is further
performed from the second surface on the semiconductor
wafer or the individual semiconductor chipsAwith the mask
placed at any timing before or after exposure of the
insulating film, removal of the corner portions or removal
of the insulating film is carried out.

According to a tenth aspect of the present
invention, there is provided the manufacturing method for
the semiconductor chips as defined in the ninth aspect,
wherein corner portions put in contact with the mask placed
on the second surface side is removed in the device-
formation-regions of the semiconductor wafer or the
semiconductor chips by carrying out the isotropic plasma
etching.

According to an eleventh aspect of the present

invention, there is provided the manufacturing method for
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sem conductor wafer, the corner portions are renoved
by continuously performng the ani sotropic etching,

wandetithenit he corner portions brought in contaeCTuP1006/307996

the mask are renoved by carrying out the isotopic
etching by switching over from.the anisotropic etching
to the isotopic etching Accordﬁﬁg to a twelfth aspect
of the present invention, there is provided the
manuf acturi ng nethod for the sem conductor chips as
defined i.n the el eventh aspect, wherein the sw tchover
bt Sie ERTHHONENCESET opREPEt @ ngehkacdnd i sbhepindinth aspect,
etching is performed by switching over between plasna

€t®ns for the anisotropic etching and plasma
conditions for the isotopic etching determ ned by
conbi ni ng ohke paxpaetce of &byl dmaultatiofg phtbmet er performed
including a pressure of a gas for plasnma generation, a
das coapoiitigon,out hi ghifbodquency itgrma or eiching on  the
di scharge frequency. According to a thirteenth aspect
demnheopdesent wafenti on, there is provided the
manuf act uri ng net hod forthe sem conductor chips as

defined in tihe sbphbraspectiohesied Nremdvicdie W) assBtinuously
etching fromthe second surface, a surface protection

fﬁéfﬁéﬁmiﬁ@iEﬁeSidi§6%k§?iéiQ@cﬁﬁﬁéﬁ“ﬁn&o prot ect
surfaces of the sem conductor devices formed on

then the corner portions brought in contact with
the mask are removed by carrying out the isotopic etching
by switching over from the anisotropic etching to the
isotopic etching

According to a twelfth aspect of the present
invention, there is provided the manufacturing method for
the semiconductor chips as defined in the eleventh aspect,
wherein

the switchover between the anisotropic etching
and the isotopic etching is performed by switching over
between plasma conditions for the anisotropic etching and
plasma conditions for the isotopic etching determined by
combining one parameter or a plurality of parameters
including a pressure of a gas for plasma generation, a gas
composition, a high-frequency output or a discharge
frequency.

According to a thirteenth aspect of the present

invention, there is provided the manufacturing method for
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the first surface of the sem conductor wafer is
exposed fromthe etching bottom portion as the

wonseusiiaz42ag film According to a fourteenth aspeturmbe/307996

the present invention, there is provided the

manuf acturi ng nethod for the aﬁ 1 conductor chips as

defined in the ninth aspect, rein, after renoving

the corner portions put in contact with the mask by
performng the isotopic etching, the mask is renoved

b erform ng ashing on the secopnd surface of the
séﬁgcéﬁE&EPBauﬁéPé}.d%&%%r&ﬁn ?fh%@ i ffeehbh Zdpddy aspect,
of. the, present invention, there is provided the
HRRASEI T RgEREL FOG 6 ¢ Heh st S6RBUSHSr Siops! airface, a
defined in any one of the ninth through fourteenth

Bpekice RrreEerRiophdimshareedhiofy §51peet onmsd ifieoni S1sNy)
t he second surface of the sem conductor wafer on which

the Peackers praEedest Ré risk seaiicrgdustight ydeoimesx formed on
curved portions formed in portions that correspond to

ttee céimet porafiars off edod skmikenductor wafer is exposed
devi ce-formati onregi ons, each of the

digmdre e Heretathiony regitoos bewt hgn aa s otighl insetdangy! 8 1m.
region. According to a sixteenth aspect of the present

i nventi on, Adweneiirsg ptoviedethwartamdachypbfg BEt ROk present
forsem conductor chips conprising: perform ng plasnma

elrohdmgi o) aclseeond ssiaeRid ensebeordeeteinyaffithod for
that has a first surface on which sem conduct or

dgwd CeemRtaseActhra dh il by Qfrdavdh celorfd i @Rnth aspect,
wherein, after removing the corner portions put in cqntact
with the mask by performing the isotopic etching, the mask
is removed by performing ashing on the second surface of
the semiconductor wafer.

‘According to a fifteenth aspect of the present
invention, there 1is provided the manufacturing method for
the semiconductor chips as defined in any one of the ninth
through fourteenth aspects, wherein, the plasma etching is
performed from the second surface of the semiconductor
wafer on which the mask is placed, the mask having roughly
convex curved portions formed in portions that correspond
to the corner portions of each of the device-formation-
regions, each of the device-formation-regions having a
roughly rectangular region.

According to a sixXteenth aspect of the present

invention, there is provided a manufacturing method for
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regi ons defined by dividing regions are fornmed and
onto which a protective sheet having an insulating

wonopant43i s stuck and a second surface on whi edTaPIR&507996

for defining the dividing regions is placed, the

second surface being | ocated oggosite fromthe first

surface, whereby portions that-Correspond to the

di viding regions are renoved and the insulating

protective sheet is exposed from etching bottom

portions, and then the devjce-formationregions are
sﬁﬁﬂ%%ﬁ%é?qqﬂQ)qnﬁﬁﬁﬂ?ﬁﬁﬁr%ﬁﬁﬁ%bnductor chi ps/ and

removi ng corner portions put in contact with the

i nsul ati ng RICtEcting Bhesra apteBiéRJoP™ Ife Second surface of
sem conduct or chips by perform ng the plasma etching _
in aestigordiatami otpidie Ehpbsdbsupf dddesstof sahéace on which
insulating filmare charged with electric charge due
teenbosndurtplas geyviwes epy.asendi conduet arlughilgsy of device-
i ncludi ng individualized sem conductor devices are
ciomsegitiest4 ne qieong adkedfiedd Vibrer eliviidsoty opecigphasmre formed
etching is further perforned fromthe second surface

aind hensem webdhctor prefreictakret heheadi Waltialy an insulating
sem conductor chips with the mask placed at any timng

SsErof Al t eruekpasHr e elchheprefratide/@mshgetcora mask for
renoval of the corner portions is carried out.

AeSOT MY 11 A seventgenth: aspecs 9iatbg, Presestcond surface
invention, there is provided the manufacturing nethod
f]:S)éing located opposite from the first surface, whereby
portions that correspond to the dividinglregions. are
removed and the insulating protective sheet is exposed from
etching bottom portions, and then the device-formation-
regions are separated into individual semiconductor chips;
and

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

wherein isotropic plasma etching 1is further
performed from the second surface on the semiconductor

wafer or the individual semiconductor chips with the mask

placed at any timing before or after exposure of the
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the sem conductor chips as defined in claimthe
si xteenth aspect, wherein the corner portions put in

woanicaar42sd t h t he mask placed on the second SuPEaaR2006/307996

side are renoved in the device-formati on-regi ons of

the sem conductor wafer or the.sem conductor chips by
carrying out the isotropic plaéﬁa et chi ng. Accordi ng

to an eighteenth aspect of the present invention,

there is provided the manufacturing nethod for the

sem conduct or chi ps as defineg in_claimthe sixteenth .
RPRESCLIFRr eitfqthe 0&xpdSHPEaLf Phe POt ETRREF skE&t1ons 1s
is performed by carrying out anisotropic plasma
et2RFHRf ot he semiconductor wafer, the corner portion
removal processing is carried out by continuously
perforning-A%@Oeﬁf%@tt@chSQW@WK@@Pﬁ%uP%HﬁQFt%@ the present
corner portions brought in contact with the mask are

r emverdidy, caheyend sourrehiededotbpi cnaaudsiotgdypng method for
switching over fromthe anisotropic etching to the

i slo¢ opemiebniiogorActdndi g t de finedetieentllaiaspelee efixteenth
the present invention, there is provided the

magpéect uihege et tivd Eortdre senttonduptivrinhcpstast with the
defined in the eighteenth aspect, wherein the

sihsRhpygEchebnealhd Nee @S oslippheeelstlliengrand-dieved in the
i sotopic etching is performed by switching over
device-formation-regions of the semiconductor wafer or the
semiconductor chips by carrying out the isotropic plasma
etching.

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

the exposure of the protective sheet is performed
by carrying out anisotropic plasma etching on the
semiconductor wafer,

the corner portion removal processing is carried
out by continuously performing the anisotropic étching, and

then the corner portions brought in contact with
the mask are removed by carrying out the isotopic etching
by switching over from the anisotropic etching to the
isotopic etching.

According to a nineteenth aspect of the present

invention, there is provided the manufacturing method for
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bet ween pl asma conditions for the anisotropic etching
and plasma conditions for the isotopic etching

wdet@rima2ed byconbi ni ng one paraneter or a pl upariPy06807996

paranmeters including a pressure of a gas for plasnma
generation, a gas conposition,Hgihigh-frequency out put

or a discharge frequency. Acco ng to a 20th aspect

of the present invention, there is provided the

manuf acturi ng nethod for the sem conductor chips as

defined in the sixteenth aspect, wherein, after the
cggﬁeFe%%??VgﬂggﬁFoﬁﬁﬁPSiﬁscéﬁFéE?dmﬂPhthﬁeeﬁ&?ﬁeﬁpéh aspect,
repoved by performng the isotopic etching, the

ingF%%?ng protective sheet is renoved by being peel ed

off fromthe first surface of the sem conductor wafer.
Accordi ng tbha Zwitehkgest betieenpr Rentanimaitdwi; etching
there is provided the manufacturing method for the
sehficéhgucidptehiips efschdefd néd ipemfgrmve bl tdwitching over
si xteenth through 20th aspects, wherein, the plasma

ebehvegni plpemboramtiitriomd hEosethed stirdceommifc t Beching and
sem conduct or wafer on which the mask is placed, the
me$&shavicogdidugilsy fonvekecut y@topde t rtiher Betéimined by
portions that correspond to the corner portions of

eachbDiitfie oryi cpatangationpegi ansplgaghief; tbe parameters
devi ce-formati on-regi ons having a roughly rectangul ar

r egeidi g Car giragshi@ea 022nd edr 0b14 418 PEESEPEion, a gas
i nvention, there is provided a sem conductor chip

ha¥hp@s Brion, a high-frequency output or a discharge
frequency.

According to a 20th aspect of the present
invention, there is provided the manufacturing method for
the semiconductor chips as defined in the sixteenth aspect,
wherein, after the corner portions brought in contact with
the mask are removed by performing the isotopic etching,
the insuléting protective sheet is removed by being peeled
off from the first surface of the semiconductor wafer.

According to a 2lst aspect of the present
invention, there 1is provided the manufacturing method for
the semiconductor chips as defined in any one of the
sixteenth through 20th aspects, wherein, the plasma etching
is performed from the second surface of the semiconductor
wafer on which the mask is placed, the mask having roughly

convex curved portions formed in portions that correspond

to the corner portions of each of the device-formation-
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roughly rectangul ar shape obtained by dividing a
sem conductor wafer in which a plurality of

woeenmisciandsict or devices are forned i nto indivi dea/JP2006/307996

pi eces of the sem conductor devices, wherein the

rectangul ar shape of the chip ig defi ned by rounded
ridgelines thereof. According td a 23rd aspect of the
present invention, there is provided the sem conductor

chip as defined in the 22nd aspect, wherein a curved

convex surface portion is forned I n portions that

cbFFEYHoNd §3°1 hér odiied @N&g@r.fﬁéfgla&fl%éeglons having a
rectangul ar shape, According to a 24th aspect of the

pt ¢ Yl%@%%%?%% a¥hePeL PR3- provi ded a seni conduct or

chip conprising: a first surface on which

sem conduct®eceeditgs BPe Por REdd a awssHd sef f athe present
| ocated parallel to the first surface on a side
opposi o obehe flisr providkdce; sawi@rmbmrient i onip having a
surface, which is | ocated at peripheries of the first
smﬁ@lchyanctemtmrmmm swfaace amdbtedmeert sbyn odtieriding a
end portion of the first surface and anouter end
peenicamaictde wacemnd isunfiaceh whereiraltihe cohneehtiednductor
surface has a curved convex surface portion so that no

rdelgatésne iaxef Or fEEmad (Mot ein@AdipQELi Onsiskethe of  the
first and the second surfaces.
semiconductor devices, wherein

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

According to a 23rd aspect of the present
invention, there 1is provided the semiconductor chip as
defined in the 22nd aspect, wherein a curved convex surface
portion is formed in portions that correspond to the
rounded ridgelines of the rectangular shape.

According to a 24th aspect of the present
invention, there 1s provided a semiconductor chip
comprising:

a first surface on which semiconductor devices
are formed;

a second surface located parallel to the first
surface on a side opposite from the first surface; and

a connection surface, which is located at

peripheries of the first surface and the second surface and

connects an outer end portion of the first surface and an
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According to a 25th aspect of the present invention,
there is provided the sem conductor chip as defined in

woOherc242423 aspect, wherein the connecti on surfaeeTiB2006/307996

conpri sed of the curved convex surface portion

According to the present invention, by enploying a

seni conduct or wafer on which tH& insulating filmis

placed in the portions that correspond to the dividing
regions of the first surface as the sem conduct or

wafer, and renpying the corner portions of the forned

SEhr Sondi t%?ggﬁ?ﬁso yERer FBFRR gSBFgéﬁﬁ'eWEﬁFﬁ@n

process on the second surface, a nmanufacturing nethod

for sem contli®t oFCBREBEIEApalsE ToCef oMfishg,2 f ofurved convex
exanpl e, Rportions (rounded portions or curved convex

SHF BRee por¥ F6nB) sat thak Renplddetbrpet spéprinedsagnghe outer
i mprovi ng the transverse rupture strength can be

aeihi eveEtions coficteeefibytrandvihg s@eopdr siiofiscehat
correspond to the dividing regions by carrying out the

pl asma et chhngopdbogsston the 2561 carxdusttor aéif ethet heresent
insulating filmis exposed fromthe etching bottom

portemni orsubsEtsnt lig, pyovadednutig tdemidd@Asd®ctor chip as
etchi ng process, the exposed insulating filmcan be

chef gestd Wi h hthesRuitvie aehicgsduthd e trhec h®nsohRetBEon surface
pl asma. By bending the trajectory of the applied ions

bys tdemet £6éd 1 67 CHRE JeuERSET EH8FeRDOYEFatBELSPRE BN .

corner portions or ridgelines of the sem conductor

chips put iRccoR4AEE Wbt BhEhe A atiRE{¢1dR, by employing
a semiconductor wafer on which the insulating' film 1is
placed in the portions that correspond to the dividing
regions of the first surface as the semiconductor wafer,
and removing the corner portions of the  formed
semiconductor chips by performing plasma etching process on
the second surface, a manufacturing method for
semiconductor chips capable of forming, for example, R-
portions (rounded portions or curved convex surface
portions) at the removed corner portions and improving the
transverse rupture strength can be achieved.

In concrete, Dby 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
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can be renoved. By renoving the sharp corner portions
of the sem conductor chips, sem conductor chips, which

woamesiups ess the occurrence of chipping in thecT/Jr2006/307996

manuf act ured semn conductor chi ps and of which the
transverse rupture strength is jnproved, can be

manuf actured. Further, by performng the isotropic

pl asma etching on the sem conductor wafer or the

i ndi vi dual sem conductor chips in a state in which the

mask is placed at any tim.ng before or after e .
dﬁ@uﬁ@tdﬂ“%xb@%%rénp¥58e§§%%,aTrm?%oPﬁ%PlﬁgrﬁgghtrajeCtory

removal processing or the insulator renoval roce§§kp%b
pE ther ppeléed, 1eRENPHg RSN SBESHEL o qRerioe ove
direction along the surface of the sem conductor
whter , shagp, thermpdt hibeetdPrecti®h of ¢S HNER ngt  the
regions. By thus perform ng the isotopic etching, the ,
semtepnpordtticonshipsught iin comtact with tHe maslating film
pl aced on the second surface side are renoved in each

ebnt be dewicsed.or mation-regi ons, and the structural

strength of the forned seni conductor chips can be

i mproved. Fieretaveingl | thee shagel icvesmeranpbetiemsvedt the
fromthe formed sem conductor chips, and the curved

GRAMOXSUhfAGH- POEhi §BS CagemecdmdueEtbt n tddpgxgsi t wbhsh  can
that correspond to the ridgelines. Mreover, the

P ot By the e o oagesr ng of eurting. el
@@ﬁ%gd%ﬁdgtépechﬁbg bty of which the transverse rupture
strength is improved, can be manufactured.

Further, by performing the isotropic plasma
etching on the semiconductor wafer or the individual
semiconductor chips in a state in which the mask is placed
at any timing before or after the insulator exposure
processing, the corner portion removal processing or the
insulator removal processing is carried out, etching can be
performed in the direction along the surface of the
semiconductor wafer, i.e., the widthwise direction of the
dividing regions. By thus performing the isotopic etching,
the corner portions brought in contact with the mask placed
on the second surface side are removed in each of the
device-formation-regions, and the structural strength of
the formed semiconductor chips can be improved.

Therefore, all the ridgelines can be removed from

the formed semiconductor chips, and the curved convex
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by plasma etching processing, and this therefore
enabl es the prevention of the occurrence of a residua

woebkomss2aand a damaged | ayer. Therefore, sem cordugPme/307996

chi ps, of which the conf igurational structura

strength is inproved and the transverse rupture

strength is inproved can be pr8 i ded. Moreover, when

the exposed insulating filmis fornmed of silicon oxide

r polyimde, the insulating filmcan be positively

etched b erformng the plasma etching changi ng,

(e ol ?(%?r%/)lfg‘?rﬂ%’% fibf }:Fehe I94&edand ™ h ¥’reerr8\9§Ilt28H5 that
reliably be achieved. Mreover, when the exposed
i?%*iﬂf%?g%dfFPthg farged 1&rssi | MGPANeT4 dehet parved convex
exposed insulating filmcan be etched concurrently

wihfade BPERLARS peersiibed abavee ¢apobal fefrmade not by the
corner portions. Furthernore, by enploying an

itRchanl eyl ppovees svedshéercuas ingpr elewtdiney shieethe like but
adhesively placed to protect the first surface of the

s poaduet crtateiftey , premeeisngyt hermpbr thoss thwmtefore enables
correspond to the dividing regions for the exposure of

ttthes | prsev et £ hon pr Dt Eed | vecsheetcansf therealieal stress and a
continuing the plasma etching in a state in which the

ekos@sd | Naylkat i ngTheoteekkeye sshdeiorddat@st r ceabky of which
charged, the corner portions of the seni conductor

ctiPScEafi perdeimyed, steart et i r sy ehf 66t i8pMbta@8 and the
to the aforenmentioned effect can be obtained. Brief
Bﬁﬁ&ﬂé&%fé%1ﬁﬁp@ﬁﬁ%“é%%%ngth is improved can be provided.

A Moreover, when the exposed insulating film is
formed of silicon oxide or polyimide, the insulating film
can be positively etched by performing the plasma etching
by changing, for exampie, 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 portions.

Furthermore, by employing an insulating
protective sheet as a protective sheet adhesively placed to
protect the first surface of the semiconductor wafer,
removing the portions that correspond to the dividing
regions for the exposure of the insulating protective sheet

and thereafter continuing the plasma etching in a state in

which  the exposed insulating protective sheet is
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These and ot her aspects and features of the present
invention will becone clear fromthe foll ow ng

wdeswriipsaon taken in conjunction with the prebPerurmos/307996

enbodi nents thereof with reference to the acconpanying
draw ngs, in which: Fig. 1is % schematic structura
vi ew showi ng the construction f a pl asma processi ng
apparatus according to a first enbodi ment of the
present invention; Fig. 2 is a partially enlarged

ti.onal vjew of omer electrode of the plasm
ﬁﬁéi'EEﬁQﬂfjébpaF%¥¥ﬁgq% 1 ; CRrgsr SAPQHEQ§BSareOf the
schemat i structural V|em5 of the plasnma processing
SR FOF GRS | CaHhePE: rﬁ“@ve% mead igchdimt can effect
structural V|em13homnng a state in which the surface

SFiHa T dierthsl edtarsmen sl dng gl a6 & heaeder | st atede

by driving a power unit for electrostatic attraction,

and Fig. 3Bis a schematic structural view show ng a

state in which plasma is generated in a processing

drdrefe D cdimbiiany f Mmgwirequency power unit; Fig. 4

is a control block diagram showi ng the construction of

the controlTtsst emnaf bltdepl asspegerer ahdngfapparakusof the
of Fig. 1 ; Fig. 5is a schematic explanatory view for

qxfifﬁ?ﬁ ndnveatponnCvple dbedond asdTRet CifR@mPr @E8SSfollowing
gis;llption taken in conjunction with the preferred
embodiments thereof with reference to the accompénying
drawings, in which:

Fig. 1 is a schematic structural view showing the
construction of a plasma processing apparatus according to
a first embodiment of the present invention;

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

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

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

Fig. 3B 1is a schematic structural view

showing a state in which plasma is generated in a

processing chamber by driving a high-frequency power unit;
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used in the first enbodi nrent, showi ng a state in which
the insulating filmis not exposed from an etching

woabdeamqertion; Fig. 6 is a schemati c expl anaPOTYP20&IV7996

for explaining the principle of the plasma dicing
process nethod used in the firﬁ% enbodi nent, showi ng a
state in which notch formati on“fs perforned with the
insulating filmexposed fromthe etching bottom
portion; Fig. 7 is a flow chart showi ng the procedure
of a sem conductor wafer dividing nethod according to

the first enbdi fremtS Bi gORLEN { BloGHh 8eagFam showing the
schemati c expl anatory views of a sem conductor wafer _
SHOU Wi ¢ eI rvle ddie oo t 0 hetid it uP F nhereb hyema ogenerating
sem conductor chips according to the first enbodi nent,
viiraratpig oBA %. al i ew of a state before processing

is started, Fig. 8Bis a viewof a state in which a
protective Blhret 3 s belhesi vtheqpated, egptlafrgorgC vsew  for
a view of a state in which aresist filmis forned,
RxsladAndridughpdthaiplschémat ipd sexya ahiatiorgy i @vss ®f method
t he sem conduct or wafer show ng the processes of the
ssedohduther fchép smbulianent| nghoetihed o atdtuech fwiotkh the
Fig. 8C, where:

insulating film is not exposed from an etching bottom
portion;

Fig. 6 1is a schematic explanatory view for
explaining the principle of the plasma dicing process
method used in the first embodiment, showing a state in
which notch formation is performed with the insulating film
exposed from the etching bottom portion;

Fig. 7 i1s a flow chart showing the procedure of a
semiconductor wafer dividing method according to the first
embodiment;

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

Fig. 8A 1s a view of a state before
processing is started,
Fig. 8B is a view of a state in which a

protective sheet is adhesively placed, and

Fig. 8C is a view of a state in which a
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Fig. 9Ais a view of a state in which a mask pattern
for defining dividing regions is forned, Fig. 9B is a

woiew/10t42a state in which a plasma di ci ng procees/JPmne/307996

exposing the silicon oxide is carried out, and Fig. 9C

is a viewof a state in which g pl asma di ci ng process

for notch formation is carried gut; Figs. 10A through

10C are schemati c expl anatoryvi ews of the

sem conduct or wafer show ng the processes of the

sem conduct or, chip manufacturing nmethod conti nued from
F]fegs.l%t_c,g]v%‘érjes. f#?la?egm is a viewof a state in which
rounded portjons are formed by isotopic etching, Fig.

