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DESCRIPTION I1LLLLitEEthirrrrrnnd
*@00002* MANUFACTURI NG METHOD FOR SE
CH PS, AND SEM CONDUCTOR CHI P 5 Techni cal, Fi el d
present invention relates to @_wanufacturwm%umwmw W
for sem conductor chips for formng semc

devices arranged in a plurality of *166166*
devi ce-formati on-regi ons 10 defined by dideLng___‘__“_““‘
regions on a first surfagggsekdrregn conductor wafer

and individually separating the é '

formation-regions of the sem condﬁ\élt gf-wafer MMWWW/#/M””/

di vi di ng regi ons, thereby nanufacturlng semcondu,gOPOZ

ch! PoalithorishevERob SN dugLipadaeiopnduel B,

devi ces an sem con or C

Art Conventional ly, iding a

sem conduct or waf er ﬁ%@@##ﬁﬁéﬁ%ﬁ&&gﬁng@%iconductor
chips by 20 such a manufacturing nethod for
seniconductor chi ps, various nethods have been known.

11 [1111![11 *166166*
il LELELETELET T
!

&gr exanp i nmet hod for dividing a sem conduct or
FEP18§ n@&ﬁ Hically cutting the wafer by neans of a
rotary blade called the dicer blade, i.e., nechanica

dicing is kKRAswRresent invention relates to a manufacturing
method for semiconductor chips for forming semiconductor
devices arranged in é 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 éemiconductor chips by
such a manufacturing method for semiconductor chips,
various methods have been known. Fér 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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25 However, sem conductor wafers have recently been 2

made thinner and thinner, and a sem conductor wafer
susceptible to external forces is subjected to the
nmechani cal dicing described above, it is often the

case where the sem conductor safer is damaged at the

time of 5 cutting. This |leads to a problemthat a

reduction in the processing yield cannot be avoi ded.

As such damage, there 1is, for exanple, the occurrence
ehdehi ppiikgerhatadidie gof poghhong ( he
senicoﬁgtg?zr chi ps becdﬁggihip%%% éuegggg?kgggﬁgpﬁlywafer

sukcepape1el0 dh regeptnyear S di ci ng. t hat .uses
pl agm% et ghi ng has beerr11 gtt?ggte%%gngitsten%%e?%e%l a§8 the

Plechifs c8ONEI 12 helRENARLCA LA E] NG OPRET NS ADNE case

(reference shou be made to, Tor ‘ex

' Li tion No. 004- 172365 A). A .
ﬁgg @meﬁgi§e5§g§ﬁgeggi C@@Hﬁ%ﬁnﬁﬁct %%?ﬁraFnt e time of

thod tor divi
Lndiyldual -sem conductor chips.hy the conventional
gpggéggdidﬁﬁf%s %%%%r?%ea P%ngﬁ“mqh?tr%fé?@%%ﬁl@% in the
hemati ¢ | anat ory views shown in Figs. 27A
%E‘?Sé%ﬁgﬁ%’cYéﬁgégiC@Qn%sfeeaﬁd’%d-Fi rA% 8RChl damage, there

showp in Fig.. 27A, a 20 sem conductor wafer 501 is
bﬁtm?ﬂfoeﬁagPé?e FHewRFERTreBRPcORdabipPineyEbas 582 corner
are formed in the respective device-formation-regions
RRTHEPIRedepged) vicdi e etpmoiromuctnr j¢lkips become chipped
circuit-formation-face 501la. Each of the

defi E8nbbet shagelyceytsebapael udes devi ces such as a

MOS
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.! 27A, a
semiconductor wafer 501 is put into a state in which
semiconductor devices 502 are formed in the respective
device-formation-regions Rl defined by dividing regions R2
on its circuit-formation-face 501a. Each of the

semiconductor devices 502 includes devices such as a MOS

(Metal-Oxide-Semiconductor) structure transistor
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25 (Metal - Oxi de- Sem conductor) structure transistor 3
constructed of a sem conductor wafer 501

(Sem conductor), a silicon oxide 551 (Oxide) forned
directly on the circuit- formation-face 501la and g
metal film(Metal) formed on tHe silicon oxide 551
Further, the sem conductor device 502 5 further

i ncl udes connection termnals 552 (also called the
bondi ng pads) for electrically connecting the devices

consexieted o aCldeMlicorRRRAIAL USEL: 101 &
surface protection film553 isu%brﬁ% 3h @%ﬁ?%ﬁﬂ'zﬁﬁﬁ?r)' a

efi1tben SBMEONGHICT 0p,EgYl cag 2R dsioretcrkaf%tzgxgr Lhe circuit-

surfaces of the 10 sem conductor devices

eoohgeied- e GONNCCLIPN, NS NAl Pro7q AL CXBOREY o) tpe

out si de wi t hout being covere

e&%‘é%i %@cifd.é r‘%SEPZ% irttgx%r i,t ?’g&é%%rﬁf#‘%t} Xciaéj(?eﬁscsiévice 502

nor the surface protectio I
Lans .t hat corres ongﬁro the dj viding regions R2 of
PRCELRDS OB oot Lo Vs AT egL e R,
1 g...27B,_ a ro&ective sheet _ 504 is peel ably ‘

RaRaLPdcinrdlokSto Sre TaiRahIo: FORREEL{u8- Hhredspises to
via an ?dheiive so . that the circuit- format ion- face
8615 B8Rt hELSERFEBAGUCBBPaRAFEFEE01 doMsrmevesuf f er 20rface
damages. Subsequently, a mask (mask pattern) 505 is
BFOEEati6R af sHPf %5 508 fermedprovesthel (furfiadess @f the
processing- target-face), or the surface opposite from
BRABLIEPREUFECTT feratdem- F8Ce 59da Wwmtt hahet heupbatéonsof the
that correspond to the dividing regions R2 are
gfpbgepductor 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 501la.

Next, as shown in Fig. 27B, a protective sheet
504 is peelably adhesively stuck to the circuit-formation-
face 50la via an adhesive so that the circuit-formation-
face 50la of the semiconductor wafer 501 does not suffer
damages. Subsequently, a mask (mask pattern) 505 is placed
on a surface 50l1b 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




25 Next, by perform ng plasma etching on the 4

sem conduct or wafer 501 on which the mask 505 is thus
formed, the exposed surface of the surface 501b that
is not covered with the mask 505 is etched, renowving
the portions that correspond jo the dividing regions
R2. Through this 5 process, as shown in Fig. 27C, the
device-formation-regions R are individually
separated, formng the individual pieces of the

sefiiconductor CRhpPsrSlh1 hal, i priude .
sem conduct or devi ces 502. Cbnsequenﬁ#&? flggk 505 is thus

$6&h§@UdHﬁEOEXPW%%@¢s?%éa%% gkvk%%dghg%%c%h p&g £hgt is not

i ndi vi dual pieces o sem conductor ¢

EP@ErEHCMHQ%.&nﬁanﬁﬁﬁ??é6ye%&§g€%5%§gggéﬁéyggégggéhg%ﬁtions
t

al ong the dividing regions

kRa i%br%%%%xﬁﬂf1ﬂ?sghgoéi&g8gpgsg%§qg%%%n gg Tﬂ%ough this

surface to be process _
.15 carrying

j d hi 510 i d
B Rgr B en 3R kR g Thr o B6s SEuib8esaEMARy Sragegions
Eomn in Fig. 2%8, n adhesive sheet (dicing sheet)
% 6 s sfﬂg&vﬁ u?ﬂiysuﬁﬁﬁééaﬁéfb t °bBipBocEdsed ipdividual

the sem conductor wafer 501, and the protective sheet
BOACERatCr h&ddSpr BEBEFRBINAROE| rAUiRS f ARt Fbat f dowlude the
501a of the 20 sem conductor wafer 501 is peeled off.
Aemicrrdurtort Aeviseni E8Rducfensenipatby0 he semangeductor
on_the adhesive sheet 506 in a state in which they
wrEesepdlat é8 idtoidedi vindoal thei doddviBpadi vbidengst kef the
sem conductor wafer 501 using the
semiconductor chips 510 that include the respective
semiconductor devices 502 along the dividing regions R2.
Subsequently, as shown in Fig. 28A, 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 501b 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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25 conventional plasma dicing described above, danages
given 5 to the manufactured sem conductor chips 510
can be reduced in conparison with the aforenentioned
mechani cal dicing. Disclosure of Invention 5 However,
even the sem conductor chips 530, which are divided
into the individual pieces by the conventional plasm
di ci ng descri bed above, are to have sharp corner
portions 554 (edges) formed by the separation as shown

itd  thiedSrard?fac B8 ANk BB ndlet Sr | chépl’ QQbe@ghC\%e reduced

L
the 10 occurrence of chipping cannot be avoi de en

e cORPER 1 SoRF NAR PYH A rantk Rl o it ici
seniconduéfbr chips 510 as 3%?@%?@5 g%b&%&ﬁ4$i dicing.
particul ar, the conventional plasma dicing described

above has a characteristic that the ions in the 15

@ig%ﬁgsﬁggean%5%%§kQ%npifficulties in reaching the
g

etchin ottom portion as getting closer to the bottom
portion. ;Eprefore, sonetines.the case, where

it i _ _
t he protru3|ygve§HaF3%ﬁH§hﬁ POPL T IALUSEAT oFBIPEr R2Q, which
at the I, end ortions of the separated ,
8 Bvacten e 3581600 Lot o 86P8E by beassrwent ional
the partial]y enl arged schematic view of the etched
8"&9?’ an‘é%‘é]g‘%‘/%ndﬁfcﬁ&%l i FPEYY. 29 %P sdh@vea skase, corner
there is a problemthat the corner portions 554
BeEEAENFoPe eattigeThi bpeEcdnByt fidiet regpARaseon upsusbown in

strength of the sem conductor chip is reduced. 25
FaBbher27¢n t48A sendcod®Bict or ThRkps 5102 aprshbem 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 view of
the etched dividing region R2 shown in Fig. 29. 1In such a
case, there is a problem that the corner portions 554
become more easily chipped and the transverse rupture
strength of the semiconductor chip is reduced.

Further, in the semiconductor chips 510, as shown
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6 in Fig. 29, not only the formation of the sharp
corner portions 554 on the circuit-formation-face
501a but also the formation of sharp corner portions
555 on the surface 501b to be processed result, and
this leads to a problem5 thatgthe reduction in the
transverse rupture strength of the sem conductor
chips 510 becones nore significant. An object: of the
present invention is to solve the aforenentioned

Anobk By 2] phAeYi df 1y MmeRelf .%%trwaitg.%n n&E h.%jlego%_ arp corner

sem conduct or chips for form ng 1 ndividualize

perteenaucty ehi p@hé’ycg:‘c%jagi:Dgo?m%@%ﬁg?_gua (ggoril.vavafg&f: also

so as to make the sem conductor chrps haV&<hi

. . i t hout. d [ th
Eh€n§¥ﬁﬁ%&1&&93%?L§h§%%eggkge¥4 6Pgﬁ6¥%% goghgpehggrface

sem conduct or d a sém

S35 801, FLOBRYELRe - S SRRl 1T 97T

fo achieve t the presen

titut s follows. According to a first aspect of
?ﬁ§§pk%§%ﬁge§Pﬁ%éﬂ?i&ﬁ % %rErP§g§F6§?déWR§Ure strength of

nuf act ur | thog,for sem conductor chips
EBRpPEnt igPd6 EEr FhiRFng Pl RERATEPCRPRE GhORLEScENG
surface of . _a seniconductor wafer that has a first
surface onBhi e%eﬁ%oﬁ@&ctﬁew césvehhied iis ato solve
#ural'ty of device- fornation-regions defined by
E Ti AR T orRRethd Paebliemsul anfngefévidel acedannfhbheuring
dividing regions are formed 25 and the second surface
Bﬁtvﬁ@c%oé N sordwefomni agiphe 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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7 dividing regions is placed, the second surface
being |ocated opposite fromthe first surface,
whereby portions that correspond to the dividing
regions are renoved and the insulating filmis
exposed from etching bottom poftions; 5 renoving
corner portions on the first surface side put in
contact with the insulating filmin the device- _
farmation-regions by performng the plasma etching in
Aivildang | Rredficsly eXRosed M aces of stsg_,% S n :
film arg ch\grlged W th ?Iiect ric chéer ge ué{?otglu%#sac%n being
pbasmed aphdd subsegrertly. -fngDV' ex OSeg. on
insulating filmso that théh'eV|c%@$%%€atlgn?F§ YoR@rtions
2h8 +SeRaaly | A0 b ndivi sen conduct or chi ps,

wher eby %%e%gggh?%b%g%bgﬁbqgﬁk s%g RS AkS dgmoved and the
Is he.-.individual i zed_senm conduct or device are
T o g 1 o SRR S B et S g oet o g ome:
further perfornmed fromthe second surface on the

sem conduct ol waPer €8t *the BHF A\ HuarPsehi@ orfeikiestor surface
chi,ps With the nmask | aced at, an{ thin%.befqre or .
Sﬁggrpg p&EuF8HBPCFh&Qt%n§ CalPRYLAELRE FddBvan Ghet fevice-

orner ,portions or renmoval 20 of the insulating film
%grﬁﬁFF BaTEHt ONAc doY dPSg fosmd ngecble asma oetchéng in a
present invention, there is provided the
AhAbEadPuMtiGImemsesbrsutfacesem i orlteicinsut At pagagilm are
defined in the first aspect, wherein corner portions
phergadcwathcelartiichehaugk gheced 26neninhhelaemandand
surface side are renoved in the device

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
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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8 formation-regions of the sem conductor wafer or the
sem conduct or chips by carrying out the isotropic

pl asma etching. According to a third aspect of the
present 5 invention, there is provided the

manuf acturing nmethod for the gem conductor chips as
defined in the first aspect, wherein the exposure of
the insulating filmis performed by carrying out

ani sotropic plasma etching on the 10 sem conductor

\Ffreat il reQfiRRfs POsE i ORgear %ernﬁ'&‘ﬁt%ﬂqc%rco%éf‘é‘é’us'c% the

perform ng the ani sotropic etching, e corner ;

R ORIt hi Ps C ¢ | t sk are renpve

by éarryfhg out tﬁgsis tcuéﬁgtﬁﬁiiﬁgtbgﬁuislgﬁffgﬁﬁﬁgplasma
Qyehihgom the ani sotropic etching to the isotopic

etching, and then the insulator is renoved. According

to a fourt of .t he present, invention, there is
provi ded t éeﬁgﬁﬁ%gbt&ﬂ n§ w&%ﬁ&g'fgﬁpgﬁftlﬂ§ the present

Lconduct qr, chi ps _as _def.ined in the third aspect,
aﬁglsé?ﬁgghe%shvﬁ]fecﬁ%ﬁeprﬁ&l gntll}?e W%%??%‘H%T]%t BRthgd for
d the isotopic etching is performed by sw tching
B0, Tt SR o e i BRal 17 GRS SR Y ot Fopre aspect,
et ching and 25 plasma conditions for the isotopic
g%@ﬁ?ﬁ det ermi ned by

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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9 conbining one paranmeter or a plurality of

paraneters including a pressure of a gas for plasma
generation, a gas conposition, a high-frequency

out put or a discharge frequency. 5 According to a

fifth aspect of the present igvention, there is

provi ded the manufacturing nethod for the

sem conductor chips as defined in the first aspect,

wherein, in the plasma etching fromthe second

Siaes nat h I N$Y4l 3t ilyp far il j caon oxide

(S @) or?t ey ?&I%tiﬂc?rt %J];fé’rc?e St n?’ﬁéﬁfs""el%t ondict A tameters

wWat-ghdiSig® P IR .am dhey §%§h%ﬁg g?gg%g] %%%%%ﬁépgn’a gas

According toa si xth aspect résent

;s :provi ded §he, n ring nethod for _the

ggﬁ?@éﬁ d%&ér SﬁipébggngggéﬁéégYn %ngyﬁrsﬁxﬁspgctﬁ?ﬁ§har9e
[ in the plasnma etching fromthe second

g%%hggngg surface protection film forned of

pol yi m de

%PI) t0 %ro ect s%nfa es of the

sen conducPSFOENFEes tPor fed Lk thhe 26PESE & f &€ oforesent
t he sEgicond ctor wafer is exposed fromthe etching

BEVEBM BEr t iTIF S +hePrRYEASEH fdief imanubartngebrgi mgthed for
a seventh aspect of the present invention, there is
bRV TR IIRAHRERF asthdPensredrédnpdr inhshe first aspect,
sem conductor chips as defined in the first aspect,

Whereitn, &Pt Ehet RéasBRDEAChaNTt Fonsbeasiengntl lsmrfielve, the
mask is renoved by perform ng ashing on the second
dnpRdabipy f23m forsedi ofndidticonwaixede (Si0;) 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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10 According to an eighth aspect of the present
invention, there is provided the manufacturing nethod
for the sem conductor chips as defined in any one of
the first through seventh aspects, wherein, the

pl asma etching is 5 perforned fgom the second surface
of the sem conductor wafer, on which the nmask is

pl aced, the mask having roughly convex curved
portions formed in portions that correspond to the

corner por hicedsdahceacd ofnt hg fiRY cesharpatipn- .,
regi ons, each of the device-foﬁﬁgiion?Fegions havf%gFgesent

idveaugbBhy radangubap He9hRR: HARC éﬂﬂ%%ééhﬁ&é%gégtgod for

aspect of the present” invention, there 1S pro
u b WS . ] (£ ctor_chips ,
212! E_@ﬁl_l'éﬁhﬁglc%f%t:rh‘egu %Llaas:ﬁ%gféjt Cd&J i art ‘glé%oﬂa the first

conprising: performn f|ng gn 4
- i ductor_waf er at _has a first, _
SHFPASE Qrevdndl SERRESaREr Bact ce pphagus Piching is
' 0 vige- formation-regions defined by
g%%?%%héxre%F%ﬁsf%ﬁd gﬁcopﬁsuﬁﬁngﬁefi?gw5$§%e&eWHCPHQUCt0r
Lyiding regiops_are formed and the second surface on
&%¥%g'a fra¥ ngrtggfWﬁ?kglﬁhBT?GeevvFB?n@aﬁbghéﬁénBsroughly
| aced, the second surface being |ocated opposite
E?Bﬁﬁef‘h&“r’fi"reéit RAFTLRE  HREPeBy 1pomardiens hphat correspond
correspond to the dividing regions are renoved and the