1B is a viWWof aisthhEoRERuwhieh i PFrisRasiicdesxplanatory
removing process is carried out, and Fig. 1CCis a
WY of Ol shat samiaiidietar dasntey phovéssi e Processes of
carried out; Figs. HA and H B are schematic

eipt aveibrgndievsr ofhihensanifectdudng medfted stovi igued from
t he processes of the sem conductor chip manufacturing
metdhodBComhamwed from Fig. 10C, where : Fig. 11Ais a

view of a state in which an adhesive sheet is

adhesi vel y stuckriw. nski-plaacerentof agestofe in which a mask
sem conductor chips, and Fig. HBis a view of a state
ipptdeh #d¥e defining dividing regions is formed,

Fig. 9B is a view of a state in which a

plasma dicing process for exposing the silicon oxide is

- carried out, and

Fig. 9C is a view of a state in which a
plasma dicing process for notch formation is carried out;
Figs. 10A through 10C are schematic explanatory
views of the semiconductor wafer showing the processes of
the semiconductor chip manufacturing method continued from
Fig. 9C, where:
Fig. 10A is a view of a state in which
rounded portions are formed by isotopic etching,
Fig. 10B is a view of a state in which a
silicon oxide removing process is carried out, and
Fig. 10C is a view of a state in which an
ashing processing is carried out;
Figs. 11A and 11B are schematic explanatory views
of the semiconductor wafer showing the processes of the

semiconductor chip manufacturing method continued from Fig.
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protective sheet is peeled off froma
circuit-formationface; Fig. 12 is a data table show ng

woOherspliagsa processing conditions used for therPpraBroes/307996

di ci ng process of a sem conductor wafer; Fig. 13 is a
schematic sectional view of th24plasna processi ng

apparatus in a state in which sem conduct or wafer is

| oaded; Fig. 14 is a schematic sectional view of the

pl asma processing apparatus in a state in which a

piﬁina dicing processing is carried out; Fig. 15 is a
sthemtierSectional view of the plasma processing

apparatus in a state in_which a plasna ashing _ .
processing is caft¥Pedlélt 15riysVienaathrdughatec igr ewhich an
schemati c explanatory views of a sem conductor wafer

sHOREREYS hehpebcass asthes iyedanisdotductor mefkpprlacement-faces
manuf act uri ng net hod according to a second enbodi nent

o?ft penprerdpctonvehiron, amflere: Fig. 16A is a view of

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

view of a state FhgwhitB asprooteidw vefsheettate in which the
adhesively placed, and Fig. 16Cis a view of a state
iprovhectiee r ebieet: fid npesledr neff FEirgs. al7Aitbuotgliormation-
17C are schematic explanatory views of the

seaaepnduct or wafer show ng the processes of

Fig. 12 1is a data table showing the plasma
processing conditions used for the plasma dicing process of
a semiconductor wafer;

Fig. 13 1is a schematic sectional view of the
plasma processing apparatus in a state in which a
semiconductor wafer is loaded;

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

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

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

Fig. 16A 1is a view of a state before

processing is started,
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the sem conductor chip manufacturing nethod continued
fromFi g. 16C, where: Fig. 17A is a view of a state in

wohowhiaeask pattern for defining dividing regCoaB200&307996

formed, Fig. 17Bis a view of a state in which a

pl asma di ci ng process for expoié_g a polyimde filmis
carried out, and Fig. 17Cis a“view of a state in

whi ch a plasma dicing process for notch formation is

carried out; Figs 18A t hrough 18C are schematic

expl anat ory vie ggﬁl sem conduct or _waf er, show ng

t he processes of cohdact'BreEheh ﬁan%?%%?urﬁnnd“’hmh a
nmet hod conti nued fron1F| .. 17C, where: Fig. 18Ais a
VPEX-SHo agcest at @ ?%h%ﬁ%ﬁﬁlYoﬁkﬁéﬁdpo?F@ons are

formed by isotopic etching, Fig. 18Bis a view of a

state in which an%iyﬂﬁﬁdéuilEnﬂﬂéﬁbv@ﬁgimr%%@EQ il® which a
carried out, and Fig. 18Cis a view of a state in
mh?%kﬁ%nf%%mlh@ peworeds is carried out;Figs. 19A and

19B are schematic explanatory views of the

sem conductBtgsvaf éiAshdwingt he7@r ecesseshafathe explanatory
sem conduct or chi p manufacturing method conti nued from
Frhewd 8€f wher eserfiqpndifA ds wa¥eewshbwanst aftes i processes of
whi ch an adhesi ve sheet is placed on

nelsk - peratesrdtictaceshdp manufacturing method continued from
Fig. 1e6C, where:

Fig. 17A is a view of a state in which a
mask pattern for defining dividing regions is formed,

Fig. 17B is a view of a state in which a
plasma dicing process for exbosing a polyimide film is
carried out, and

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

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

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

Fig. 18B 1is a view of a state in which a
polyimide film removing process 1s carried out, and

FPig. 18C is a view of a state in which an

ashing process is carried out;
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sem conductor chips, and Fig. 19Bis a view of a state
in which the protective sheet is peeled off froma

woiomuiiz428 or mat i onface; Fig. 20 is a flow char PCTIR2W0618)7996

t he procedure of a sem conductor wafer dividing nethod
according to a nodification ex Qple of the second
enbodi nent; Fig. 21 is a sche I c sectional view of a
sem conduct or wafer showi ng a seni conductor chip
manuf act uri ng nmet hod according to the nodification

exanpl e of the second ggb génent; Fig. 22 is a_flow ,
chart shomﬁ%bg?he ofor= uf ofra §§ﬂ$%%ﬁﬂﬁc?6?lﬁﬁPEPry views
diéighgg nmet hod according to a third enbodi nent of the
pTes | PYRHEPRPC T s WaESK t AROUGRI 2dE r BTeERERAEI ©F the
expl anatory views of a sem conductor wafer show ng the '
pF S RAUGFO¥ heh ke fawnbret oriedi Perapdf aerbiihngd from Fig.
net hod according to the third enbodi ment, where: Fig.
2B9Ci svkexgew of a state beforeprocessing is started,
Fig. 23Bis a view of a state in which a protective
sheet is adhesivEly. plaBed,s amdvEey. 0Z3G i statei eéw ofhich an
a state in which a resist filmis formed; Figs. 24A
tdadlmrgpiv@4 Csheetschematp taex@l apat omask-@acdmdtie-faces of
sem conduct or wafer show ng the processes of
semiconductor chips, and

Fig. 19B is a view of a state in which the
protective sheet is peeled off from a circuit-formation-
face;

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

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

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

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

third embodiment, where:

Fig. 23A 1is a view of a state Dbefore
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the sem conductor chip manufacturing nethod continued
fromFi g. 23C, where: Fig. 24Ais a view of a state in

wohowhiaeask pattern for defining dividing regCoaB200&307996

formed, Fig. 24Bis a view of a state in which a

pl asma di ci ng process for expo?Hng an insul ating
protective sheet is carried out,” and Fig. 24Cis a
view of a state in which a plasma dicing process for
notch formation is carried out; Figs. 25A and 25B are
schematic exglanator% views of the sem conductor wafer

oW T thE pFotedseedof the sem conductor chip
manuf act uri ng nmet hod conti nued frpn1Fiah_24C, wher e:
[

Fig. 25A is a viBW¥shéwPngt@a &t atiey nohhichs¥atinddg which a
portions are formed by isotopic etching, and Fig. 25B
iIRFACSFelvefshest ate adhopiealEncdadedg prdcess is

carried out; Figs., 26A and 26B are schematic

expl anatory vi ewsod. t B8Csehs cenduictworoiafeersshibei ng which a
t he processes of the sem conductor chip manufacturing

g shiosit chhtmnuedfdrmoed Fi g. 25B, where: Fig. 26Ais a

view of a state in which an adhesive sheet is placed

on mask- pl aEegent 28 acehefugtent ¢onduet ayctodidisic asBfplanatory
Fig. 26Bis a view of a state in which the

views of the semiconductor wafer showing the processes of
the semiconductor chip manufacturing method continued from
Fig. 23C, where:

Fig. 24A is a view of a state in which a
mask pattern for defining dividing regions is formed,

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

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

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

Fig. 25A is a view showing a state in which
rounded portions are formed by isotopic etching, and

Fig. 25B 1is a view of a state in which an

ashing process is carried out;

Figs. 26A and 26B are schematic explanatory views
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i nsul ating protective sheet is peeled off fromthe
circuitformat ion- face; Figs. 27A through 27C are

wecehmwnma428 expl anatory views of a sem conduct oPCWIPENG/307996

showi ng a conventi onal seniconductor chip
manuf act uri ng net hod, where: % 27A is a view of a
state before processing is sta? ed, Fig. 27B is a view
of a state in which a nmask pattern for defining
dividing regions is forned and Fig. 27Cis a view of
%ﬁft%%? in which a plasnma di ci proce is carried

|gsse1§389@réci%c YPd ec hEhArHRd exPianBEBE§SopEwLE the
of the sem conductor wafer show ng the processes of
t HEEER %ﬂ%}’ct?ﬁ%h%ﬂ%%?%‘é%w.Iﬁ@tlﬁ%@hsan*ééweﬁuéaom Fig.
fromFig. 27C where: Fig. 28Ais a viewof a state in
whi®h "HEEShi ng process is carried out, and Fig. 28B
is a view showing a state i n whichthe |nsulat|ng
protective sheetf'ds. pdéhed sof4 ¥iew e i stake- in which an
format ion- face; Fig. 2 9 is a partially enlarged ‘
adesitve vebaetn tike nelabbdr hond maskhipliakiempnt-faces of
regions o f the semi conductor wafer in a state in
vherchcamdupt@asneh do<) ngngr ocess of the conventiona
sem conductor wafer is carried out; Fig. 30 is a
schemati c perspectigve2gBeWs a view of a state in which the
insulating protective sheet is peeled off from the circuit-
formation-face;

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

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

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

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

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

Fig. 28A is a view of a state in which an

ashing process is carried out, and

Fig. 28B is a view showing a state in which



10

15

20

25

(including a partial renoval cross section) show ng
t he appearance of the sem conductor chip forned b vy

woOheregiem2gonduct or chi p manuf acturing nmet hod oPCTIR2006/307996

first enmbodinment; arid Fig. 31 is a schematic plan

vi ew showi ng the pl acenent of 2 resist filmin a state

i n which rounded portions are drmed at cor ner

portions b y the sem conductor chip manufacturing

met hod of the first enbodi nent. Best Mdde for Carrying
t the I nti on Be t he descrlptlon of the

Sert's Pigonpﬁ?gﬁg d¥e $h4%C 1 3Sp BeRoPEd 2hht from the

Ilk arts are designated b y like reference nuneral s
t Yout Ot LREOTRERYi ng drawi ngs . Her ei nbel ow,
one enbodi nent of the present invention is described
in detail Wi ra} ekeneeprant ikl ucenhpeogdngclenat hgsview in
. FI'RST EMBODI MENTCONSTRUCTI ON OF PLASMA PROCESSI NG
ARPARAF UShBpghoad s kdwsd b sdiregrat ¢gisns uctfuridie viemiconductor
that schematically shows the construction of a plasm
protessimga appatat Us 0l ahsadhef @rladima diingimy process of the
sem conduct or wafer by a manufacturing nethod for
semcanduetar sehijpsomdudber fuaddr endockh nehéd odut he
present invention. It is noted that Fig. 1is a
schematic sgirgict usal view showiskthematdrgi t gdirBakctive view
sectional view of the plasma processing apparatus 101.
Thncluding a partial removal cross section) showing the
appearance of the semiconductor chip formed by the
semiconductor chip manufacturing method of the first
embodiment; and

Fig. 31 is a schematic plan view showing the
placement of a resist film in a state in which rounded
portions are formed at corner portions by the semiconductor

chip manufacturing method of the first embodiment.

Best Mode for Carrying Out the Invention

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

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

FIRST EMBODIMENT
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pl asma processi ng apparatus 101 is the apparatus that
manuf act ures sem conductor chips by dividing a

woeemisciandsict or wafer, on the circuit-formti onPETIP2006/307996

(first surface) of which a plurality of sem conductor
devices are forned, into indivégual pi eces of the

sem conduct or chips that inclu t he sem conduct or

devices. In a series of manufacturing processes of the

sem conductor chips as descri bed above, a protective

sheet, ' i de_ of terial that is _|ess

ot onabP eV Flie TrdY s e o dens R APeriRlvs

principal material of the sem conductor wafer, is

stuck to tHet%irdui RPYFmat i BREPREELC | etrueheral fdew that
on which the devices are forned) of the sem conductor .
v RAMHREFR! heskans coprluerprtidevt tes afeafpla®maiprocessing
devi ce-formati on-regi ons defined by dividing regions
arravgrals nl @l reagdl fogr atlividihicke straplesorahit tomugkfer by a
for defining the dividing regions for separating the
devigEadiormiatg ometkgdof®r enicmhducuat phepss offr dthe first
t hesem conductor wafer is formed on a mask- pl acenent -

fatsod secund SwHace)esdat isvdibeiswr f ate dpposté® that Fig.
fromthe circuit-formation-face. Then, a plasnma

€l chisnga peohenatipl astBuPrOELSSivilgly Sskbwasg Phasi®ngitudinal
dicing is carried out by the present plasma processing

aatt ednisl klewprot hen Obh BLéy 5658 9Dy CLosaMaf s 101, The
the state. The construction of the plasma processing

{%ﬁ)ﬂ%lge.l USrHk dsSi P NGBl desqioiibed W ther ef §58PS8us  that
manufactures semiconductor chips by dividing a
semiconductor wafer, on the circuit-formation-face (first
surface) of which a plurality of semiconductor devices are
formed, into individual pieces of the semiconductor chips
that include the semiconductor devices.

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

mask for defining the dividing regions for separating the

device-formation-regions into individual pieces from the
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1. In the plasma processing apparatus 101 of Fig. 1 ,
the inside of a vacuum chanmber 1 serves as a

wonewmassi2ag chanber 2 for carrying out processpagJeioos/307996

t he objective sem conductor wafer and is able to form

a seal ed space for generating pl.asma under a reduced
pressure. A |lower electrode 3 fli r st el ectrode) is

pl aced on the | ower side inside the processing chanber

2 , and an upper electrode 4 (second electrode) is

pl aced above the | ower electrode 3 and oppositely to
DHE T GURT ISR (P 25 aiEct 1 Gl § aRESKRR.HppBRRt-Tace
el ectrode 4 have a roughly cylindrical shape and are

cOPREMRT i SANHRCE)r aﬁ&é% i S t h&pr sBESSFRg GRepkEe 2 from the
The lower electrode 3 is placed in a state in which

i $5r pet Fpherya tsorufreanded Theni nsal Riagraesbehs ngA process
and 5B that are two layers nounted to fill up the

bt afpREIePSBing hespebcessphygspvhadbein® amdcarsied out by
upper surface for retaining the object to be processed

ith¢i xpdeegpbseddtasmize cenesspong i oapphrahesbotltddm on  the
portion of the processing chanber 2 . The | ower

ebleTecodiee FIaemicmduoton wafwltcivrtisachtase al um num

and i ncludes a disk-shaped el ectrode portion 3a for

retaining ttige objeegistirdig opy ocessedtiadd @le@mdMmaprocessing
support portion 3b that protrudes downward fromthe

| e r Stud acel of s t Een€FEEL T PU POF1HOA WRrRNH¥BPSEce to Fig.
one end is forned exposed outside the vacuum chanber 1

in an integrated state. Moreover, the support

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 under a reduced pressure. A lower
electrode 3 (first electrode) is placed on the lower side
inside the processing chamber 2, and an upper electrode 4
(second electrode) is placed above the lower electrode 3
and oppositely to the lower electrode 3. The electrode 3
and the upper electrode 4 have a roughly cylindrical shape
and are concentrically arranged in the processing chamber 2.

The lower electrode 3 is placed in a state in
which its periphery is surrounded by insulating members 5A
and 5B that are two layers mounted to fill up the bottom
portion of the processing chamber 2 and its upper surface

for retaining the object to be processed is fixed exposed
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portion 3b is held by the vacuum chanber 1 via an
i nsul ating nmenber 5C, and the I ower electrode 3 is

wabbtmahed3t o t he vacuum chanber 1 in a state i RCHIPING/307996

it is electrically insulated by being thus retained.

The upper electrode 4 is nmade 35 a conductor such as
alumnumsimlar to the | ower €lectrode 3 and includes

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

support portion 4b that protrudes upward fromthe

upper  surface of the el ectrode portion 4a and whose

o%g ehdf i st REd BRPbieH o%?sig et heoV heunPeRaABEr ¢f the
in an integrated state. Myreover, the support portion
ABrPSeFEed r FRAMPETcont | NI toVehe e g6hGREhanbley made of a
and made el evatable by an el ectrode el evation unit 24
(Serdyppr 133uch Byag helamdgtbdersl evidcilogegni & 24isk-shaped
the upper electrode 4 is nmade el evat abl e between a
vweleetredali rigpuniondi By pbeiti vpatehatings the uppeecéndto be
position of the elevation and where a | arge space for

| padeags amdandl eadiodigmaase mupgaduc twsr wiafrer3ihetneenprotrudes
itand the lower electrode 3 is fornmed and a di scharge
spawewd od nEtdrontpesivwven shafats dPetheweleetdode portion 3a
position of the el evation and where a di scharge space

fandgenersat | fgeplasdmigi sthaide kpbddeds®uPs086SHHY vacuum
is formed between the upper electrode 4 and the | ower

eteghvOde13 in The eheebradeqelLvatd on wRkko?4r, the support
functions as an interelectrode di stance changi ng neans

apert Sordbl 8, t 0] ghapgeg an, nten el egt rodsg d&ﬁéﬁﬁ%? Dl via an
(see Fig. 2 ) between the | ower electrode 3 an
insulating member 5C, and the lower electrode 3 is attached
to the wvacuum 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 wunit 24 (see Fig. 13). By the electrode
elevation unit 24, the upper electrode 4 is made elevatable
between a wafer loading/unloading position that is the

upper end position of the elevation and where a large space

for loading and unloading a semiconductor wafer between it
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t he upper el ectrode 4 by noving up and down the upper
el ectrode 4 . The detailed structure of the | ower

wehewimpde 3 and the sem conductor wafer of thecouopmoé/307996

to be processed are described next. As shown in Fig. 1

, the upper surface of the elegtrode portion 3a of the

| oner electrode 3 is a planar et ention surface (one

exanpl e of the retention portion) on which a

sem conductor wafer 6 is placed, and an insul ating

coat i | ayer 3f is provided, around the entire,

C?Péuﬂg%r ﬁ@@rO@%Qﬂﬁzﬂﬁ%H3eaﬁefﬁéﬂﬁﬁoﬁqﬁ & hgischarge space
retention surface. The insulating coating |ayer 3f is

f SPHRAC 7 cBPEAtd cucHals Af uihsa, 1 @WK t Aedomcsl tdge of the
portion of the insulating coating |ayer 3f is

patevalrign caneérederpt A ahschauvat FRgcrefdber g5Aegeting plasma
shown in Fig. 1 in a state in which the | ower

efiéschodee 3tos phasredprinsedeinpeivsafammedhaabereh the upper
The outer edge portion of the |ower electrode 3 is

i asetatede f rdonenkle phasnevgeneredkeed nodet he. di sdhar gelectrode
spaceby having the structure, and abnormal el ectrical

de sevar gen canihe 207 efentiethfi$ oasbeimdi igenes Bé€trofé gdistance
2 is a partial schematic sectional view show ng a

Sthd®gimy Wiiceihd hangen £or@ie otoWadiginde | 2Pl agedrelectrode
the | ower electrode 3 before plasma dicing is started.

Thesseiacopdygker maf er2if hetReSEMERNAUGLY SULStF &€ 3 and
made of a principal material of, for exanple, silicon,

apRle aupbRirectivershast S0pks AFPEsLVElY ShHCKid®@na 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 vacuum chamber

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

insulated from the plasma generated in the discharge space
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circuit-formation-face 6a (first surface) of the
surface (lower surface side in Fig. 2 ) of the

woeenmisiandsict or wafer 6 . In a state in which tReT/JP2006/307996

sem conductor wafer 6 is placed on a retention surface

3g of the electrode portion 3a_that is the upper

surface of the |ower electrode % , the protective

sheet 30 is to closely adhere to the retention surface

3g. The protective sheet 30 has a construction that

includes an insulating |ayer obtained by formng an _.

i RS URaY i Rg F%Fm%ﬁﬁﬂ?t Snol 3% Ao DL 2+ PFhF 6Fa4 discharge
t hi ckness of about 100 mmand is peelably stuck to the

cFe e -BoPVRRE8A- fae® Baled ¢vABeSakfeonductor wafer 6

wi th an adhesive material. Wen the sem conduct or

wafer 6 to Wh¥eh 4 hésprot éeafveashemthe@mliic stageikciional view
retained on the lower electrode 3 , the insulating

| shyewitainét i stetes &ndivéliadt r ithe nsehecondetcabkcabvdfer 6 is
attracting the sem conductor wafer 6 by the retention
spHdeed 8ny ofhé¢ héogleectalomtetpodd i 6n I3afcaase dedesimbedicing is
| at er. Moreover, with regard to the material of the
psdeicddve siket SOnicdndscipsefl ersfdre 60 5€l ect samiconductor
material that is |l ess etchable than silicon that is

t o P anice paladept e i al ©f i A BEPSBMnEARAUCLIOr o WAf ef6o6 example,
during the plasma dicing described |ater. Moreover, a

NPk @I aC ekt a f 3e6L bbt {seCOMbe UBH aALE) 2 QR Wit BBUCcKk to a
mask for defining dividing regions (dividing lines) in
t ke Bl s B St DO SERQe @8SCikPedi! al8Face) 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 sﬁrface of the lower electrode 3, the protective
sheet 30 is to closely adhere to the retenfion surface 3g.
The protective sheet 30 has a construction that
includes an insulating layer obtained by forming an
insulating film such as polyimide into a film of a
thickness of about 100 pum and is peelably stuck to the
circuit-formation-face 6a of the semiconductor wafer 6 with
an adhesive material. When the semiconductor wafer 6 to
which the protective sheet 30 is stuck is retained on the
lower electrode 3, the insulating layer functions as a
dielectric in electrostatically attracting the

semiconductor wafer 6 by the retention surface 3g of the

electrode portion 3a as described later.
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is placed is provided on the opposite side (upper side
in Fig. 2 ) of the circuit-formation-face 6a. The mask

woOodeanzesl by abradi ng the surface on the si depPchar2006/307996

beconmes the mask-pl acenent-face 6b by, for exanple,
machi ni ng as described |ater and thereafter patterning
the surface with a resist film-3la, by which regions
excl uding the portions that correspond to the dividing
regions to be subjected to the plasnma etching are
covered with the resist, film3la. That is, the

portions tHaPTEBYFEspdhdh o Ha¥@feviCef bR fatiaerial of the

regions are covered with the resist film3la on the _
K=F abeFefbephice6b 16f itheLfGdHduCtRrsomPeE 8 material

so that mask slit portions 31b are arranged in the
;ﬁﬁ4¢0h§lﬂﬁﬁsc@F@g@@bﬁdth@mlﬂ#lﬂqnﬁﬂh@ate@anﬁhe principal
Mor eover, as shown in Fig. 2 , the |ower electrode 3
haaterpilr alf t fhef semicasnduetdwl esf8e thatluopeg orhe plasma
the retention surface 3g, and the attraction holes 3e
coiheriumg cad¢ecwibbdalaueti on hol e 3c provided in the

| onerel ectrode 3. A s shown in Fig. 1, the suction

hol e 3c i s Monaected tm a waGEkHPlsdeiicat Adge: 12 66 @ dsecond
gas |ine swtchover valve 11, and the gas |line

ssvit Loy er ovalwieidil the CaRRACt B6lr t Be@AnNA gyasi $IPNY regions
unit 13 that supplies N2 gas. By switching the gas

| {dver s g hpygesyal verdd, p1 Hgnsugt & PAghet 848C168RrRBed 1ater
sel ectively connected to the vacuum suction punp 12 or

the NPagag SUPRINoMRIdD Ih +ReCBPRELELEe RY Rel BGtIdW side in

t he 'vacuum sucti on punp
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 1is, the portions that correspond to the device-
formation-regions are covered with the resist film 3la on
the mask-placement-face 6b of the semiconductor wafer 6, so
that mask slit portions 31b are arranged in the portions
that correspond to the dividing regions.

Moreover, as shown in Fig. 2, the lower electrode
3 has a plurality of attraction holes 3e that open on the
retention surface 3gq, and the attraction holes 3e

communicate with a suction hole 3c provided in the lower
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12 by the gas line switchover valve 11 and driving the
vacuum suction punp 12 in a state in which the suction

woab@/13z280nuni cat es with the vacuum sucti on pamgrPHae/307996

t he sem conductor wafer b placed on the |ower

el ectrode 3 can be held by vac attraction by

ef fecti ng vacuum suction throu the attraction hol es

3e. Therefore, the attraction holes 3e, the suction

hol e 3c and the vacuum suction punp 12 serve as vacuum
suction ans for retaining the sem conductor wafer 6 i
b %%Eﬁ%ﬁ?agrrac%?oﬁh?wnal i ntwhFeR Sietion hole 3c is
protectjve sheet 30 is closely fit to the retention .
STRHRRELRY OFO t Re BRERERodRIGHE PR 0PI by 2ef Véat i dg 925 line
suction through the attraction holes 3e that open on

tFel Fehenier oNadief dde FdfthheJpsnding efiloeeover valve 11
Moreover, by selecting the N gas supply unit 13 by the

ges FPpaeshedchovem i vaad 1sapdlyomnédt iy thet supplies N:
suction hole 3c to the N2 gas supply unit 13, the N2

g@5s can Bye gwshenindir bhgh gae hine aswibnhbokes Belve 11, the
agai nst thel ower surface of the protective sheet 30.
ThecitNRomgakoile Bhe cgas bfeors dileovit ing: Ipurquaseed td@ndedthor vacuum
compul sorily separating the protective sheet 30 from

thect sbenpiuap S2rdacehsgNayHesarddied Jratteri 3 Mor eover,
as showin Fig. 1, a refrigerant passage 3d for

cooling userhscerevéeled by sbeckoyvey ehectredam3suc®dn pump
the refrigerant passage 3d is connected to a cooling
u t 30 ¢ BY YdsVi Dhd NeuGRUHARAUMNL140, 18 and driving the
vacuum suction pump 12 in a state in which the suction hole
3c communicates with the wvacuum 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 3¢ and the vacuum suction pump
12 serve as vacuum suction means for retaining the
semiconductor wafer 6 by vacuum attraction in a state in
which the protective sheet 30 is closely fit to the
retention surface 3g of the electrode portion 3a by
effecting suction through the attraction holes 3e that open
on the retention surface 3g of the lower electrode 3.
Moreover, by selecting the N; gas supply unit 13
by the gas line switchover valve 11 and connecting the

suction hole 3c to the N; gas supply unit 13, the N; gas

can be gushed through the attraction holes 3e against the
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refrigerant such as cooling water circulates in the
refrigerant passage 3d, by which the sem conduct or

wobmriibi2ss cooled via the | ower el ectrode 3 aRrdTibmo6/307996

protective sheet 30 on the |ower electrode 3 of which

the tenperatures are raised by Seat gener ated during

the plasma processing. It is néted that the

refrigerant passage 3d and the cooling unit 10 serve

as cooling nmeans for cooling the . lower electrode 3 .
reover, i_n the plasma processi ng apparatus 101 of ,

Eﬁﬁ7eﬁ.?uﬁf§§€u6ﬁ$ﬁﬂﬁ% %E?EGEBHK%C§§€e¢ié3%n extigudl: g9as is

swi tchover valve 7 to an exhaust port |a provided .

dotmrufiasat ifRF wolRWiRE pPyEessengleharBed 2forpycompulsorily

driving the vacuum punp 8 by swi tching the exhaust

SRRV vdihe ProFadid wxhabsetsi 80, thempr bessiagention

chanber 2 of the vacuum chanber 1 is internally

eswcietedy ad$ ov s ithed ptatessi ng chanber 2 to be

internally deconpressed. Mreover, the processing

chanber 2 hasreoyressue semswr A8(nbtgshown ia Frgfrigerant

, see Fig. 4 ) , and by controlling the vacuum punp 8

assapnt rad Wit 3do(seey Fiuge 41y dpseribed | aherthe lower

the basis of the pressure neasurenent result of the

R lasStif 1S €3S dn@ & hd hee PF DEEsSI N LAber3d €aNchn®ected to
internally deconpressed to the desired pressure. The

aceuBuRuep Snfer 1deconmesaireifg e desi8dy unit 10, a
pressure can be controlled by directly controlling the

add h @bl bidy OfstNec%aguym pue 8 IdS&l1Mes in  the
usi ng,” for exanple,

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
unit 10 serve as cooling means for cooling the. lower
electrode 3.