FAsH0&t | A9TREF MR tqivs et rematet efi idiebotlevare-formation-

portions; and 25 renoving the exposed insulating film
tBPlens, 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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11 renoving corner portions on the first surface side
put in contact with the insulating filmin the

devi ce-formati on- regions by perform ng the plasm
etching in "a state in which exposed surfaces oflthe
insulating filmare charged 5 Wth electric charge due
to ions in plasm, whereby the

devi ce-formati on-regi ons are separated into individua
sem conduct or chi ps and consequently the semn conduct or

TleirpS i0aC e inepi sbrt Nehades khdi Widudl iZefrace side put in
sem conductor device are manufactured, 10 where

n
coathaeR GitasfBe etieRNG clisigl Witiherin p@ﬁEoﬁfé‘%ﬂcfer- rmation-
the second surface on the sém conductor wafer or the

hradii ¥indUahy Sy GRRGHGPT + gBI nglavgrrtah EQShEﬁ?Eeirpl %Cegtate in

at any timng before or after exposure o

hﬁ%%hagﬂﬁbéédr@ufﬁ?@@élo@ft%%?ﬁﬁgd¥§£fggtkff% g%e charged

renmoval 15 of the 1 nsulating m1's cartied ou

>eqr di - as t,.of .the present. invention,
t%%g?ed%l;& pgrlglv(?dggg%ﬁg rrdéﬁeﬁf ggt arihg et I?git?%' yhgreby the

l .chi defined in the ninth, t, ...
TRC SR EUERAL L RRaTRT ) ErRatR TSt nERE meividual

. Q t he, second _surface side Ls reppoved in the
g%@?gg?angﬁﬁtigﬁ}PSgiSH oFOPﬁngSHFégndﬁ or SFEf&enductor

of .the _sem conductor chips. by carrying out the
Fé%??oﬁ%? I%gngglggcmqﬁ}u%ﬁ%o+ﬂgh 1dgadhzef epemifgonductor

spect of the present 25 invention, there is provided
aﬁglﬁﬁnaFScFEPﬁﬁacﬁEFEGd f or

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 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 mésk 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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12 the sem conductor chips as defined in the ninth
aspect, wherein the exposure of the insulating film
is perfornmed by carrying out anisotropic plasna
etching on the 5 sem conductor wafer, the corner;
portions are renoved by conti mupusly performng khe
ani sotropi c etching, and then the corner portions
brought in contact with the nask are renoved by
carrying out the isotopic etching 10 by switching
cher demitdhdudtivsOlchdpisC £§CllleFdned 1 thROIQPHhEL aspect,
etching According to a twelfth aspect of the present
wheestinon, there is provided the manufacturing nethod
for the sem conductor chips as defined in the

el eventh agpecClexpokureheseivhd hen sy 4o efi?ﬁt@%e%erformed

the anisotropic etching and the i1sotopiT etching rs

B9erkm%%ithW%hEm'th&ﬁ%fgéﬁ?WﬁﬁPaQ%Qsméy%ﬂEﬁii?%ﬁ the

for the anisotropic etching asma conditio

tBRiksakARLErelalkipg determ ned by 20 conbining one
parameter or a plurality of parameters including a

Do, ok WAL BLBSTBL9SRELA B AR, cong imuousty
FeEaUEpig, EroLlag L 0chc! BLCLSEDLD ggpect of the
nanufacturLHgnn%%20%3¥ﬁér 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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13 the sem conductor chips as defined in the ninth
aspect, wherein, in the plasma etching fromthe
second surface, a surface protection filmformed of
silicon nitride (Si3N4) to protect surfaces of the
sem conductor devices forned o35 the first surface of
the sem conductor wafer is exposed fromthe etching
bottom portion as the insulating film According to a
fourteenth aspect of the present invention, there is

hevi dedi s8OS AGHIINga BB RAd fef 1HN®he ninth aspect,
sem conduct or chips as defined in the ninth aspect,

WheMeamegi Nin af her pl 8BRYI RE NS CHNRE PRLt isQBénHUtsuirrface, a
contact with the mask by performng the 1sotopic

SuetHaRG pheddsSkon | $iffMEg Y Ber fsquqic%g)f asfi Py on (Si,Ny)

t he second surface of the sem conductor wafer.

é%pQHQﬂE%E(%&%fiéé§qgfht§§pgg ianﬁnﬁtggeaggﬁc%é?ﬁggmed on

invention, there is provided the manufacturing

(A D SCBmOTELOE SHpon 8l SLATGHE LT B O Clerpose
RS SN0, RIS L R sSSP
R M R N T SR—
SRREEARPLL RSO SoGR L I° S S TOUTELLON, v o

roughly rectangul ar region. According to a_sixteenth
EE o Te B TS R IS5 3%, SREILORS t Hor 61Es BHBYR dedpect

a_manyfacturi ng met hod for _ .
wherein, after removing the corner portions put 1n contact

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 is 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 té a sixteenth aspect of the present

invention, there is provided a manufacturing method for
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14 sem conductor chips conprising: perform ng plasm
etching on a second surface of a sem conductor wafer
that has a first surface on which sem conductor
devices placed in a plurality of device 5

formati on-regi ons defined by diyiding regions are
formed and onto which a protective sheet having an
insulating property is stuck and a second surface on
which a mask for defining the dividing regions is

RledG edndilee ove ¢orighsS Whiia sikef:ng | ocated opposite
fromthe first surface, whereby 10 portions that

cor r espond ge@ fid¥ehiig it i &H AP En LeBR%BHgaRYrface of
the insulating protective sheet is exposed from

&l Chl RO DUt OB POLLIFRRS, t R HBEN S Nesirsr surface on which
devi ce-formation- regions are separated into

iR Hoddle raen gagdueLor, chips: ;. And @ﬁfg@ﬁ;gg.of device-

corner portions pui in contact with't i ng

E%Qﬁn%‘&'io\ﬁe—.x% %tnsat g@flhlegf ﬁﬁ%%@%fﬁ dlfcet rons%%%% formed

y performng the plasm et Inastate’in
. Ny l,at i fill . .
08, SXRPS e 8RB LS A O DA gy s pouracing
m@ereb 20{;e3§q3nduq%or chigs inclgding . k £
PRAPVT dtfal'i™ &t Se Tondlct of ?%e@?f %C%r8n08H§88u§nﬂﬁf or
RS B AR Rt Soha obe e Sy dnd surtace
enicoa?uctor waf er or the individual sem conductor

HY wi PRAERE nARROPECP| 4P af Nanyt tFRF nPieffer orwhereby

after, exposure of the L ,
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 ions in plasma, whereby
semiconductor chips including individualized semiconductor
devices are consequently 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
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15 protective sheet or renoval of the corner portions

is carried out. According to a seventeenth aspect of

the present invention, there is provided the

manuf acturing nethod for 5 the sem conductor chips as

defined in claimthe sixteenthy@aspect, wherein the

corner portions put in contact wwth the nmask placed

on the second surface side are renoved in the

devi ce-formation-regions of the sem conductor wafer or

thetesetiveondueter Qi PSett LRI I NEHAUL cbPReLSAUEAPISns  is

plasma 10 etching. According to an ei ghteenth aspect

ehrtrhedpwegent invention, there is provided the

manuf acturing method for the sem conductor chips as

defined i nagl-r@itle & X4 ety dnt AshELt a %QSEeb@ el Mresent

exposure of the protective sheet is per? rmed by

Q%&Eﬁhﬁ%dﬁ“tﬁg¥éoigog&evﬁhéa”%ﬁg(4ﬁﬁ@f9@tﬁPf g method for

sem conductor wafer, the corner portion renoval _

RMRC eSS A I &d; ,QUL D t iNuQUS r{ormn

t he ani§%§éé§¥%9%écﬁ?h%$ %ﬁdﬁegggfﬁeﬁﬁfh%y%%gn&re d¥kteenth
i-Qns _hr t . in t with the mask _are remved

BPECE T RESUIN il RETHS tirditg Py Meiratarg with the
fr the anjsotropic.etching to the isotopic ,

&%%kiﬁﬁgﬁgégé?gi%éetSeQQSanHgFggﬁtﬁ é%?eofe@ﬂged in the

resent . 25 invention, theggthiaprovided t he

H&F§5€8Fﬁﬁ§1ﬁ€fﬁ8€lﬂ&s o) 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 egching, 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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16 the sem conductor chips as defined in the

ei ghteenth aspect, wherein the sw tchover between the
ani sotropic etching and the isotopic etching is
performed by switching over 5 between plasna
conditions for the anisotropicietching and pl asma
conditions for the isotopic etching determ ned by
combi ning one paraneter or a plurality of paraneters
including a pressure of a gas for plasma generation, a

gas seodpoaducedr ahhipghakl ge¥eney Qwt R¥k %&g%teenthlﬁspect,
di scharge 10 frequency. According to a 20th~aspect o

twherptiasent invention, there is provided the
manuf acturing nethod for the sem conductor chips as

defined inthbBe sixteeHdr a3R_G een m@ﬁéei%%}'}er%%%{eetching

corner portions brought in contact wth

ane rtQ{E)VQQOE?éFE?ér _f@d'éﬂﬂggt he iﬁé’f@ﬁn&e%;%hi n%%it‘)%lgfré% over

i nsul ating protective sheet Is renove ei

EEEwééﬁan%%ﬂgrégn&&gféﬁ$ g%rt@%es%ﬂh%%?%%ﬁ%ﬁén¥€%ﬁ£ﬁg and

According to a 21st aspec the pres

bhERa dﬂ&%ﬁfﬁ?% ther faféué%gg%SE%EEQE%P{@Efgééiﬁgd by

sem conductor chips as defil ned |

| h , _Wh in, . th I
SoRRPRCS, 58 PRrRRSREN Phe' eocbhirahiFlicebsi PRgameters

Ing ~is perforne A ol I fE
' ctor._ _wafer on which the mask is placed, the
%§£¥&§g€ ng FoagRMy< Sgn@bﬁqﬁﬂ TRrecreFaREonn a gas
ortions.that correspond 25 to the corner portions of
e%%%o%+t}%%,de@icgyé%- §YENCYy 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 insulating protective sheet is removed by being peeled
off from the first surface of the semiconductor wafer.

According to a 21lst aspect of the present
invention, there is 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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17 regions, each of the device-formation-regions
having a roughly rectangular region. According to a
22nd aspect of the present invention, there is

provi ded a sem conductor chip having a 5 roughly
rectangul ar shape obtai ned by gjviding a sem conduct or
wafer in which a plurality of sem conductor devices
are fornmed into individual pieces of the

sem conductor devices, wherein the rectangular shape

ebgtibasGhi pats defi negle bydevilds rQURLRT; & {i6s having a

thereof. According to a 23rd aspect of the present

rBVBAL L ORecthegR 1S Q@@gbged t he sem conductor chip as
defined in the 22nd aspect, wherein a curved convex

surface paekLeRihg feged | ;b%?athe e ‘?at ofor E%%popresent

to the 15 rounded~ridgeline angul ar

§H@@ﬁtléﬁcoE%eQ% 1iQ 3?OVIQM%§Q§C§e8{C$ gu esenhbp having a

I nventi on ere 1s a Ssem con or C

g gghi |ngﬁegtghéﬁﬁa§urfgﬁe on ChF%% cqnduct 1v1d1ng a

are fForned; a’s COI’] at e

the first. su fa e on side oppgsite from
?%E@ ogd garfaceelrﬁpa. ¥%%eggwmqm+CQQductor

ocated at eri pher es of the st, surface and the
258685 urd % o5 cHhRct smé{f dl‘if‘“@l enBiF6FEi orPf the
of the firg Hrface and an

semiconductor devices, wherein

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

According to a 23rd aspect of the present
invention, there is 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 is 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 1located 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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18 outer end portion of the second surface, wherein
the connection surface has a curved convex surface
portion so that no ridgeline is fornmed at the outer
end portions of the first and the second surfaces. 5
According to a 25th aspect of {fe present invention,
there is provided the sem conductor chip as defined
in the 24th aspect, wherein the connection surface is
conpri sed of the curved convex surface portion

Avterdiend HoAthePIEseMe idavwenld %rfkaseee,wh%g%lgﬁ i ;0 a

sem conduct or wafer on which the insulating

placed in the prdiQns idipt sorFgspongd Lo the dividi ng ooy
regions of the first surface as the sem conductor

Wi 8hce FFLHSIOWNG e n%ogrjol(r:c‘irr%eﬁ%q | Qs f@créer?ile r%to WRI outer

sem conduct or chi ps, by per ng pl asma étc

5 f ) f [
%@teﬁ g;g&ftg?)n]s Jihemmeqqnd s fndg%%e asebfé%g}ao %ftéffa'c”e%.

sem conduct or chips’ capabl orm ng,

for exanplg,, R- rtiqns (ro d portions or. curved
convex sur gggrdggﬁkigﬁé)E%tu?%ghreﬁﬁegagcopﬁer%%e present

partions _and_jnproving the . fransyerse rupture ,

St éeﬁlgtlﬁ)rICant%gESch'f%véjdf.oviéei‘ﬁ %‘ﬁcr%‘?‘@}gﬁﬁ}d}‘gﬁﬁﬁ ngip as
t.he .porti.ons .th correspond fo the djviding regions

65 TaBeAy ity S 1 PFRSHE cVBRFRIP pFBEeSOMFTtREN Surface
sem condyct qr fer, the Jinsulating filmis exposed
f-PoffPIReE 18Ech .OYF&S tg’é‘t CHAVESE CRBTEx SELaGTe ROMF 1By
continuing_the plasma etching process, the 25 exposed _

i nsul ati ng®AECORdaR b€ e geBesfirh pBY¥RRFenchygemploying

a semiconductor wafer on which the insulating film is
placed in the portions that correspond to the dividing
regions of the first surface as the semiconductor wafer,
and removing the corner portions of the formed
semiconductor chips by performing 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
por;ions) at the removed corner portions and improving the
transverse rupture strength can be achieved.

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

exposed insulating film can be charged with positive charge
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19 due to the ions in the plasma. By bending the
trajectory of the applied ions by the electric charge
descri bed above, the sharp corner portions or
ridgelines of the sem conductor chips put in contact
with the insulating film 5 cajgbe renoved. By
renovi ng the sharp corner portions of the

sem conduct or chi ps, seniconductor chips, which can
suppress the occurrence of chipping in the

eRRUFRS e di 088 M GORMAC tara hld .PS é‘ﬁdb@ﬁd\i\ﬁgcﬁh*eh%raj ectory
transverse rupture 10 strength is 1nproved, can

RENyhac takb?qqed':lirotrﬁe foy BhPIRHIRY G Jes QfersQﬁ:' 1(bed above,
pl asma ching on thé sem conductor wafér or the

'tt‘?l‘é' vi gﬁélrg Se%?ﬂ@?”“ﬁ&r@bﬂé | oA StAfgd iU Ch o the

he mask 1S placed at any timng before or after the

IL5H | %hc@&‘?:osc_lfﬁ‘gm ?;d%h 9GP LIt BA 30 rtrh%{ RN ng £ilm

renpval processin i nsulator renova

rLQC S|Qg arried out, etching can be perforned
Q:Q&%% |rectf%n along the surface of the

sen conductor wafer € wi_dt hwi_s ecti.on _of
the dividing r%m%’%?g ?hugl pé’rf&%nngrt Sr%%SPopi%f the
nt act

tch h
et <ERE R o 68 pLoe" PopLLOIE AT LRSSk can

rennved in each of the deV|ce f ormati on-regj ons, P
REPEESoL bhal ST U OF H h Tl S CBRaiaar actured
chips can be inproved. Therefore, all the ridgelines
ESioTCBISREd FRORP 209 hett oPivkeh s EMecoRHRREBFYSS  rupture

chi ps, and the curved convex
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, étching 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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20 surface portions can be fornmed in the positions
that correspond to the ridgelines. Mreover, the
curved convex surface portions descri bed above can be
formed not by the nmechanical processing of cutting,
abrading or the like but 5 by g4 asma et ching
processing, and this therefore enables the prevention
of the occurrence of a residual stress and a damaged
| ayer. Therefore, sem conductor chips, of which the

eORfFLGUr ahbeRabnsSt EHAL Ubal S&FREFE Nin S U R BNths  that
the transverse rupture strength is inproved can be

BER¥edpdnal @ MHROVEf agaheie 4 he ﬁéPQé@Qr' ngHbalR9ed convex
filmis formed of S|I|con oxi de or polyimde, the

snshatbl N fdildAs C@DS@PIQ@él Bbéﬁ@leycgihcﬁj%d fyl%med not by the

perform ng the pl asma etching by ch anglng

h f
e €call ‘i)rlgc{é% élg”kgfmo% t en : V@L €AY 1ike but

reliably be achleve exposed

he
bglséﬂdél hsu ?&hé gﬁoréy%gsnﬂ{ Ig %gg nllc%%%ﬁ‘rg%‘%% Fe enables
the etchi f d_f th I
b s DTGP RV Sy SipFof PRG R otress and a

é%ﬁ%'g%t;r%%%cﬁé B ot SeRoopRrlECeE (P “Bhe which

n1con uctor wafer, renoving the portiagns that

rer SQB%ﬁﬂuFétﬂﬁé‘a&u VAR e e gus&@nﬁ&&‘ tiife WG F% and the
of the |nsulat|n%_protect|ve sheet and thereafter
CORTPNETRG THETHTEs P& TENGd Si ATRTSVECe SRR 5 BRH ded.

t he exposed insulating protective sheet is _ . _
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 example, the kind of the gas, and the
removal can reliably be achieved.

Moreover, when the exposed insulating film is
formed of silicon nitride, the exposed insulating film can
be etched concurrently with the etching performed for the
removal of the corner 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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21 electrically charged, the corner portions of the
sem conduct or chi ps can be renbved, neaning that an
effect simlar to the aforenenti oned effect can be
obtained. 5 Brief Description of Draw ngs These ahd
ot her aspects and features of #jhe present invention
wi Il become clear fromthe followi ng description
taken in conjunction with the preferred enbodinments
thereof with reference to the acconmpanying 10

diautngsaliy whehbrgbdg. lthé a SCHEIWUI GRITNGtdralas  the
vi ew showi ng the construction of a plasma processing

appacahdaceceocting tcan dd iF&howrddod) n ftLQ§ an effect
present invention; Fig. 2 is a partial ent ar ge

seminaﬁatovtﬁé/atoréthhﬁohe&Eéf?ESEt%gﬂgpggo£g§igﬁg.

pl asma processi ng apparatus of
3B are schematic structural views of the plasm
processi ng apparatus of Fig. 1, where: Fig. 3Ais a

r [.ew. showing a state in which
?ﬁgégﬁ?%gggigggéﬁeéro&ggw%?égtrode IS charged W th

negative charge by, gri '3’{1{‘& aoéjom%rtsgglalt fgéﬁ:%?ﬁ cof the

el ectrostatic attraction,

ﬁféé&&‘%ﬂéﬂ%%"i‘ﬂg gﬁﬁtat%%ﬁaﬁl:]ﬂ%qr f{' lslsﬁgg gfollow1ng

generated 1 n a proces
&%&@%Iﬁ@ﬂ%?nc¥a omer unltéonjzunctlon with the preferred

embodiments thereof with reference to the accompanying
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 view of
the lower electrode of the plasma processing apparatus of
Fig. 1;

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

Fig. 3A 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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Fig. 4 is a control block diagram show ng the
construction of the control system of the plasna
generating apparatus of Fig. 1; Fig. 5is a schenmatic
explanatory view for 5 explaining the principle of a
pl asma di ci ng process nmethod sed in the first

enbodi nent, showi ng a state in which the insulating
filmis not exposed froman etching bottom portion;
Fig. 6 is a schematic explanatory view for 10

expl ai ni ngrtibe pdiAG phe nthle PhASOR @iGIRAP! 69 Sng the
nmet hod used in the first enbodi nent, showing a state

cBnswlueh 16ot off MRS Rekkar Bed tet E)lta%a generating
insulating film exposed fromthe etching bottom

g?bggg@ﬁstg.Fszslq flow chart show ng the procedure
of "a 15 sem conductor wafer dividing nethod according

to the fir%HEVGWQOdE%enEE %E%%pa%écthE %ﬁgn%@6¥¥3 view for

schemati c explanatory views of a semcC uctor “wafer

LAg - ses. of turi;ng. et hod f
SA0MEIA e cHOGRSRR e e UTAGHY R0 MELDACIZE mechos
8A is aview of a e, bef

SR, WSS EiShalih el 2Rl ele el cne
UG afipl OFEHL Y6, IESE FReBIAER) KoLl 2o, Boceon
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 is 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 1is 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




10

15

20

25

resist filmis forned; Figs. 9A through 9C are
schemati c explanatory views of the sem conductor
waf er showi ng the processes of the sem conductor chip
manuf acturing nethod continued from 5 Fig. 8C, where:
Fig. 9Ais a view of a state iggwhich a mask pattern
for defining dividing regions is forned, Fig. 9B is a
view of a state in which a plasma dicing process for
exposing the silicon oxide is 10 carried out, and

Fle@is?CriiSnd % SWegd State in which a plasna dicing
process for notch formation is carried out; Figs. 10A

through 10Gigfe S6ReMBliSuSXPIRNALOLY Yi8¥R, Of ”é%ﬁ)l
seniconducté?rmafer shomﬁﬁ%¥the processes 6? ﬁs t eanatory

gﬁg“@orwhwmé sefgiﬁagﬁggti\es&uw&%m&{&%g%mug@%gg@s of

9C, where: IS aviewo ate |

% %mﬁgﬁﬂyaﬁddggbf”@hgggﬂ?gug%?éﬁPgﬁgi@egbﬁai%%nt%%%gd from

Bis a view of a st n 2 I con 0oXx

%quv% Qgess is carried out, and Fig. 10Cis a
view of ‘a State in which an ashing processing is

carried out; Fi 1 and 11B are .schemati c . .
expl anatory vi e\j\%ég' %t 1l ge%lggngﬁtaoﬁt\%feeﬁ%ﬁq&ﬁ% a mask

t he processe f. t.he 5 .sem conductor .ch
RERGPAL GPinGtation CONEritsd *Feome & £prmed,

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 wview 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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10C, where: Fig. 11Ais a view of a state in which an
adhesi ve sheet is adhesively stuck to

mask- pl acenment -faces of sem conductor chips, and 5
Fig. 11Bis a view of a state in which the protettive
sheet is peeled off froma cirggit- format ion- face;
Fig. 12 is a data table showing the plasma processing
conditions used for the plasma dicing process of 10 a
sem conductor wafer; Fig. 13 is a schematic sectiona
vioew @hetee plasma processing apparatus in a state in
which a seniconductor wafer is |oaded:; Fig. 14 is a

schematic sectienal vigw 9f Eh%1é¥55%35”%d¥6¥e§§'ﬁﬂlch an
apparatus in a state in which a plasma dicing

Qﬁﬂggg%bn%ﬂé%ﬂxqé'§§h8§1ve£¥gst&ék'%oané&ﬁggﬁdd%ment faces

sectional view of the p as processi ng apparatus 1 n

fsggcho%deE%Q %kﬁl g% dﬁshlng processing is

carried out rough 16C are schematic
expl anat ory ms of sem conduct or. waf how n
t he processes o sﬁﬁ%cﬁ%d%cyg% Chlp mﬁ%?g%tﬁPl%glCh the

t hod accor in tg a oggb%d rrent of, th _
B GLBRT N RucTiTEh, Jindrs L goTL1GATL & vt gt formation
%%%%s before 25 proceSS|ng Is started, 25

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

Fig. 13 is 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 1is 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 Dbefore

processing is started,




10

15

20

25

Fig. 16Bis a view of a state in which a protective
sheet is adhesively placed, and Fig. 16Cis a view of
a state in which a resist filmis fornmed; 5 Figs. 17A
through 17C are schematic explanatory views of the
sem conduct or wafer show ng thss processes of the

sem conduct or chi p manufacturing nethod conti nued from
Fig. 16C, where: Fig. 17Ais a view of a state in
which a 10 mask pattern for defining dividing regions

is formed, Fig.FigB ixmm ykew ofidwSbat e i BruwbiCh A vhich a
pl asma di cing process for exposing a polyimde filmis

pavteediout shasd FegadhéGiva1d phaweal angtate in
which a 15 plasma dicing process for notch formation

s carried out;rifigs.ecShst br apgll, L8E & esghema oy 4
expl anatory views of the sem conductor wafer Show ng

+B881 Bt 0eeSMES 50k orinBg ; SEM conduct or chip manufacturing
netﬁod continﬁedofron1 Fig. 17C, where: 20 Fig. 18A is

/Lo ShONAD 2ohel eyl S Gl LOIE DL 00 s ory

formed by isdtopic etchit Fi . .
g&?%?eg@ogg#§g% %@g&dﬁg%g?saék%%g%gp%Hggstr%%g$ﬁoégsses of
yﬂéCQeﬁTcoﬁéu@%BEngﬁﬁ&P%%%%.é%éﬁ¥fgénké%ﬁédZgontinued from
Fig. 16C, 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 expoéing 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 is a view of a state in which a
polyimide film removing process is carried out, and

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

ashing process is carried out;
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Figs. 19A and 19B are schematic explanatory views of
the sem conduct or wafer showi ng the processes of the
sem conduct or chi p manufacturing method conti nued from
Fig. 18C, where: 5 Fig. 19Ais a view of a statelin
whi ch an adhesive sheet is plagsed on

mask- pl acenent - faces of sem conductor chips, and Fig.
19B is a view of a state in which the protective
sheet is peeled off froma circuit- format ion- 10

face; Fig. rF2Q@si.s 13af oW aba hrehawheaattie RXPAHIR Y views
a sem conductor wafer dividing nethod according to a

pRdi k& aklen RIS 0f wi Fer Setond ngmhodt Mol s 2df the
is a schematic sectional view of a “15 sem conduct or

: : r .chi o i _
%&ﬁggﬁﬁﬁ%%g %h%?g"rd{é?{‘u‘%‘é‘ctt%m%@ the Y c%;;'lttlir%%@t from Fig.

accordi ng he nodification exanple

sgeondeghedi ment; Fig. 22 is a flow chart show ng the
procedure of a semniconductor wafer dividing nmethod

according to a tFlll?rgi ]t%‘&r) fgbgdi%egécéh%tgteesem which an

i nvention; Figs. ough 23 ematl c

expl anatory . views.qof a.sem conductor fer showi.n
DS iTEs ST th8  SIACSEhdUet or TRRFpP AR E S rueRseS  Of
met hod according .to the . third enbodi ment, where: 25

c
ELGLco8AUCE oY RSt A %tate before 27

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_showihg 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 wafér showing the processes of the
semiconductor chip manufacturing method according to the
third embodiment, where:

Fig. 23A is a view of a state before
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processing is started, Fig. 23Bis a view of a state
in which a protective sheet is adhesively placed, and
Fig. 23Cis a viewof a state in which a 5 resist
filmis formed; Figs. 24A through 24C are schematjc
expl anatory views of the semgpnductor wafer show ng
the processes of the sem conductor chip manufacturing
nmet hod continued from Fig. 23C, where: 10 Fig. 24A is
a view of a state in which a mask pattern for
gebiceiskg ndi MisdisRa A ons is formed, Fig. 24B is a
view of a state in which a plasnma dicing process for

exposing an i nswiati hprokect i ¥eewsSheety i geGakr i gy _
out, and 15 Fig. 24Cis a VIGMIOfeg Sats PR cf qvRich a

@&@%@%t%e @aeertoq%S%dfh% t1§,h QIR i g@ld; s carried

out; Figs. A and 25B are enatlc expl anat ory

views of the se owcng, t processe
of the sem con%qu%oo?é&%lp man é u\rg:fngang?ﬁ g = Which a

Qggglgueqlkr g'Fb%me 20 24C, where Fig. 25A is a view
a sta e’in mhlch rounded portions are forned

b oo e o P, AT Bt ke o

_%géw%n%fz Eilear ger‘?’lgggn'guc or Q«' %r(]e%t osr o#fn%mtl'%g 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 1is 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 formatioh 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 is 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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of the sem conductor wafer showi ng the processes of
the sem conductor chip manufacturing nethod continued
fromFig. 25B, where: Fig. 26Ais a view of a state
in which an 5 adhesive sheet is placed on
mask- pl acenment -faces of sem cpnductor chips, and Fig.
26B is a view of a state in which the insulating
protective sheet is peeled off fromthe circuit-
formati on-face; 10 Figs. 27A through 27C are schematic

P! @nat @vhi O tfr awSL8T CRMINGTR WRECHITNAMNRG AoF the
conventional sem conductor chip nanufacturlng nmet hod,

WG @ onBu@t 0%/ AHiD %a\ﬂuff\é(&fuﬂr%t el Hoef Qro%tlnued from Fig.
processing is started, 15 Fig 7B is a view of

stat e ha ehi ch a mask pattern for defining d|V|d|ng
reglons is formed, and Fig.. 27Cis a view of a state

in which a plasnpg di cjgg PLOGESS dv SAML é%g'1$ 9§1Ch an

28A and 28B are schematic explanatory views 20

%%E‘Ee%% “Ct&e%\%‘ceEsSh 1414 he, Qroﬁ\ﬁégegom ean%a faces of

em conduct or I p manut act uri ng ne I nue rom

%1co%é%ctWher Fi g. 8A is a viewof a state in

W CIT AN - oas ﬁ}dcess is carried out and 25 Fig.

28B is a vi eW s%v&n.ngz&s:fgtg LRGN 2% ate 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 1s a wview of a state before
processing is started,

Fig. 27B 1is 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
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the insulating protective sheet is peeled off fromthe
circuit-formation-face; Fig. 29 is a partially

enl arged schematic view in the nei ghborhood of

di vi di ng regi ons of the seniconductor 5 wafer in'a
state in which the plasma diciqy process of the
conventi onal sem conductor wafer is carried out; Fig.
30 is a schematic perspective view (including a
partial renoval cross section) showi ng the appearance

ehet hﬁ%ﬂ@ﬁﬁ@ucﬁﬂké&ﬂﬁé‘Oéﬁﬁétb)’léh?emed off from the
sem conductor chip manufacturing nmethod of the first

enbedh verbrmald JH-$acel IS a schematic plan view
showi ng the placenment of a resist filmin a state in

whi ch roun%@%. p@r tii;0Rs &%1aQﬁ§E@n§% N Gl HiX akggn%lew in

by the sem conductor 15 chip manutfactdring mnet

ttﬁ% fﬂer ?hk%%dm %%Hl%d%éﬁron%réf ' Eﬂeoéten{lré%nductor
I nventi on Before t escriptionof t resen

MQ‘E%E 50N 5 F’J%Cceezgﬁ% wlfx B {80 198&&%&9’&‘5? b§—%c8%”%f the
are desi gnate e re e ence nunera
thagu hou% &heeag%on%an o@g %ramhng%a H§% |nb | ow,
oRe SWEOSI%EHF Of Che Present - SrnvEntiodn 1S §&Sdri bed
in detail thre grence to the accompanyi .
dr awi ngs. gl% 91 RetO ENBODI VENT SERCERRBTR %\P%Sﬂt”e view
PLAS PROCESSI NG APPARATUS

&ncyAdlng a parf%al 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 o©of the present
invention is described in detail with reference to the
accompanying drawings.

FIRST EMBODIMENT
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Fig. 1 -shows a schematic structural view that
schematically shows; the construction of a plasna
processing apparatus 101 used for dividing a

sem conductor wafer by a 5 manufacturing nethod for
sem conductor chips of the firgg enbodi nent of the
present invention. It is noted that Fig. 1 is a
schematic structural view showi ng a |ongitudina
sectional view of the plasma processing apparatus 101.

The pbRsTRURITIORS SIFNPIARPAI 2RYSEEQINGS AbbaRARPAS at us
that 10 manufactures sem conductor chips by dividing a

sem conducikgy Waf elsh Ay t he LHmidid ospehibenrhaceyiew that
(first surface) of which a plurality of sem conductor

devkmas 1268 1yf QheRd: chal ednRdivicdyah Rireee$ 1@k rocessing
sen1conductor chips that include the sen1conducto

[ 1 n r t e
Qﬁéacf‘é%us io&u (:L?Soer%ec%&s @Ivf@é{gg%?%bgghggoﬁaﬁéféé% %a®kr by a

sem con I ps as ove

Rﬁ%h%%%kﬁ?l e%&ﬁﬂﬁ%ﬁ'f? '§emgggﬁﬁﬁgtgrm%ﬁié %hﬁhe first
["'éss et chabl e t exa tha
t L p I te I conduyct.qr , .
%‘% R pBRp B, TR Firtes ornailPIS'ﬁn%E?g zoq% iy Y et pig.
urface on_which. the devices.are. for .0f the . .
zerﬁséoﬁdusc?l?ﬁm%*cér S\)—vﬁéllgé—‘utrﬁ& sejrr?‘@oﬁ &9 d%vilé)&gltUdmal
are forqed in device--formati on-regi.ons defined b
CEAPRGL MaGioRd AMFaRdESPn PLOFSSTHING GPé’talrﬁg}UISi ﬁé’l
sha e, and a mask for defining the dividing regions
P&lasg‘épaPaPFﬁﬁstlHS 28PREVREBST of ht | bR- el ofPHIRaFus that
i ndi vi dual pieces fromthe 31 seniconductor wafer is
ﬂépﬁéécéﬁrﬁsnaskS%WbE%ﬁéﬂFt?ﬁce chips by dividing a

The

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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(second surface) that is the surface opposite fromthe
circuit-formation-face. Then, a plasma etching process
(pl asma processing) such as plasna dicing is carried
out by 5 the present plasma processing apparatus 101
on the objective sem conductoy; wafer in the state.
The construction of the plasnma processi ng apparatus
101 is concretely described with reference to Fig. 1.
.10 In the plasma processing apparatus 101 of Fig. 1,

sbmlcnsddetGE awdBedun shardbefed B Ves sk -p lacqunt face
proceSS|ng chanber 2 for carrying out processing

t(becohiiecdiveacsemgprductore waf er,gadd So §B£§1E§ the
a seal ed space for generating plasma under  a reduc

Pl es6llt efofmbOWBH - Eacel ect rodg, 3 gf'ﬁfésﬁ£e0t€6ﬁ¥ﬂg Process

pl aced on the I ower side inside the processing

F@H@ﬁé groéggs§ﬂgVpQﬁEheBSC%iggﬁa4d1g?g§?rOdga§rigﬁdout by

ectrode) is placed above t ower €

QHQOS %%nko éﬁ%ﬂ&ﬁ¥erpggﬁgéé9g§ 3ag§?§ bﬁf;&&ﬁsa? the

and t e upper ctrode ave rou

|| d th
%P%%Egé?ﬁggéﬂﬂéénﬁﬁgﬁgg B p ERBCEERhE s s pl aced

h surrounded b ,
sl at | ngT hﬁnbﬁ?%v%; 3%£Bp9%;¥téﬁ% ?gafﬁgvbrsp¥oceSS1ng
t ortiqn
PUELEEHE 1 bhapePortErtery Thghetbedrvitn steppnce to Pig.

etaining the object to be processed is fixed exposed
2 at the center portion of the bottom portion of the

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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processi ng chanber 2. The [ower electrode 3 is nade of
a conductor such as alum num and includes a

di sk-shaped el ectrode portion 3a for retaining the
object to be 5 processed and a col umar support
portion 3b that protrudes dowwvard fromthe | owel
surface of the electrode portion 3a and whose one end
is formed exposed outside the vacuum chanber 1 in an
integrated state. Mreover, the support portion 3b is

hel dthy t Benraguu &Q@@%&ro% Viegean b tiohs UbRiiNg £
menber 5C, and thgklomer electroge 31is attggﬁgd g O the

bQ%c%%%HHg‘Qﬂﬁﬁmﬁg I in anstabgeln MAGH-Jde | ﬁ% made of a

el ectrically insul ated by belng t hus retalne
HBB@UC@B?CtEQQE 45kS i Qhm@ a%%fd%ﬁ{ a.a isk-shaped
alum num sim | ar to t ower electro and |n Tides

31015 dhsk- shapad.cl gtr%g% PRLL qglmgfg@ o GRLUTIAT o pe

support por |on protrudes u
of el rode ortlon 4a_an e
gQB% gg %%grne g%%%é%dé ep?ﬁ%leﬁcaﬁ %Pﬁ§n§§Ptrudes
g % ed_ st ate. % e suppo
és PP BR bl BrECaPiBY FyniaRe: felbs0 SRe EREaBGFRion 32
1 and made _el evatabl e by an el ctrode
GPdva efﬂ%%euﬁnte Do FEETTed) WP GHEBLAgdethe vacuum
evation upit 24, the upper electrode 4 is nade
8 BUREEbI e 1 PefRecl tPIRATET | BRAF R/ uMPRRYRE poshei Gwpport
that is the wupper end position of the elevation and
RREF&CR | dPgeiSpadslds Pyr [H&di NgCHWE usheadierg 4 via an

sem conductor wafer between it 33 and the | ower
eneplpsdaI3meEbesr f6d and &hgi dewsrgelssadede 3 is attached

to the wvacuum chamber 1 in a state in which it 1is
electrically insulated by being thus retained.