Moreover, in the plasma processing apparatus 101
of Fig. 1, a vacuum pump 8 is connected via an exhaust
switchover wvalve 7 to an exhaust port 1la provided
communicating with the processing chamber 2. By driving
the vacuum pump 8 by switching the exhaust switchover valve
7 to the exhaust side, the processing chamber 2 of the
vacuum chamber 1 1is internally evacuated, allowing the

brocessing chamber 2 to be internally decompressed.

Moreover, the processing chamber 2 has a pressure sensor 28
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a variable capacity type as the vacuum punp 8 or
provi di ng an openi ng regul ating valve (butterfly val ve

wenaene)112423t he evacuati on path and indirectly PCT/JP2006/307996

controlling the evacuation ability by controlling the
opening. It is noted that the gcuun1punp 8 and the
exhaust sw tchover valve 7 ser as an evacuation unit
(deconpression neans) that internally deconpresses the
processi ng chanber 2 to the desired pressure.

reover, by.swi tching the exhaust sw tchover val ve 7,
{\/%m( ese%?%sbﬂeﬁlg'o en 59e 19 helat méSfhdre feptrolling the
i ntroduced into the processjing chanber 2 through the

SACHR BOFP PaPYald GG @ helhht efhal(SscedsiF e b ¢pecribed
processi ng chanber 2 to be restored to the atnospheric

rel the dorsid edfsithectRires 9ire haegppeement result of
el ectrode 4 is described next. The upper electrode 4
Hde apEeRtuireelssstsyde2 por titon Aucapdsangarmhdmyer 2 can be
menber 4f constructed of an insulating film provided
fiintemrnal the dadcenperssster dlo paihki odesfirelde elrestnode The
so as to surround the el ectrode portion 4a. The
armmler penbed #Afr hbsc@iptass idm dianmtterdeatleed pressure can
approxi mately equal to the outside dianeter of the

éleectemtterpbl éd orbga afrthelyppeoneleatiiede 4wnd éSacuation
concentrically arranged in a shape that expands

eivard) Yo of thdievet e mpanpnti ak seurf ase ofiddle foMeExample,
el ectrode 3 . The annul ar nmenber 4f plays the rol e of

kol gk 1sn &l sishaped 9@se bhawAg RAAN P! A8 pFoviding
a | ower center
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 wvalve 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 la, allowing the internal pressure of the
processing chamber 2 to be restored to the atmospheric
pressure.

The detailed structure of the upper electrode 4
is described next. The upper electrode 4 has a center

electrode portion 4a and an annular member 4f constructed

of an insulating film provided fixed to the outer
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portion of the upper electrode 4 . The gas bl ow ng
portion 4e supplies a plasma generating gas for

wgeonmwriat42ag pl asma di scharge in the di scharge BOage2006/307996

formed between the upper electrode 4 and the | ower

el ectrode 3 . The gas bl ow ng ggrtion 4e is a nenber
obt ai ned by processing a porous”material that
internally has many micropores into a disk-1ike shape
and is able to supply in a uniformstate the plasnma

enerating. gas supplied into a gas retention space 4g,

?Eﬁg?%rghrPSEﬁagg B tHE | LERM¢ a8 G thfe surround the
el ectrode portjion 4a of the upper electrode 4 , the o
UpheFEER0E akRr bt OB hdagas THLoRMAY 16T Madete dhdhafean inside
i nner peripheral surface of the annular nenber Af, by
kRt e hengds @MForHNE Usllow ¢qital t Be ditschetiyeldpadéameter
via the mcropores. A gas supply hol e 4c that
cofmii cat estypdd poetgas 4etehtilon sppee dfeckrode 4 and is
provided in the support portion 4b, and the gas supply
hodecent 1 sczbimneetrednpeda ipl asmagener afhiaty gasarsdppbytwardly
unit placed outside the vacuum chanber 1 . The pl asma
gehethti ng. mppefeatars ikds auffacé gaEs sheplyweni tel2Arode 3.
a second gas supply unit 20B, a third gas supply unit

2z andnalbeunidhnigas sEPPLAVEN th@ORocase aopl ubabihy of disk-
gas supply units that individually supply gases of

(ﬁﬁiﬁé&nba%imﬁbwﬂn%a%d?ﬁ@&w pertd-dd unet i YN 1¥fyer center
pi ping) 19 to m x the gasses supplied fromthe gas

SHPPE Yo £ SRR p B « 2Lt AL 20D and put the gas

conposi tion
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 uniform state the plasma generating
gas supplied into a gas retention space 4g, which is
surrounded by the lower surface of the electrode portion 4a
of the upper electrode 4, the upper surface of the gas
blowing portion 4e and the inner peripheral surface of the
annular member 4f, by making the gas uniformly blow into
the discharge space via the micropores.

A gas supply hole 4c that communicates with the
gas retention space 4g is provided in the support portion

4b, and the gas supply hole 4c¢ is connected to a plasma
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into a uniformstate, and a gas flow rate regul ating
section 21 that is placed between the gas m xing

woaodsitom2i9 and the gas supply units 20A, 20B, PRODIPENG307996

20D and individually regul ates the supply flow rates

of the gases supplied to the gg@ m xi ng portion 19.

The gas flow rate regulating séction 21 has a first

flow rate control valve 23A that independently

regul ates the flow rate of the gas supplied fromthe

first gas supply unit 20A, a first on/off valve 22A

chpapt %?giﬁgﬁ¥rL&H9 t i gas Rippey, Quteedhd Fhew vacuum
rate control valve 23B that independently regulates

t AP +at IR RISTHRSI PR T Y f ABRREABUS ekdRdaghsTst gas
supply unit 20B, a second on/off valve 22B capabl e of
i%ﬁl@?f&ﬁp&lmh@ 2PR, gasssgpphy gag thided ¥f Wiy 2@ cont Ebird gas
val ve 23C that independently regulates the flow rate

oFuREY g isupp?¢ edni ot theaintiti r dagassepphy y umiditt 20D as a
20C, a third on/off valve 22C capable of interrupting
tiheugmki syipplfy, gasf osupply| omitad e thait r dhdabidu2dDy supply
that independently regulates the flow rate of the gas

sy $ edlf fdiohideent duitds gas gapphyx mgtp@Ebiémd (function of
fourth on/off valve 22D capable o f interrupting the

gaiso Buppl yo Themapeniyy i8dol sapglibae amoafl ftieondd®l supply
of the valves are executed by the control unit 33

desctd bedal aven, Thec plaasime @ oggasidfig: apRar 3l dposition
of the present first enbodinent is able to supply, for

?%?g?'gzsﬁgﬁggﬁgr bexat! uorigde gagSFgh o OPLERe requlating
section 21 that is placed between the gas mixing portion 19
and the gas supply units 20A, 20B, 20C and 20D 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 wvalve 23A that independently
regulates the flow rate of the gas supplied from the first
gas supply unit 20A, a first on/off valve 22A capable of
interrupting the gas supply, a second flow rate control
valve 23B that independently regulates the flow rate of the
gas supplied from the second gas supply unit 20B, a second
on/off valve 22B capable of interrupting the gas supply, a
third flow rate control valve 23C that independently
regulates the flow rate of the gas supplied from the third

gas supply unit 20C, a third on/off valve 22C capable of

interrupting the gas supply, a fourth flow rate control
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unit 20A, helium (He) fromthe second gas supply unit
20B, oxygen (O 2) fromthe third gas supply unit 20C

wandetin2f£B uor omet hane (CHF3) fromthe fourth gasTIRPé/F7996

unit 20D. The plasma generating gas supply units
constructed as above makes it gssible to individually
regulate the flow rate of the g s(es) supplied from
one or a plurality of gas supply units selected from
the gas supply units 20A, 20B, 20C and 20D by the gas

flowra regul ating section 21, supply a m xed gas
(%?Y%?ngﬁ% €§%§ b@dgﬂﬁn ?%%dragglagﬁﬁogh?iShoynaate of the
flowrate to the gas m xing portion 19 and supply the

o3RS (HPEd 1§5s) TReRedtien TPerblas 9Aski ABPBAYL (WBH 1920D and a
into the discharge space through a gas supply hol e 4c,

af gasth evBALEdn Ephve 2g§Pancepelghe IHfowingepouptongdethe gas
Mor eover, by changing only the supply flowrate

W EpBLY - chBngi Agenhadgasncomposind die iow/Qfff heoghsol of the
supply ratio by using the function of the gas flow
reabvescutatexegcseed i oy Ze tbabtcah unilitvBsludbkyribed later.
regul ate the flow rate of each gas, the interna

pressure ofThde pirasmssi pgochashey 2 ganadus 101 of the
controlled. In concrete, by controlling the gas flow

rat es¢egut Bt s DgembotiinBneliby abhe canty@pup)i t£S8 Rample, a
the basis of a preset pressure condition and the

| A Ef el hekeFIube itk tfes Pr@eEessi Mokhamaer s 2rdet eadedsypply
by the pressure sensor 28, the internal pressure of

thei processhagi Ghanhe] 2-6anthe gyt Q:?ast OB D¢ GRit 208,
with the pressure condition. Therefore, the gas f1ow
&t fodfIuUl@hi NER/ELIAR  third gas supply wunit 20C and
trifluoromethane (CHF;) from the fourth gas sﬁpply unit 20D.
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 uhits 20A, 20B, 20C and
20D by the gas flow rate regulating section 21, supply a
mixed gas (or single gas) of the desired gas composition
and flow rate to the gas mixing portion 19 and supply the
gas ' (mixed gas) mixed in the gas mixing portion 19 into the
discharge space through a gas supply hole 4c, a gas
retention space 4g and a gas blowing portion 4e.

Moreover, by changing only the supply flow rate
without changing the gas composition, i.e., the gas supply
ratio by using the function of the gas flow rate regulating

section 21 that can individually regulate the flow rate of
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21 concurrently has the function of regulating the
conposition of the gas supplied into the processing

woheoshiez422 and the function of controlling thepcmurrnas07996

pressure of the processing chanber 2 . Moreover, as
shown in Fig. 1, the lower elegtrode 3 is
el ectrically connected to a hig -frequency power unit
17 via a matching circuit 16. By driving the
highfrequency power unit 17, a high-frequency voltage

lied tween the upper electrode 4 that is
Fe P%%m@‘%om’f%%lt FHE LA cohnT BRaRBeFegs ing chamber 2
grounded to a roundi ng portion 9 and the | ower
eFt PEILPLT R eq- regmtcowggﬁﬁ di¢ngpgerpdling the gas
generated in the discharge space between the upper
ef 82 r balke 4TaAy lekhd nbowectdioectdbdey3the eatrol unit 33 on
processing chanber 2 , and the plasma generating gas
suppl Pedlsnpd ttheopraglessragsehanivondd tipkesiral the internal
transition to the plasma state. Mreover, the matching
Pressurds dias thee forockiseingf  whtacttiary Qhedbﬂpedadceby the
of the plasmadi scharge circuit in the processing
chaedherre® serndot s highe f regeensy pbm@ﬁuﬂﬁlbflﬁhatpt66e531ng
time of generating plasma. In the present enbodi nent,

tdteartibgh- 21 eGuensy peveladsit th/ @vdntb@e Mpti€hi Nthe pressure
circuit 16 serve as one exanple of the high-frequency

PEyYRd i B Vi NEhsheyvieee, RtHd heds A1 &% Peﬁ’t’\@rré‘@uiaﬂgn&%ectlon
el ectrostatic attractlon is connected to the | ower

QiﬁCt&Qﬂ§u§r¥h§l§n REsf i i 1punBYi0h1 VbR9 th&:BGting  the
power unit 18 f
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 high-frequency power unit
17 via a matching circuit 16. By driving the high-
frequency power wunit 17, a high-frequency voltage 1is
applied between the upper electrode 4 that is electrically
continued to the vacuum chamber 1 grounded to a grounding
portion 9 and the lower electrode 3. As a result, plasma
discharge is generated in the discharge space between the
upper electrode 4 and the lower electrode 3 in the
processing chamber 2, and the plasma generating gas
supplied into the processing chamber 2 makes a transition

to the plasma state. Moreover, the matching circuit 16 has

the function of matching the impedance of the plasma
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el ectrostatic attraction, the surface of the | ower
el ectrode 3 is charged with negative charge (indicated

woyode/ 112428 the figure) as shown in the schemat PCTNPENG/307996

of the plasma processing apparatus 101 of Fig. 3A. A's
shown in the schematic vievvof4 he pl asma processing
apparatus 101 of Fig. 3B, if a Elasna 34 (indicated by
the dotted portion in the figure) is generated in the
processi ng chanber 2 by driving the high-frequency

p wer, unit 17 in this state, a direct current
Qﬁﬁq?anﬁrF5Uﬂi 33 tghﬁ §6ﬁ%ﬁﬁﬁ§§n@hecgéﬁ?ESnd%cﬁ%hth the

fer | aced on the retention surface 3g via the ,
bR Y LRt PRYFo PRetgrolindithgther thighe 9 ofs generating
formed via the plasma 34 in the processing chanber 2 .
A esul 1 atBPosuth 8T uismdskmesdquefbieal hjgh-frequency
connects the |lower electrode 3, the RF filter 15, the
>WoneHndli t1718 ahdr Wiecmpsshaniocc atreatti i, sheve as one
groundi ng portion 9 , the plasma 34 and the
sepagorel uct orhevaf egh-6Etesyd@rardoowad dhel gimd cdadiice or
wafer 6 is charged with positive charge(indicated by
"+" in the Fugtitey, . aTheD, paweaul anbtf arge fbakeslectrostatic
ef fect between the negative charge "-" in the

ret erddtoirors U $ acendgeédt be tawen celeectdieda rpdoraegia an RF
of a conductor and the positive charges "+" in the

seii ganducs or vafgr @irdhadde ot epti vgonheet lﬁQLE hatg  for
includes an insulating layer as a dielectric, so that

tdiee ;e Hnduct o waferiBni s r@ﬁ@'”%@r@ﬁthec£P“B%he lower
el ectrode 3 by the Coulonb force. At this tine, the

Rbectrode 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 (indicated by the dotted portion
in the figure) is generated in the processing chamber 2 by
driving the high-frequency power unit 17 in this state, a
direct current application circuit 32 that connects the
semiconductor wafer 6 placed on the retention surface 3g
via the protective sheet 30 to the grounding portion 9 is
formed via the plasma 34 in the processing chamber 2. As a
result, a closed circuit that sequentially connects the
lower electrode 3, the RF filter 15, the DC power unit 18
for electrostatic attraction, the grounding portion 9, the
plasma 34 and the semiconductor wafer 6 is formed, and the

semiconductor wafer 6 1is charged with positive charge
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filter 15 prevents the radio-frequency voltage of the
radi o- frequency power unit 17 from being applied

wdiomatiz43t o the DC power unit 18 for el ectrosParir2006/307996

attraction. It is noted that the polarity of the DC
power unit 18 for electrostati% attraction may be
reversed. As described above, A the pl asma processi ng
apparatus 101, the conponents that substantially
contribute to the generation of the plasnma can al so be

referred to.as a plas eperati ng apparatus .
hih%éﬁ&ﬁ?eéup¥hé+abﬁ%ggﬁgng%gﬁﬁ?]on, t he DC power unit

18 for electrostatic attraction serves as an

el ectrost at 1% t FadAWPHRaherEsr takad restacitcdgtyieen the

attracting the sem conductor wafer 6 by utilizing the
CRADMYF oc8@Ikat " 1'akds efhectrye@idem t parface 3g of the
sem conductor wafer 6 and the retention surface 3g of
thevgpweteeteeteode Prmahi of & ecorparredaby tiHe positive
protective sheet 30, by applying a DC voltage to the

| owerges €tt't ode e Skhatcosdwetdr regbed 6 ovihethe protective
retention nmeans for retaining the sem conductor wafer

Glreit X0 [Wwer Eldotdexeard indhkat img t Vpesr ofist Aedielectric,
vacuum sucti on neans for vacuum attraction of the

potiacdt vehsheehi SOnatzatbhewplfdiald tiy dfetifia@Cté®nthe lower
hol es 3e that open on the retention surface 3g and the

eélﬁtﬁiﬁrQﬁ@tBCk%iFﬂ?@tt@ﬁlmnSf&@b.proﬂ%r|M_1P§ ¥38d, the RF
Moreover, a refrigerant passage 4d for cooling use Is
priomided 190 thevdprer ehect radecdragqhBnthe kBWeLge 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 wafer 6 by utilizing the
Coulomb force that takes effect between the semiconductor
wafer 6 and the retention surface 3g of the lower electrode

3, which are separated by the protective sheet 30, by

applying a DC voltage to the lower electrode 3. That is,
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el ectrode 3 and the refrigerant passage 4d is
connected to the cooling unit 10. A refrigerant such

wa0moaet42ag water circulates in the refri geranPCpaBRags 7996

4d by driving the cooling unit 10, and this makes it
possi bl e to cool the upper el ectrode 4 whose

t enper ature has been el evat ed heat generated during
the plasnma processing. Moreover, an opening |b for

| oadi ng and unl oadi ng the sem conductor wafer 6 that

i s, t.he object to be processed.is provided _on the, side
s‘”blrtf}écereo‘#alfcﬁwe 5 0&BSsi ﬁ&sca‘\’%ﬂ?& §ealse ECg. I8fainang the
door, 25 that is npved up and down by a door

ol P EEOsPhgVBhPE 2B PE priafi delesutsiqretoe 3, the two
%gzging b, and the opening Ib is opened and closed b

$% @b ARE HBRHURh&Ugddommeansy Lor shawsum @tiar@c‘zion of
in which the sem conductor wafer 6 is | oaded and
urt®aBee tRicth veheshprdhi 3§ | hiapahed byunslihy ddmatheaction
door 25 by the door opening/closing unit 26. Mreover,
dwkhowie ntiFKy. op8n aospabe foeconveyanceinfeed s3g and the
secured between the upper electrode 4 and the | ower
et entTionket 8t by atovi axgt ign ttheanppesn ebecpepile Be byséde
el ectrode elevation unit 24 to position the el ectrode

in the waf efotantimng/ unl path Nge POASE t bRy sdiyd NGdt r cooling
| oadi ng and unl oadi ng of the sem conductor wafer 6 .

lusd his shrateded SUctiwd Geadr2elltddirdde s#cksngnanthe lower
hol di ng the sem conductor wafer 6 is made to enter the

RIOLEessddE ShalRertide W& Nee PPN P8s L PgbY2QPeEaLdRMEected to
an arm 27a. By

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

door opening/closing unit 26.

Moreover, as shown in Fig. 13, a space for
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this operation, the |oading of the sem conductor wafer
6 onto the |lower electrode 3 and the unl oadi ng of the

wonowmasses sem conductor wafer 6 (sem conduct OPCT/JP2006/307996

devi ces) are perfornmed. CONSTRUCTI ON OF CONTROL SYSTEM

The construction of the control system of the plasm
processi ng apparatus 101 that fi8s t he above

construction is described next with reference to the

bl ock di agram of the control systemshown in Fig. 4 .

As shown in Fig.., 4, the control unjt 33 has a storage
SERTORPRZS tHR ST o7 *SUVaT i BESeRR atBRdUBPRF oRe’SFRgde 4 and
program and a process_control section 91 that executes

I roPRF AREIITORES PPYceeSing Wy ExecuPPAy ghectrode 4 by

operation control of the conponents of the plasma

pritR e83ERGrapparaelia tion omithe2batps pofsittHiese tdm aclectrode
and processing program The storage section 92 stores
plaswHae praéessiingdeondinilonsiisy Ealsidvied tdubieol dseraloading
condi ti onsor operating conditions) and an operation
pEroy ram @24 ofg tde Plassenpracdssiony, wahdrt Ae pIocelsss state,
control section 91 executes control of the plasnma

pr ocesstignonhédé baSi s thfatt he sopesatkiony pragt arad2ding the
and the plasma processing conditions 81. An

Qe ind drodAd It weddd 0B 94si smidde IPUtenRANS tRECNHAScessing
a keyboard and executes data i nput of the plasm

IHGRSSE NG 60AdEhe0RPANhFS AW HRANGEPRYE ngf agParat i . By
conmands. A display section 93 i's a display
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 PFig. 4, the control unit 33 has a
storage sectlon 92 that stores various data and a
processing program and a process control section 91 that
executes control of the plasma processing by executing the
operation control of the components of the plasma
processing apparatus 101 on the basis of these data and

processing program. The storage section 92 stores plasma

processing conditions 81 (allowed to be plasma conditions
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devi ce, which displays a guide screen and so on at the
time of operation input. Although not shown, it may be

wea omgse2aehere the control unit 33 has an ext er pair/JP2006/307996

i nput/output interface and exchange of information

with the outside of the device is perforned. In this

case, the plasma processing coﬁzitions used in the

pl asma processi ng apparatus 101 of the present first

enbodi nent are herein described. The plasma processing

steps carried out_in the present first enbodi nent

I UGRISF AU FEE e st e fd it AP A RE 1O RIS A Baef the
processing (or a plasma etching processing) , an _
IHSAAR 0 PTPERS VAR dor 068Ss| hcanBracrask Fehbyal section 91
processi ng as descri bed | ater. Mreover, during the
st F caiEprbeedsithg ddssiichael adevyeing hent thee basis of
pl asma processing steps of an insul ator exposure
prhscesepeptoror pepgpent | &2 r eamyal theocaedsismg ameraressing
i sotropic etching processing are carried out by

perfdirmmang tdie. pl&xsnmapetrehing/inputlesecithed &tderis atite input
the plasnma processing conditions 81 for carrying out

it s osesisi Ag St epeybbardr edridn areclhyesndiadaduthpyt of the
determ ned. In concrete, the plasma processing

GARdintd ongBksarigdetymainebmy coi nad i ol and  input of
conditions of, for exanple, the gas conposition of the

RIS gRetghhAgdgasesa thespd ¢ RAlcipssyse 1of Lhejisplay
processi ng chanber 2 and the frequency (discharge

fdetaueneyhnieh hedigh f4 ﬁﬂ%%&%ﬂ ehPPRED dthene time
upper el ectrode 4 and the 1 ower

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 processing apparatus 101 of the present
first embodiment are herein described. The plasma
processing steps carried out 1in the present first
embodiment roughly include three steps, which are a plasma
dicing processing (or a plasma etching processing), an
insulator removal processing and a mask removal processing
as described later. Moreover, during the plasma dicing
processing described above, the three plasma processing
Steps of an insulator exposure processing, a corner portion

removal processing and an isotropic etching processing are

carried out by performing the plasma etching, as described
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el ectrode 3 . Moreover, in the plasm processing
apparatus 101 of the present first enbodi nent, two

woyppss 12z et chi ng of nmutual ly di fferent etchi ngCT/JP2006/307996

characteristics of anisotropic etching that has a nore
I ntense etching characteristic,in the direction of

t hi ckness than in the directioﬁ8along the surface of

t he sem conductor wafer 6 (i.e., etching
characteristic principally effected in the direction

of thickne and isotopic etching that has a roughly ,
et GHid %i%a%%r REFISHIE FANEhEIORT Bt i bAr Carrying
al ong the surface and the direction of thickness are

W 48t iRrpFrasrhnet chieRS PiecoREretBinpEife prasHhdually
di ci ng processing, the insulator exposure processing

ARt emeinastner Iporonemetenpdle prlocewsiprpeass vag rcedditions
out by perform ng the anisotropic etching on the sane

lasmr pr dedssimigecondivt | ecngbiaativheli sobogicienshi ng, for
is carried out by swtching the anisotropic etching to
tdreanslot o gihcetads nopmppdes B iomteehsihy viathe gércdiraging gases,
characteristic in the direction of thickness is

edtpr essedrasl " At esandel rifengid ypodcébeirychhAfiber 2 and the
characteristic in the direction along the surface of

thee gesieondutitthawier fréfuexPfesset ashe B'nidh | Srequency
desirable to set ratios between "A" and "B" for the

rgsPecdd Ve donaes, oftied chigigeds dddOMSde FOI thed the lower
ani sotropic etching: A/B > 10 For the isotopic

&8 ibael 3 AB > 1

Moreover, in the plasma processing apparatus 1b1
of the present first embodiment, two types of etching of
mutually different etching characteristics of anisotropic
etching that has a more intense etching characteristic in
the direction of thickness than in the direction along the
sﬁrface of the semiconductor wafer 6 {(i.e., etching
characteristic principally effected in the direction of
thickness) and isotopic etching that has a roughly
equivalent etching characteristic in the direction along
the surface and the direction of thickness are used as the
plasma etching. In concrete, 1in the plasma dicing
processing, the insulator exposure processing and the
corner portion removal processing are carried out by
performing the anisotropic etching on the same plasma
brocessing conditions, and the isotopic etching is carried

out by switching the anisotropic etching to the isotopic
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One exanpl e of the plasma processing conditions 81 as
descri bed above is shown in the data table of Fig. 12.

wée0eshpied i n Fig. 12, plasma processing condi PCOaB208d/307996

for the anisotropic etching of the insul ator exposure
processi ng and the corner portign renmoval processing

are provided by the conbi nat i ofidl conditions that the

gas conposition of the mxed gas (i.e., mxture ratio

of the gases) is constituted of SF and O2 at a ratio

of 10.: 2 , the pressure is 100 Pa and the frequency, . _
i%t%%nm-lz. %F%meérl,%eﬁﬁéwaosr&é&ﬁ%ﬁ%ﬂ%ﬁgt%ﬁsstlc in
faor the isotropic etching are provided by the

o S SSHE O orRf t i ERECHMRES t kS ga8xBhIHIRTL i R | SA", and
constituted of SF5 and He at a ratio of 10 : 30, the
preseRf ey so500-Ea ahghing fThegrengristis. 58 Me dAisection
conditions other than those of the plasma dicing

rloerg sthe erefdee anf | thersdrebtondiec tpstember D6 bés weesnressed
t he upper electrode 4 and the | ower electrode 3 , and,

fag BRAnple, ia vEsuealdssuneds¢éd betansnberteleect r'tde and "B"
di stance D) considered to be optinumw thin a range

afos the Mraprasitdetypderet ectclotteg da st BCRoUs ) S Set

as the plasma processing conditions 8l A and 81B

Moreover, pl asmepdyF 006s itk SoRelh { & opsciBlify foraphes 1o
insulating fil mrenoving process are provided by the

conbi nat i onal c%tg@siggpépfgeeg@iﬁ Mpositd g S s

constituted of CHF3 at a rati'o of 20, the pressure is

50 Pa and tdie fERQHENEY dfS ik SB1NERhaIER BIddiGR conditions

oxide (Sig2 ) is

81 as described above is shown in the data table of Fig. 12.
As shown in Fig. 12, plasma processing conditions 81A for
the anisotropic etching of the insulator exposure
processing and the corner portion removal processing are
provided by the combinational conditions that the gas

composition of the mixed gas (i.e., mixture ratio of the
gases) 1s constituted of SFs; and 0, at a ratio of 10 : 2,

the pressure is 100 Pa and the frequency is 60 MHz.

Moreover, plasma processing conditions 81B for the

isotropic etching are provided by‘ the combinational

conditions that the gas composition is constituted of SFs
and He at a ratio of 10 : 30, the pressure is 500 Pa and
the frequency is 13.56 MHz. As conditions other than those

of the plasma dicing 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 an
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used as the insulator as described |ater. Further,
pl asma processing conditions 81D for the mask renoval

wonewmassar e provi ded by the conbi nati onal con8CTAURS6/307996

that the gas conposition is constituted of Q2 at a

ratio of 20, the pressure is SgoPa and the frequency

is 13.56 MHz. Moreover, a valu€“(assuned to be an

i nterel ectrode di stance D2) considered to be optinum

within a range of 50 to 100 mmas the interel ectrode

distance D is set.for the_p|lasma processing conditions
BYPr T 0T L R e SRS kO PRSP bec%%’%.sg%ifﬁ vEP, PEhEPSL AL Within
processi ng _conditions 81 include the condition of a '
p? 0EBREF NG Lt itebC MY eBers AREhdugitiHecdifiadhodbstance D is
bet ween the ani sotropic etching and the isotropic

efehiay Fhethbaphraspuodees Hgo preoeessings BLlR. anghd8lB.
swi t chover of the etching characteristic should

pref er abl y Meraehieeved nsrmewn pechoessibet veendibheons 81C for
pl asma processing conditions 81A and the plasma
ptheessendatandi tfiohs 8dBodeter muverkdsy 4bhe provided by the
combi nati ons ofthe gas conposition, the pressure and

t bemlf iregjubocy]l ascdeddkibed abbwe, tie preesentcomposition is
invention i s not limtedt o the swtchover of

comititomsed bostERy of 4 heawhover case, thdepsvktaheves 50 pa
of the etching characteristic can be achi eved even

vaed o yreagueacaneter3obe Yink fxanpkelithe @33de (Si0,) is
conposition, the pressure and the frequency i s

susdghed. har ihhe 13WokChav el Lfr 118 efANNI  Further, plasma
characteristic, the gas conposition i s the nost

6 S d Y En PALANBE BEon8NE1HNR03CGNY nask removal process are

provided by the combinational conditions thatl the gas
composition is constituted of 0, at a ratio of 20, the
pressure is 50 Pa and the frequency is 13.56 MHz. Moreover,
a value (assumed to be an interelectrode distance D2)

considered to be optimum within a range of 50 to 100 mm as
the interelectrode distance D 1is set for the plasma
processing conditions 81D for the mask removal process.

Moreover, the plasma processing conditions 81 include the
condition of a processing time.

Moreover, although the switchover between the
anisotropic etching and the isotropic etching in the plasma
dicing processing, i.e., the switchover of the ~etching
characteristic should preferably be achieved by switchover
between the plasma processing conditions 81A and the plasma

processing conditions 81B determined by the combinations of



and third nost effective paraneters are the pressure

and the frequency, respectively. For exanple, when the
woewbdsthpeer of the etching characteristic i s periPrnesh7996

by only changi ng the gas conposition, the sw tchover

fromthe anisotropic etching t q_the I sotropic etching

can be achi eved by changi ng the gas conposition of SF6

: 2 : H froml1l0: 2 : 0t o10 : O : 30 . Moreover,

when the switchover of the etching characteristic i s

erformed by only changi the internal pressure of

UHES pBCes SPRECSHATBEr 258 WHEARRIE | FBM thae Efrequency as

ani sotropic etching t o the isotropic etching can be .

ates By 2PREFeasiity PRESBREsddTRENtdon gls  nofy pkgmited to

100 Pa t o 500 Pa) . Moreover, when the sw tchover of

t Hee ef¢hERRO¥REr &t eqarstiitdlanss. pedhsEned Iy dHlg above case,

changi ng the frequency of the high frequency,

sthihe chewekcheuart hefanitbet r glichistchighptaotehkstic can  be

I sotropic etching can be achieved by |owering the

fachyuerey ¢een ghen bnom 6heMpatametEd 056 fbk) exahple, the

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

(gag.commbs tidmh n Bhe apges ofir S0AnH ot BOOOr¥henag asgasitched.

supply flow rate are also used as a paraneter besides

t hesetpar amttehsvdbredvelie aschitgdaseemesttdton: f othe gas
the anisotropic etching, it is preferable to use a gas

COsmRsd 11 Doh sughthbaho s reacsbover gaushetBal 8a81 b¥e second
deposits (deposition: vapor deposition or deposition)

til{f@;tgﬁgﬁ'g'nﬁ)sta EEHOEE D@e Oad@rr 3isl I £AN (BXRYLRdsure and
the frequency, respectively. For example, when the
switchover of the etching characteristic is performed by
only changing the gas composition, the switchover from the
anisotropic etching to the isotropic etching can be
achieved by changing the gas composition of SFg : 0, : He
from 10 : 2 : 0 to 10 : 0O : 30. Moreover, when the
switchover of the etching characteristic is performed by
only changing the internal pressure of the processing
chamber 2, switchover from the anisotropic etching to the
isotropic etching can be achieved by increasing the
pressure (e.g., from 100 Pa to 500 Pa). Moreover, when the
switchover of the etching characteristic is performed by
only changing the frequency of the high frequency,
switchover from the anisotropic etching to the isotropic

etching can be achieved by lowering the frequency (e.g.,

from 60 MHz to 13.56 MHz). It is noted that, for example,
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are integers in this case) can be generated as the
reacti on product by using a gas conposition that

wonelsuder3 oxygen as the gas conposition for thecT/Jr2006/307996

ani sotropic etching. The fluorine oxide has a
characteristic that it is |less_etchable than silicon.
Taki ng advant age of the characPéristic allows the
groove portions to be forned on the surface of the
seniconductor waf er by performng the anisotropic

ﬁFé§b3§$d allows the filmto be forped, on the inne

YELYRCY RV ER) et ¥ ooveeport Fahs %yrﬁﬁQPn@f 500 to

the enerated fluorine oxide adhere to the surface

Qfgmiél I RRPosSi t9dN) SUPEA Yt hEl@¥ hértRandret lpdso used as a
fluorlne oxi de does not easily adhere to the bottom
AT ofbe Hedeys obves pdrar st &ys physi cal et chi ng
with accelerated ions. For the above reasons, the
i nner surf deseoferhe @soovehpor tdasns campbeihhde | ey the
etchabl e than the bottom surfaces, and this
(ﬁnmﬁunmﬂpig attoménghe #tchisg @ueﬁem&bd@ arco ntesse a gas
effect in the direction of thickness of
tdvegers icoinshuct suchvaf Eiat soa t heéaddien | deabdast sothapi Ceasily
etching can be achieved. Therefore, it is preferable

tdepgisel tdhe( Paso PP tvasot hadp P& DIMS€Sot N@eposition). For
ani sotropic etching, i.e., the gas conposition that

eaginy) Causeg1sbaenal bxderodd | 91 ASod hesgas yoz (2, v and z
conposition for the anisotropic etching. The pl as

PIRcess die £ondh tons 8l f okad he i&ééz?é’fé@ 4 Ca gt Eﬁéngeactlon

the plasna processing condltlons 8 for e Isotropic

‘%fHHJEE 6§eu95ﬁ8"§ BEQC%%ﬂﬁgﬁf%ﬁ&ytﬂﬁgﬁ includes oxygen as

the gas composition for the anisotropic etching. The
fluorine oxide has a characteristic that it is less
etchable than silicon. Taking advantage of the
characteristic allows the groove portions to be formed on
the surface of the semiconductor wafer by performing the
anisotropic etching and allows the film to be formed on the
inner surface side of the formed groove portions by making
the generated fluorine oxide adhere to the surface
(sidewall deposition). On the other hand, the fluorine
oxide does not easily adhere to the bottom surfaces of the
groove portions by physical etching with accelerated ions.
For the above reasons, the inner surfaces of the groove
portions can be made less etchable than the bottom surfaces,
and this consequently allows the etching to produce an

intense effect in the direction of thickness of the
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81C for the insulator renoving process and the plasma
processi ng conditions 81D for the mask renovi ng

wonowmassare stored in the storage section 92 e€TubPm06/307996

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

t he operation program 82, and PHe pl asma processing is
carried out by the process control section 91 on the

basis of the selected plasma processing conditions 81.

During the plasna_processing carried out on. the basis ,
o‘sre”tlﬁgo‘b%‘é‘?'g‘?lf o‘ﬁa%%gr%ﬁn @zéqt aBOEhotieTh B §SORroPEReetching
conmponents, which are the gas flow rate regulatin%

St | BR 2fhieNedyas Theee§dreehdverlvapyeferabige to use the
hi gh-frequency power unit 17, the DC power unit 18 for

T tF YRt el o t ¥t ivieme hes ekl S0k repbeertohing, i.e.,
7 , the vacuum punp 8 , the vacuum suction punp 12,

tthe doo® opepPAgLébosthgtumias 2y asmsde sldevablledeposition
el evation unit 24, are controlled by the process

contttld saetconp @l tiNoyreofrer |, thy arigdatomyct dechohal

supply anount of the gases by controlling the gas flow

rat e regul arhag Eechizon p2bdas dihey protessicod rdllA for the
section 91 on the basis of the pressure detection

raasilddt doyi d het phesgur e heensDasweS8, ptbeekBianatonditions 81B
pressure of the processing chanmber 2 can be controlled

LU Tttt d e dH ASHR PROCEBSLNY 1@@@@!&5591@% 8dnditions
Further, as shown in Fig. 4 , the control unit 3

81C for the insulator removing process and the plasma
processing conditions 81D for the mask removing process are
stored in the storage section 92 of the control unit 33.
The plasma processing conditions 81 necessary for each step
are selected on the basis of the operation program 82, and
the plasma processing is carried out by the process control
section 91 on the basis of the selected plasma processing
conditions 81.

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

unit 26 and the electrode elevation unit 24, are controlled

by the process control section 91.
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has a processing tinme neasurenent section 95, which
nmeasures the processing tinme of the plasm processing

wandexieest es control such that, when the neasBCEOPID6/307996

result reaches the condition of the processing tine

included in the plasm process%ng condi tions 81,
control to end the processing Pé by the process
control section 91 can be perforned. The principle of
the plasnma etching processing nethod used in the

resent first enbodi nent is described next w.th

Pefer ence t@of?l%vep‘%(rt}’?él |r§,egéﬂ1a§,1&gd SReekgted supply amount
expl anatory views of the_neighborhood of the dividing .
@é’i b8 SEaTe RenfeBhynedoRInatsr FREhEWRY Faigsregulating
and 6 . Fig. 5is a viewshowing a state in which the
rﬂ%—“swa)ret%%i Ry hecdIPqesscaeeilab buseshliphe Porati ghe basis
that corresponds to the mask slit portion (or mask
@t dihe poresonye 3ldkedtieon réruldi W yli tige regesaufe opensor 28,
t he maskpl acement- face 6b side on the sem conduct or
Wafeer isteonthegpressiuref avirathenpirace Gamf whambethé can be
protective sheet 30 is adhesively stuck and on which
tduntresikéd f i It 3laciscpiacedvith defdhre t b adima dipgocessing
regi on on the mask-pl acenentface 6b. Mreover, as
sfowitibks 815 , the sem conductor wafer 6 used in
the present first enbodinent is the sem conductor

wafer on thenetHad tad ospBihonnf acg 63 oftphi&dhithe unit 33
silicon oxide film35 formed of silicon oxide (Si O2)

ofapne; exgepkes@inghecipaul albRgrbbleM(thddcdSn 95, which
measures the processing time of the plasma processing and
executes control such that, when the measurement result
reaches the condition of the processing time included in
the plasma processing conditions 81, control to end the
processing is by the process control section 91 can be
performed.

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

Fig. 5 1is a view showing a state in which the
plasma etching process is carried out on the portion that
corresponds to the mask slit portion (or mask cutout
portion) 31lb, i.e., the dividing region from the mask-

placement-face 6b side on the semiconductor wafer 6 to the
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insulating thin filmor insulating layer) is forned
also in the portion that corresponds to the dividing

woegisan2423he sem conduct or waf er has a constr ueCcTarP006/307996

different fromthat of the conventional sem conductor

waf er on which no such silicon gxide is formed in the
portion that corresponds to t h@ dividing region. It is

noted that the protective sheet 30 is adhesively stuck

to the circuit-formation-face 6a | ocated on the

thus-forned siljcon_oxide film35 side. A s shown in
g OB e TS TH h e pi?%sﬁé YPechadd s QRighigetive sheet 30
per pendi cul arly incident on the sem conductor wafer 6 ,
by® aRdBPELVRLY BtAICK gehdr &Pedtifh héhgl aspist film 3la is
processi ng apparatus 101, and the incident ions reach
tHea Gret ttoin FRor i E et &Y el bt e Poref oflpe ohagk-placement -
groove portion forned by an etching process, pronoting
tieceet € ngMoTheviesns achashown posi Fiive charlged $émiconductor
have reached the etching bottom portion are reconbi ned
wiaferl ect nees! | Ant héhsenpeesdatt of iwater efbbdimedtof is the
silicon that is thesem conductor material. That is,
siemcicdidusidy confeat eohal tied seias ichaiaaiarici-ifeeaAs6a of
a conductor, the ions that have reached the etching

hoticim paet i iawh haxedpost tlinve3 shagened! €of silicon oxide
recoi abined with the electrons in the seni conductor

wafies,)6 gge drie aBxB8hBEL! | &f CORL nyﬁ&ﬁlé%&ﬁﬁenﬂh@ (that 1is,
etching bottom portion and the inside of the

SETHEIGNOUCE O MATEIN1E or S BRI DOFLPM PO £ ARed Salso in
not charged with positive charge so |ong as the

&HRCISbFtion that corresponds to the dividing region. The
semiconductor wafer has a construction different from that
of the conventional semiconductor wafer on which no such
silicon oxide is formed in the portion that corresponds to
the dividing region. It is noted that the protective sheet
30 is adhesively stuck to the circuit-formation-face 6a
located on the thus~formed silicon oxide film 35 side.

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

bottom portion are recombined with electrons in the

semiconductor wafer 6 formed of silicon that is the
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continuity is achieved. On the other hand, as shown in
Fig. 6 , when a state in which the etching progresses

woaoteanme t he et ching bottom portion and expoBeTiubPm06/307996

surface of the silicon oxide film35, no electric
continuity is achieved between %he exposed silicon
oxide film35 and the inside o? t he sem conduct or
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 .
gsr?é‘?lgcf?fg&b‘?t‘%/%e ’g‘?lfl@le' char §B2t\Whef/t heidiGh e Fhe silicon
whi ch the thus exposed silicon oxide film35 is .
Seh el i 352 Heeposheraetenarécsi ass a MANEHRIQT nekdee ilons
| ooses the straightness thereof due to the electric
fikatds h@fvepo§?tipgédc hbhgeset@dnicng hdatitaek Eordjiest oppl have
thereof is to b e bent. Consequently, as shown in Fig.
®ositheve opbargachrisot hecommigrepowtitbnstivd ehecgroose in the
portion, so that etching is perfornmed at both the
comierorpbraticonsya feerd ¢ ey €wb ot tée omsiof i@ stmpenthay between
is called "notch" where the groove portion is sharply
ectpandetdching he beitdiolni sgoxdit@ct | andat tihe bohsode of the
portions are fornmed. This is the principle of the

[asiForeltdtidlg w4 0e£S§ . netried éf.@@fiiililﬁ bBetBmepition is not
first enmbodinment . By thus form ng the notches at the

kﬂﬂéﬂﬁadﬂﬂﬂﬂﬁ%nsp@%i&ﬁ%egr@ﬁﬁ@g@orgboﬂiohgn03§l fheth€lectric
corner portions of the separated sem conductor chi ps,
Fontfiuity is achieved.

On the other hand, as shown in Fig. 6, when a
state in which the etching progresses to remove the etching
bottom portion and expose the surface of the silicon oxide
film 35, no electric continuity is achieved between the
exposed silicon oxide film 35 and the' 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 ions reach both

corner portions of the groove portion, so that etching is

performed at both the corner portions, and removed portions



10

15

20

25

exanple, formation of rounded (R) portions that are
curved convex surface portions when viewed fromthe

woenmisciandsict or wafer 6 side, or the side to beprergbmds/307996

can be achieved (corner portion renoval processing)

Moreover, with regard to the pgznciple of the plasma
processi ng nmet hod as descri bed”above, it is preferable
to perform ani sotropic etching so that the ions in the
applied plasm easily reach the etching bottom

ortions in the state shown in Fig. 5, i.e., in the ,
St TR G heS STRLAGH GRPUEDT MASES [ dighgroove portion
exposed, and the anisotropic etching is also perforned

iIF t FEATRIY| aPBP2RIBEsutR p?l%ﬁ:eé@'d@‘ﬁ@fsq héifeegion at the
enbodi ment. Moreover, a processing tinme necessary for
SPOATPeHel Hig | 2bh SRiraedti | MIB5S (Lsetheppgdasdipdg of the
time of the insulator exposure processing) and a

prlocssi agching mevasszs ynébhofloruded) Aot chies pfreaent first
prescribed size (i.e., renoving the corner portions,
suddodisnegttant eri ng and rounded portion formation)
after the exposure of thesilicon oxide film35 in the

pl asma di ciByg prhacessfareingcl yded notidhespl asma the bottom
processi ng conditions 81A. SEM CONDUCTOR CHI P

MANUEACHURLING MudHOR: dNexd . po it Ac tidnidvgh INnebrodther corner
sem conductor chips carried out by the plasnma

AeesHiNgoaPpahat Useddatdat Nas ddigneanst reetib@n or, for
escri bed above and a sem conductor wafer dividing

Bl Pl sy (i B NOE PLOGESSE GRT T 8¢ tA¥hst RiQI td€curved
process of the manufacturing nethod

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

removing the corner portions, such as chamfering and

rounded portion formation) after the exposure of the
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for sem conductor chips are described below. A flow
chart show ng a series of procedure of the

weemegiozydsict or waf er di viding nmethod i s shown ParEPm06/307996

, and schematic explanatory views for explaining a
series of processing contents gf t he manuf acturi ng

nmet hod for sem conduct or chi ps 8re shown in Figs. 8A
through 8C, Figs. 9A through 9C, Figs. 1Q0A through 10C
and Figs. HA and HB. Reference is made with reference

to.mainly these figures. The sem conductor, wafer 6 has
aSdeJECRQIFi Qé{lgﬁapg%g%n&%a Hlur%}é?tﬁgé‘isma dicing process are
device-formation-regions R | are arranged in a natrix

PR HPT 1 cihe i iasRairaGoTs 1paceoral tipRsS sP 42 - of

the device-formation-regions R are determ ned

accor dP G GNP Hel Qf AT MANT BAGT e ide MBFH@R| ps to be

manuf actured and arranged in, for exanple, rectangul ar

regi ons. FiNgx8A @homsnafpattiahyy reefilrdedoscheami conductor
sectional view of the sem conductor wafer 6 . A's

stiolwe | naErged8Autdi vy dihg nelgisoms B2pcelhsthgarspparatus 101
roughly belt-shapedregi ons that have a prescri bed

wilthth dibasnsi ahe(i . eonsiarueglon thédsdwsbed W didobve and a
di mension sufficiently smaller than that in the

| sngidovdectthr egdfon dherdialy medliied arpaagesd Hetegnprocess)
the nutual ly adj acent device-fornmation-regions R . The

ch 46 W 891 SR Sl s d 48 S £0tRESniNdta@F€ring method
arranged in a roughly grating-like shape on the

Cf & 1€ U &rh DESREL OF o r f 86€p 08 PE HRE cseWeeOMICHOr VR 16 chart
defining the device-formation-regions R and al so

SH L éh%éyﬁﬁﬁsgﬁpﬁgocedure of the semiconductor wafer
dividing method is shown in Fig. 7, and schematic
explanatory views for explaining a series of processing
contents of the manufacturing method for semiconductor
chips are shown in Figs. 8A through 8C, Figs. 9A through 9C,
Figs. 10A through 10C and Figs. 11A and 11B. Reference is
made with reference to mainly these figures.

The semiconductor wafer 6 has a disk-like shape,
and a plurality of device-formation-regions R1 are arranged
in a matrix form on its circuit-formation-face 6a. The
size of the device-formation-regions R1 are determined
according to the size of the semiconductor chips to be
manufactured and arranged 1in, for example, rectangular
regions. Fig. 8A 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
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regi ons arranged outside the peripheries of the
device-formation-regions R with regard to the

woeb@tiipnit her eof to one devi ce-formati on-regi 8aTRP1006/307996

Further, the dividing regions R2 are located in

di vidi ng positions where the dgéice-fornation-regions

R I are separated into individudl pieces in the plasm

di ci ng process. Mreover, the sem conductor devices 44

are formed in the respective device-formation-regions

R. In concrete, as shown in Fig. 8A . the |, X ,
slé?ﬁjc%?r%uéf‘aﬁ% e & i%r?%?lﬁb]ﬂg%f “&déﬁ% i CORERAPSEr atle e s 2
45 that has, a di sk-1ike shape, and the silicon oxide

T 2% tRahetp e VEpth AypenedobnSthEleheREéy smaller than
circuit-formati onface 6a thereof. Further, the

setorducie denddyisse adéreeraed i Fheeref bns atsat arranged
correspond to the device-formationregions R of the
cheewren f Bheanhsnafldve afdacErd stel bowdietont devi cegions R1.
44 include devices of MOS (Metal - Oxi de- Sem conductor)
stheictdive dimansicsgdpsscRBt raeotved afs abhéi cowpions that are
substrate 45 (Sem conductor) , a silicon oxide 35
(Dxraejed oined droeghly omathegeilrids tshaserabnortHeaceircuit-
6a and a netal film(Metal) fornmed on the silicon

Ofd tiea tBonFHiHddhesa ¢herlsenapnebicdoctdevivgeesr4d Ba¥ening the
connection termnals 43 (also called the bondi ng pads)

f Qv Bl @ctdinead 1 on coOREGES NG 1t hdleriess da-ext 85Nalhe frame-
el ectronic apparatuses. It is noted that a surface

PEIOA L] | @R dfiidn 4@r&§n6e%:1 fohfBdqef POl YigH®hdiSies of the

formed on the surfaces o

device-formation-regions R1 with regard to the relation
thereof to one device-formation-region RI1. Further, the
dividing regions R2 are located in dividing positions where
the device-formation-regions R1 are separated into
individual pieces in the plasma dicing process. Moreover,
the semiconductor devices 44 are formed in‘the respective
device-formation-regions R1.

In concrete, as shown in Fig. 8A, the
semiconductor wafer 6 is formed of a silicon substrate 45
that has a disk-like shape, and the silicon oxide film 35
formed of Si0O;, is formed on the entire circuit-formation-
face 6a thereof. Further, the semiconductor devices 44 are
formed in portions that correspond to the device-formation-
regions R1 of the <circuit-formation-face 6a. The

semiconductor devices 44 include devices of MOS (Metal-

Oxide-Semiconductor) structure transistors constructed of a
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t he sem conductor devices 44 for the protection of the
surfaces of the sem conductor devices 44. The

woamsaaet42en ternm nals 43 are not covered w th POEJIP2006/307996

surface protection film 35 but exposed outside. A's

shown in Fig. 8B, in order that the circuitformation-

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

, the protective sheet 30 is peelably stuck to the
circuit-for I on-face a vi,a an adhesive. Wth regard
t%lJtJrFéerrSflga%FﬁgesﬁeBet S8MLGRBILREPTI s ShapedlFAPo oxide 35
the same shape as _the exterior shape of the .
sEffctidudPerefal e sy used §oet Itdtr R ~dieada tdgwerfgice  6a
the entire surface of the circuit-formation-face 6a

@ deedefetd prott utdetabm tiesmsehi @onbluet 6 ligfoar @ide 35.
By using the protective sheet 30 of the shape, damage
tharthets pridiect $eml giedec3or préevidéng 44 onnétie connection
sem conductor wafer 6 is damaged by the plasma can be
prexmeirtaelss f r d ocdalsbng ¢allbhé sutisequémnding pads) for
processi ngsuch as plasnma processing. Next, as shown in

Fé o ct8G cal Imskofimecidiedd nthg deeridies dongtiegiwhs Pectronic
for dividing the sem conductor wafer 6 into individua

pmeastnfssem conduc it &di fisaar £ $@F rRee afrdPection film 46
mask- pl acenent -face 6b that is the back surface of the

Cié cgli t - tormBai O frrge, Gai of) t he seyeRndbict ‘EheVVast?rrfaQ:es of
. In concrete, a resist f|In131 made of, for exanple,

& HESkBmi S ohAB rasqePec 8BSk 4 0 f%‘%vefhé h&rotection of the
surfaces of the semiconductor devices 44. The connection
terminals 43 are not covered with the surface protection
film 35 but exposed outside.