The upper electrode 4 is made of a conductor such
as aluminum similar to the lower electrode 3 and includes a
disk-shaped electrode portion 4a and a columnar support
portion 4b that protrudes upward from the upper surface of
the electrode portion 4a and whose one end is formed
exposed outside the vacuum chamber 1 in an integrated state.
Moreover, the support portion 4b is electrically continued
to the vacuum chamber 1 and made elevatable by an electrode
elevation unit 24 (see Fig. 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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formati on position that is the |ower end position of
the elevation and where a di scharge space for
generating plasma discharge for plasma processing is
formed between the upper 5 electrode 4 and the | owner
el ectrode 3. The el ectrode elgyation unit 24
functions as an interel ectrode di stance changing
nmeans and is able to change an interel ectrode

di stance D (see Fig. 2) between the |l ower electrode 3

and de Lpper eheettede 4 B MR UPn@nd @QWaHeRSe space
upper 10 electrode 4. The detailed structure of theé

|roia raleCtgosler fon abdathe Sem condyetore af i b€
objegt to 6% procé%seda are descri bed néﬁ%ﬁlﬁééPik%aMOf the

e e .fa%-i oh e wHARY SWHilReR rg%f &eelRit rg%ql% x%q:rltrlﬁo blasma

[
3a of the lower electrode 3 1S a 15 planar Tetentio

f ¢ : ' t
aljirs c%%%g(ao o ﬁ%@nﬁa (Hrogé% gé%ltgg rltp% For %#f%g%e A the upper

i ch a”“sem conduct or “waf er aced,
[ lati.ng goating. hayer 3f is provided around,the
ggg:é;%%d(% r%u?éﬂé@er%%ymiogﬁg ou ee(?treC> ge %drti g'ﬁh%f Ghfstrode
ret i surface. ;.The_ i.nsul ati ng coating.layer 3f js
gﬁﬁé%lgﬁ iﬁrgérg%igu§ﬁ§ﬁ°§§zﬂ%1 a}ngﬁag}ﬁ8¥5898rd18tance
egggﬁportion of the, i.nsul iin coating |layer 3f is
o] APFy TERP e t HSan?P1fis %t FREHEMEY HAtgrelectrode
hown in Fig, 1 ipn.a state in which the |owe
B he By e i o 2 n By e AR R aRbEFtrede 3 and
The outer edge portjion of the |l ower electrode 3 is 25
it ul‘éﬁ’%%lrfr‘%ﬁcF 48 aénePgeMOVated YR (3R dPSWRar lee upper

space 34 by having the structure, and abnor nal
SLEELHPERl 4di schar ge .

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 SA 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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can be prevented from being generated. Fig. 2 is a
partial schematic sectional view showing a state in
whi ch the sem conductor wafer 6 is 5 placed on the

| ower el ectrode 3 before plasma dicing is started. The
sem conductor wafer 6 is a semgonductor substrate
made of a principal material of, for exanple,

silicon, and a protective sheet 30 is adhesively stuck
toa circuit-formation-face 6a (firs-t surface) of

e iifrRe e HO &t pueEuse! f 3R8 8bHBrinA1Fedecdri®fall RE scharge
sem conduct or wafer 6. In a state in which the

e sRNGLERN RS el ibs iRIACRM QR e M et ention
surface 3g of the electrodée portion 3a that is the

upper surfagg of ot hegl gpe a%kqgﬁroﬁghémaEbg_Fgé%é¥:ﬁéfe view
sheet 30 is to closely adhere to the retention surface
.5 ,Th ti-ve a : | 0 t .

PR n ] e attng T onr GBY atd By g AL © is
i lati hLm a inide, i filmof a.., . :

L3Rl O s Ry S REL GBS BhEgRs AR oiRing 1o
%%rc%it-for tion-face 6a of the eni%Pnductor waf .er Qi
SR 50 -an adiesi O RRPANCEPT WBRSE hd sofi condifdtigonductor
mg%gr 6.to ichfthe pratective sheet,30 is styuck is
PRPE RS Sormihe AfovRr PEEEERSde BT Hali fdul af Phg example,
| ayer functions as a . dielecgtric_in electrostatically
SEIRSOR nGEhE PIERECIIIEC B ShaPdr 16 ByNRvERE R to a
surface 3g of the 25 electrode portion 3a as
&é§€i“1’lt5éé%lrgla§rl.°n3§a%r@%ve‘rf,lr\ﬁtt hSYeLaFe) t @& hehe surface

material of the , , _
(lower surface side in Fig. 2) of the semiconductor wafer 6.

In a state in which the semiconductor wafer 6 is placed on

"a retention surface 3g of the electrode portion 3a that is

the upper surface of the lower electrode 3, the protective
sheet 30 is to closely adhere to the retention surface 3g.
The protective sheet 30 has a construction that
includes an insulating layer obtained by forming an
insulating film such as polyimide into a film of a
thickness of about 100 pm 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 2a as described later.
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protective sheet 30, it is preferable to select a
material that is |ess etchable than silicon that is
the principal nmaterial of the sem conductor wafer 6
during the plasma 5 dicing described |ater. Moreover,
a mask-pl acenent-face 6b (secofgl surface) on which
the mask for defining dividing regions (dividing
lines) in the plasm dicing stage described later is
pl aced is provided on the opposite side (upper side in

10 Fig. 2) mehrebRerCi rguth-fasdmtd ond aggebamalBeiF8Skof the
is forned by abradlng the surface on the side that

Beceres ithe sHIRIK-R acairent - L ace. Fo, Py, t%ogegéﬂgp material
machining as described later and thereafter

Eﬁh%eﬁﬁinﬂeégee§%%.@ﬁ%‘%ﬂgh 8i1esbat ¢ 't”hﬁ;athgypr1n01pal

whi ch regions excluding the portions 1

9% Qqnqafot%@@ 9£Migéﬂ§u5€%fmﬂéﬁ%% Q? %@fﬁ% ?héoplasma

asnma etching are covere the resist

é&élngTﬁ?%cEi kg jRertions that correspond to the

orna I'on-regions are covered with the resist

film31 th k- pl 6b
sgn?LongugﬁgfeﬁgFg?S6 3839§%§ ﬁ%ig§%§?n§$%?c%ort§%ns (second

31lb_.are.arran ortl t corres

BRECBFR a1 PEE e PRk o £, Ay rS2PEapb° regions
5 g |.ectrode %FE a pI allt of attraction

Hetyd 3é‘9t aPeSpertTok |C&ﬁ1 s GLeQCe IgFCrdhgd later

the attractjon holes 3e 25 connunlcate with a suction
RSl &1EESY MV dRECY HlEReCRold FPPIRIEQ rotree 3(upger side in

shomn in Fi 1, the suction hole 3c is
Fig. 2) of the circuit-formation-face 6a. The mask is

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 31la.
That is, the portions that correspond to the device-
formation-regions are covered with the resist film 3la on
the mask-placement-face 6b of the semiconductor wafer 6, so
that mask slit portions 31b are arranged in the portions
that correspond to the dividing regions.

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

communicate with a suction hole 3c provided in the lower
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connected to a vacuum suction punp 12 via a gas |line
swi tchover valve 11, and the gas |line swi tchover valve
11 is connected to an N2 gas supply unit 13 that
supplies N2 5 gas. By switching the gas line
swi t chover valve 11, the sucti@n hole 3c can be

sel ectively connected to the vacuum suction punp 12
or the N2 gas supply unit 13. In concrete, by _

sel ecting the vacuum suction punp 12 by the gas |line

shetchoder 3val vRs1thand dri Ving. the tnd0 HAGUWR hole 3c is
suction punp 12 in a state in whi ch the suction hole

8onnenmudi ced s WyvkRulhe ¥aEHUShS YGRS 1BUMR;12, 4t 1i
sem conductor wafer 6 placed on tﬁglﬁgmer eléctr%dgﬁ§; tne

saitchevbel daiywevactumagt £agt Ko Qﬁﬁgf§%%¢é§é¥@§u9give 11

suction through the attraction holes 3e. ore,

i be cahheaekidon ol 53 Hokes4 38, UGt | and . .
thecvacuun1suctio% pu§p9§§282§?32 géhsgcﬁﬁnﬁgggthﬁplles N

Lo . ; 6
geans fwy éﬁi@bﬂiﬂ?nkﬂ% éﬁgnf%ﬁga%%g%cﬁaggénﬁéggqV%l, the

vacuum attracti on a state |

. . \ H f
§G§€§.o§ohb§ecggsga¥l fﬂet néegl.aet{lzslvﬁ.e}}e?cfngerir?%]%%eu U%%?Bﬁg vacuum

of the electrode portio

biveush thgcelst96LLBE Rolgr Spuile) gpee 0 (e

retenti rtace 3g of | s
Mbreover, By SELEFLLDD BSchE S8 SUPRLY AL 13 B pum
Bothen el sl dgaihe 12 gos sueply ity 18 BN e
a g&qﬁésiggbgé Péggeizsygfgcgtgéetgg Sﬁgéﬁcéﬁgesigsfén hole
3¢ 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 wvacuum suction
through the attraction holes 3e. Therefore, the attraction
holes 3e, the suction hole 3c and the vacuum suction pump
12 serve as vacuum suction means for retaining the
semiconductor wafer 6 by vacuum attraction in a state in
which the protective sheet 30 is closely fit to the
retention surface 3g of the electrode portion 3a by
effecting suction through the attraction holes 3e that open
on the retention surface 3g of the lower electrode 3.
Moreover, by selecting the N; gas supply unit 13
by the gas 1line 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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the gas for bl ow ng purpose intended for conpul sorily
separating the protective sheet 30 fromthe retention
surface 3g as described later. 5 Mdreover, as show in
Fig. 1, a refrigerant passage 3d for cooling use is
provided in the lower electrogfg 3, and the
refrigerant passage 3d is connected to a cooling unit
10. By driving the cooling unit 10, a refrigerant
such as cooling water circulates in the 10 refrigerant

paseagesuifady 8hi ehet ha-QIBGRAIUSEOEL WBHET BrhiSy, gas is
cooled via the lower electrode 3 and the protective

gheet g88 ofothepl Gehgel pode 3 pfeyMugh 4 ompulsorily
tenperatures are raise y heat generated |ng the

Ekéigﬁtﬁhgce§§b”9pro£éct§vQ0t§Heé9a136rm%féﬁrléﬁgzﬂpétentlon

passage 3d and the cooling 15 unit 10 serve as coo

ggaagcgog 58e! RGNSl Ll ectrode 3. Mreover, in
t he pl asna processi ng apparatus 101 of Fig. 1, a

Vacuu”1pu”ﬁo@eo%e%onn%%te%hﬁha A eghaUSt SmntCho%%lgerant

val ve 7 to an exhaust por a provi 34201

T R s R S T

e vacuum punp-8 by swi
hover vaIv t.he exhaust side
B gNE 3l ahE s hs' & aefefﬁgere& bRRsRGRoa 5 gonnected to
inter lI eva the ocessj ng chanber
AR ;gdecohﬁ rl9.25 %Breqiﬂ%]rln‘?lhémlt 10, a
r cessin chanb r 2 has a pressure sensor 28 38
EhOLISHBMN | FUSy. 2F SRPFRE MateRd BYrEvhRESEl | ag the

gg%rigerant 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 1is connected via an exhaust
switchover wvalve 7 to an exhaust port 1la provided
communicating with the processing chamber 2. By driving
the vacuum pump 8 by switching the exhaust switchover valve
7 to the exhaust side, the processing chamber 2 of the
vacuum chamber 1 is internally evacuated, allowing the
processing chamber 2 to be internally decompressed.

Moreover, the processing chamber 2 has a pressure sensor 28
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vacuum punp 8 by a control unit 33 (see Fig. 4)
described later on the basis of the pressure
nmeasurenent result of the pressure sensor 28, the
processi ng chanber 2 can be 5 internally deconpressed
to the desired pressure. The ygacuum punp 8 for
deconpression to the desired pressure can be
controlled by directly controlling the evacuation
ability of the vacuum punp 8 itself by using, for

P lshowrd MarFagl e1capael tpid.ype ,asaﬁaeb\(a%%@r%qmng the
8 or providing 10 an opening regul ating valve '

@Q@bhﬁf&hﬁmyaiVSyeE9cbnk&oﬁhQnﬁﬁyafya(éQ%.Pﬁ%h aNd gescribed.
indirectly controlling the evacuation abilitTy by

q@RlerOldd Nngnthe eneni g. chi iﬁsfe%%%% trk@%s&P&neef@C%ghlt of
ve an

punp 8 and the exhaust sw tchover val serve as

eyAcuatd.on, LHoi Ledacomy esgign gﬁ&fgb%srﬂ;?: Shgﬁgwa'é Yean be

15 deconpresses the processing cha

SR eERsIaY “IHoer MR Che, RSP B GRS, e
SHERTBLER TS o AR I8 BRI e can
(A, B PISESEHLY SRATEERIFibY DErheriarion
BPaliRsadts e ACER drmi Bof TORLE pBYT R 4 ARaTELe,

annul ar qggber 4f constructed 25 of an insulating film,
Br &G XEPAT he YRR 65 39he pERFRBr BRMBo At O8N Refoviding

the el ectrode so_as to surround the
an opening regulating valve (butterfly wvalve 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 1la, allowing the internal pressure of the
processing chamber 2 to be restored to the atmospheric
pressure.

The detailed structure of the upper electrode 4
is described next. The upper electrode 4 has a center
electrode portion 4a and an annular member 4f constructed

of an insulating film provided fixed to the outer
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el ectrode portion 4a. The annul ar nenber 4f has an

i nside dianmeter nmade approxi mately equal to the

outsi de dianmeter of the electrode portion 4a of the

upper electrode 4 and is 5 concentrically arranged in

a shape that expands outwardlyzgof the circunferentia
surface of the lower electrode 3. The annul ar nenber

4f plays the role of holding a disk- shaped gas

bl owi ng portion 4e placed in a | ower center portion
Plertibp@epperpstecdn 08 $hel@1ERe a2 RIOWHILBOLLIBund the
4e supplies a plasma .generating gas for generating

%R odieS A tdRr i d he TﬁéSgﬂﬁﬁ9§rsﬂéﬁﬁe£0ﬁ?eﬁas an inside
bet ween the upper electrode 4 and the [ower electrode

%-iam%egasnat&@%ﬁgremléeelf}etehgtaa . ﬁ”@ﬁé gekgiiﬁgg Pameter

processing a porous materia nternally

%‘imélh@ CHARRLES g)t&tqoqf' ! -'Jfk%h%h%%gae@n%lé&x%%ee 4%nd is
supply in a uniformstate the plasnma-generating g¢as

RN AR T ST R——

Sur roun - surface o
t, 4 f.th | ectrode_4,.th .
Slr 1% O TEHBCGAER28%N Qg or OF ofi e LMF 1 hELPRkEPde 3-

ri pher surface of the, annular nepber 4f, by ,
%E’i?i nagnrftgfea@ageﬁlﬁfefor yPLREW iR TR 8#33?‘%%@9 a disk-
space.. via the m.cropores. A gas sgpply hol e 4c_t hat
@%ﬁﬁﬁﬁid%?%s iTHhePOYhECRet®ht PORCEPack? 4¢ j ower center
grodeed i_n the support portion 25 4b, and the gas