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

from the semiconductor wafer 6 is damaged by the plasma can

be prevented from occurring in the subsequent processing
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entire surface of the mask-placenent-face 6b of the
sem conduct or wafer 6 . Subsequently, as shown in Fig.

wOAomase3sl it portions 31b are formed by pattecniupmos/307996

the resist film31 by photolithography and renoving

only the portions that correspgﬁd to the dividing

regions R2 by a width of, for anple, 20 mm. A s a

result, a mask pattern such that the portions that
correspond to the device-formationregions R are

cov red ﬁ%fh the resist film3la and the portions that

c%? FPR HREWSTHRY: regi ons R2 are exposed at

t he nask slit portions (or mask cutout portions) 31b

is formed He¥he AdskhIEtei@ntifacd®bh af mawd for defining
sem conductor wafer 6 . The sem conductor wafer 6

pERR i FEF IRty t FegdasR | R2t hEoxt atierisdewmeshehesebjeenductor
to be subjected to the plasma processing descri bed

lwaker A detlodidfdvidiualdi pyeche séniseoridweidsrctwaf ethios are
provided with the mask into individual pieces of

stmmrcehduct othehi psskspilesemehéd faceor@bngciac t hies the back
flomchart of Fig. 7 with reference to the schematic

vienBaod t hef pl aisma processi vgfeppat bdnsfd0d shewn iodf  the
Figs. 13 through 15. It is noted that the control of

e@ii SAHBEERENt wOPSF ab |l ON Thn doe RS M LRSS filim 31 made
apparatus 101 is executed by controlling the

COMPONENt Sk dp 1de Pracess f@nféﬁﬁe§e§§'9ﬂe9éagﬁ tBecover the
basis of the operation program 82 stored in the

Sd10F e S§1§ff98e9209f 'i:ﬂ% C%é@pl‘é@e&ne%?t fAdSt & of  the

all, in step SI of the flow chart of
semiconductor wafer 6. Subsequently, as shown in Fig. 9A,

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

A method for dividing the semiconductor wafer 6
provided with the mask into individual pieces of

semiconductor chips 1is described according to the flow
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7 , the sem conductor wafer 6 provided with the mask
is |oaded into the processing chanber 2 as shown in

wei2gne/113123Dur i ng t he | oadi ng operation, the PCT/JP2006/307996

sem conductor wafer 6 held by the suction head 27 via
the mask is | oaded through the %pening Ib into the
processing chanber 2 by operatl g the arm27a in a
state in which the upper electrode 4 is noved up by
the el ectrode elevation unit 24, and the sem conduct or

6 LS Iaced on the | ower electrode 3 via the
Sﬁﬁi et Phe Fdifeet’ 30t thekelefReCfadiRunt R c Lo Sts iews of
is driven to effect vacuum suction through the _
T aBlicemhoPEgCceesiBIt upRPakathe vEehuniawe adti ofigs. 13
of the sem conductor wafer 6 , and the DC power unit
Thrptglel ek? r ost atli ¢ it t raeedn tkat urled omonsteb S2f  each
. By the vacuum attraction, the sem conductor wafer 6
isidrd ghidyyt tdreetadiem eilrec’ttkmctelasmén rrotaseing appabatus 101
the protective sheet 30 closely adhere to the
rigt eakeontsdr frgcec@grodl 1 heg | aver cdmgedriaxdes 3biyn the process
t heprocessi ng chanber 2 . Subsequently, the door 25 is

clooserb lass sdioveh 191 Fdrg. thd, badiks tde thppespetgeiswderdgram 82
is noved down by the el ectrode elevation unit 24 (step

SHored in tihs didmigd Nee it BSIBOPrOE essd NEo K ORI tiens 33,
8l A for the anisotropic etching is selected and taken

out of therplasmr ROCesSst @téﬁ@ltdﬁn@lglfﬁéﬁr&gaf@ of Fig.
t he storage section 92 of the control unit 33 by t

process COMMIAnARUMIPNREIN N rovided with the mask is
loaded into the processing chamber 2 as shown in Fig. 13.
During the 1loading operation, the semiconductor wafer 6
held by the suction head 27 wvia the mask is loaded through
the ‘opening lb into the processing chamber 2 by operating
the arm 27a in a state in which the upper electrode 4 is
moved up by the electrode elevation unit 24, and the
semiconductor wafer 6 is placed on the lower electrode 3
via the protective sheet 30.

Next, the wvacuum suction pump 12 is driven to
effect wvacuum suction through the attraction holes 3e to
turn on the vacuum attraction of the semiconductor wafer 6,
and the DC power unit 18 for electrostatic attraction is
turned on (step 82). By the wvacuum attraction, the
semiconductor wafer 6 is held by the lower electrode 3 in a
state in which the protective sheet 30 closely adhere to

the retention surface 3g of the lower electrode 3 in the
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basi s of the operation program 82, and the
i nterel ectrode di stance D between the upper el ectrode

wo e0s0i 12428 | ower el ectrode 3 is set to a prescpPCibgr2006/307996

condition (i.e., interelectrode distance DI) within a
range of, for exanmple, 5 to 50 gn1based on the
condition of the interelectrod8distance D included in

the plasnma processing conditions 81A for the
ani sotropi c etching. Next, the vacuum punp 8 is

o erated to art deconpre33|on in the processing
éﬁ%ﬁ?@%ﬁ - When the inside of the

proceSS|ng chanber 2 reaches a prescri bed degree of

vacuum t heoWrssBienfel et BBebyoPRe 4rasi$ | 6hCEGfleas shown in
regul ati ng section 21 are regulated to a prescribed

Jald cohposiatidort hduRPSIre STIGWEPdd ofv Hat enpegdddenn by the
the sel ected plasna processing conditions 81A for the
anissvinasts ce ke ot hep andisuppl | edemtd3 )t he prodédsi rigime, the
chanber 2 (step S5) . In concrete, the first on/off

a2 orscapeneg onohtéthasss 6flAt heEgd astiee anisotropic
processi ngcondi ti ons 81A for the anisotropic etching,
arttShg sisuppl éededr andt hakbkhnr shitgas siipplylashd @2f¥cessing
to the gas mxing portion 19 with the supply flow rate

therdiafi oregubat est byetiheid | ksle fhovragbe soptioh wal vef the
23A. In addition, the third on/off valve portion 22C

lc%rﬁﬂl@ledun@@%@]dys ‘§N@pbk%@efséo@dﬂla:dlh'§gc9§&1 91 on the
supply unit 20C to the gas m xing portion 19 with the

;Bgaglsgoﬁ ?‘g?léab?)etgl&%g%qf Aﬁf&@l&ﬁﬁ eg2 by ahide 4 rhEd O ectrode
distance D between the upper electrode 4 and the lower
electrode 3 1is set to a prescribed condition (i.e.,
interelectrode distance D1) within a range of, for example,
5 to 50 mm based on the condition of the interelectrode
distance D included in the plasma processing conditions 81A
for the anisotropic etching.

Next, the wvacuum pump 8 1is operated to start
decompression in the processing chamber 2 (step S4). When
the inside of the processing chamber 2 reaches a prescribed
degree of vacuum, the gasses selected by the gas flow rate
regulating section 21 are regulated to a prescribed gas
composition and a prescribed flow rate based on the
selected plasma processing conditions 81A for  the
anisotropic etching and supplied into the processing

chamber 2 (step S5). 1In concrete, the first on/off valve

22A 1s opened on the basis of the plasma processing
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this tinme, the second on/off valve 22B and the fourth
on/ of f valve 22D are put in a closed state, and

woeddsher42ble nor CHF3 is supplied. Mreover, SF8Cauge20/27996

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

10 : 2 at the gas m xing porti n 19 and supplied into

the processing chanber 2 . Then; in the gas supply

process, the internal pressure of the processing

chanber 2 is detected by the pressure sensor 28 and

conpared with_ the _pressure caondition (e.g., ;100 Pa) in _
tﬁ%%’s‘ﬁﬁs pggx@esggﬁg endiaiierd TPPa C aﬁ%cbtmgs ahd SFe 1s
confirped that the detected pressure has reached the
pFERLF A expPBsSEP by 1§¢ p¥&s s §HOPeONdPRE BN 20fhatoj $he gas
the interel ectrode distance D between the | ower

ESE DA T RN t He® uppelkh el dea r oslepdly t hkow rate thereof
conposition of the gases to be supplied to the

pregessieny ehabe 2inat thHewi mtateakcoptessurealbfet BEBA. In
processi ng chanber 2 are set on the basis of the

pi sintel gt 0 dess | gl wbnoh £ ¢ Dhsvallve fesrthen 22C is opened, and
ani sotropi cetching. Then, after the condition setting

i ciophbepeticd Hirgh: frteguehiyd vebsagruddlat @gi€e20C to the
with the condition is applied between the upper

aefect modend auttie | everwieliectredeupdiw dElyhNGdthe thereof
hi gh-frequency power unit 18 on the basis of the

frepuencad (8y9.chbOrivd andwt hea@ut puhteendidd B 0bsc.  at
t he hi gh-frequency of the plasma processing conditions

84 s ardpRl aspRe dischat@e dny ostrar $86vESt 88 Sha the fourth
on/off valve 22D are put in a closed state, and neither He
nor CHF; is supplied. Moreover, SFs and 0, are mixed
together so as to have a gas composition of 10 : 2 at the
gas mixing portion 19 and supplied into the processing
chamber 2.

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

pressure of the processing chamber 2 are set on the basis

of the plasma processing conditions 81A for the anisotropic
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A s aresult, the supplied m xed gas nmakes a
transition to the plasma state in the di scharge space

woebtowems28 he upper el ectrode 4 and the | ower ebeTurPmi€307996

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

applied fromthe mask side (resist film3la side) to

the sem conductor wafer 6 . By e application of

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

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

i RCERE"Dri nci pal material of the sem conductor wafer 6

are etched. Concurrently with this, a direct current

appl i cati on"R$Rcupfte? ggef%?%%atiﬁntﬁétﬁi%%hhﬁgéompletedr a
space between the upper el ectrode 4 and the | ower

el BERT HERIBEGY t e LHagenat{alee apirges 3niEndtBB) .comdiion is
result, an electrostatic attraction force is generated
bripebed t Heetooer etket rapeeB amtlecheodeni ¢onaudt okhe lower
wafer 6 and the sem conductor wafer 6 is held by the

|l ohecteddet 3 odg driivtinpheehel écitgtostratqueratt rodeé®nunit 18 on
force. Therefore, the protective sheet 30

sthé sbasisridfy dthefesqaknsg t(@.ihe retd emiipn asidr fE€€ output
3g of the lower electrode 3 , and the sem conduct or

vededitids stabtive r atighRredetichbe W ASABePROIGRSHE NProcessing
process. In addition, the protective sheet 30 is

S@dh&f erdros i @YAFOQth ph¥% shhe GeRIHNGd unctdon-fEQvidedy s6) .
for the lower electrode 3, and a thermal damage due

t0s hgatcggner ated by dhe P asiRedi §58aM3R S & transition to
prevent ed.

the plasma state in the discharge space between the upper
electrode 4 and the lower electrode 3. By the plasma
generation, ions in the plasma are applied from the mask
side (resist film 3la side) to the semiconductpr 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 silicon (i.e., silicon substrate 45)
that is the principal material of the semiconductor wafer 6
are etched.

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

lower electrode 3 and the semiconductor wafer 6, and the

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

woOhesphiagsa di ci ng process (insul ator exposur ePCT/JP2006/307996

processi ng) by the anisotropic etching, the etching
characteristic has an increase6in t he thickness

direction of the sem conductor *Rafer 6 . Therefore, as

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

wafer 6 corresponding to the mask slit portions 31b is
etched in the thickness direction, _so that groove

;ﬁﬁ?ioﬁge% rBFgﬁtﬁthﬁ WRCHON oubfF §eegual tRPiHEPre, the
width of the mask slit portions 31b, i.e., the width
HAERERCINR dith§Steg? Ons Al shac tink. aNBrESFercloge to the

step S7, the plasma dicing process (insulator exposure
protesiany) siwfecep 38 iof cgh?i ebwrit gAectroke 3, and the
etching bottomportion that is the bottom portion of
tFemirauwiictpor t Weifede Ps iemsvedllyy cetaingdantht Hde plasma
surface of the silicon oxide film35 is exposed from
teobersiong pproceas(i . €n anditiohe suef acetefcttihee sheet 30
i nsul ator isexposed) , or, for exanple, until the tine
neassaeis byctbeipyocesdicdg by nehaeaswlemgntfgecti®@n Pbovided
reaches the condition of the processing tine necessary

fosr exposidvget hel sdtic@d DXigded fal thdbnd Ncdatdegei Bubheo heat
pl asma processing conditions 8l A By thus providing a

fat@rdtdt Wi cthd &1 $dhd cons d e T 14 pBS,dnsegxposed
at the groove portions 6¢, the portions that

CorreSpomjﬁofééJE%ﬂi¥i§&@922§959Q%p@% L HPVEH performed

fromthe silicon substrate
on the basis of the plasma processing conditions 81A in the

plasma dicing process (insulator exposure processing) by
the anisotropic etching, the etching characteristic has an
increase 1in the thickness direction of the semiconductor
wafer 6. Therefore, as shown in Fig. 9B, the surface of
the semiconductor wafer 6 corresponding to the mask slit
portions 31b is etched in the thickness direction, so that
groove portions 6c of a width that is rough;y 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
(insulator exposure processing) in step S6 is carried out
until the etching bottom portion that is the bottom portion
of the groove portion 6c 1s removed by etching and the
surface of the silicon oxide film 35 is exposed from the

bottom portion (i.e., until the surface of the insulator is
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Wien i t i s determnedi n step S7 that i t reaches
the prescribed tine, the plasnma dicing process under

woOhersgiane3 condi tion i s continuously carried OBCTHR2006/307996

ani sotropic etching i n step S8 as a plasma dicing

process for performng the not%g formation (i . e . ,

notch formation processing or rner portion renoval
processing) . As a result, the exposed silicon oxide

film 35 becones electrically charged with the positive
charge of the ions applied fromjnside the plasma t o

t P BT om Pbr t iTGiFs GrRMHE grigdvel pbPei drEeedieafir¢heby the
traj ectory of the incident ions i n the groove

PROFRFDHELBE  are MonsBeRERt $yeBlent ,S9&rifey ni Ag t Heeaches  the
etching of the divided silicon substrate 45 so that

t gt kO pbrEhensreteshingrobve pefesdasysEosr exposing the
expanded i n the widthw se direction . Consequently,
aslkhen pxAdR gf19c, 3%ot bhebudedarie f bheedlatsmsot hrocessing
corner portions of the bottom portions of the groove
poondioniole, S8ilA.e . By ttheiscopnevigdngi enssidte hén which the
portions put i n contactwith the silicon oxide film 35

o1 kamin phetde of ilhe3 8l Vd dexbsseédcan shbsirabeedbodteons 6c,
removed, form ng rounded (R) portions 40a. The plasm

ditled NP1 OELSSthOt OOt edspOidBtd OBhe NSV RIS/ t8gions R2 are
carried out in step S9 until the notches 42 and the

r BSHRLl POF&ih OfSe 4081 Dkod NeupE€S8EEL DR, Sizes are
formed, e.g., the tinme nmeasured by the processing tine

nmeasur enentyseet £ Ni354eeacheselihe cAUS ioN Y £ her reaches
processing tinme

the prescribed time, the plasma dicing process under the
same condition is continuously carried out by anisotropic
etching in step S8 as a plasma dicing process for
perfqrming the notch formation (i.e., notch formation
processing or corner portion removal processing). As a
result, the exposed silicon oxide film 35 Dbecomes
electrically charged with the positive charge of the ions
applied from inside the plasma to the bottom portions of
the groove portions 6c, and the trajectory of the incident
ions in the groove portions 6c are consequently bent,
performing the etching of the divided silicon substrate 45
so that the bottom portions of the groove portions 6c are
expanded in the widthwise direction. Consequently, as
shown in Fig. 9C, notches 42 are formed at both corner
portions of the bottom portions of the groove portions 6c,

i.e., the corner portions of the portions put in contact
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necessary for form ng the notches of the prescribed
size included in the plasma processi ng conditions 81A

woORodst112€23det erm ned that it has reached the pPOTEBEN6I8)7996

time in step S9, then the plasma dicing process (notch
formati on processing) by the a? sotropic etching is

ended, and the plasnma processi condi tions 81B for

the isotropic etching are sel ected by the process

control section 91, and the gases sel ected by the gas

flow rate regul ating, section 21 are regul ated to a .
pie rg%%dsbg%cﬁ%ﬁ%%%g?i%hfﬁné5a°5r%§ i BeBCPI B theedivided
based on the conditions and supplied into the

pf HEEEdt ngS e e 2 {3t F S| BFMOViSsl coROrBEE Y t Feunded  (R)
first on/off valve 22A is opened on the basis of the
PPRSHECIYY 0E€&si ng conditions 81B for the isotropic

etching, so that SF is supplied fromthe first gas

suppl y uni tTiArlesnhedgad ngi Yinugeser tiaon Moteit formstion in
supply flow rate controlled by the first flow rate

colrp of8 vabvea283AedConturimerttign I%hewrgeconchenhofthes 42 and
val ve 22B isopened, so that He is supplied fromthe

steoo b wade $ uppt i oms t 4 @2OBo f othdepgascni Medgspaeki aBe formed,
19 with its supply flowrate controlled by the second

fé oy r atlee CONinEOhewalived23y: HHe irddsadindat ihBemeasurement
third on/off valve 22C and the fourth on/off valve 22D

agectPilin | B5a £60808s Stake abndhtsohi B8 aRd Ay time
nor CHF3 is supplied. Mreover, SF6 and He are m xed

S @SsdHrPayera GASIGRPEREL Ot BfeslQf BHel HALEHBSed size
m xing portion 19 and supplied into the processing
included in the plasma processing conditions 81A.

If it 1is determined that 1t has reached the
processing time in step S9, then the plasma dicing process
(notch formation processing) by the anisotropic etching is
ended, and the plasma processing conditions 81B for the
isotropic etching are selected by the process control
section 91, and the gases selected by the gas flow rate
regulating section 21 are regulated to a prescribed gas
composition and a prescribed flow rate based on the
conditions and supplied into the processing chamber 2 (step
S$10) . In concrete, the first on/off valve 22A is opened on
the basis of the plasma processing conditions 81B for the
isotropic etching, so that SFs is supplied from the first
gas supply unit 20A to the gas mixing portion 19 with its

supply flow rate controlled by the first flow rate control

valve 23A. Concurrently, the second on/off wvalve 22B is
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chanber 2 . Then, it is confirnmed that the interna
pressure of the processing chanber 2 detected by the

wonewsuze3sensor 28 has reached a pressure con#CTAURI06/307996

(e.g., 500 Pa) in the plasnma processing conditions 81B

in the gas supply process (ste% SIO . It is noted

that the interel ectrode distan® D between the | ower

el ectrode 3 and the upper electrode 4 is kept as it

I's. Subsequently, on the basis of the frequency (e.g.,

13. 56 an he out put copditign of the plasna
ﬁﬁ5€5§grﬁé005%8&ti ns BIEPHYL e ar FPRg thicastREond gas supply
di scharge by applying a high-frequency voltage that
a‘tﬂ]éés2(\%/]\ﬁ3tﬁot Fgecgﬁéi PEdS S aatdeR™ HS upider &Fecerpaby flow
4 and the |lower electrode 3 by driving the

Hi&fte f ¢ RybenEyeBoEr thai 6eE@NG Hd opl dxvie diebgol valve 23B.
process by the isotropic etching is started (step SIl)
JItsieenthedi sbaspibeetbhivng dndof fedive 22Gaand the fourth
t heetching characteristic in the direction along the

surActe velvhe 28@macendeict oinwaf erl Gsahdstheeetathitigis time,
characteristic in the direction of thickness are
raouyhhyielgenl Ot oneachnst heés, setophiird.i s perdoverd SFs and He
roughly equally in each of the directions in the

pard inginsed Osdvd € htd Neapd as nPa & Scafd$ £ei o dhough: tBe in the
etching characteristic in the direction of thickness

afddlahlix ith@ndsoteibeCcan® Shigghkliyp IDES Hﬁhﬁﬂs%hkha?rocessing
the etching characteristic in the direction along the
chamber 2.

Then, it is confirmed that the internal pressure
of the processing chamber 2 detected by the pressure sensor
28 has reached a pressure condition (e.g., 500 Pa) in the
plasma processing conditions 81B in the gas supply process
(step S10). It is noted that the interelectrode distance
D1 between the lower electrode 3 and the upper electrode 4
is kept as it is.

Subsequently, on the basis of the frequency (e.g.,
13.56 MHz) and the output condition of the plasma
processing conditions 81B, by starting plasma discharge by
applying a high-frequency wvoltage that agrees with the
conditions between the upper electrode 4 and the lower
electrode 3 by driving the high-frequency power unit 18,
the plasma dicing process by the isotropic etching is

started (step S11).

Since the isotopic etching has a feature that the
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surface also by the isotropic etching, it is unchanged
that an etching characteristic obviously different

wonewtibas of the ani sotropic etching is exhi bPCEdP2006/307996

the plasma etching is carried out by the isotropic

etching, as shown in Fig. 10A _the groove portions 6¢
formed by the plasma dicing prggess by the anisotropic
etching are etched in the direction along the surface

of the sem conductor wafer 6 in the nei ghborhood of

entran n the nei ghhorhood of the upper

p‘-’g’r‘ﬁjo‘hg ﬁﬁﬁﬁéciﬂﬁﬁb%}c lf’he’f%g igére%éoﬁr@&\%lg he surface
portions 6¢c,are etched so as to be slightly expanded

[GF HEP v o hoP S eH T o 0P R 1 hetRdfthapPEBUERY Fharacteristic
etching characteristic tends to becone nore intense in
tHe BBegHbbF#elotPdf of het ekt rgee afet Hougbbweequal to each
portions 6¢c and weaker as approaching the bottom
poreonsetThenegf b8 epebfopaetiomeiugy lvhedwsotnopic each of the
etching, as shown in Fig. 10A, the rounded (R

pbirt ¢ onsodHbin hdhe apertipned toomhndxhs wifacelasma is applied.
portionscan be forned at the end portions put in

cantltamtghwi ttthet hetchimgi rthamegitens K2 ©nihhethe direction of
mask- pl acenent -face 6b of the device-f

artied ks § egicenalRy. thiads i 8o thedmeundedgpenti asrAO0bntense
are forned at the end portions (corner portions)

lvacat eﬂh@neteﬁlﬁ@s&hah:a@@@mst&@cqn6ttrfé dgi ©fctf6n along the
devi ceformati on- regions R and the four corner

mﬂfpég%nﬁf%§ m;&gér %%@Pé af¥eehidg) S1 A0t 8duhBR nged that
an etching characteristic obviously different from that of
the anisotropic etching is exhibited.

If the plasma etching is carried out by the
isotropic etching, as shown in Fig. 103, the groove
portions 6c formed by the plasma dicing process' by the
anisotropic etching are etched in the direction along the
surface of the semiconductor wafer 6 in the neighborhood of
the entrance (i.e., in the neighborhood of the upper
portion in the figure). Therefore, the groove portions 6c
are etched so as to be slightly expanded in the widthwise
direction thereof. Moreover, the etching characteristic
tends to become more intense in the neighborhood of the
entrance of the groove portions 6¢ and weaker as
approaching the bottom portions. Therefore, by performing

the isotropic etching, as shown in Fig. 10A, the rounded

(R) portions 40b that are curved convex surface portions
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isotropic etching in step SII is carried out until the
rounded portions 40b are forned into a prescribed

weiem/11p3 for exanple, until the tine neasur eBCiyP100&307996

processing tinme neasurenent section 95 el apses over

the processing tine of the pla§ga processi ng

conditions 81B for the isotropic etching. Wen it is
deternmined in step S12 that it has reached the

prescribed tinme, the plasma dicing process by the

isotropic etching is ended. In addition, the plasma
;ﬁad“ceégi %ﬁrﬁlﬁgdiat%i &rs%%e SRS f BPT EHRRF nBUtatithg 93 FaRt with the
renovi ng process are selected by the process contro

FHi 91 reghanE h&2ga’n s dihec tas P T #eemaRtt faee r §be of the
regul ating section 21 is supplied into the processing
&%Vﬁo%?‘@omaibmrﬁgr@@g@m%\t}ég. t olhale peesthebedugdsd portions
conposition and the prescribed gas flow rate on the

e s agfe t Heorwmddi witonshest epdS1Bpriibnscorcprener thertions)
fourth on/off valve 22D is opened on the basis of the

pl arsatee gr ou e $hien gnacirdh ltd csreer81Gfaare t Gle isislel atfi nighe device-
filmrenoving process, so that CHF 3 is supplied from
tfveriaoun ol gasi sUPpRY wrid 26D foutrhec@ase M Yorgions of the
portion 19 with its supply flow rate regul ated by the

frargtdndh ooy rgteheontrol val ve 23D, Then, it is
confirmed that the internal pressure of the processing

chanber 2 dﬁﬁeﬁ%ﬂ%/dtﬂ?a’@?ﬁ%?ﬁﬁaé@éﬁs@{cgﬁg_h§§ocess by the
reached the pressure condition (e.g., 50 Pa) in the

g{%ﬁ%ﬁ@c%%%wﬂﬂgcoﬂqi s §1C 14k tBEr9aRaSUPRE Y until the
rounded portions 40b are formed into a prescribed size, or,
for example, until the time measured by the processing time
measurement section 95 elapses over the processing time of
the plasma processing conditions 81B for the isotropic
etching.

When it is determined in step S12 that it has
reached the prescribed time, the plasma dicing process by
the isotropic etching is ended. In addition, the plasma
processing conditions 81C for the insulating film removing
procéss are selected by the process control section 91, and
the gas selected by the gas flow rate regulating section 21
is supplied into the processing chamber 2 by being
regulated to the ©prescribed gas composition and the
prescribed gas flow rate on the basis of the conditions

(step S13). In concrete, the fourth on/off valve 22D is

opened on the basis of the plasma processing conditions 81C
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It is noted that the interel ectrode distance Dl
between the | ower el ectrode 3 and the upper el ectrode

WO 220®/HBp8 as it is. Subsequently, by starti ngPChgP2006/307996

pl asma di scharge by applying a high-frequency voltage

that agrees with the condition? bet ween t he upper

el ectrode 4 and the | ower elecffode 3 with the

hi gh-frequency power unit 18 driven on the basis of

the frequency (e.g., 13.56 MHz) and the out put

condition,of the high-frequency of the plasm ,
rﬁ%ﬁe%%?nénEBLaF?P8n§%%ﬂ: Y N BASRERCEEERT nFOf grbat CHEs 1is
renoving the silicon oxide 35 exposed at the groove

POMR o 6EXPB &gy t B Fhsdrat crukkpvERiSr s stag the gas

in step S14) . By perform ng the plasma etching, as
FHEWNT PR Lo OB?2 tvhetlex pbs edupbllivc ol oi dets5 regud.ated by
the silicon oxide 35 in the portions that correspond

ttdha Heowith diley regicoonsomiR2rdls yeolsie 230y et ched to

renove the silicon oxide 35 in the portions. As a

result, therhzor,tionsishabnédormedpahdtt ditte ditdntialg pressure
regions R2 are conpletely renoved fromthe

sefmtdendugics sdafercanban® tditcected by the pressure sensor
device-formation-regions R are separated into

izedindglusdagiateshe f prakpgré heosamteoRduet.@f. ,ClHMPAO in the
that include the sem conductor devices 44. It is noted

tﬂlﬁisﬂé"ﬁp?b@éﬁ@iﬁ&CEioli‘:Qi_iit%o‘ﬁ_@r rded out W ibatheul step.
neasured by the processing tine neasurement section 95

rneaches,dths %%%?&i@%ﬂé%ﬂé&% d st P S Wetween the

processi ng conditions 81C (step
lower electrode 3 and the upper electrode 4 is kept as it

is.

Subsequently, by starting the plasma discharge by
applying a high-frequency voltage that agrees with the
conditions between the upper electrode 4 and the lower
electrode 3 with the high-frequency power unit 18 driven on
the basis of the frequency (e.g., 13.56 MHz) and the output
condition of the high-frequency of the plasma processing
conditions 81C, the plasma etching for removing the silicon
oxide 35 exposed at the dJroove portions 6c is started
(insulator removal processing in step S14).

By performing the plasma etching, as shown in Fig.
10B, the exposed silicon oxide 35, i.e., the silicon oxide
35 in the portions that correspond to the dividing regions
R2 is positively etched to remove the silicon oxide 35 in

the portions. As a result, the portions that correspond to
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If it is determned in step S15 that it has reached
the prescribed tinme, then the plasma etching process

woaoostihe28 nsul ati ng fil mrenovi ng process, i.ePCTUP®06/307996

i nsul ator renoval processing is ended. Wen the
processing i s ended, the supplé of the m xed gas and
the application of the high-fr auency vol tage are

st opped. Subsequently, an interel ectrode distance
change for making a transition to the plasma ashing

rocessi ng.(mask renoval _processing) is perforned
%Sl?%pdéifé%lggl B et 82 13 pI© @%&esg?lﬁﬁved from the
condjtions 81D for mask rennvingcfropess are sel ected.
PRHEO MRS CoheT of - sébeli dheoderhee 1 Ferippen-regions R1
el ectrode 4 is noved up by the el ectrode el evation

WBHE 28k rshedn | AnFPg. IBlbnldwel bagileadst he forming  the
conditions, setting the interel ectrode distance
beameeendietapperh i@ ect 4ddether andinhbudewethel esembdenductor
3 to the interel ectrode distance D2 . The

ideeretecd4 odel dist anceeddX e nthdep haska i steleimyeds byarried
pl asma ashi ng as descri bed above is set w der than
tdet ntenelbcttbde dimbanmeaBuried t g plidsda gtet@gsing time
process. Subsequently, the third gas supply unit 2CC

ise s@hBah@t wedthhash scaicide PhaspPoPe HSL5§1 Pne included
conditions 8ID, and the plasma ashing gas (e.qg.,

oY O b Ba SiMP R Btk £ 4 00 tdhd i fsh 9ag1 SUpPtdp usi k) 20C
with its supply flow rate being regulated (step S17) .

Then, Dby detectiing; hesd#d:6{11dq 9a% PEeSpUr1 9F &l it has
processi ng chanber 2 in the gas supply process and

CURAANI e WESRUWBHM il Ofhen  the plasma etching
process for the insulating film removing process, i.e., the
insulator removal processing is ended. When the processing
is ended, the supply of the mixed gas and the application
of the high-frequency voltage are stopped. Subsequently,
an interelectrode distance change for making a transition
to the plasma ashing processing (mask removal processing)
is performed (step S16). In concrete, the plasma
processing conditions 81D for mask removing process are
selected by the process control section 91, and the upper
electrode 4 is moved up by the electrode elevation unit 24
as shown in Fig. 15 on the basis of the conditions, setting
the interelectrode distance between the upper electrode 4
and the lower electrode 3 to the interelectrode distance D2.

The interelectrode distance D2 when the mask is removed by

plasma ashing as described above is set wider than the
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the plasma processing conditions, it is confirnmed that
the pressure has reached the pressure expressed by the

woaoittiz«ans . Subsequently, by applying the PCT/JP2006/307996

hi gh-frequency vol tage between the upper electrode 4

and the | ower electrode 3 by d?iving t he

hi gh-frequency power unit 18, fie pl asma di scharge is
started (step S18) . As aresult, the supplied gas

makes a transition to the plasma state in the

di scharge space between the upper el ectrode, 4 and the

T B e C@S.tarlh%e t%slrgemm ¥R adhalpakREOCess.

ef fect on the mask-placenment-face 6b of the i ,
seni conductBHOSRARNELY t RBRedyrshi A§S(i THAREF atinhl) 20C is
the resist film 3la nmade of an organi c substance by

t$Rl ¢t erheon ThER, bAZls toe pPhregidesmel RIRCeshing, cCohditions
resist film 3la gradually disappears, and finally, the

nbesk: i andohpredlapmeemBiddd roast He -geni covydiget)oris supplied
wafer 6 , i.e., the mask-placenent-face 6b of the

sfapdrc ohbecttdri rohi pas 4Guppiwd imtto 20di wiital ipseceprEsy flow
shown in Fig. 10C. The output of the high-frequency

poaier beunge rieyutllag avhsks a0 LY . pr oTless, | bysefetteartaing the
prescri bed value set within a range of, for exanple,

1G04 al00ayV bazedor tde PhasiR UNGESSY NGhamber 2 in the
conditions 81D. Then, after the mask is conpletely

reiVvethptheppbasss dhachamnplrisgst@RPtessure with that of
Subsequently, the operation of the vacuumpunp 8 is
;Er@@pﬁpaéﬁé epr A3 singndohBet €XRRUSY tSWL ChoVEl -V VEhat the
pressure has reached the pressure expressed by the
conditions.

Subsequently, by applying the high-frequency
voltage between the upper electrode 4 and the lower
electrode 3 by driving the high-frequency power unit418,
the plasma discharge is started (step S18). As a result,
the supplied gas makes a transition to fhe plasma state in
the discharge space between the upper eiectrode 4 and the
lower electrode 3. The thus generated p;asma takes effect
on the mask-placement-face 6b of the semiconductor wafer 6,
thereby ashing (incinerating) the resist film 3la made of
an organic substance by the plasma.

Then, with the progress of the ashing, the resist
film 3la gradually disappears, and finally, the mask is

completely removed from the semiconductor wafer 6, i.e.,

the mask-placement-face 6b of the semiconductor chips 40
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is swtched for release to the atnosphere (step S20)
A's aresult, the internal pressure of the processing

woheoshiez422 i s restored into the atnospheric preeTUP®IGC/307996

Then, the vacuum attraction is turned off, and the DC

power unit for electrostatic agtraction is turned off

(step S21) . As aresult, the Pet ent i on by attraction

of the sem conductor wafer 6 in a state in which it is

di vided into individual pieces of the sem conductor

chi ps 40.and retained hy the protection tape 30 is
rgbg%%%dFHQQt%ﬂﬂky |gﬁe$£% &SmiTeBuctdr "warert @ -  The
that has undergone the plasma processing is unl oaded
(RS2 DT | Hieat high-fheddercyonBaYEsr SREEFe6 3 the mask
sucked and hel d by the suction head 27 and unl oaded to

t FRNQURY derofeshelpr 88Essiong dhzafrariledy Tl idesal within a
gas blown through the attraction holes 3e. As a

resude , of he fpirastramriooessP Ag thorl €@@ht Wnbessky on the plasma
carrying out the insulator renoval processing, the

notcted oimat | con@i ob@ssi nglDt he | Sbenppi eftéret thiengmask is
processing, the insulating filmrenoving process and

t tempiestke ¥ v noamad v ed o cidss | piha sma edtiedhangé hespkaspped.
processi ng apparatus 101. Then, the sem conduct or

waf er 6 unlpasedqtogetyer et bpkha thoat gt ittes sheeiuBOoump
is transferred to a sheet peeling process, in which

the propeeli Vetreheed1 30 iéncE’eﬁhﬁd hukomuitehover valve 7

circuit-formati on-faces 6a of the
is switched for release to the atmosphere (step S20). As a

@

result, the internal pressure of the processing chamber 2
is restored into the atmospheric pressure. Then, the
vacuum attraction is turned off, and the DC power unit for
electrostatic attraction is turned off (step S21). As a
result, the retention by attraction of the semiconductor
wafer 6 in a state in which it is divided into individual
pieces of the semiconductor chips 40 and retained by the
protection tape 30 is released.

Yet subsequently, the semiconductor wafer 6 thét
has undergone the plasma processing is unloaded (step S22).
That is, the semiconductor wafer 6 is sucked and held by
the suction head 27 and unloaded to the outside of the
processing chamber 2 with the N; gas blown through the
attraction holes 3e. As a result, the plasma processing
for continuously carrying out the insulator removal

processing, the notch formation processing, the isotropic
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sem conductor chips 40. A s showmn in Figs. HA and HB
the sheet peeling is perforned after the sem conductor

woho@si143are retai ned on the adhesi ve sheet 3PCDYP2006/307996

sticking an adhesive sheet 37 for retention use to the
mask- pl acementface 6b of the s giconductor chips 40. A
s a result, the manufacturing 3 ocess of the
sem conductor chips is conpleted. In this case, Fig.
30 shoms a schematic perspective view (including
{ renmpoval cross secti,on shomnng t he appear ance
?WkPQhQ§°qgﬁ%ﬁﬂbseﬁ?%o GG I p§labh. LEROEHnProcess
in Fi t he rounded portions 40a that are curved
C%W@eghﬁnm%%% PARAGHs PARCBESEBANELS s6NEed olherdife Plasma
the sharp corner portions (or ridgelines) at the end
POFeFONEL Y . abrandtypel @hd portions in all of the four
directions) on the circuit-formation-face 6a side of
t he seni conthetortidi pemiconducthervafde foundledded together
portions 40b that are curved convex surface portions
caitlh éhfeorpedtsotaget slreenpvad0t hies shappsfermerd to a sheet
portions (or ridgelines) at theend portions (i.e., at
thee bty porddons, i nmalhioh the footediieet 5088 00 iBepeeled
mask- pl acenent -face 6b side of the sem conductor chips

49t Thatrom, alkhet hecgoicher ForaismThddie 6a of  the
ridgeli nes of the sem conductor chips 40 can be

r esmV@shafeiSod RSl t40 chiRPi OgowNeidort hs. C@meénd 11B, the
portions and the |like that becone chipped can

SEHRPL e Se fﬂ@”l@%é*fféﬂﬁe@”af@@r”@Hé‘fééﬁtﬂéglqductor chips 40
sem conduct or” chi p 40,

are retained on the adhesive sheet 37 by sticking an
adhesive sheet 37 for retention use to the mask-placement-—
face 6b of the semiconductor chips 40. As a result, the
manufacturing ' process of the semiconductor chips 1is
completed.

In this case, Fig. 30 shows a schematic
perspective view (including partial removal cross section)
showing the appearance of the thus-formed semiconductor
chips 40. As shown in Fig. 30, the rounded portions 40a
that are curved convex surface portions can be formed so as
to remove the sharp corner portions (or ridgelines) at the
end portions (i.e., at the end portions in all of the four
directions) on the circuit-formation-face 6a side of the
semiconductor chips 40. Further, the rounded portions 40b

that are curved convex surface portions can be formed so as

to remove the sharp corner portions (or ridgelines) at the
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the transverse rupture strength can be inproved.
Mor eover, the thus-fornmed sem conductor chip 40 is,

woaooeeianpl e, a sem conductor chip of a reduce®8CT/JP2006/307996

t hi ckness such that the thickness di nmension thereof is
sufficiently smaller than the gidth di mensi on thereof.
Concretely describing the stru t'ure of the
sem conductor chip 40, the sem conductor chip 40 has a
first surface (circuit-formation-face) 40c which has a
roughly rectanqul ar flat surface and on which the

dﬂ%ﬁﬁk?%? evFce 234 Fgef6¥ﬁ%d¥“51§§5bﬁﬂls%+¥a%% the four
40d which is a roughly rectangular flat surface
PR ERFEetond t R f | Ygeiacd agranqrdcdiaé® ofla héigedeof the
opposite fromthe first surface 40c, and a connection
st dcet ol ehips HEcat eBhat ihe pédi pihe ycofngheportions
first surface 40c and the second surface 40d and
corthethe thedemdinssy t 06n Wie t hemficpstustintacsh 4Pe @Dt kcan be
the end portion of the second surface 4Qd.
Frentdwesdor eAst hersenil tpndbhdtoprinchidquedGtd stloonsdruet edortions
so that the connection surface 4Ce includes the
reaspetheveridundedaporddaanse 40aippdd4@ard hpe aneyswedl from
convex surface portions so that no ridgelines are

farameratg t be ek peshhoastaketihesdiliinaidtiacecads 40, and
and the second surface 4Qd. Therefore, in the

e f aed iRt S gRNAUCtOF r ARG Bl 40h theipordiens
where the ridgelines have been |ocated by the

conventi onake PaiAct HRbNG HR{-hRd-caD bemeeBRkLuehed chip 40

of curved convex surface portions, and the transverse
FUPLUrfor  example, a semiconductor chip of a reduced

thickness such that the thickness dimension thereof is
sufficiently smaller than the width dimension thereof.
Concretely describing the structure of the semiconductor
chip 40, the semiconductor chip 40 has a first surface
(circuit-formation-face) 40c which has a roughly
rectangular flat surface and on which the semiconductor
device 44 is formed, a second surface 40d which is a
roughly rectangular flat surface parallel to the first
surface 40c ELocated on the side opposite from the first
surface 40c, and a connection surface 40e which is located
at the periphery of the first surface 40c and the second
surface 40d and connects the end portion of the first
surface 40c with the end portion of the second surface 40d.
Furthermore, the semiconductor chip 40 is constructed so

that the connection surface 40e includes the respective
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strength can be inproved. Considering the fact that
the thickness dinension is sufficiently smaller than

woOheoniizi2h di nension in the sem conductor chi pPaO/JRE06/307996

descri bed above, it is also possible to formall the
connection surfaces 40e of the %urved convex surface
portions. Moreover, when curved Sconvex surface

portions, i.e., rounded portions 31c are forned at the

four corner portions of the resist filnms 3la that have

a rough rect angul ar shape_in plane and are arranged

P e 4 %Ha%%%e‘ma ?%@e‘éO]Bbt’g?ttﬁ%eséﬁi-”gﬁﬁdﬁ@{%?x surface
wafer 6 as shown in the schematic explanatory view of

R LRSS t 1R cdhfitguPat | BAJEPILREST R hed Sefiednddct dhe end
chip 40 can be forned into a snoot her configuration
RTINS | fpridreerbbret surfheet M- f ardedhe second surface
sem conductor chips 40 , the wi dth dinension of the

diQd di nfheegfors, R ithe fmanekanpheedapenicéntiocROrnmwatfer 40,
, the width dinmension of the renoved corner portions,

ithe ,poheidnanmeheredichensiicyedfindse heowendeskpordtoinsd by the
40a and 40b is about 0.5 to 20 mm, and further

tdrew et i ofh a0 N siadmm fefc thivd Hempeedodi | ¢&0n WXi donkitkiicted of
35 is not greater than about 50 nm . Although the

CHMesh COON ¥k SHiE 868ePROItARRsGOMR D - HVeransverse rupture
configuration that unlimtedly resenbles chanfered

Rod#drofisn (ARGl RedidpBdved! f aceRAdd O PrtRet 3RCEEdhat the
portion) if a curvature of the "rounded portions”, or

the) I ¥ dg CRBYEX,S UL Eace MRAIlicORsy REEATRS. than the width
unlimtedly small, such chanfered portions are
dimension in the semiconductor chip 40 as described above,
it is also possible to form all the connection surfaces 40e
of the curved convex surface portions.

Moreover, when curved convex surface portions,
i.e., rounded portions 3lc are formed at the four corner
portions of the resist films 3la that have a roughly
rectangular shape in plane and are arranged on the mask-
placement-faces 6b of the semiconductor wafer 6 as shown in
the schematic explanatory view of Fig. 31, the
configuration of the formed semiconductor chip 40 can be
formed uinto a smoother configuration, and this is
preferable. In the thus-formed semiconductor chips 40, the
width dimension of the dividing regions R2 is, for example,
about 5 to 20 pm, the width dimension of the removed corner

portions, i.e., the diameter dimension of the rounded

portions 40a and 40b is about 0.5 to 20 um, and further the
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included in the curved convex surface portions of the
present enbodi nent so |long as the portions are convex

weuodeaas2porti ons curved even a little. Al thougaTibhmos/307996

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
manuf act uri ng nmet hod for sem conductor chips of the

present first enbodinment is not limted only to this

case,. and it may be a case where chanfer portions i
aﬁtiﬁméﬁw%@%\ﬂ%gt%er%‘f%d portione aredeobhbl Af 1is not
the corner portions. This is because the occurrence of
dHigpiely daanbeakoppr esedimeven A¥thdieglshdifer curved convex
portions are forned as descri bed above. Moreover,

AUhfgh therebeeswhepaet hetrihevpal aporadwii dfratieon that
sem conductor wafer 6 is the silicon substrate 45

fusr g tefd &y | ireserids hechatdscedbedoatidves t henabivhd flat
formati on of the present first enbodi nent can be

siurn faard ypadridred ot wawkeedipittaroref f eftacamrveture of the
obt ai ned even when the sem conductor wafer is formed

Jfr curEeds hmseEdna'sr it the placerad dhevaboyer £ase.pdttions”
Is noted that a gas constituted mainly of chlorine

hasethagas whawitpref ersaklin ,besusad asahfferpbasprtions are
processing gas in place of the fluorine based gas

(9B udddt) ihor tebchingvihe shhi&on smtmidal powkennthecr the
GaAs based material is used as described above, the

HAd LAt e dgaRnke Wsedigagt hes 1 nsW aing ifhkM are  convex
surface portions curved even a little.

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
manufacturing method for semiconductor chips of the present
first embodiment is not limited only to this case, and it
may be a case where chamfer portions obtained by removing
the sharp portions are formed at the corner portions. This
is because the occurrence of chipping can be suppressed
even if the chamfer portions are formed as described above.

Moreover, although the case where the principal
portion of the semiconduétor wafer 6 1s the silicon
substrate 45 formed of silicon has been described above,
the notch formation of the present first embodiment can be

similarly carried out and a similar effect can be obtained

even when the semiconductor wafer is formed of a GaAs based
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Mor eover, although the case where the sem conduct or
chips 40 are manufactured in order of the insul ator

wexpmsuz4e3 processi ng, the notch formati on proceeTuPmN6/307996

the isotopic etching processing, the insulator renoval

processi ng and the mask rennvahgprocessing has been

descri bed above, the present ehbodinent is not limted

to the case. It may b e a case where the isotopic

etching processing is carried out at any timng before

or after.  the insulataor exposure processing, the notch

f%ﬁqﬁﬁ%%ﬁ1iﬁo@gé§?n§ﬁwt5¥eaPﬂ§%Igﬁéﬁ'rengQan noted that a

processing is carried out. It is noted that the

97Ul AT ENPOF e PROBEES| A a8 LOKd Dot AR SSst neddon should

processing are carried out on the identical plasm
ey dendigadbrs dre RERhaederesing das in place of

efficient to continuously carry out both the

ghscetbesrine cbrdedg das t heFdi rGs)enbodi sepbhingariheussilicon

effects can b e obtained as follows. By using the

sertiegoireduct or Whadrer ,thon vdeAh theesid i ctexiale fid mB3Sed as

is placed as the insulating filmin the portions that

cEsesijordl tbotke dikédisigliegi onxikd?2 otahhée used as the

circuit-formation-face 6a, as the sem conductor wafer

G rand eaim gy ifigmout the plasma dicing process fromthe

maskpl acenent - face 6b, the sem conductor chip

manuf act ur e eARabl e of1ERKHYRY t hed oundege POr LiHQRS  the
40a at the corner portions of the fornmed sem conduct or

e MDY TBAOYENY0 are manufactured in order of the
insulator exposure processing, the notch formation
processing, the isotopic etching processing, thé insulator
removal processing and the mask removal processing has been
described above, the present embodiment is not limited to
the case. It may be a case where the isotopic etching
processing is carried out at any timing before or after the
insulator exposure processing, the notch formation
processing or the insulator removal processing is carried
out. It is noted that the insulator exposure processing
and the notch formation processing are carried out on the
identical plasma processing conditions 81A, and therefore,
it 1is efficient to continuously carry out both the
pProcesses.

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

By using the semiconductor wafer, on which the
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the transverse rupture strength can be achieved. In
concrete, the groove portions 6¢c are forned in the

woaodsiton3t hat correspond to dividing regi ons R2TAP2006/307996

carrying out the plasma dicing process on the

sem conductor wafer 6 , and thg silicon oxide film 35

is exposed fromthe etching bo 9on1portions in

accordance with the progress of the etching.

Subsequently, the exposed silicon oxide film35 can be

ch ed with the positive charge due to the iqns in ) _
(oL PR i HYE ARG & Hol B 9B maSditdiong HFEcdsgly filn in
and the rounded portions 40a can be fornmed by renoving

tHee cBPRktOpdr EPehs Cor reReoBEnitOo tdhec tdFVichitss 2ooiers R2 of
in contact with the silicon oxide film 35 by bending

ttHee te B @bt loriomtat henabpte ethi ons byet henthendiagorByafer 6
thus form ng the rounded portions 40a on the

s copdbriny ohitpsh0, Pldwnas edi condustroceehi fsromhiithe mask-
are able to suppress the occurrence of chipping of the

netaut ered nur-efth se maonddadteor sehiipsndcand ofthihi chathfacturing
transverse rupture strength is inproved can be

neapHdlatd us £dLdbmeéagerchem tdundgardotbibhe epposed the corner
silicon oxide film35, the silicon oxide film35 can b

pPosidiyaly wicheskdyd peehntdhdigethe ghassod @t SRdNdnproving
while switching, for exanple, the kind of the gas, and

tihes rermyate oA Fehthald Vs beeaehh evad. ndhesef oF&q . t he

silicon oxide film35, which is not forned in the

portions thal C&HEESPONG:#O c}f@o@éf Vb PP f £96ONSr E2¢b Prned in

t he conventi onal sem conductor wafer
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
the etching. Subsequently, the exposed silicon oxide film
35 can be charged with the positive charge due to the ions
in the plasma by continuing the plasma dicing process, and
the rounded portions 40a can be formed by removing the
corner portions of the semiconductor chips 40 put ;n
contact with the silicon oxide film 35 by bending the
trajectory of the applied ions by the charging.

By thus forming the rounded portions 40a on the
semiconductor chips 40, the semiconductor chips which are
able to suppress the occurrence of chipping of the
manufactured .semiconductor chips 40 and of which the

transverse rupture strength is improved can be manufactured.
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501 to be subjected to the plasma dicing process, can
be renoved by carrying out the plasma etching process

woyomnizehi ng the kind of the gas in the case ROEIR20061807996

silicon oxide film35 is forned in the portions that
correspond to the dividing regi%ns R2, and the

seni conductor wafer 6 can reli4 ly be divided into the
i ndi vi dual pieces of the sem conductor chips 40.
Further, by performng the etching on the inner side

surface of the formed grqove portjons 6¢_in the .
directionzNQﬁﬁPY%%'sd%W§beQﬂg%W% <hi EBRAUEKBPSRAf epllicon

6 by switching the etching characteristic to the o

it Ghi et Bt c%gng?ch@t ERhilAgORaR*BEcadhi oy e iGr® Hee positively
wi dt hwi se direction in the nei ghborhood of the

&t ehattebpf aafgrocve Bbet iRdrsBe. eByhihas whdrleor gvagching,
the etching, the rounded portions 40b that are curved
cdonvegxsupflgce poet ikingl caf btlef gamd ahdt HEhendemoval can
portions and the corner portions on the maskpl acenent -

frackel Bl wiltke axfhidreedem Bordebdos, chhpssdDicdheorideefilm 35,
all the ridgelines can be renoved fromnt he

sém donidiictot €bipsd4fnsehar aoed ilpnd hehail assmrabEomg to the
process, so that the snooth curved convex surface

ROk ity Qs Dend oRIreth athd heomesh t 0682 Wil ébBductor wafer
ridgeli nes and corner portions have originally been

lopat e, bandddie difaNSYST $8el YtdHre: ShieNg NpsdRek € can be
I mproved. SECOND EMBCODI MENT The present invention is
NAndidd t @4 1 eakh9:8B0VEut 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
semiconductor chips 40.

Further, by performing the etching on the inner
side surface of the formed groove portions 6c¢c in the
direction along the surface of the semiconductor wafer 6 by
switching the etching characteristic to the isotopic
etching, etching can be achieved in the widthwise direction
in the neighborhood of the entrance of the groove portions
6c. By thus performing the etching, the rounded portions
40b that are curved convex surface portions can be formed
at the end portions and the corner portions on the mask-

placement-face 6b side of the semiconductor chips 40.