QFHRPThEte EAE UPPEENRECCEFOCS 4 -pl asma 40 generati ng
gas supply unit placed outside the vacuum
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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chanber 1. The plasma generating apparatus has a first
gas supply unit 20A, a second gas supply unit 20B, a
third gas supply unit 20C and a fourth gas supp

unit 20D as a 5 plurality of gas supply units tha

i ndividually supply gases of gjfferent kinds, a gas
m xi ng portion (junction of piping) 19 to mx the
gasses supplied fromthe gas supply units 20A, 20B
20C and 20D and put the gas conposition into a

ganévamisgat gasanguppldas Lthew raiece@IubatsR8elOthe  vacuum
section 21 that is placed between the gas m xing

pphamben 19 @nd pmésﬂasg§H895¥iH?'Eﬁpggétugoﬁaszgcf§ggt gas
20D and individually regulates the supply flow rates

ehpphe gases20aUPR! ied-dry e dasdh i‘%gI ofdhon 19, .
Th%pggs flow rate regul ati ng sectgghxz 123 %é’lg ghlrd gas

supstyf hawd apgccofid ok \é]?él.%(]ﬁt}%?’ atshaé%f%aﬁggp?{ﬁg%n: %‘éD as a

regulates the flow rate e gas sup

HiliSh1i0¢S SHPRAL UQLFR?EQA’ uii£d 1S ”; ?_fl‘ltgi\é/g.lg.\él]e?& Zf‘owlpply

capabl e of interruptfng the gas supp

%@é@sC&PtéPkfe¥€£¥ﬁEg§§sthgt ggdeggggSPéh¥F%§gggg%ﬁation of

he flowrate o gas suppli

: it .20B,, a second on/off valve 22B
REBSEYE DY MR IR TRES s ey TR %) $16upuoply
I I 3C_that independent regul ates
‘E‘ﬁ{e‘% fg\%p o VR Ré @5@ s%?)%l PBd 7t the @Ak dcog?@81tlon
I i t. 20C, third on/off valve 22C capable o _
%&?n{ae?%tfi%ﬁé“ t %Eaélﬁs sEPP 2 &aFuldeW | satpat Begulating

control 41 valve 23D that i ndependentl regul ates the
999 rqgu%}cﬁhﬁ%els placed betweék the ggs mgxing portion 19

and the gas supply wunits 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 wvalve 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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gas supplied fromthe fourth gas supply unit 20D and a
fourth on/off valve 22D capable of interrupting the
gas supply. The opening control and the on/off

control of the 5 valves are executed. by the contro
unit 33 described later. The g9l asma processing
apparatus 101 of the present first enbodi nent is able
to supply, for exanple, a sulfur hexafl uoride gas
(SF6) fromthe first gas supply wunit 20A, helium (He)

{aoet bepserandigaspeBBhY 1YNirbgd9Bce510neX ¥R ¢82k of the
fromthe third gas supply unit EOC and

o _
bhk Igggfgﬁf&%&la@%ﬁ@@ %Bgﬁhhegisoughggg?; &@L&on and a

uni t The plasma generating gas supp uni

PRI SR, TS Stlmpsigg e on
BEPBLY S0, S50l o sl L, o 808, PUBR Kol e e

n 20D _by th as flow rate requl ati.ng.section.21
Z5rs arhekesBad b tebnsPatEdt) Bhr ol festubtgadacer
conmpositio and.flowrate to the gas m xing portion

16 Bnd suppls t RS (RO YA BRI 118 hel fhe Of  the
m xi ng, pertion 19 into the 20 di scharge space_t hrough
Brsaetst Sy Bl ren o Hekors RUBRLTe. AgFaRdomple, a

as _bl owi n ortion 4e. Moreover, by changing only the

guﬁﬁw ok o 195 | Aot Ergi FgO%hetlb%sflrst gas supply
congosition, i.e., thed%?s supply ratio by using the
BBhEt POR o SRy i) AFat'd1e eRRFART ngR25SeRRLY oH2E 20B,
that can individually regulate the flow rate of 42

exraehas,(Othe fre®rnhhepr6Bitfe GRSt hEUpPd¥essnA§ 20C and

chanber 2
trifluoromethane (CHF;3;) from the fourth gas supply 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.units 20A, 20B, 20C and
20D by the gas flow rate regulating section 21, supply a
mixed gas (or single gas) of the desired gas composition
and flow rate to the gas mixing portion 19 and supply the
gas (mixed gas) mixed in the gas mixing portion 19 into the
discharge space through a gas supply hole 4c, a gas
retention space 4g and a gas blowing portion 4e.

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

section 21 that can individually regulate the flow rate of
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can be controlled. In concrete, by controlling the gas
flowrate regul ating section 21 by the control unit 33
on the basis of a preset pressure condition and the
internal 5 pressure of the processing chanber 2
detected by the pressure sensgr 28, the internal
pressure of the processing chanber 2 can be regul ated
to coincide with the pressure condition. Therefore,
the gas flow rate regulating section 21 concurrently

haeht@astUﬂﬁéiQﬁt@&né@gﬁkébbﬁgeth th8 pepReskihgN Abnber 2
the gas supplied into the processing chanber 2 ng

the ﬁMﬁC&bﬁﬁr@ilééntrotﬁi%%nk&%t%ﬂte6yanBE§%§ﬁEEEPfthe gas
t he processing chanber 2. Mreover, as shown in Frg.

t1ovheatawaieRl1eGtinRfese 3 ih €L £CHYT ¢kl yco?%ﬁtﬁ;&gié 033 on

a high-frequency power unit 15 17°via a ma

£héCYhL 1 L6.0BY, dplying Fggsghgg Qﬁﬁﬂ#ﬁﬂg%bgqﬁfrtH?L%nternal

a high-frequency voltage is applié ween

17 ;
}?ﬁ@§§uﬂae%f ogrl"exrlb%r tﬂj}aécé.sssﬁlecgcic{)ﬂa ldy ﬁZSIO t&'t%%%‘%tdit SHY the

e vacuum ch groun a grou
Sreptbeeliet shecthodnsyets, orepull, BLOHE 20occuning
gnedre S L L Sherrte 31N
S PLRRL obPhBobES BEECESELPRGETSRRE! 2o TRAE S et ion
FLCPhRBERES LY LRee 25, blunetion of mLehing,

t he processing chanber 2 with the .
composition of the gas supplied into the processing chamber

2 and the function of controlling the internal pressure of
the processing chamber 2.

Moreover, as shown in Fig. 1, the lower electrode
3 is electrically connected fo a high-frequency power unit
17 wvia a matching circuit 16. By driving the high-
frequency power uniﬁ 17, a high-frequency voltage is
applied between the upper electrode 4 that is electrically
continued to the vacuum chamber 1 grounded to a grounding
portion 9 and the lower electrode 3. As a result, plasma
discharge is generated in the discharge space between the
upper electrode 4 and the lower electrode 3 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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hi gh-frequency power unit 17 at the tine of generating
plasma. I n the present enbodi nent, the high-frequency
power unit 17 and the natching circuit 16 serve as one
5 exanpl e of the high-frequency power applying deblce
Further, a DC power unit 18 fqQrz el ectrostatic

'attractlon is connected to the | ower electrode 3 via

an RF filter 15. By driving the DC power unit 18 for
electrostatic attraction, the surface of the [ower -10

8&&83&9&@ 34 sceharged wheh frgatd s hangebeirnd catath the

-"7In the figure) as shown in the schematic view

ggghbfreah@ﬁ QeEsSing rappar afus ¢ 1@l PfmEl &bf 3fenbFating

wn i n schematic view of the plasma processing

g@ggﬁgtus QL ok Fggeséﬁ& 'émﬁb&&ﬁ@ﬁ@-34jﬁinﬁh§ﬁL%Qequency

e dotted porti 15 in the figure) is generated

]I':le LH,[fLCG%%l &h@%erm éﬁﬁn#jr l::\i'regﬂ:hGlG sexrve as one

-frequency power unit his state, a direct
%%é&%@ﬁduc?%b%aé%%ﬁ -ErsflshsYorotRE FRRIREPS, oSTirsse
port i on o FYE58eFor rda” ?Ze%ﬁé*‘—*’pfu%sfm 3 4| Flectrostatic
B e BBt Fa R BT (HE 1ot %#%%??%@ g §Vigean wr
ReLreE O hteh%youﬂﬁﬁ’%ﬁ%gti?'e: 6 8O { RV astii 6 18 for

and the sem conductor wafer 6 is forne e 25
séprEsRatetar ma?%?f%c?éo%har§@€ MA?%rg%%?t|6’ ch%?@e lower

44 (indicated by "+" in the figure). .
electrode 3 is charged with negative charge (indicated by

n_n 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 apéaratus 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
jower electrode 3, the RF filter 15, the DC power unit 18
for electrostatic attraction, the grounding portion 9, the
plasma 34 and the semiconductor wafer 6 is formed, and the

semiconductor wafer 6 is charged with positive charge
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Then, a Coul onb force takes effect between the
negative charge "--" in the retention surface 3g pf
the lower electrode 3 forned of a conductor and the
positive 5 charges "+" in the sem conductor wafer! 6
via the protective sheet 30 tdgat includes an
insulating layer as a dielectric, so that the

sem conductor wafer 6 is retained on the | ower

el ectrode 3 by the Coulonb force. At this tinme, the RF

fliihbetatedpbsventss ithe Headiigfegquency vol tage of the
10 radi o-frequency power unit 17 from being applied

directly toehhe DCopamBhpbUnidrdd takes! @HAAQS abkEween the
attraction. It is noted that the polarity of the DC

RRWaKE 14Ri tcid8rdor .ol eghr aglat berahtiaat | O fBYe P8y of the

reversed. As described above, in the plasna

@.'b%?ssé.lr@i agughitlg tcg@ 45 CARRU Sartu?at:ﬁe positive
ially of the

subst ant contribute to the generation

th‘?a%g%tsc @l va li‘?lo tl?l% rs%frrﬁrcro%(giutc% o v f%lra%”%iag e

appa us. Mdreover, 1n the above construction, {%E%%Ctive
SRS el 00, B Lo ANG SET AGL0" P B Hceric,
S Al AT SCLL T e eLogRENChEl ¥ 1ovex
SSLATEDA, o6 SHUOUEL ot oL  STRLIG L SIS e n
BET35%1 ags | BEENEDF Bueknel cerq Yoot SRR | S OWAGRE  the
Eggﬁgqf&%q&ggcge&ighLPnugfgn%7f%%x;ftgéféggaégﬁied 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 substaﬁtially 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 wutilizing 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 1is,
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sem conductor wafer 6 on the |ower electrode 3, the
two types of the vacuum suction neans for vacuum
attraction of the protective sheet 30 via the
plurality of attraction 5 holes 3e that open on the
retention surface 3g and the g4el ectrostatic attraction
nmeans can properly be used. Mdreover, a refrigerant
passage 4d for cooling use is provided in the upper
electrode 4 as in the lower electrode 3, and the

WEERT gLty Passadeetd et GRNRRCT @dah® 1Bt heeea@hiing the
unit 10.7 A refrigerant such as cooling water

Q%rﬁf%ﬁéﬁétéfl tWagdrel &1 ger ate Pasgage Hbdyrdid VBNG the two
the cooling unit 10, and this makes it possible to

E?géstgg B&@p%%c%bﬂPEﬁQQﬁd%\Mggﬁ%tfggEWf@ﬁﬁﬁ hesrheefon of

el evat e heat generated during the plasna
e A e e R S
B34 P d'r Plne SRERECE g hE SRR EREIOR B RLIE 13 apa the
S8nt AP ErbLPng  DRAE e 260 E-RPay aBaPERPer B 95 ReS-

oD 0| Dy RGNS, OPeRL A, B 5 ORIRD.A0.5! 80 Bhoning
U ol S LTRSSl B Sl oRe U e sover
the door 25 by the door ogpenin /closin%oggit 26. 25

y .
rbPEbvede 3s SABwARPNTRfF1ge3anh BpgEadfofdsss connected to

conveyance use is secured between the upper electrode
ghgngooling 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 electréde 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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the | ower electrode 3 by noving up the upper el ectrode
4 by the electrode elevation unit 24 to position the
el ectrode in the wafer |oading/unloading position
during the |oading 5 and unl oadi ng of the

sem conductor wafer 6. In thiggstate, a suction head
27 that is sucking and hol ding the sem conductor
wafer 6 is made to enter the processing chanber 2 via
the opening I'b by operating an arm27a. By this

eperafate ide 19adébgrod hbewseni enadushor ¥pEerr8ad0s and
onto the |l ower electrode 3 and the unl oading of the

PHOCESHEH SPSErHERICH %dyV\ﬁ&‘%{r%% U&cérf%?l\léougg%&o%&ctrode 4 by

devi ces) are perforned.

éﬂéﬂgb%Jhﬁoaen%h%%%kWa%‘anéﬁbgoergoéiﬁﬂaﬂnéﬁethectrode

15 plasnma processing apparatus 101 that has the above
n u [ r.ef er ; e :
B oERe RS e R e e o (i gt G 0ading
;ggmg%' ' _t ' has a._sior
é%%t|on %P?iggfs?%?e%g@g€$%%§é%§€;&%§%raé'ZOIn Eglgggtate'
ro ' p [a nd rocess cont.raol sectiaon :
Pher Sl Choa Rl sPolh o S iR A Bt cctihg Byiding  the
execut i the operation.control qf the co ents_of .
THEL SRR SR ng appariiis 161 GRtERe bas sppoessing
t hese dagfa and_.processin rogram The, storage
SRR 92VEPoFlE BT b cSBPRGL LBRARTI G §7a.  BY

(all owed to be plasma_conditions 47 or operating

p
ot PPEREF19Rd di*opePafiBd Pfogrdn B8meFopdector wafer 6

onto the lower electrode 3 and the unloading of the
processed semiconductor wafer 6 (semiconductor devices) are
performed.
CONSTRUCTION OF CONTROL SYSTEM

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

As shown in Fig. 4, the control unit 33 has a
storage section 2 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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pl asma processing, and the process control section 91
executes control of the plasna processing on the basis
of the operation program 82 and the plasma processing
5 conditions 81. An operation/input section 94 is the
i nput neans such as a keyboam@ and executes data

i nput of the plasnma processing conditions and so on
and i nput of operating commands. A display section 93
is a display device, which displays a guide screen

andoperavinyg tHAALtIBn) QhdqoRAr8peeAtiBAULro Eﬁoﬁghof the
not shown, it may be a case where the control unit 33

poscd exteEaasihgputdut e igHRIdace RERNChaRARion 91
of information with the outside of the device is

eReEQEEBAcohbrbli SCask bDEsRhapPB-REQSESSIRY the ba81s of
conditions 15 used in the plasna processing apparatu

dRd OBEEQQtQBQSe&HUJﬂé§t @ﬂboghﬁemfﬁgeéﬁfrled OBFoce881ng

descri he plrasma proceSS|ng st eps
|rs hi .C thre
é§§%£E§§§ are%Q E#QE ggbf%éggé%hg ghe input
m r uat remwa
ﬁ%%@%§§?%% 5%% g qgsﬁ%rem)vaﬁlgprocesslng AP JEERH Y the

di
RS o SR eeE o PR B a e pr ofBecP g SSfopthBRt of
G 82@@@“2\%%"%?%%#@%;).%‘eét?%ﬁ%apgii%zfs. dysplay
@ e. 25 carried,out perforg%n t he éna et chi ng

&V iesery %ﬂh4%18P£?é? a fut ?%%ﬂaaﬁ o88sSPngt “the time

condi tions 81 for car in
og operat%on input g&té%ugh 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 in 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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out the processing steps are prelimnarily ,
individually determned. In concrete, the plasm
processi ng conditions 81 are determ ned by

conbi national conditions of, for 5 exanple, the gas
conposition of the plasm gengmgati ng gases, the

internal pressure of the processing chanber 2 and the
frequency (discharge frequency) of the high frequency
appl i ed between the upper electrode 4 and the | ower

eheet! 0d8a3thdOpMaERAYBrockBsiHg BLASNRiBHACBISEBY carrying
apparatus 101 of the present first embodinent, two
bypescid el 9y gHEFé”é_lréi' ffrenanti 69 individually
characteristics of "anisotropic etching that "has a
AREErhDhERSE LRI Al aGhRL 1 5Td&nd NprbBEsdE HECELAR: ¢ 5

of tﬁickness than i n the direct?on a+o%6 tﬁg 15S tbfiBitions
gurface £ 564 C u : r (i. et.ching

cﬁ Ofed &EnBRTY | (36Mb#%§§%§ﬁ%%]tﬁ%gqf%faﬂéw of, for

aracteristic principally et irection

Sramblb onPhR; oG onRE R Er b AR, bERErd eBel BTN guces,

on the surface and the _direction of thickness are
b8 tne PRe oo T conrhy, ERE3a3her RIS &na ene

I di ci ng. ing, the i | at
bFORHEErKg ANASERETSBor ACEIHGREYOn PermoVHF pPadEssfagauency
are_carried out bythgerforning he_ani_sotropic etc

in
BRPL hEds aRE L BPEENa t PEr oBBESFngSeERBFPHGNs? aRd% hERe"9 1 0uer

i sotopic etching is carried 25 out by switching the
ShPSbEPERi é-etching to the isotopic 49 etching. Here,

intensity of the etching characteristic in
Moreover, in The plasma processing apparatus 101

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

out by switching the anisotropic etching to the isotopic
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the direction of thickness is expressed as and
intensity of the etching characteristic in the
direction along the surface of the seni conductor
wafer 6 is expressed 5 as "B", it is desirable to set
rati os between "A" and "B" far the respective types
of etching as follows, For the anisotropic etching:
AIB > 10 For the isotopic etching:2 > AAB > 1 One
exanpl e of the plasma processing conditions .10 81 as

desgihded abewe uat@m@M&ylbﬂi&hék%@bﬂfﬁéecﬁsrgbaerigtlc in

As shown in Flg 12, plasma processing conditions 81A

tRE  4DBcapisnAtrgpi crriERhBYsOf i Eheckpeukabar §XPOSHRE and
processi ng and the corner portion renbval processing

?ﬁ@en@fey'QQd pﬂetg%cﬁgwg'Fﬁéfﬁ@ﬂefngHé'Qﬁsiﬁﬂgtdﬁggctlon

gas conp03|t|on of theé mxed gas (1.e., n1x ure

rat.‘% Ghe!Beregascs) LAccORLLLUAGLLAL SEPCANE 02 BlipPessed

ressure I s Pa an

LLeqpency fg &é?Y%Pf@r€8VSEt L3R @kﬁﬁ&éﬁi”@A" and "B

conditions i SOt ropi ¢ etchi are rOVId

t conbinat i onal . 20 copdi ns t hat
Bhole  PorPr et s FrBup eBlor L eftbio L LIRS,
of 10 : 30, the res ure i,s 500 Pa and the frequ
is 13.56 M. Eoﬁ Ft PBHECbFARECt RAARIRBse A Zg ?
pl asma di cing process, there is an jnterel ectrode
di stance D bet wEek Ehe aﬁﬁeppéFeeFFBa@942a%d-&ﬁ%?iower
25 electrode 3, and, for_exanple, a value (assuned tq
be an 50 ?ﬂ?e@?@gEﬂﬁbd%fdFQ?aﬁG@%ﬂﬂ RIS eRIRY £enpations

opti mum wi t hin . .
8l 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) is constituted of SFs and O, at a ratio of 10 : 2,
the pressure is 100 Pa and the frequency is 60 MHz.
Moreover, piasma 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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a range of 5 to 50 mmas the interelectrode di stance D
is set as the plasm processing conditions 81A and
81B. Moreover, plasma processing conditions 81C for 5
the insulating filmrenoving process are provided by
the conbinational conditionsgphat the gas conposition
is constituted of CHF3 at a ratio of 20, the pressure
is 50 Pa and the frequency is 13.56 MHz when silicon
oxide (SiQ2) is wused as the insulator as described

1 &Fe ] &k @S , A PEBSHBe - BY) PESESSSEREI CORdbL i 8§§i§&r¥? within
for the mask renoval process are provided by the

£orbhaat benal o thAngst BAE iRe <4A3 e EPMRSIdi A% D is
constituted of 02 at a ratio of 20, the ©pressure iIs

=0 R andk té‘?aérﬁ&%@&é(séﬁgwcé@di\ﬁoné’béfﬁvgﬁd %E? 15

val ue (assuned to an 1 nterel ectrode di stance

consi der edyd.0. hea Pt %rﬁ@ t EBCQSE%H?E @éné]&ontf&%%gglc for

mmas the iInterelec e di stance set

t%@sgﬁsu@gg/g?égb%%n??ﬁg%%%ggﬁa%gcfegs the gg%givtﬁﬁgﬁv%y the

process. t e processing ct rons
DS Te ERRth RN, PhRdely RS | BeBhicion s
AT i o B mg TH LS L o bR e Thes0 Pa
I
conditions 81A and the plasma 25 praqcessi ng conditions

$93d 2% eFRENBSHYAERE EonBiSTRTibRS JRtSE - | HEugERer, plasma

conposition, the pressure and the frequency as
processing conditions 81D for the mask removal process are

provided by the combinational conditions that the gas
composition is constituted of 0O, 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, 1i.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
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descri bed above, the present invention is not limted

to the switchover of conditions. Instead of the above
case, the switchover of the etching characteristic

can be 5 achi eved even when only one paraneter of, for
exanpl e, the gas conpositiongithe pressure and the
frequency is swtched. For the switchover of the

etching characteristic, the gas conposition is the

nost effective parameter, and the second and third

RSt galsf eebiny8sPal8HE &fife apeckRerhr egsdr e rnd t1RqRecy as
frequency, respectively. For exanple, when the

S dchover agbvkhe wichhpgsehar aclenksbnt i$ RBEf arifBded to
by only changing the gas conposition, the swtchover
E‘Hé’%&B@ché{?&ogﬁfg@o‘}aﬁt&%d& 01§ 8€eh§OLEORIHR %kgt?}é]gcase,

can be achieve y changi ng the gas conposition

%ﬁ? :ngtéh e}5 EEonkig :e%é%ﬂﬁgzu%haféﬁﬁé¥&stic can be

reover, en the swtchover of the etching

st I .
FURLATAET oLh CubEnlBhn 0 KRS Blarailcesd MDA Wfanpe, the
swi t chover. fromthe anisotrq$

JEOt TR T Lt/ ng- danP bt 3t
AR AL T S
f d by, I h [ the f f the hjgh
FORRRBHER 53 T RRGURSC {7 DhR LV AP abtPoReE: cRBfi hhSt second
the isotropic etching can be achieved by | owering the
?ﬁ‘%qﬁ@ﬁé‘? sk ,e§§ngbﬁ?6@aWett8rf3. I\/FIE‘F. pyegsure and

noted that, for exanple, 52_ a high-frequency out put
ke g. fre@eenry hi nr§SPaR§EvVELY500 t §or 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 SF¢ : O : He
from 10 : 2 : 0 to 10 : 0O : 30. Moreover, when the
switchover of the etching gharacteristic 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 }haracteristic 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,

i hi h , :
Pind e | er iRy ifesubtehed.



3000 W and a gas supply flowrate are also used as a
par anet er besi des these paraneters. Mreover, as the
gas conposition for the 5 anisotropic etching, it is
preferable to use a gas conposition such that a
reaction product that easily gdeposits (deposition:
vapor deposition or deposition). For exanple, a
fluorine oxide of. silicon (Si.FyQZ) (x, y and z are
integers in this case) can be generated as the

4 eacdh o d G OF UGS PYL UBE NG, & gas QPHHPﬁlélﬁanééaéf 500 to
i ncludes oxygen as the gas conp03|t|on for the

£ G Oyl OPd 16 e @g sIP1f | H0E5); Ne @4 d2rbas 185 used as a
characterlstlc t it is’less etchable than silicon.

erﬁ@tépv@@é@@esoéhégg %;&Pé‘arﬁé@éf istic allows the

groove portions to be on 15 the surface of the

sem conduGhor £r by perfg % %% thenergﬂ%%:‘.’%]{ﬁﬁ'cfor the

etching and alTows the film for i nner

e forged groo I s hy maki ng
Iﬁ{é e§i€ % % Phe ggl dg adﬁ%reelf%toba%e lsjcurfal%:see a gas
4S|de dep05|t|on% . he other hand

?T%rlne AR LI L no? e STy é%he?eo?%cghetﬁ%?toﬁ?81ly
ur f aces t he. groove po ons hysi ¢ etc
RoSEEe o farhogis PoRe YaBeF %mO%b“éﬁ%n?%as%ﬁg%f 10t . For
i nner_ surfaces of the groove tions can be
HRUEAS e L vpRiRet s 1o SoFoRe (BRI TGS v ana -
consequently all ows the etchln to produce an 25

IR cHEEIR 2 ciN | FhifeCYPR LeERBPRIIE AP ERFRd 28 thRergaction

sem conductor wafer, so that nore ideal anisotropic
ggq@p%g by using a gas composition that 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 o©f thickness of the
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can be achieved. Therefore, it is preferable to use
tthe gas conposition that pronotes the anisotropic
etching, i.e., the gas conposition that easily causes
sidewal | deposition 5 as the gas conposition for the
ani sotropi c etching. The pl asgg processing conditions
81A for the anisotropic etching, the plasma
processi ng conditions 81B for the isotropic etching,
the plasma processing conditions 81C for the

ddisit it SIOYA il Pr &S esisa@Nfbid e dd &5 "Bni 8t ropic etching
processi ng conditions 81D for the mask renovi ng

PAPCBSES a8 eveler €drhBrbEr&t 05206 SE6EL PO 981 8f thh&ise the
control unit 33. The plasma processing conditions 81

gﬁ% - Js 1O o880, St om&@ssﬁ%ﬁcéﬁ SO0 S PEDASLRIRE, 1.,

ration program 82, and e pl asma processing

t%lﬁee C%éé? SQm&J%ﬁ?Xohh‘EhﬁEo%%]%gslﬁé@aru‘QeswsiscgeCsLé'PP 8p8%ition

asis o e sel ected processin

SONILL 1005 oo UL 19, B PLAS TR, PLOCESSI 00 €315

out On he ‘opération

shown in Fig. 4,- the conponents, which.,are th as
flow rate TesuBlaTe sdttl o D0t 1 CoPfa tsDs) | g4 for the

sw tchover valve.l1ll, the high-frequency .power unit.
ST pBUER LD P (hfaaMecPFBSPpIRD contlitions 813
ttraction, the, exhaust smﬁtchOVfr valve 7, the vacugn1.
R 1%, T3 Her QR U SULES ori® Barky 497 RECGREPiTg conditions
gﬁsning/closing unit 26 and the el ectrode el evatjon

t I9F &P& CORFHORERY DEMBYLRPe RFUERS rGpe plasma

section 91. 54 Moreover, by regulating the total
@%@$§®s%m5u%@ndltlons 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 vacuum 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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of the gases by controlling the gas flow rate

regulating section 21 by the process control section

91 on the basis of the pressure detection result by

the pressure sensor 28, 5 the internal pressure of the
processi ng chanber 2 can be egantrolled to coincide

Wi th the plasma processing conditions 81. Further, as:
shown in Fig. 4, the control unit 33 has a processing

time measurenent section 95, which 10 neasures the
processi nqudi&®BvOf, t Bg RIRAIM HAMRL esst NGB exg&HMlyeSamount
control such that, when the nmeasurenent result
éPaEﬁésdéﬁééx£@'Ebﬁ@r%ﬁl&ﬁ% RRCesSE NG 1biverd | Y8§d1at ing
I'n the plasma processing conditions 81, control to
%@&I&‘? z@rgge;cgiréf*g?féc@yst@sn@fafeéécsz@fehr Gh SEEUERD basis

1 can be 1 med. The principle of the plasna

2L 050 O O L R b oo
ti, [ . '
ﬁ@?r gbﬁ%%?%&%g g%r e%Sé.Ic’r% ng‘.t L e rpolc%nséglq{ fgil%ﬁgegf 2t hc,ean be

iding 20 Tegi ons

seni tor. fer,. 6.sh i Fi . 5 d 6. Fig. 5 .
SSRLGTEL o oL 0,00 e ® Sdche hfortasing

process is carried out on the portion that
T 5t

Eshnds®to the mask slit portion (or mask cutout

portion) 31b, i.e., the_ dividing region fromthe sk .
25 pIaceneﬁ?rF%%E'6BSS?HQWBn1Phgj§bm%ﬂnﬁh%t%ﬁn9£$£ruﬁlt 33

to the 55 circuit-formation-face 6a of which the ,
%@%teéti9§o§ﬁ§§ﬂn90 time measurement section 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, contrcl to end the
processing is by  the process control section 91 can be
performed.

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

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

placement-face 6b side on the semiconductor wafer 6 to the
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i s adhesively stuck and on which the resist film 3la
is placed to define the dividing region on the
mask- pl acenent - face 6b. Mreover, as shown in Fig. 5,
the sem conductor 5 wafer 6 used in the present first
enbodi nent is the sem conducggr wafer on the
circuit-formation-face 6a of which the silicon oxide
film35 fornmed of silicon oxide (Si2) of one exanple
of the insulating film(that is, insulating thin film

O diW sk 4 Sy efded Sed OéffEthll:ﬁoth@ P dthe theid ishket 30
that corresponds to the dividing region. The

S{WASHQQHGEQ{; wafigh: hasqaceonatidct taa dclefsflesrtenflitrnomla is
that of the conventional sem conductor wafer on which

SBAUER o éffﬂgléﬁécﬁﬁ¢fﬁf @ MReh 4 & tde $K€tm§§kléfﬁcement—

corresponds to d|V|d|ng region. It is noted

éJl-.ee péx%’t echiyeget b 30 ‘Jré ﬂhﬁégxe{%eﬁﬁ %rﬁlé&?ductor

rcui t-formation-face 6a ocat ed or ned

é | L0 OXISdee f'llnm g% %g‘gsAﬁtShg}fgs{:n ale: 8| chhge is the

Yons |n the p asim € rou per pen ar |
nci de m tric
?‘?"élt%o Lh %’f eéf’asfeelt h8n I %ﬁ&cggg&ng aglpefcac{é 6a of

1, t he, J nci dent ons reac Qrt.i

"(]}é]t eboﬁlt]o’rﬁ?fbrf)?céﬁf gt Séo&z’rﬂbﬁ p olrlrﬁs&1 oxide
b n et chi ng proces g.the.e chln :
%H§ )(h8¥i R poSFeP ?gé§1 hiPSHAS 1P8ac tﬁéhat 18,
etching. bottom ortlon are reconbiped th elect

FBE 5T SUM T ORELE { OF wm%atanﬁ%rﬂ%%eﬁ SsTheenednateo in

is the 56 sem conductor material. That is, since the
the  peption that corresponds to the d1v1d1ng 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 6éa
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 pfocess, 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




10

15

20

25

material also has characteristics as a conductor, the
ions that have reached the etching bottom portion and
have positive charge are reconbined with the
electrons in the 5 sem conductor wafer 6 due to ah

el ectric continuity between ghe etching bottom
portion and the inside of the sem conductor wafer 6.
The etching bottomportion is not charged with
positive charge so long as the electric continuity is

il @ttic )y Onmdberoiher hamdaras ighowyiidkd i &hd: silicon

when a state in which the etching progresses to

Méﬁg¥6hﬁrﬁﬂé%CHéQQchQQEEQQE@QEEana@n@ %@HH%%&J?E the ions
surface of the silicon oxide I'm 35, no electric

G | @wey kéa@ﬁ@ﬁevéﬁiebeéﬁ’@ﬁhéh%otec)fﬂrps%]gcon C0Bnd have

oxide film35 and the I nside of " the 15 se uct or

166'1\%: b@ﬂgﬁégeraexfeorf c&ﬂﬁlﬁéé' %QEnOX eiék&858 in the

expose reach e ions |s surface charge
LELSBIIARSILY GIALOGEISNL 01 S 1018, RILILS oreer
R gzt hieh T RSBt oo e S Enant de.%%e's”} ApidRe ot the
FEPIEN de bt phelt IUE “shathss, PRhEoTheTrdor is mot
eqft°W9d#29%f%%;\}eznt§%ag§@ﬁegah S N
of the groove partion, so that etching is 25 perforned

AHIRH Thel R AT HRAti ons, and renoved portions 57

of a shape that is called "notch" where thefgroove
portion On the other hand, as shown in

, 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 portibn, so that etching is

performed at both the corner portions, and removed portions
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I's sharply expanded in the w dthwi se direction at the
bottom portions are fornmed. This is the principle, of
the plasma etching process nethod used in the present
first 5 enbodinent. By thus form ng the notches gt
the bottom portions of the gggove portion, renoval of
the corner portions of the separated sem conductor
chips, or, for exanple, formation of rounded (R
portions that are curved .10 convex surface portions

ahen yhepedrhhemikhe a3 qriac ondetor whbafert e Sfov@ portion
the side to be etched can be achieved (corner portion

f@ﬁ%\@rﬁw%ﬁia&%d Mpreovgs . Widdho &0 &1 AR tiRe at  the

;
princi pl'e "of e plasma processing nethod as

. ’d = f f nciple o e
ISSCEh D5G- BPONE: alck: fotnide erﬂ?Jhg £9 AL ple of th

ani sotropi c 15 etching so that e 1ons In‘the a

L @@%h’l{;’l_}é\%‘z e[?lﬁcg%? % Q € gl’%tt?lllgldg gl,lg‘?% t ?.ﬁe pl?trlé i g;r%(se nsierllxt first

the state s st at

[ ch. silicon oxide film35 is not exposed, and
%ﬁéééhﬁ%ﬁﬁ?opic etching is also perforned in the

i nsul at or exposure praocessing,of the first 2
enbodinentﬁyhbgg%%erFogmﬁcheggﬁngnﬁtﬁgeﬁécégéarﬁh?orbOttom

exposing t Llicon oxide film35 (i.e., processing
RHEOR] (e EReul SPoP Bx st by o RS S Bhe” corner

rocessingﬁiing necessaré for form not ches of a
FS?‘%%JC?I?%e | £8S(i SePATAF BTy % Her FoRSon8r, for
such as chanfering and 25 rounded portion formation)

SHIRL§ hel RXPRSLPR Bf FRENG8D dR)i EGFtdarde ¥hatm a5 | gurved

the plasma_dicing process are .
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
exposing 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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included in the plasma processing conditions 81A
SEM CONDUCTOR CHI P MANUFACTURI NG METHOD Next, a
manuf act uri ng net hod for sem conductor 5 chips
carried out by the plasnma processing apparatus 101
that has the construction desgg bed above and a
sem conduct or wafer dividing nethod (plasna dicing
process) carried out through the process of the
manuf acturing nethod for sem conductor chips are

gesceohedieleows i Anf | D9 ¢harind 0 p3R@WaNOd 8- $851 §rRless  are
procedure of the sem conductor wafer dividing nethod

iScshaud iR £hé. pTasARdps6hEEBLLE -EXRLANBHEr ¥1Xi ews
for explaining a series of proceSsing contents of the

manuf ey e oRBUEROR0ENT B MERITFAERIRENE! MEglibRS are
shown in Figs. 8A through 8C, Figs. 9A through 9C 15

Fi gs. 10A\ﬁ@£999Qa1%§nﬁ@Qth9§n?1 @mgdl%%u‘Rggﬁﬁﬁgﬁﬁuctor

is made wth reference to mainly these figures.

%ﬁfu@go_%%&ga wafer b?op:qnget ﬁ%ﬁéérha! gggcgl%%gr%g gggaﬁa?s 101

ality of device- n-reqi artange

j i X formon | circuit-formatioonsface 6a. The
E}Sagi rzrg{ a[) tﬁg]edev?f:)é-g?’ glrlﬁ% |88n- r%%?%lﬁ%b?ﬂ are°Ve and a
according.to.the si e seni.conduct or

AR PEOh B PR bR sty 80 8o e Palgd RrTar Broing bPbcess)
SKRIPLE ol e ADIULAT plegl 9ne: FL: (B SHOUBRL o methoa

o SoRbCL o o S S A U 28 BG SN o iy chart
él’? \errrllg ghasfexhiag/se gfprp%%%réd?ler% V\égt r‘éhgl ns?enn?jl.coc?nétlléteéf wafer
dividing method is shown in Fig. 75 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—iike shape,
and a plurality of device-formation-regions Rl are arranged
in a matrix form on its circuit-formation-face 6a. The
size of the device-formation-regions R1 are determined
according to the size of the semiconductor chips to be
manufactured and arranged in, for example, rectangular
regions. Fig. 8A shows a partially enlarged schematic

sectional view of the semiconductor wafer 6. As shown in

Fig. 8A, dividing regions R2, which are roughly belt-shaped
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region that has a width dinmension sufficiently smaller
than that in the |l engthwi se direction thereof), are
arranged between the nmutually adjacent

devi ce-formation-regions Rl. 5 The dividing regiops R2
serve as the regions that areggarranged in a roughly
grating-like shape on the circuit- formation-face 6a
of the sem conductor wafer 6 defining the

devi ce-formation-regions Rl and al so serve as the

P Bns SRaRed KLEE 0BS BréSPEaseQULSIER thenPREIBREr(ieS., a
of the 10 device-formation-regions R with regard to

td1gi 5iel @A ©had her @ode ik 03 PREn SV C&a f 1 ABLL LY r&QéPfOer than
RT. Further, the dividing regions R2 are |located in

@haw_ di;ng PRST ti AR hhiele dw@cggghcecﬂ@fé@ﬂ on- r]:%g'QP§anged

are separated 1nto individual pieces in the

ﬁé&bé@m pEﬁéeglﬁtu'?ﬁEgo &fyackht PRI CANNG Oy dzeé@fc?n?s R1.