Therefore, all the ridgelines can be removed from
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enbodi ment but allowed to be put into practice in
vari ous nodes. For exanple, a manufacturing nethod for

weemetiozydsict or chi ps according to the second erbDdPIR6I307996

of the present invention is described below wth
reference to the schematic expl %hatory views shown in
Figs. 16A through 16C, Figs. t hrough 17C, Figs.
18A t hrough 18C and Fi gs. 19A and 19B. The
manuf act uri ng nethod for sem conductor chips of the
present second enbodiment differs fromthe firs
e%%d?ﬁ%ﬁ?o?ﬁui:ﬁgrp&hﬂtpst el 8peF §rAfldeY( Mbe fIP]rﬁ'?IP% dicing
used as the |nsulat|ng filminstead of using the
FFPEHTT oxFetRREMEES #500He iGistied | $RPYSF nPEBEABE PRrtions
the portions that correspond to the dividing regions
RPams ben fpremedniadonéibet qromiafars 6 wherehether stidgelines and
enbodi ment. Only the different point is described
bebover Theeftacing hdtavwee opliasime lgnocéssing legpdreat,us and  the
101 used in the first enbodinent is simlarly used by
t treameia i st mup igr et boeh ot s&wi lsentuct ovedhi ps of
the present second enbodi ment issanme, and therefore,
no dessEGQND EMBGDTMENT ded for the apparatus.
Moreover, the flow chart show ng the procedure of the

nmanuf act ur i Tige nEt&esh £ orndder seni conditet DImcheastef the above
the present second enbodinent is simlar to the flow

chasdd s fontt e 1bikst @rhodi peat i1nRe dRsdt pid Ofn' %arlous
provided therefor. First of all, as shown in Fig. 16
SEEHPNAUCt OFor  example, a manufacturing method for
semiconductor chips according to the second embodiment of
the present invention is described below with reference to
the schematic explanatory views shown in Figs. 16A through
leC, Figs. 17A through 17C, Figs. 18A through 18C and Figs.
19A and 19B.

The manufacturing method for semiconductor chips
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 wused in the first

embodiment is similarly used by the manufacturing method

for semiconductor chips of the present second embodiment is



devices 144 are fornmed in portions that correspond to

the respective device-formation-regions R on a
woiomwuiizf£2er mat i on- face 106a of a sem conduct oPCWIPENG/307996

106. Each of the sem conductor devices 144 includes

devi ces such as a MOS (Metal - de-Seniconductor)

structure transistor constructéd of a silicon

substrate 45 (Sem conductor) , a silicon oxide 135

(Oxide) forned directly on the circuitformat ion- face

106a and %-E§$ |In1(N®taI% formed on the silicon

oAt 1382 FREhetorehe SenfedntitRt b1 dévi cBECYided for the

further includes a connection term nal 143 (al so

AHRBF e boMAFrREVEAd) th6r TeatiGhadd) IShawbkr@cEhagprocedure

the devices to external electronic apparatuses. In the

ok tFmsmenafagspréspong thedt Heithadisrpiegpdnst®, chips of

the silicon oxide 135 is not fornmed unlike the first

e dvrepent Moeeondr emhsdinenn i Filgile@A tonthéeflow chart

circuitformati on- face 106a of the sem conductor wafer

Wl | fTarpahe Miidst i ¢moddilent, f opneldsas iptsunf ace provided

protection filmcovering the formed sem conduct or

devame®r44. Thepolyimde film1l4 6 has a function to

protect the sem conductor devices 144 formed on the

circuit-formatsondacel 1L,068s agitowph agedr{@r neea pl §6miconductor
covering the portions that correspond to the dividing

rt s RR4 0N atrhe e tf&f;ﬂ@it@@nsf@ﬁstl(l@ﬁfréébaﬂ@ to the
sem conduct or devi ces 144 e surfaces of

O R e
formation-face 106a of a semiconductor wafer 106. Each of
the semiconductor devices 144 includes devices such as a
MOS (Metal-Oxide-Semiconductor) structure transistor
constructed of a silicon substrate 45 (Semiconductor), a
silicon oxide 135 (Oxide) formed directly on the circuit-
formation-face 106a and a metal film (Metal) formed on the
silicon oxide 135. Further, the semiconductor devices 144
further includes a connection terminal 143 (also called the
bonding pad) for electrically connecting the devices to
external electronic apparatuses. In the portions that
correspond to the dividing regions R2, the silicon oxide
135 is not formed unlike the first embodiment.

Moreover, as shown in Fig. 164, on the circuit-
formation-face 106a of the semiconductor wafer 106, a

polyimide film 146 is formed as a surface protection film

covering the formed semiconductor devices 144. The
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el ectrical connection. Mreover, the main body of the
sem conductor wafer 106 is simlar to that of the

wonowi1isnbodi nent in the point that it is fornmedrabP20ég7996

silicon substrate 45. A protective sheet 30 is

adhesively stuck to the senicogguctor waf er 106 so as

to protect the entire circuit-formati on-face 106a as

shown in Fig. 16B. Subsequently, as shown in Figs. 16C

and 17A, a mask pattern of a resist film 3la and mask

slit portions.31b is formed to define dividing regions
Iiﬁf’]dﬁﬁ?:'h ° ma Iﬁﬁ‘l acéfentBf8ce 21060 Ftipe  to” protect the
sem conductor wafer 106, The sem conductor wafer 106 .
pTOVE SRIAYE E P t ReVhERR f8And@rasdasyeche SsibFeéteformation-
pl asma processi ng by using the plasma processing

aﬁ‘%akfg%a 174 praeshcierred aapsaseever thagtbeopestiens that
first carried out by anisotropic etching fromthe
reic e Rerdre it atbel08bvoflinhe seyi@oedR2 orowaftée circuit-
106, renoving by anisotropic etching the silicon
sidbstataten4Bade 10epor timnish¢ hadmtosn@spood devibes 144, the
di viding regions R2 . Through this process, as shown
isuffiared 78f gheowerperdtivs 10frimdEst 04Be 1@y sk | Bntirely
the portions that correspond to the dividing regions
RbveMd h wiigh priagy essoBfihi@e etehimg, 146e patyi 8k@g6sed for
film14 6 beconmes exposed fromthe etching bottom

RO O dd 1S WoRn@E 8 ¥ROSUr P QGRSST NGhie 558R HHbBf of the
Fig. 7 ) . Wien the polyimde film146 that is the

semiconductor wafer 106 is similar to that of the Ffirst

embodiment in the point that it is formed bf the silicon
substrate 45.

A protective sheet 30 is adhesively stuck to the
semiconductor wafer 106 so as to protect the entire
circuit-formation~face 106a as shown in Fig. 16B.
Subsequently, as shown in Figs. 16C and 17A, a mask pattern
of a resist film 31la 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
mask formed as above is subjected to plasma processing by
using the plasma processing apparatus 101.

In concrete, a plasma dicing process is first
carried out by anisotropic etching from the mask-placement-
face 106b of the semiconductor wafer 106, removing by

anisotropic etching the silicon substrate 45 in the
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insulating filmis exposed as described above, the
exposed polyimde film14 6 is charged with the

woasistiie3charge of the ions in the plasm, an#8CTir2006/307996

trajectory of the applied ions is to be bent.
Consequently, as shown in Fig. _17C, notches 142 are
formed at the corner portions 8 groove portions 106c,
and rounded portions 140a are formed at the corner
portions of the separated silicon substrate 45 put in
cont act mﬁth%the olyimde film146 (notch formation
AU Wihg PRkt PR HORE g. Ty Ythe WwwdhvifléngouRaedons R2.
portions 140a of the prescribed size are forned, the

Ryi Bhhy PrOeess b3S t Heowhi Kot Fopi cléBehprgove portions
ended. Subsequently, the etching characteristic is
shit @ hadef temhshefannedt Aopi thetehihions ttheli sorwpigpond to
etching, and a plasma dicing process by the isotopic
éitechi gy 1 $1my are®icb($ SR2 opi Bl ctiheigoprocessi 0§ the etching,
step SII of Fig. 7 ) . By the plasnma dicing process
USiengprbhAg iimsoter ofi lm eflébi nNgecase shewposedi groh8Ahe hetching
groove portions 106c formed by the plasma dicing
frcdcess wstinhon helas sd tepi exgd it & go 66 € €6 Chgdih Nstde s6 of
direction along the surface of the sem conductor wafer
@i the) nei ghttarhoothof dheyatdance; thereot (ih&:. is the
in the nei ghborhood of the upper portion in the
firfgi et in@ngi 1hei §r 0¥ sBar bisoRR B& iYL eliehed, Sh@Sexposed
to b e slightly expanded in the w dthw se direction

thareefiqd 8idn' €86l s raundad; (Rt ROELLORR, 440kt hat rge of
are curved convex surface portions put In contact th%
the ions in the plasma, and the trajectory of the applied
ions is to be bent. Consequently, as shown in Fig. 17C,
notches 142 are formed at the corner portions of groove
portions 106c, and rounded portions 140a are formed at the
corner portions of the separated silicon substrate 45 put
in contact with the polyimide film 146 (notch formation
processing in step S8 of Fig. 7). When the rounded
portions 140a of the prescribed size are formed, the plasma
dicing process by the anisotropic etching is ended.
Subsequently, the etching characteristic 1is
switched from the anisotropic etching to the isotopic
etching, and a plasma dicing process by the isotopic
etching is started (isotopic etching processing in step S11
of Fig. 7). By the plasma dicing process using the

isotropic etching, as shown in Fig. 18A, the groove

portions 106c formed by the plasma dicing process using the
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the dividing regions R2 can b e forned on the
maskpl acenent - face 106b of the

wdevicie24£28r mat i on-regions R . That is, the r ourdedP2006/307996

portions 140b are forned at the end portions (corner
portions) | ocated on the nask-g acenment face 106b si de
of the device-formation-regions'R and the four corner
portions of the rectangul ar plane. Next, renoval of
the polyimde film14 6 exposed on the dividing
regions R2, i.e., .the insulator renoval processing is
A AT e SIhiRE BrG. o Ped HEhoyBr, WdedigoPhelong the
pol yimi de film 146 used as the insulating filmfor the

' orhgvaf et Aol e L h e g5 ehit 1B eklbpgneighborhood of
enbodi nent, an etching gas capable of positively
dilfecentgaprasneheredf ngl ore thelpol Yhei deeighbpobed sof  the
used. For exanple, a gas that contains oxygen is used
arrneie eochioy das.they €heupkhsmansy otlessiomgoappacathisons 6c
101, the gases of the kinds used in each processing
aree storleedi aot he das ripplyghinl ¥ se20ANd20B,i2 AR amndidthwise
20D. By thus carrying out the insulating filmrenoving

pliooessi orastisdovdit | N Kkga 18Bullhe exposed p@)yipotkeions 140b
film146 is renoved fromthe portions that correspond

tithdthearth vl regiwns fR2r fadonseatest s Yout hen contact with
senm conductor wafer 106 is divided into individua

RiRCesdBfidiaw ca-dprdmd | ot r egirOnH R L r@PfedNeon  the mask-
i ndi vi dual pieces of the sem conductor chips 140 are

i ReedaiimeehcSubseppentd Yenbhegd esbst ek 3d8-+8gions R1.
renoved fromthe mask-pl acenent-face 106b of the

sergcopductae GRjRRidhortions 140b are formed at the end
portions (corner portions) located on the mask-placement-
face 106b side of the device-formation-regions Rl and the
four corner portions of the rectangular plane.

Next, removal of the polyimide film 146 exposed
on the dividing regions R2, i.e., the insulator removal
processing is started (step 814 of Fig. 7). However, due
to the polyimide film 146 used as the insulating film for
the semiconductor wafer 106 of the present second
embodiment, an etching gas capable of positively effecting
plasma etching on the polyimide film 146 is wused. For
example, a gas that contains oxygen is used as the etching
gas. In the plasma processing apparatus 101, the gases of
the kinds used in each processing are stored in the gas
supply units 20A, 20B, 20C and 20D. By thus carrying out

the insulating film removing process, as shown in Fig. 18B,
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separated as shown in Fig. 18C by carrying out plasnma
ashing (mask renoval processing in step S18 of Fig. 7

wO 2006AuzL2Ber, as shown in Figs. 19A and 19B, t ReT/JP2006/307996

adhesi ve sheet 37 is stuck to the mask-placenent-face
106b, and the protective sheet go Is peeled off from
the circuitformtion- face 1068° As a result, the
manuf act uri ng process of the sem conductor chips 140
is conpleted. As described above, even when the

m conduct or fer, 106_uses the polyimde film 146 )
TR ST At B or bRt TP i ROYRE FHD Bl rigort ions
filmplaced in the dividing regions R2, the rounded
gt oFRFEARPRAN Deth8r ARd19ENPhe SgHPTForR3 onsComSe@aently,
circuit-formation- face 106a side by,perfornin% the
ndi& h sEavisrnisstas i wafre f106t ienbedivisiad diptag imeéividual
pl asma di ci ng process, and the rounded portions 140b
ddredrs f of nddvacerferand iporregionsn Rhe and the individual
mask- pl acenent - face 106b side by using the isotropic
atighiew).o fTHévee fsome, c gein clomd uidtigrs v psad«4Ote had Hameed .
corner portions formed of snoboth curved convex
sur f acepor tdulmse quiertt laf|  tHee mrd diget | fiekm r#hmves cambed from
e formed / and sem conductor chips of which the

tihen Sves 156 radinsre: -Sid engidpc & it | S@fhyeedeatod ehips 140
manuf act ured. MODI FI CATI ON EXAMPLE OF SECOND

NI MENT Akt howiglin t hien casg . whese the pAlMdyide bukMplasma
14 6 formed as the surface protection filmis used as

e i Ul R RO PPl apedcbBsihg dinvi dbag rag ops By, 7).
has been

Further, as shown in Figs. 19A and 19B, the adhesive sheet
37 is stuck to the mask-placement-face 106b, and the
protective sheet 30 1s 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
dividing regions R2, the rounded portions 140a can be
formed at the end portions on the circuit-formation-face
106a side by performing the notch formation as in the first
embodiment during the plasma dicing process, and the
rounded portions 140b can be formed at the end portions on
the mask-placement-face 106b side by using the isotropic

etching. Therefore, semiconductor chips 140 that have

corner portions formed of smooth curved convex surface
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descri bed above, the present second enbodi nent is not
limted only to the case. It may b e a case where, for

wexerspliz2za silicon nitride filmfornmed of sil PCDIP2006/307996

nitride (Si3N4) is used as the surface protection film
in place of such a case. The cgée where the silicon
nitride filmis used is describe&d bel ow as a

sem conduct or chi p manufacturing nmethod according to a
nodi fi cation exanple of the present second enbodi nent

i s described bel ow. Mreover, for the description
At e (7 o Ty T AR S of SERES eﬁrgo%u%%medf and
chi p, manufacturing method is shown in Fi and a

SAIRATVGHAT an@boP§ vicdw fbviihg D6t att amﬁ‘ms(ﬁw arupture
notch formati on processing and a silicon-nitride film
(FHERN S OAT VAP R sEmd arrarbheetred ] y

carried out is shown in Fig. 21. First of all, as

shown MOPRINEATIGW cheaMPIgh OF gS.EQ@\,TDtHﬁéBCDMN@ of a

sem conductor wafer 206 in step S31 to the conpletion

o f the i ndulEtarglexpbsuroaser ogbssenglian soepidddearfellm 146
simlar to the procedure of the first enbodi nment

ofinged 7 as Suhsequenthye tgwoexposed sfiimwond-ani tsede as the
film246 is to be renoved b y anisotropic etching in
strequ1S38in W 1 i egakded 01 h hehgaslifadieloC g dnfte R2 has been
silicon nitride film 246, the sane gas as the sul fur

hesaddinyd dergas ,( Skk t Batskstt hecgasdf Oémséﬁiﬂfnﬂﬁtt hes not
silicon substrate 145 i s used. Therefore, in

Schgmdd Cogxpl anat eny \ela.e,w of Iird.maAl BBOW nSa@epleﬁﬁépe for
di ci ng processing state of the

example, a silicon nitride film formed of silicon nitride
(SisNy) is used as the surface protection film in place of
such a case. The case where the silicon nitride film is
used is described below as a semiconductor chip
manufacturing method according to a modification example of
the present second embodiment is described below. Moreover,
for the description, a flow chart showing the procedure of
the semiconductor chip manufacturing method is shown in Fig.
20, and a schematic explanatory view showing a state in
which a notch formation processing and a silicon-nitride
film (insulator) removal processing are concurrently
carried out is shown in Fig. 21.

First of all, as shown in the flow chart of Fig.

20, the loading of a semiconductor wafer 206 in step S31 to

the completion of the insulator exposure processing in step

S37 are similar to the procedure of the first embodiment of
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sem conduct or wafer 206 where the silicon nitride film
246 is forned as the insulating film when the silicon

waoai2ooeids2Bi | m 246 i s exposed fromthe bottom peCcTURNS6/307996

of the formed groove portions 20bc by etching the
silicon substrate 245 in the pg rtions that correspond
to the dividing regions R2 by |ng SF , notch
formation is carried out by bending the trajectory of
t he incident ions by charging the exposed silicon
trld 246 Wi sitive charge, . and the exposed
Jrii!z:o %ﬁ%%q‘f‘?%r-‘é% e eoncBPreRtyCefchéride film 246
Consequentl , by carrying out the plasna djcing ,
m%cE%sb%yr?ﬁevsﬁ. Byt poiPe eI F iy Hbtdgh step $38. With
formation, the exposed silicon nitride film246 can b
et SEREY kP (Hek c¥RS ofptePh bmd Fheubal bEoRenbiaide film 246,
processing) . A s described above, in order to
c%m%uﬁﬁ@ﬁtD?Scéﬁ¥yt@@tS@héufohﬂK@ﬁiMQMidﬁounﬁed(SFa) that is
portions 240a on the sem conductor chips 240 by notch
foreratgasn &od tHehrigrpviheofs ihiecex pesidd tsieltiecohd5 1s used.
nitride film246, it is preferable to determ ne the
fnems¢ fare £ hiiokngss eththeatdid | eopl andtodef iMiew46fi IFig. 21
consi deration of the plasma processing tinme necessary

fsiioligri NG t heldemiar eddneiches.ptdcéheind ow £hadd ofof  the
Fig. 20, the isotropic etching is carried out in steps

Hén 1 b0 4202 sEbBsg0eenhby et R dTBsK fRPRI tride film 246
processing is carried out in steps $43 through $45,

the pbasea QsCtﬂa BheGess:Ag Iﬁl%wmrférﬁ%rpé/ §0€icon nitride
prescri bed procedure in steps S46 through
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 SFs, 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
exposed silicon nitride film 246 is concurrently etched.
Consequently, by carrying out the plasma dicing process by
the anisotropic etching for notch formation, the exposed
silicon nitride film 246 can be removed (notch formation
and insulator removal processing).

As described above, in order to concurrently
carry out the formation of rounded portions 240a on the
semiconductor chips 240 by notch formation and the removal

of the exposed silicon nitride film 246, it is preferable

to determine the formation thickness of the silicon nitride
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S49, and sem conductor chips 240 are fornmed. THI RD
EMBODI MENT Next, a manufacturing nethod for

weemegiozydsict or chi ps according to the third enmbotdirEné307996

of the present invention is described below wth
reference to the flow chart of _the procedure shown in
Fig. 22 and the schematic explgﬁatory views shown in
Figs. 23A through 23C, Figs. 24A through 24C, Figs.
25A and 25B and Figs. 26A and 26B. By the

nuf act uri n netho% for .sem conduct or_chi ps of the i
gE%ﬁ%n§4ghF? ERBSHIRERL 1 ORoteh f i3pmaAnPrEsHFing time
are carried_out by using a protective sheet that has
PEFHIIARS i IR propeiry t#RS I AR BPFHES i Imto b e
placed in the dividing regions R2 unlike the first
embodi nent Hhd thre $dewndceabbdi aEntEicnl ¢ythethe isotropic
di fferent point is described bel ow. Mreover, the
nelpeiiadg ur LAg mEtoied oroweni dondustews chBP8 ofthtmigh s42,
third enbodi nent can be carried out by the processing
appeseduesntlil tsedmaskt hembwvrdt peroedisient .isThesef be@, out in
no description is provided for theconstruction and so
ostayfs t Bd3pl BsrauphockEsi nghappaiasus Wikindy s pshewssing is
in Fig. 23A, a sem conductor device 344 is forned in

easip ft ddepevheepkesarlibed- bedcemR lirdsteps S46 through
circuit-formati on-face 306a of a sem conductor wafer

3063, HRl saum condeed sy davige 344 ipgl sgenseyi ces such

as a MOS structure transi stor constructed of a silicon
subst ra{ &R EMBODIMENT

Next, a manufacturing method for semiconductor
chips according to the third embodiment of the present
invention 1is described below with reference to the flow
chart of the procedure shown in Fig. 22 and the schematic
explanatory views shown in Figs. 23A through 23C, Figs. 24A
through 24C, Figs. 25A and 25B and Figs. 26A and 26B. By
the manufacturing method for semiconductor chips 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 manufacturing method for
semiconductor chips of the third embodiment can be carried
out by the processing apparatus 101 used in the first

embodiment. Therefore, no description is provided for the
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a silicon oxide 335 forned directly on the
circuitformati on- face 306a, and a netal filmformed

wonodshe231 i con oxi de 335. Further, the sem coRdugPmNe/307996

devi ce 344 al so has connection term nals 343 for

el ectrically connecting the de |ces to externa

el ectroni c appar atuses. Moreov the surface of the
sem conductor device 344 is covered with a surface
protection film 346. The connection termnal 343 is

not covered with the surfaﬁe Brot ction film 335 but
SXPREF Tt Y deRIMsPeerot nk FHE RIS bRY dapparatus

335 nor the surface protectlon film34 6 is formed in
portions that correspond to dividing regions R2 .

First, as shown in Fig. 23B, a protective sheet is

adheS|ver]§%u%ROW% iheFaprc @3 f o mamigmicdeet oedevice 344

t he sem conductor wafer 306 for the protection of the

skt f feened ninhegshesent thai de¢vempodompatioanregions R1 on a

i nsul ating protective sheet 330 that has an electrica

i esdEt i -ofo praperityfdce us8daa BSuah samprondakitwe wafer 306.

sheet. Moreover, the insulating protective sheet 330

dBsz r s detc abdvet serdesiasofdiedanlueeofdatiednssha@t iayg a MOS

filmto be placed in the dividing regions R2 .

Sutbhsenuend | Yyraws Igdstcdidttrddtes doraresi coveni Babsheate 45,
mask- pl acenment - face 306b of the sem conductor wafer

306 Sis isdwn dapidd 9.323C rafed@ n@skedBiyerdn the circuit-
constructed of the mask slit portions 31b and resi st

f#d Matlidyr-Sef o M50 4ilidta ther PO E] BNSESPREGSBRANEhEATs11 i con
to the dividing regions R2

oxide 335. Further, the semiconductor device 344 also has
connection terminals 343 for electrically connecting the
devices to external electronic apparatuses. Moreover, the
surface of the semiconductor device 344 is covered with a
surface protection film 346. The connection terminal 343
is not covered with the surface protection film 335 but
exposed outside. Moreover, neither the silicon oxide 335
nor the surface protection film 346 is formed in the
portions that correspond to dividing regions R2.

First, as shown in Fig. 23B, 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
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are exposed as shown in Fig. 24A. The sem conduct or
waf er 306 provided with the thus-forned mask is

weubjeaaz4es t o pl asma processi ng by using the pkPasar2006/307996

processi ng apparatus 101. In concrete, a prescribed
procedure is carried out in stﬁgs S51 through S55
shown in Fig. 22, and subsequently, as shown in Fig.
24B, the portions that correspond to the dividing
regions R2 are renoved by carrying out a plasma dicing

rocess _by.ani spt ic etchin prqotectjve. shee ,
ggfb%sﬁf‘@méﬁgce% |%§ i&%ﬁ%&t%& drd™s57° ofeFi 85"’1%%1 in the
ﬁﬁf_a,result,_the sem conduct or wafer 306 is divided
iHG- A Vi Hifeces of the device-formation-regions
R, so that the individual pieces of the sem conductor .
chi ps 340 at'®IFUREE L Wbreaovesistfiike Pbris ofgrpedtcovering
correspond to the dividing regions R2 are renoved as
deéx mased plosrnentrel ang fHE of £ tHee | 9eiul cendigctor wafer 306
protective sheet 330 is to be exposed (i.e., the
iass Whemgit i Tig i L¥pasetl)a imashepali véh ngomepirosedR2of the
. When the insulating protective sheet330 is exposed
amgessiibegpatidvas tiik expaseaces sl dtilng Jrot ést ifvemed so
sheet 330 is charged with the positive charge of the
g ithd heopt asma, coheetpahaihor Yoofthicheiistibsatierddyons R2
incident ions is bent, and the notches 342 are forned

alrd hexgedierapydvansid aceg ecoon. the illustrated
| oner side of the sem conductor chips 340 , i.e., the

rounded portioOngeR4Cananetdr mdras sy grdHidkd 24€ch  the
Wien t he rounded

thus-formed mask is subjected to plasma processing by using
the plasma processing apparatus 101. In concrete, a
prescribed procedure is carried out in steps 851 through
555 shown in Fig. 22, and subsequently, as shown in Fig.
24B, the portions that correspond to the dividing regions
R2 are removed by carrying out a plasma dicing process by
anisotropic etching (protective sheet exposure processing
in steps 8556 and S57 of Fig. 22). As a result, the
semiconductor wafer 306 is divided into individual pieces
of the device-formation-regions R1, so that the individual
pieces of the semiconductor chips 340 are formed.

Moreover, 1f the portions that correspond to the
dividing regions R2 are removed as described above, the
surface of the insulating protective sheet 330 is to be
exposed (i.e:, the insulating film is exposed) in the

dividing regions R2. When the insulating protective sheet
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portions 340a of the desired size are formed (notch
formation processing in steps S58 and 59 of Fig. 22),
woOhersplhiagsa di ci ng process by the ani sotropi c eCTUPI0Y6/307996

is ended. Subsequently, the etching characteristic is
switched fromthe anisotropic gtching to the isotopic
etching, and the isotopic etch'ﬁg processing is

carried out (steps S60 through S62 of Fig. 22) . By
carrying out the isotopic etching processing, rounded

ions 340b are formed at the corner _portions on,the ,
%@ifﬁ a@é{f%’ﬁ?g Pa?ceé%’?)%ﬁl ?éeasf’v?he t?@pa?%@%%eg insulating
sem conduct or. chips 340 as shown in Fig. 25A |
m&%&m ySheft st aﬂs%i%@alz%%%m%%&a? PBretbLes ngharge of
in steps S63 through S65 of Fig. 22) is carried out to
rdifovECR helPebhet PLpFRE , 3T aa< oAt qnY K. thespsulhpgquently
the separating process of the sem conductor chips 340
BRckdrntp| dond discimplis ebdpltéceddiclees r §Ag aget rmed at
prescri bed procedure in steps S66 through S69.

Fure heprnas phowmons Rigsmted 6#nahde? iBBusdiradaidesiomeer side
sheet 37 is stuckto the mask-pl acenent-face 306b of

tdfe Seen semdochductat echd3P6, 3d0d tihe.i,nsthatrognded portions
protective sheet 330 is peeled off fromthe

A4 aréorfatnean-4acehddba.irA Fiq. resd.t, When the rounded
sem conduct or chi ps 340, where the rounded portions

Poeciaes f o3 4@l &f t hehgordesi padtionge ofatle formed (notch
circuit-formati onface 306a and the rounded portions

At #ord Op PBEe #4i A Q€1 RORRLPHFF ONSq 0Fot RE Fig. 22), the
mask- pl acenment - f ace 306b, are
plasma dicing process by the anisotropic etching is ended.

Subsequently, the etching characteristic 1is
switched from the anisotropic etching to the isotopic
etching, and the isotopic etching processing is carried out
(steps S60 through S$62 of Fig. 22). By carrying. out the
isotopic etching processing, rounded portions 340b are
formed at the corner portions on the mask-placement-face
306b side of the separated semiconductor chips 340 as shown
in Fig. 25A.

Subsequently, plasma ashing (mask removal
processing in steps S63 through S65 of Fig. 22) 1is carried
out to remove the resist films 3la as shown in Fig. 25B,
and the separating process of the semiconductor chips 340
by the plasma diciné is completed by carrying out a

prescribed procedure in steps S66 through S69. Further, as

shown in Figs. 26A and 26B, an adhesive sheet 37 is stuck
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manufactured . Since the notch formation is perforned
as descri bed above, the sem conductor chips, which can

woaomwtiesr ounded portions 340a on the nmanuf acParge006/307996

sem conduct or chi ps 340 even when the insulating
protective sheet 330 is used ag the insulating film
pl aced in the dividing regions 52 and of which the
transverse rupture strength is inproved, can be
manuf act ured. Mreover, a manufacturing nethod for

em conduct or_chi ps ﬁQiCh c bvi_ate the need %or
it r B aE PRACRTARHE L Eh NG OpRie e 1570t Ciior wafer
;ﬂi insula%%ng,filn1bi usi ng the  insulatin rotective
ot %3P that 1eERIpFEBPY PERTEGReTRY ehpadt A0 tiS opeeled off

peel ed off fromthe sem conductor wafer 306 as the

i QR atPRg 419 il ofaki @b faee eflifgi-encypsi s2  result, the
i nproved, can be provided. The sen conductor chips

raffuf et direldP hy chhess et ©ondherer e pravndedcgrtgns 340a
met hod of the present invention can inprove the
tan sharmed ralptihre eyreegtpobyvdns uef ofhe heiccuiedformation-
convex surface portions forned in the portions that
craespohid tondt hbepoidridets phieronde3dDbgealrene rareel at the
formed so that all the ridgelines are renoved.

Trerrefor eportidss pasti cithar | yaefiki-@dtadceadrt useed heso6b, are
sem conductor chips for I1C cards with built-in
serrcnstuet«ar. chi ps such as personal authentication

cards. The above is because such |IC cards have the

features theitnce the notch formation is performed as
described above, the semiconductor chips, which can form
the rounded portions 340a on the manufactured semiconductor
chips 340 even 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 is improved,
can be manufactured.

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

The semiconductor chips manufactured by the

semiconductor chip manufacturing method of the present

invention can improve the transverse rupture strength by
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they are often portably used and often contain
i nportant information separated inside, and the

woebicah2428ty can be inproved by using the sem eondembes07996

chips of the present invention of which the strength

agai nst bending is inproved. I% is to be noted that,

by properly conbini ng the arbi Pary enbodi nents of the

af orementi oned various enbodi nents, the effects

possessed by them can be produced. Although the

present ipvention has been fully described in .
SEHERe i Bh WREhCHRECHr SPErFad SISH S (it G TEpin the
reference to the acconpanying drawings, it is to be

R Phat VadF ousoERaRgesdandOnodita caRG sl where  the
apparent to those skilled in the art. Such changes and

ot 9 ¢ EHGon S e fynnd ukder $b6éd adli nthadedidpehines are
the scope of the present invention as defined by the
aﬁi@éﬁ‘d@g cl dherafginesss theypsdapariichbreiy oaff¥heive to use
di scl osure of Japanese Patent Application No.

2005- 13g2dofidiiedoon Aprdids 14502005Ci ncdamdisng with built-in
speci fication, drawing and clains are incorporated

hegrel o ldunt aref et Bps esiinhi s ertriscetayl. GuAIMR dicaon cards.
manuf acturi ng nethod for sem conductor chips

CHingpr alsbng: i pebkeaniskyg pldasMEC et§hHBIhaRed t9RCOMhtures that
surface of a sem conductor wafer that has a first

stHd pceronoitietn sent gONGlUGERH do\d C8$tBhaGRh A important
plurality of deviceformation-
information separated inside, and the reliability can be
improved by using the semiconductor chips of the present
invention of which the strength against bending is improved.

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
to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended
claims unless they depart therefrom.

The disclosure of Japanese Patent Application

No.2005-117221 filed  on April 14, 2005 including

specification, drawing and claims are incorporated herein



regi ons defined by dividing regions and an insul ating
filmplaced in the dividing regions are fornmed and the
woeeewnd24asr f ace on which a mask for defining tReT/JP2006/307996
dividing regions is placed, the second surface being
| ocated opposite fromthe firs 7surface, wher eby
portions that correspond to theé ‘dividing regions are
renoved and the insulating filmis exposed from
et ching bottom portions; renoving corner portions on
the first surface, side put in contact with the
i?%u?%%??ﬁf??lh?iht?h%ng%Q?t¥fornation- regi ons by
perform ng the plasma etching in a state in which
exposed surfaces of the insulating filmare charged
with electric charge due to ions in plasm; and
subsequently, renoving the exposed insulating filmso
that the device-fornmation-regions are separated into
i ndi vi dual sem conductor chips, whereby the
sem conduct or chi ps each of which includes the
i ndi vi dual i zed sem conductor device are manufactured,
wherein isotropic plasma etching is furtherperforned
fromthe second surface on the sem conductor wafer or
the individual sem conductor chips with the mask
pl aced at any timng before or after exposure of the
insulating film renoval of the corner portions or
renoval of the insulating filmis carried out. 2 . The
manuf acturi ng nethod for the sem conductor chips as
defined in claim1 , wherein corner portions put in
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contact with the mask placed on the second surface
side are renoved in the device-formation-regi ons of

woheosgiemazeonduct or wafer or the sem conduct or eQrgB200§307996

carrying out the isotropic plasnma etching. 3 . The
manuf acturi ng nethod for the sggiconductor chi ps as
defined in claiml1 , wherein t exposure of the
insulating filmis performed by carrying out

ani sotropi c plasnma etching on the sem conductor wafer,

the corner portions are rengﬁgﬁyﬁy conti nuously
perform ng the ani sotropic iy, the corner

portions brought in contact with the nmask are renoved
by carrying out the isotopic etching by sw tching over
fromthe anisotropic etching to the isotopic etching, .
and then tHe M¥WfRGLiSgG eRplbads4 fomhgemiconductor chips
manuf acturing nmethod for the sem conductor chips as
dedmpreeEigcl aim 3 , wherein the swi tchover between
t he ani sotropic etching and the isotopic etching is
per formed lpyesivroinagrbeemnabetwbémaoploasrea sorelid i snsface of
for the anisotropic etching and plasma conditions for
the sesdtopdacebchi wgt elet ehaitneéth Hy acafbisti nguefiece on which
paranmeter or a plurality of paranmeters including a
ps essesred it dr gatefite Pl peBRegenghat hompluragaisty of device-
conmposition, a high-frequency output or a discharge
formation-regions defined by dividing regions and an
insulating film placed in the dividing regions are formed
and the second surface on which a mask for defining the
dividing regions is placed, the second surface being
located opposite from the first surface, whereby portions
that correspond to the dividing regions are.removed and the
insulating film is exposed from etching bottom portions;
removing corner portions on the first surface
side put in contact with the insulating film in the device-
formation-regions by 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 separated
into individual semiconductor chips, whereby the
semiconductor chips each of which includes the

individualized semiconductor device are manufactured,

wherein isotropic plasma etching is further
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frequency. 5 . The manufacturing nethod for the
sem conduct or chips as defined in claim1l , wherein,

wonodcshe2qBasma et ching fromthe second surfacepPCrir2006/307996

insulating filmformed of silicon oxide (Sig2) on the

first surface of the senicondu%g r wafer is exposed

fromthe etching bottomportion” 6 . The manufacturing

nmet hod for the sem conductor chips as defined in claim

1, wherein, in the plasma etching fromthe second

surface sur fac rotectiagn filmforned pol yi m de
(Qﬁﬁfﬁ?ﬁiéhnékﬁms pac§§c8Pgth%u§g%$%oﬁHhct d&vreegnductor
forped on the fjr Lv§¥rface of the seni conductor, wafer

i ©2%55h08Ed ot Wi ngeBLEPBATPEYEi 6R1ks With the mask
theinsulating film 7 . The manufacturing nethod for

t PSRN CondFdtYor CAHiIpY aBeferrnedri midiel mekposure of the
wherein, after the renoval of the insulating film the
ek} &t ¥Rl édmby rpEPTB L nofg tishi aryreT therskenador removal
surface of the sem conductor wafer. 8 . The

nahufe tinswha hbntobl Iroris heasehedomduct or chi ps as

defined in any one of clainms 1 through 7 , wherein,

the plasma etching is perforned fromthe second

surface of the sem conductor wafer, on which the mask

is plaed, The maskfaatiurg nougbkiodonuex e¢Wevedemiconductor
portions formed in portions that correspond to the

cetitey pordéonse@f igacte b 1 hewherein corner portions put in
devi ce-formation-regions, each of the

dedri e aF Il | BE e84 O Splaced on the second surface side are
removed in the device~formation-regions of the

semiconductor wafer or the semiconductor chips by carrying

out the isotropic plasma etching.

3. The manufacturing method for the semiconductor

chips as defined in claim 1, wherein

the exposure of the insulating film is performed
by carrying out anisotropic plasma etching on the
semiconductor wafer,

the corner portions are removed by continuously
performing the anisotropic etching,

the corner portions brought in contact with the
mask are removed by carrying out the isotopic etching by
switching over from the anisotropic etching to the isotopic
etching, and

then the insulator is removed.
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havi ng a roughly rectangular region. 9 . A
manuf acturi ng nmet hod for sem conductor chips

woaopriisi2ag: performng plasma etching on a seeomdpP2006/307996

surface of a sem conductor wafer that has a first

surface on which sem conduct or i vices placed in a

plurality of devicefornmation- iz §ions defi ned by

di viding regions and an insulating filmplaced in the
dividing regions are formed and the second surface on

whi ch a mask for defining the dividing regions is

pl aced, the second surface bei ngl ocated opposite from

the fiyst surface, whereby portions that correspond to

the di%vidi n@“?e&}a&ﬁ&fa&f& EitbvBEtaAg tHeri Adig aspRgconductor
filmis exposed frometching bottom portions; and
reeRg S tRREENPdsEY Fhaimadi nghereR whi l e renovi ng

corner portions on the first surface side put in

cont act w tHhe hewiisiosmemgbeiwaenn i anisotropic etching
devi ce-formati onregi ons by performng the plasma

earchi fhei nisosemie ierokingh expesedosumefdacky ofwithehing over
insulating filmare charged with electric charge due
tleivoren | nlpbmsnmeondlidriems tfier the anisotropic etching and
devi ce-formati on-regi ons are separated into individua

seld senduchdd tdbings fowl casseigueridic t BecheAlyC awiteitimed by
chi ps each of which includes individualized

SEIMISIOTHUE t 0SngleVib£ead € FBNGHE ack UreDur MNEE QI Nof  parameters
i sotropic plasma etching is further
including a pressure of a gas for plasma generation, a gas

composition, a high-frequency output or a discharge

frequency.

5. The manufacturing method for the semiconductor
chips as defined in claim 1, wherein, in the plasma etching
from the second surface, the insulating film formed of
silicon oxide (S105) on the first surface of the
semiconductor wafer is exposed from the etching bottom

portion.

6. The manufacturing method for the semiconductor
chips as defined in claim 1, wherein, in the plasma etching
from the second surface, a surface protection film formed
of polyimide (PI) to protect surfaces of the semiconductor
devices formed on the first surface of the semiconductor

wafer is exposed from the etching bottom portion as the
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performed fromthe second surface on the sem conductor
waf er or the individual sem conductor chips with the

wouasle/ipteased at any timng before or after expeeuugr2006/307996

the insulating film renoval of the corner portions or

renmoval of the insulating filnghﬁ carried out. 10. The

manuf acturing nmethod for the seniconductor chips as

defined in claim9 , wherein corner portions put in

contact with the mask placed on the second surface

side s re in the device-formation-regions of

t%ﬂﬁﬁﬂﬁ?ﬁﬂ%ﬂ%ﬁiﬁ waf er or the sem conductor chips by

carrying out the isotropic plasnma etching. 11. The

manuf acturing method for the sem conductor chips as

defined in claim?9 wherein the exposure of the

i nsul ati ng T nieaUSacteried bypethedyifRf othe semiconductor

anlsotroplc | asma_etching on the sem conductor wafer,
IE%r%%rdﬁgiﬁe@nsna?éaﬁ@névewhﬁyeé@ntﬁﬁﬁbﬂ@l@he removal of

perforn1ng t he ani sotropic etching, and then the

ddyanednsoreitdng bfblght Ghe cowtséct i tdendeedadly aperforming

renoved by carrying out the isotopic etching by

swttighd mp over fecamd i afbcotodpile etahi agndoctbe wafer.

i sotopic etching. 12. The manufacturing nethod for the

sem conduct or chips as defined in claim1l, wherein

the switchover between the anisotropic etching

8. The manufacturing method for the semiconductor
chips as defined in any one of claims 1 through 7, wherein,
the plasma etching is performed from the second surface of
the semiconductor wafer, on which the mask is placed, the
mask having roughly convex curved portions formed in
portions that correspond to the corner portions of each of

the device-formation-regions, each of the device-formation-

regions having a roughly rectangular region.

9. 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



10

15

20

25

and the isotopic etching is perfornmed by sw tching
over between plasma conditions for the anisotropic

webtadsingi2and pl asma conditions for the isotopi BCEURINNEIEN7996

determ ned by conbining one paraneter or a plurality
of paraneters including a presEQEe of a gas for plasm
generation, a gas conposition, hi gh-frequency out put
or a discharge frequency. 13. The manufacturing nethod
for the sem conductor chips as defined in claim9 ,
erein, in the plasnma etchi fromthe second _

%?agfc%@ GOBGPf K pPBt et oRTTFF nPRSTREE of B T§RIbrPOT ELons
nitride (Si3N4) to protect surfaces of the

FRORVE el § AR B tHRIFPREt 25ar FaBRVe and the
t he sem conductor wafer is exposed fromthe etching _
battWA oY i dA1l8s isheekRefprdt iffemf i ¢hthing feftom portions;
manuf acturi ng nethod for the sem conductor chips as
défdned in claim9 , wherein, after renoving the
corner portions put in contact wth the mask by
per f or m ng téreovisoy opktbeet crimged helmaskatsngenthidah while
by perform ng ashing on the second surface of the
semaondyctorngaf portibnsThe nemuf &ct siti sgrifackodifder put in
t he sem conductor chips as defined in any one of

daitectd wbhthugheldinsMierginy fhemphasmnet 88vngetSormation—
performed fromthe second surface of the sem conductor

Waf Eifor) Wi Chet NErmBsK ithedl pCedmat he-dmistky haw Y state in
roughly convex curved portions fornmed in portions that
G @S PeRFoEOdt BRrearRer ROrEhONSnoh188¢A¢OfFi1m are charged
with electric charge due to ions in plasma, whereby the
device-formation-regions are separated into individual
semiconductor chips and consequently the semiconductor
chips each of which includes individualized semiconductor
device are manufactured,

wherein isotropic plasma etching is further
performed from the second surface on the semiconductor
wafer or the individual semiconductor chips with the mask
placed at any timing before or after exposure of the

insulating film, removal of the corner portions or removal

of the insulating film is carried out.

10. The manufacturing method for the semiconductor
chips as defined in claim 9, wherein corner portions put in
contact with the mask placed on the second surface side is

removed in the device-formation-regions of the
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the device-formati on-regi ons, each of the
devi ce-formati onregi ons having a roughly rectangul ar

woegienn24216. A manuf acturing nethod for sem cordugPme/307996

chi psconprising: perform ng plasm etching on a second
surface of a sem conduct or maffé that has a first
surface on which sem conduct or évices pl aced in a
plurality of devicefornmation- regions defined by
dividing regions are formed and onto which a

rotectiye sheet havin i nsul.atin roperty i .
%FﬁHf?ﬂ1 %F%%d%%gegu??aggeoﬁeWHFgﬁ ?Q#kSSby carrying
defini.ng the divjdi regions is placed, the second
QY gtc}éegb’e?‘?ltgrq%tg]ga%o%WQIWDm the first surface,
wher eby portions that correspond to the dividing
regions are renoved and the insulating protective
sheet is exposed from etching bottom portions, and
t hen t%b-déﬁﬁtemﬁ@ﬂﬁéﬁﬁ@ﬁﬁ@gidW%th¢é seprar &hed $embconductor
i ndi vi dual sem conductor chips; and renovi ng corner
porinores plefinedom actaimtdh tieedesul ati ng protective
sheet at each of the sem conductor chips by perform ng
t he pl asma Bichexigosura statkei nnwhileh irhe EiXposied performed
surfaces of the insulating filmare charged with
éect cherghagge cdite tanieosropi Pl apimsmviher ebyhing on  the
sem conduct or chi ps including individualized
samicatucttdr devi«ees are consequent|y manuf act ur ed,

wherein isotropic plasma etching is further

the corner portions are removed by continuously
performing the anisotropic etching, and

then the corner portions brought in contact with
the mask are removed by carrying out the isotopic etching

by switching over from the anisotropic etching to the

isotopic etching.

12. The manufacturing method for the semiconductor
chips as defined in claim 11, wherein
the switchover between the anisotropic etching
and the isotopic etching is pefformed by switching over
between plasma conditions for the anisotropic etching and
plasma conditions for the isotopic etching determined by
combining one parameter or a plurality of parameters
including a pressure of a gas for plasma generation, a gas
composition, a high-frequency output or a discharge

frequency.
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performed fromthe second surface on the sem conductor
waf er or the individual sem conductor chips with the

wouasle/ipteased at any timng before or after expeeuugr2006/307996

t heprotective sheet or renoval of the corner portions
is carried out. 17. The nanufagb%ring nmet hod for the
sem conduct or chips as defined™In claim16, wherein
the corner portions put in contact with the mask

pl aced on the second surface side are renoved in the
devi ce-formati on-regi ons of the sem conductor wafer or
t he sem conduct or chips by carrying out the isotropic

pl as tchi.ng. 18. The manufacturing th for the

D CortuctBIe o ARBS TRL et ed F hhefia: Hra6 hop gRpConductor
t he exposure of the protective sheet is perforned by _
HIRT RS ART RS ot R opt i Hs i @ ngiBnthpeplasma etching
sem conductor wafer, the corner portion renoval _
priodesshagspsongr it asin, by eBRERRBOPSIOEgsdfody g formed
the ani sotropic etching, and then the corner portions
oudghtl igerncomidatidsi t HStHé ) madle apeatemivedulpfaces of the
carrying out the isotopic etching by swtching over

fyeom edredunticnt depiicest duirmgd cot hehiesof opstc etickiang. of the
19. The manufacturing nmethod for the sem conductor
cdempiscasdwefamedvafrec] dsm d8po wbér ef rorh hertswi ethdvey bottom
bet ween the ani sotropic etchingand the isotopic

edcnhti ngh 16 pevd orreRdll i sy £ icih ng over

14. The manufacturing method for the semiconductor
chips as defined in claim 9, wherein, after removing the
corner portions put in contact with the mask by performing
the isotopic etching, the mask 1is removed by performing

ashing on the second surface of the semiconductor wafer.

15. The manufacturing method for the semiconductor
chips as defined in any one of claims 9 through 14, wherein,
the plasma etching is performed from the second surface of
the semiconductor wafer on which the mask is placed, the
mask having roughly convex curved portions formed in
portions that correspond to the corner portions of each of
the device-formation-regions, each of the device-formation-

regions having a roughly rectangular region.

16. A manufacturing method for semiconductor chips
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bet ween pl asma conditions for the anisotropic etching
and plasma conditions for the isotopic etching

wdet@rima2ed by conbi ni ng one paraneter or a pl BCaUP1096/307996

of paraneters including a pressure of a gas for plasm
generation, a gas conposition, % hi gh-frequency out put
or a discharge frequency. 20. % é manuf act uri ng met hod
for the sem conductor chips as defined in claiml1l6,
wherein, after the corner portions brought in contact
wi:th the. mask are renoved by perform ng the isotopic
e?%%?ﬁb?lQ%e i nsul ating protective sheet is renoved by
bei ng peel ed off fron1tfe first syrface of the

sem conduct®Fr VBRI 2RI aHE REFILES O iy FREPRY fBrface of
the seni conductor chips as defined in_any one of .
ct aiSPRLEETRERESGh WL S héPSItn, hase apl Bhat estkitagei son which
performed fromthe second surface of the sem conductor
waketcordymieh e imesk Pdagiescedn the maslehdy n@f device-
roughly convex curved portions formed in portions that
chermaprint tegidies coledénegorby o wofdiggrhrefivhe are formed
devi ce-formati on-regi ons, each of the device-
f andratdndio- r egiohs dhaviregeztriowghbizepectimangih@r an insulating
regi on.22. A sem conductor chip having a roughly
recoépeagiy at s shapekobhdi ned cyndi \sulifiga semcbrtugt Absk for
wafer in which a plurality of sem conductor devices
adef formpdiatgivigivg dushipheces platbe, senkcordYEHOEurface
devi ces, wherein
being located opposite from the first surface, whereby
portions that correspond to the dividing regions are
removed and the insulating protective sheet is exposed from
etching bottom portions, and then the device-formation-
regions are separated into individual semiconductor chips;
and

removing corner portions put in contact with the
insulating protective sheet at each of the semiconductor
chips by performing the plasma etching in a state in which
the exposed surfaces of the insulating film are charged
with electric charge due to 4ions in plasma, whereby
semiconductor chips including individualized semiconductor
devices are consequently manufactured,

wherein isotropic plasma etching is further
prerformed from the second surface on the semiconductor

wafer or the individual semiconductor chips with the mask

placed at any timing before or after exposure of the
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the rectangul ar shape of the chip is defined by
rounded ridgelines thereof. 23. The sem conductor chip

weaafiizazed in claim 22, wherein a curved convegT/JP2006/307996

surface portion is formed in portions that correspond
to the rounded ridgelines of the rectangul ar shape.
24. A sem conductor chip conpri%@%g: a first surface
on whi ch sem conductor devices are fornmed; a second
surface |located parallel to the first surface on a

si de op@osite fromthe first surface/ and a connection _
sBFPSEECINRI cARPET| dtat EMRAVer iPhetPBs 6PTRAE fPPBEions is

surface and the second surface and connects an outer
ef@*pofti BHtof the first surface and an outer end
portion of the second surface, wherein the connection
surface has a curved convex surface portion so that no
ridgeline is forned at the outer end portions of the
first and tHAbesecvondfaurintes. 2&thothe foeni Condusimdconductor
chip as defined in claim24, wherein the connection
sohfipee ais slehimrd sid of atthe loyr wattk ainvekhsuchacer portions
portion.
put in contact with the mask placed on the second surface
side are removed in the device-formation-regions of the
semiconductor wafer or the semiconductor chips by carrying

out the isotropic plasma etching.

18. The manufacturing method for the semiconductor
chips as defined in claim 16, wherein
the exposure of the protective sheet is performed
by carrying out anisotropic plasma etching on the
semiconductor wafer,
the corner portion removal processing is carried
out by continuously performing the anisotropic etching, and
then the corner portions brought in contact with
the mask are removed by carrying out the isotopic etching
by switching over from the anisotropic etching to the

isotopic etching.

19. The manufacturing method for the semiconductor
chips as defined in claim 18, wherein

the switchover between the anisotropic etching
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and the isotopic etching 1is performed by switching over
between plasma conditions for the anisotropic etching and
plasma conditions for the isotopic etching determined by
combining one parameter or a plurality of parameters
including a pressure of a gas for plasma generation, a gas
composition, a high-frequency output or a discharge

frequency.

20. The manufacturing method for the semiconductor
chips as defined in claim 16, wherein, after the corner
portions brought in contact with the mask are removed by
performing the isotopic etching, the insulating protective
sheet is removed by being peeled off from the first surface

of the semiconductor wafer.

21. The manufacturing method for the semiconductor
chips as defined in any one of claims 16 through 20,
wherein, the plasma etching is performed from the second
surface of the semiconductor wafer on which the mask is
placed, the mask having roughly convex curved portions
formed in portions that correspond to the corner portions
of each of the device-formation-regions, each of the
device-formation-regions having a roughly rectangular

region.
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22. A semiconductor chip having a roughly rectangular
shape obtained by dividing a semiconductor wafer in which a
plurality of semiconductor devices are formed into
individual pieces of the semiconductor devices, wherein

the rectangular shape of the chip is defined by

rounded ridgelines thereof.

23. The semiconductor chip as defined in claim 22,
wherein a curved convex surface portion is formed in
portions that correspond to the rounded ridgelines of the

rectangular shape.

24. A semiconductor chip comprising:

a first surface on which semiconductor devices
are formed;

a second surface located parallel to the first
surface on a side opposite from the first surface; and

a connection surface, which 1is located at
peripheries of the first surface and the second surface and
connects an outer end portion of the first surface and an
outer end portion of the second surface, wherein

the connection surface has a curved convex
surface portion so that no ridgeline is formed at the outer

end portions of the first and the second surfaces.
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25. The semiconductor chip as defined in claim 24,
wherein the connection surface is comprised of the curved

convex surface portion.