44 are forne ectlve

ﬁ?é’ ! %SLA; %{:1'%[%“ 2do § Sgls Rz RlserL ng”t‘?ﬁ LR 'Sélfé"“ thlt are

conduc or wafer

con substrate 4 t hat_ _has Ilke sha
AT BR R SR s0 BRe i i ulD B g nBfrouic-
the.entire circuit-formation-_ face

g?ﬁ'{“h"e ONHECS et cB dERE P BEGPRANCYT a‘?’%£e¥o$n%ﬁf%ﬂm9 the
$ort|on t hat . correspond to the_deyi ce-formati on-

Yt TSt RANRDF L P Rer R TRLT t FlordRl | BhSPacE B Ffe the frame-
sem conductor devices 44 include devices of MOS (Met al
%@amdere@e‘rﬁr{?on&&éta&g)edstia%?ﬁii% tt'r}éﬁ"m%rd‘l%“erles Of the
constructed of a 60 silicon substrate 45

dssehreoferri bt g - aedi PReoRloxWdehasregard to the relation

thereof to one device-formation-region R1. 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 Rl 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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(Oxide) forned directly on the circuit-formation-face
6a and a netal film (Metal) formed on the silicon
oxi de 35. Further, the sem conductor devices 44 have
connection 5 termnals 43 (also called the bonding
pads) for electrically connecddng the devices to
external electronic apparatuses. It is noted that a
surface protection film46 (e.g., fornmed of
polyimde) is formed on the surfaces of the

semieondunivst teve cas Adbdicditidiaitect hon iof; 4 dQige 35
surfaces of the sem conductor devices 44. The

qoRAGe) | Ofbrhéd NiAdeE 4y b8 RYe COVELEH: W i
surface prdﬁection fFI%iBS but exp%sé%g%nﬁé%%épf%g tace 6a

§h@Mhiﬁbf%E-f§§miQMéy§¥V £bah éhSHCEﬁaﬂg%ﬁﬁcon oxide 35.

formati on-face 6a m ght not suffer damages I ng eac

%ﬁrEh@??sstﬁ@bS%Q%QQEEﬁP%gBEieée@ﬁ%egn %qethﬁaﬁ ¢ Connection

sen conduct or wafer 6, rotective shee

BeThaaYss UK, L pdily Sy (OLHR W6{305a 0 tAds)  for

an adhesi ve. th regard to e protec

i into t . _shape as_ the _
e o o S B e o T 7 vl oF KBeFE 220 Segromic
h th heet . t tire rface of the ,
e R s R
th ' duct fer 6. By usj the protective
(o8t " S06FSY et SRABYLMiBRAGE S HEPTEFR BROtdeR | 9t faces of
geet 30, rq%ruding fromthe sem conductor wafer 6 is
E ﬁag%%]“)o%%l? e hspevdss254be [ReveRCedPFPbRFtion of the

occurring in the subsequent processing 61 such as
ﬁpggﬁﬁeﬁrGgeggyﬁgsemlconductor 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 is 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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Next, as shown in Fig. 8C, a mask for defining the
dividing regions R2 for dividing the sem conduct or
wafer 6 into individual pieces of sem conductor chips
are 5 forned on the mask-placenent-face 6b that is the
back surface of the circuit-f@rmtion-face 6a of the
sem conductor wafer 6. In concrete, a resist film31
made of, for exanple, a resin is forned as the nask
to cover the entire surface of the

gasck- pkageaBRh- baeectRiph .t he 10 seni conductor wafer
6. Subsequently, as shown in Fig. 9A, nmask slit

portions 3hyare fOr ggdyRY ipatdgy ni gg the st fi
31 by photolfthography gndlrenbsing %nl% {ﬁ%ﬁ%o% ogggﬁnlng

Eh@t &NI&%@Qn%égﬁérﬂ:‘e &-vi di,pg cﬁf\gitﬁ):[ﬁ%aR?tk}pé/ %eml%onductor

) for exarrp e, m As a resu atte

%H@Qrt%agjﬁﬁatbﬁd?giﬁhgﬂspagggsc%ﬁ¥Q§§9P oﬁéﬁF%%% chips are

device-formation- re are covere
m 0 t ha espond t
Eﬁeh§|V|dﬁnéﬁ%gg?%%ggggaégg{ exg%§§3 gp Eé ﬁas&ssléhe back
ns ma cut out_ _porti.ons 31lb_is forned on
?ﬁgkhgsk é gcen%ﬁf fagérg l&ff9ﬁ8g§6°§e5988ndug%or of  the
d g en1congyct wafer 6 provided, wth_th
ﬁS%‘E(CPH PHEOSt ¥Pd SBe h‘“eorb‘b‘]”eetc td B%Sl%bfé&i“eal made
g pl asma_processi ng described |ater. A nmethod for
BEvi BPRyCERBPLEn R aiabon Sk PERSY 25 GURIBASK £h Chyer the
mask into individual pieces of. 25 sem conductor chips

PRL4EScr SHEd25€cortdi ndFhD tTRSKIRIRGEMeRnkacef FPg. of the

with reference to the schematic views 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 thg portions
that correspond to the dividing regions R2 by a width of,
for example, 20 pum. As a result, a mask pattern such that
the portions that correspond to the device-formation-
regions R1 are covered with the resist film 31a and the
portions that correspond to the dividing regions R2 are
exposed at the mask slit portions (or mask cutout portions)
31lb 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 is described according to the flow
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the plasma processing apparatus 101 shown in Figs. 13
through 15. It is noted that the control of each

subsequent operation in the plasma processing

apparatus 101 5 is executed by controlling the

conponents by the process conrtrol section 91 on t he

basis of the operation program 82 stored in the

storage section 92 of the control unit 33. First of

all, in step S1 of the flow chart of Fig. 7, the
éEQ}QOBQWﬁfg waf it rerddegdanth the @%ﬂ%déﬁléiblews of

| oaded into the processing chanber 2 as shown 1 n

é—ﬁe urd ek t he-dading 0%%%&'51%8 2315%?1 dugf o F1 s. 13

wafer 6 held by the sucti head 27 via t mask

£H§9&thhi9ugh tpe QBenh gehb Eg%e tpﬁeprggﬁ§§5@g of each

chanber 2 by operating e arm?2/7a in a state

g@%&@g%%@te Sfagkgﬁtﬁﬁdgsg bfaéé?ng¥sgegglgﬁd gsaratus 101

ct Vatl on unit sem CoO
f I | ectrod
ﬁgés‘ot%g«g?.uv%dsh@gfggﬁgra@%en& i SEH S8 B2 process
{ t h h
PRI LSS B B BhS: prooran o

at t ragt lon e _sem conduct or V\B%Ef and t

DC
BoRET uh?tta% Fg?raﬁsc??SEfaPu82a? rﬁé?lﬁﬂnF§°TtHFhEd33'

(step S?2 the.vaguum attraction, the
sen1condu%f%?tméﬁe?fbll%nh%Fﬂpb§1tﬁ§ FhGef leveehpsbeos Fig.

in a, state in which the protective sheet 30 closely
Adhéhe t 8ePECPREVFEPENtYRIIE B UPT RECBEARA WHEN ohee mask is

electrode 3 in the i 63
loaded into the processing chamber 2 as shown in Fig. 13.

During the loading operation, the semiconductor wafer 6
held by the suction head 27 via the mask is loaded through
the opening 1b into the processing chamber 2 by operating
the arm 27a in a state in which the upper electrode 4 is
moved up by the electrode elevation unit 24, and the
semiconductor wafer 6 is placed on the lower electrode 3
via the protective sheet 30.

Next, the wvacuum suction pump 12 is driven to
effect vacuum suction through the attraction holes 3e to
turn on the vacuum attraction of the semiconductor Wafer 6,
and the DC power unit 18 for electrostatic attraction is
turned on (step 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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processi ng chanber 2. Subsequently, the door 25 is

cl osed as shown in Fig. 14, and the upper electrode 4
is noved down by the electrode elevation unit 24
(step S3) . At this tinme, the 5 plasma processing,
conditions 81A for the anisotigapic etching is

sel ected and taken out of the plasma processing
conditions 81 stored in the storage section 92 of the
control unit 33 by the process control section 91 on

pPScedashs Shahberoperati on program 82, and the
i nterel ectrode 10 di stance D between the upper

el ectrode 4,8885t88c1 Wef:heeld%%trroﬁ? Bsi e188kd & shown in
prescri bed condltlon I.e., interelectrode distance

Plg, Wil i N8y r@ﬂgefu?%yh e 01 a@{% 4 3d %é@e&md%%%edoy the

on the c¢ondition o e intere ectrode di st ance

%I‘&éé‘%‘g&' o 1 01L06¢ PLAS TR RN %esﬁlée CQﬂP".“ RS BlA dfne, the

anrsotropi¢c etchin e’ vacuum punp

fgﬁa%&raé:?% %Ss?cgg %%%'1%%1%55'8‘1% | rktPtehtghgceéﬁ 88tropic

e insid
cessin er 2 reaches resc Iq?
g%%uu %e asses se gc&e% He Yas % EﬁoceSSlng

regul atin cti are r ula ed to a rescr
@%@51%%%&%3 F 50, HR o ct bRk Cr R [ aPGE ba§e§% of the
t he Iected:P rocessi ng conditions 81A for_the
CORLERT ot betthi Y SR8 ARSI P heSprbassiafy on the
chanmber 2 (step S5) In concrete, the first on/off

Rasie 9F & |QP?ﬁﬁﬁkRPoﬂr?ﬂ€a%a§?s @PQrﬁP%IégﬁﬁreleCtrOde

processi ng 64
distance between the upper electrode 4 and the Ilower

electrode 3 is 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 inteLelectrode
distance D included in the plasma processing conditions 81A
for the anisotrbpic 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). -In concrete, the first on/off valve

22A is opened on the basis of the plasma ' processing
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conditions 81A for the anisotropic etching, and SF6 is
supplied fromthe first gas supply unit 20A to the gas
m xing portion 19 with the supply flow rate thereof
regul ated by the first flowrate control valve 23%. In
5 addition, the third on/off walve portion 22Cis
opened, and 02 is supplied fromthe third gas supply
unit 20C to the gas mxing portion 19 with the supply
flowrate thereof regulated by the third flowrate

E6R&1 PloNal eI R3CorAl thEhignhiddBrog e secenehon/ 9hf sk, is
val ve 22B and the fourth 10 on/off val ve 22D™are put

s0pp1 ££958d-3t at Be @Y%égﬂ%ggréﬂ%pﬂ%”uﬁk%sﬂéh to the gas

suppl i ed. Mreover, SF6 and 02 are m xed together so

A% { A hayEr 81 GRS E@”pQ§EBiOPth ;Q?%l% af150€ r9R8 thereof
n h

m xi ng portion. 19 and supplied i e processi ng

. T .t I
19% er%%?é r]#’g tl'i‘gn’fl?:gt e gas, suep c%rﬁrrg;g.:f\§31\:7£e23A. In

ssure of the processing cha

geaeciad, bYyLhen, PROSAYCPeSGRROL 38200, 099ak 8dMEls  ana

ressure con | asma

rocessi ng-,conditions_81A it fi t
O SERS LRGN LTS AL 208, s 180881 B, AR co e
expressed by the, pre re.condition. That _.Ls, th
F75 o FRPIOE U TSP artce ' Bt fib8n TURPYHwbiol| gy dbhereot
3 an t he upper el ectrode 4, th it f th
fedutaredpy Bin o4 o Sh pFokecdiRe Kanteive dag. At
the internal _pressure of tﬁg%grocessing chanber 2 are
SRisof i bades 25°8RAt HP R RSNy 3PVEceddPngpnd the fourth

condi tions 81A for the anisotropic 65
on/off valve 22D are put in a closed state, and neither He

nor CHF; 1is supplied. Moreover, SF¢ and O, 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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etching. Then, after the condition setting is
conpleted, a high-frequency voltage that agrees with
the condition is applied between the upper el ectrode
4 and the lower 5 electrode 3 by driving the

hi gh-frequency power unit 18 @g the basis of the
frequency (e.g., 60 MHz) and the output condition of
t he hi gh-frequency of the plasnma processing

conditions 81A, and. plasna discharge is started (step
g@ghinﬁ§ a result, the supplied m xed gas nakes a
transition to 10 the plasma state in the di scharge

space bet W?ﬁé‘nt h§fHQPeEheeE8ﬁ&£9§'Sn séeglfm@eléolé@ﬁ]pleted a
el ectrode 3. By the plasm generation, 1ons in

RIGATBrARERBY WA (T Lo MBgfect AP (i ephet do Jaﬁcmtlon is
BB LEa! 1 B0 OLeh ONEne OM¥pbC DOL L%aecoareaﬁandgﬂg lower

I VI |ng regio are not covere

h fial.m 3
é‘?ft??%%%gsuée?rii B s SR AR b Sk opra 18 on
t d f 6 |
wren ?ﬁ.slgmoc o Pt et rERY ‘fo@pﬁf?@ P G LfE shucpue

is formed i e discharge space bet n the

erect ok hanfite eIt e&u%&cefoo%te YBe" d{Retf PBkgoessing
(see. Figs. 3A_and 3B es an, electro tatic
GPRALELPBR Pofce g @mé %@een }feStophed (step S6).

el ectrode 3 and the sem conductor wafer 6, and the 25
%nﬁcéﬁﬁ@@ﬁorR@ﬁe?quiée%eWaXSQ GﬁélmﬁﬁﬁseﬂeEF?BEétgon to

with 66
the plasma state in the discharge space between the upper

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

Concurrently with this, a direct current
application circuit 32 is formed in the discharge space
between the upper electrode 4 and the lower electrode 3 by
the plasma (see Figs. 3A and 3B). As a result, an
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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the electrostatic attraction force. Therefore, the
protective sheet 30 satisfactorily adheres close to
the retention surface 3g of the |ower el ectrode 3,
and the semconductor wafer 6 is stably retained|in
the plasma 5 processing procegg. |n addition, the
protective sheet 30 is satisfactorily cooled by the
cooling function provided for the |ower electrode 3,
and a thermal danage due to heat generated by the

plasmadi-$charge s Rvwettethy MESPYEr . SiNBerefore, the

ani sotropic etching is performed 10 on the basis of

%P&@J:@%@@ RRkesskhg conditians. SLA LAnkhes PLASER to the

I crng process (1nsulator exposure processing) by the

ADLSOL I ORI %@{quy'teggg th&fegﬁ@ nﬂo&é?r%(iie%ré:ir%ﬁec Bas Ay the

I nNcCrease I n ness direction o

%%ﬁnlcgﬁrgcqﬁjg of Jadgl 6 fper&fang, 4 tgl?.g@?eir{]%':it%e plasma

surface of 715 the sem corfduct or ~wa

corresponding to the sk_glkit. portions 31b is. etc
?ﬁo?ﬁ%gfﬂch%8§§sﬁrregﬁ?oﬁadéél?ﬁatEh&r&&ﬁk?ﬁﬁ Y%wéﬁget 30
6¢c of a width that is roughly ual tao the. width of .
Phe Snsdelartorian il S pby B Goaidicro i “brovidea
di viding_regions R2 are forneg. 20 Nbregvgr, in atep

B9r the bPUSHRSUPEFRGOBr dcedBY fi hBGFRRLr 38WRESuFAYS to heat
processingé in steE S6 is carried out wuntil the

SeRATABSBOPY oRNBOPLAERAt AAECh&TERe1BoPEENPRER on  of

t he groove portion 6¢ is renmoved by etching and the

surface of MPREOX¥PKi c6ANGR FOHSAUHIPSG LletptR@dier ppriormed

the 25 bottom portion (i.e., until the surface of the
pnsthat basig of the plasma processing conditions 81A in the

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

Moreover, in step S7, the plasma dicing process
(insulator exposure processing) in step S6é is carried out
until the etching bottom portion that_is the bottom portion
of the groove portion 6c is removed by etching and the
surface of the silicon oxide film 35 is exposed from the

bottom portion (i.e., until the surface of the insulator is
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67 exposed), or, for exanple, until the tinme nmeasured
by the processing tinme neasurenent section 95 reaches
the condition of the processing tine necessary for
exposing the silicon oxide film35 included in the
pl asma processing 5 conditiong781A. By thus providing
a state in which the silicon oxide film35 is exposed
at the groove portions 6¢c, the portions that
correspond to the dividing regions R2 are renoved
éxpprddie, sbli CadrsubalmAle, 4ot iNephit tihedefRIdUNEH by the
in step S7 that it reaches 10 the prescribed time,
phscpbashg ditGided PhosssserOfer theritae 6ondiddQhds the
continuously carried out by anisotropic etching In
Sb6@; PEoRSoR PhESPRLALEL Dy PE PRES rEgEn
notch forﬁ%yion (??%., no?%hﬁ?ggng?%%%saggoﬁggg%% O%?ﬁg the
SOINEEn PAULIQAN £2IRYAls PIACEIILA: of'Sc Ao 1 DIBMY [ prbBEssing
exposed silicon oxide film econes el ctrlcaIPy
I, t he pgsi ti C the J pl.i.ed
FoRLEetal Bana® PBE oS RBbREoR B0t S ene
roove portirons. 6c,..and the trajecto of _the incident
PLERE PRSI0 25 P orirhieyret e e, PRsheshs sc.
O performng the etching of the divided.silicon,
OB R TS Eon8 et AR TeREoBg: tOrF BB L1 EAaTHY TRgions R2 are
%%oove p rtiogg GC,ﬂre expanded in the w dt hw se
PLEEF ohr BqBbhtFOT S4PSERAWR 7 Fig. 9C notches
42 are fornmed at both corner portions of the bottom
portions offPehelfr 48vESHErTERE 8 SR 1 thale it reaches

corner portions of the ﬁortions put in contact
the prescribed time, the plasma dicing process under the

same condition is continuously carried out by anisotropic

etching 1in step S8 as a plasma dicing process for

performing the notch formation (i.e., notch formation
processing or corner portion removal processing). As a
result, the exposed silicon oxide £film 35 becomes

electrically charged with the positive charge of the ions
applied from inside the plasma to the bottom portions of
the groove portions 6c, and the trajectory of the incident
ions in the groove portions 6c are consequently bent,
performing the etching of the divided silicon substrate 45
so that the bottom portions of the groove portions 6c are
expanded in the widthwise direction. Consequently, as
shown in Fig. 9C, notches 42 are formed at both cdrner
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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68 wth the silicon oxide film 35 of each piece of
the divided silicon substrate 45 are renoved, formng
rounded (R) portions 40a. The plasnma dicing process
for notch formation in 5 step S8 is carried out jn
step S9 until the notches 42 gpd the rounded portions
40a of the prescribed sizes are forned, e.g., the
time measured by the processing tinme neasurenent
section 95 reaches the condition of the processing

wigR tReces$sakynf Bkikar #ing §Beo@0EgQﬁS kcEhe s the divided
prescribed size 10 included in the pla gna processing

sondibhonsuBdératl idsi sydet th
reached the pr%ce55|%g fﬁﬁeq%ﬁkgﬁgb S orktégﬁtﬁgunded (R)

basmBndi £bg9 process (notch formation processing) by
? he ani sotropic etching is ended, and the plasma

rocessin s for the 15 isotro .
gre selec?ggg gi%ﬁggprocesg EOMTO1° é t?%gcgl °5ﬂat90n in
es _sel b the as fl regul at i
S0Ep8R°T 5 SRR Bl dh Ben, iy (5 RSN 42 and
05|t|o and, a prescr | ow rate ed . on the
iRt o aﬂargbﬁﬁﬁiiﬁaiﬂ?o chrobELaEELBete Si Ramnare, Eormed,
ste . In concrete, the first on/off val ve 22A
%s ogeﬁga é 2“et e ashied fﬂY e p?%%?@s%%‘%%eééﬁ“ﬁgmeasurement
conditions 81B for the isotropic etching, so that SF6
FRCEHRDI i%8d Feariefe e sFongatisnpmly bRt mmxessing time
t he gas n1X|ng:a%£t|on 19 with its supply flowrate

ROTEFORTRd IBY thRrmingt throwatahesc opk r Ghexpregqribed size

23A. Concurrently, the second on/off valve 22B is
included in the plasma processing conditions 81A.

If it is determined that it 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

- 810). 1In concrete, the first on/off valve 22A is opened on

the basis of the plasma processing conditions 81B for thé
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 valve 22B is
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69 opened, so that He is supplied fromthe second gas
supply unit 20B to the gas mxing portion 19 with its
supply flow rate controlled by the second flow rate
control valve 23B. It is noted that the third on/off
val ve 22C and the fourth 5 on/@ff valve 22D are put in
a closed state at this tinme, and neither 02 nor CHF3
is supplied. Moreover, SF6 and He are mxed so as to
have a gas conposition of 10 :.30 in the gas mxing

ppehean 9 &ﬂﬂnﬁu@9|i§dsthQiEBefQQﬁF§§§4n@e?8H§n§§E supply

2. 10 Then, it is confirned that the internal pressure

ohitheoRr @eesHNGLNMMEMSL SISt ed L &Y i bg ?{észgﬂj’pgaﬁ flow

sensor 28 has reached a pressure condition

. i it in,th
Pabel chieololassy mygssat g cond s BLRL fyve 235,

gas supply process (st a

at %%8%60@%3@ NG iy @nﬁoﬁ%ﬁé\gﬁ%\%‘?%{g\é\%ﬁgstp? fourth

el ectrode 3 and the upper ele

j b t t he, basj f.the.f ency (e.g., .
/26 W End e Bt BOE oneh « Three? {sﬁ%%a RrlhLs " time,
' diti 1B, b t] s

R oo g T ATt uolyt SOy #ageSFhapnd He

agrees wLth the coHditions bet ween the upper ,

2F 23R 2°an3 FRe"PYGeR I3FeCPTBABIBIRY gﬁl%Png-ﬁﬂeln the

hi gh-fre it 18, the plasi icin

A e s R e
11

. 25 Since the isotopic etching has a feature that
¢ er 2.

Then, it is donfirmed 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 conditioﬁs 81B, by starting plasma discharge by
applying a high-frequency voltage that agrees with the
conditions between the upper electrode 4 and the 1lower
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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70 etching characteristic in the direction along the
surface of the sem conductor wafer 6 and the etching
characteristic in the direction of thickness are
roughly equal to each other, etching is perforned
roughly equally in each of the;$ directions in the
portions to.which the plasma is applied. Although,
the etching characteristic in the direction of

t hi ckness actually tends to becone slightly nore

eBtBASg dHiaadte-ieiGhi ngh chacactieldtich 1AW dA8 the surface
direction along the surface also by the isotropic

BEChhBYsehl cbaidubeBangadet-hat 54 e .
characteri stic obV|ouslyedlffgrgn?BFrEEPPE%? Sparpsteristic

aAi SCQ‘IerOBhfeEEEBth>f Stﬁf@kﬁégsdar] I‘g&gmf %al to each

etchlng is carried out I sotropic e

shave, ! BcEignl0s yocessn%b%v%%s% d?aGf LOULEK o cne
SRS B s ahgﬁ,?ﬁgsz%gf

sen cont uct
- in the nej hborhood of ,

ALERSOLRR 5] efchng) Ck}‘?m’é?%’f%’?e it pcﬁff%wson of
gﬁ. re etch as _to_be sl |gh %Fﬁ in the |

a?ﬁﬂfgﬁ ﬁ§ { i bRPERel&orle %o@ rIhY SEeHE ngntense
cgaracgerlst tends to become npre intense in the
hefghb ?h&&&’lhd'fngt ATFFEHISE I Iheb R odvESHbiPROAdONg the
6¢c and weaker as _approaching the bottom portions.
?HE?%F%r@lSBybﬁthérﬁﬁﬁﬁrOPhﬁ p&ehiBgi c 16t &Ri Hgchagged that

shown in Fig. 10A, the rounded 25 (R)_portions 40b
?ﬂa?tﬁhéneuﬁ@@éa@&ﬁ\réﬁtélﬂf%’el%{?ﬂm ohsfferent from that of

the anisotropic etching is exhibited.

If the plasma etching is carried out by the
isotropic etching, as shown in Fig. 10A, 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 6c and weaker as
approaching the bottom portions. Therefore, by pefforming
the isotropic etching, as shown in Fig. 10A, the rounded

(R) portions 40b that are curved convex surface portions
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71 can be forned at the end portions put in contact
wth the dividing regions R2 on the

mask- pl acenment -face 6b of the

device-formation-regions R . That is, the rounded
portions 40b are forned at thg end portions (corher
portions) 5 | ocated on the nmask-placenent-face 6b side
of the device- formation-regions RL and the four
corner portions of the rectangular plane. It is noted

that behe& ophasieatli €h8JeRR0EBSS iBYst Bt I SPLEGRESct with the
etching in step S11 is carried out until the .10

80UDdeHg PRI i 40P Bne (i ”ﬁgsknbi’aéeméﬁé%%égd 65 Of the
size, or, for exanple, until the tinme neasure y the

REGCEESEBImb L IBn - PRESLUHENRAL S@ﬁBL0@395tﬁE9988§d8&e£ortions
the processing tine"of the plasnma processing

£0Pdi $7ONSE SR d Orad N SOt ppi .ching. Wien it .
is determned in g?epqéfg trg? 'Prﬁg§gsreégéggegheportlons)

poescLabed td ’mégg-ﬁgée%ﬁeﬂ]pg% pggc%,ﬁt%ﬁgyopq tah}ﬁ% device-

Isotropic etching IS end rtron,

' iti i | ati fil,
REpREEELACLEOIOLl) 315 BIE Lo IR DUBLING LML ot cne

renoving process are se

' 20 the gas selected by the gas flow
$§§%é$€%§%5t$g%n%éction 21 is supplied into the

rocessi ng.chanber 2 .by. bein regul ated to the
Srescribeglﬁaﬁscﬂﬂﬁ%gigpﬁﬁ Eﬂﬁ Pﬁgsm%r§§€Fpﬁe8r@§§SS by the
flowrate on the basis of the conditions (step S13)
7R et £F % otPt R offtlvat e C2FDies 2guppanrdl the

on tge basi s, of the plasma processing conditions 81C
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
process are selected by the process control section 91, and
the gas selected by the gas flow rate regulating section 21
is suppiied 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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72 for the insulating filmrenoving process, so that
CHF3 is supplied fromthe fourth gas supply unit 20D
to the gas mixing portion 19 with its supply fl ow
rate regul ated by the fourth flow rate control valve
23D. 5 Then, it is confirned that the interna

pressure of the processing chanber 2 detected by the
pressure sensor 28 has reached the pressure condition
(e.g., 50 Pa) in the plasma processing conditions 81C

ifdrt thegasnSUPRt Yn§t €R1m |derici il 3@l thEs that cur, |
i nterel ectrode di stance D1 betmggﬁ%%%e 1&% omgr a 3 18

ehppliiede SramdehBe URADAM eh86t IRER14 | SnkEPL RS |
is?@Subsequently, by starti%g tﬁ§Q§1 sna d?scﬁgfd%5b§he Jas

ARR YN St - § Bequency; vo! Eﬁgg%ggg‘éo}ﬂrfﬁ? \r']\%gguﬁ D€eq by

condi ti ons between the upper e and ower

theelraibaderduiibh of REALEH. aaglensy, power unit 18

1
riven on the basis the frequency (e.g., 13.56

M) and the qutpyt 5 condifion of the E@hgﬁfg%%@g%mssm

of the plasma processing c¢onditi ons 8

FC AR Ty 19 A8 1) 00, 00 86 8 PO A e

00VE POrti C 1S

val _progessi in step S14). .By. perform ng_the )
FEaERE BRI e o o MBS (ReSexpadoqa) in the
silicon oxide 35, i.e.,.the silicon oxide 35 in the
BEFFF"Sn?ﬁ%*ﬁS%HH eSPBAYCLBRENE TG ViR h§er GRHn8UPRYY step.
s positively etched to rempve the silicon oxide 35 in
35 ﬁenﬁﬁﬁsiﬁﬁéF Abey indepel ectredgoddsaaicen®l between the

correspond to
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 groove 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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73 the dividing regions R2 are conpletely renoved

fromthe sem conductor wafer 6, and the .

device-formati on-regions Rl are separated into

i ndi vi dual pieces, formng the sem conductor chips 40

that include the senmi conductor;$ devices 44. It is

noted that the plasma etching is carried out until

the time neasured by the processing tine measur enent

section 95 reaches the processing tine included in

the plinsig ity oeegsbRg mndakbor&r@f%t(éifpréﬂn%%eg'fﬁ!ém the

is determned in step S15 that it has I0 reached the

9&@5@6hbﬁdtbk”ﬁaﬁ%&e%,tQﬁyPl@ﬁ@ad§§§9épﬁorﬂQQ%Sﬁ§r£8§ons R1

the insulating filmrenoving process, i.e., the

bpsul aldpararmyal iRieresshigyvh gughded,; t -

proces;%%B i s ended, the squ|§ of Sﬁgﬂ%sgbd §§§“Eﬁ1 the
¥ ' j-on thegshi ghzfre voltage are

i?ob%ggahésﬁgeqﬁggﬁfy,ggS gﬁaﬁntg#gﬁéé rogéedlgFEﬁ88ndUCt°r

f maki ng.a SLiLpen o_the pla .ashi, ng _
O B (e nb B Lhafocub g} 68 BEF Ry fRna™ carriea
ep . concrete, the plas pr.ocessin ) .
é%%di%?%g% Skgefoggﬁgékanﬁ%vgﬁg g%bce earBrog%FﬁéPﬂd Cime
e ontr section 9 and the upper 20,

e P EoFE0R0 Tt B9 ERE ERecPPogE 8l BUatiBh included

unit, 24 ~as shown in Fig. 15 on the basis of the

it i has™ e?f?ﬁﬁssfﬂ% FARerbiers die 4pkemneds) .

bet ween thﬁﬁupper,ele trode 4 _and the | ower el ectrode

3 to the ihterdl edfrotetereinfde . SteRe S15 that it has
i nt Qgiectrode di stance D2 when the mask is renoved by
Té%a%F met B8 hi e 8er He’dr | bERe abovleen stket pidemat hahching
t he _

process for the insulating film removing process, i.e., the

insulator removal processing is ended. When the ﬁrocessing
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 conditicns 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



10

15

20

25

74 interelectrode distance DL in the plasma dicing
process. Subsequently, the third gas supply unit 20C
is selected on the basis of the plasnma processing
conditions 81D, and the plasma ashing gas (e.g. '
oxygen) is supplied 5 fromthey4hird gas supply unit
20Cwith its supply flow rate being regulated (step
S17). Then, by detecting the internal gas pressure of
the processing chamber 2 in the gas supply process

ande¢aNpati-baet he Reasalbe Wht Rhnl a8 :
proge53|ng coﬁdltfons IS confl?ngd ?hg?%lea%E%cess

pressure h £s S _
cond|t|onsgﬁgﬁgggggg%?hyfﬂgy EE% ﬁgﬁfh§§8p9¥ Whae 20C is

Eb@@c%@q UWeNCYhe VELEAGE o%ettgﬁeggf%y pgggcsgs%g‘)%%n‘&itions

| ower electrode 3

Bagh fa%q;ﬁbc pPRURL a%angf%gsf (e P aé,feﬁg Chaf ' Yopplied

IS starte dte s Ted?
kes transition to_the plas
ggsﬁhéﬁﬁ% g%é%% Wwﬁﬁp?%% upp r%%ﬁ%cy?gae 2 anﬁuPB%Y flow
r .el.ectrode The t hus rate plas

59£§c€’ 6ﬁ3tﬁ%gﬂiﬁﬁpﬁlé§§ﬁ€n ce 6%h eteCtlng the

en1con$uctor waf er % ereby ashin g ,
¢PhEFRE aﬂai?g)P?‘ﬁ%S‘ﬁE%u St 515 RIQCHBSRISf ChabsTyahi 0 the
subst anc y the plasna. Then, with the progress  of
PRe éélﬁpﬁy PE i GTRABIRG JfBRIBT ESS S appbhr §hat of
and finally, the mask is conpletely renoved fromthe

§Qﬁ]@éﬁ§@@t@gqﬁgﬁﬁaqg qoqgltggpq¢“gt is confirmed that the

mask- pl acenent --face 6b of the seniconductor chips 40
pressure has reached the pressure expressed by the

conditions.

Subsequently, by applying the higﬂ—frequency
voltage between the upper electrode 4 and the lower
electrode 3 by driving the high-frequency power unit 18,
the plasma discharge is started (step S$18). As a result,
the supplied gas makes a transition to the plasma state in
the discharge space between the upper electrode 4 and the
lower electrode 3. The thus generated plasma takes effect
on the mask-placement-face 6b of the semiconductor wafer 6,
thereby ashing (incinerating) the resist £film 3la made of
an organic substance by the plasma.

Then, with the progress of the ashing, the resist
film 31la gradually disappears, and finally, the mask is
completely removed from the semiconductor wafer 6, i.e.,

the mask-placement-face 6b of the semiconductor chips 40
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1 75 forned into individual pieces as shown in Fig.
10C. The output of the high-frequency power source in
the mask renoving process is set to a prescribed
value set within a range of, for exanple, 100 to 1000
W based on the plasma 5 procesg ng conditions 81D.
Then, after the mask is conpletely renoved, the
plasna di scharge is stopped. Subsequently, the
operation of the vacuum punp 8 is stopped (step S19),

ﬁﬁﬁméﬂe1%&Baw%de!d&£PV§Ee&éEV%s sHéWﬁmﬁBC@§%1W¥ C. The
rel ease to the atnosphere (step S20). a 107result,

bhephbt espale Y essufie el 0 8@%%”988%9@“:{11% I%ie mask

restored into the atnospheric pressure

¥éﬁHUﬂh§t kBEeELAN jisS der Red O re§H¥&ﬁ{ﬁ5§§i€8m58t891§hin a

for el ectrostatic attractionis turn ste

rafeﬁ off, esfgxt 1%;@1%?1@ erﬂ)loori:obyl g rﬁc\tﬂ;‘a Ifc%rtl hghe plasma

sent conduct or In a state 1 n

GhRAg gL SchBILP\ TR, P, Bk SEPLEUE s .
FohgratLy B @?ébaeqFﬁm placha ?%%é%%%é%é’%aﬁ’?%%eﬁ

(step S22) 20 Tha e sem cqnductor wafer 6 is
sucked and°HBFgd B?n%ﬁ¥ sﬁ%? SR EHE5dOF7 nd- Rl BAgiEy™ t BuUmp
t he out5|g$ of the roces g chanber 2 with the N2
b%sSBPBRﬁ iy aE PoRXhGss Fyitghguer valve 7
resul t, % Plasna proceSS|ng for continuously

t%r?‘y’%?@ Bdt LPRerPhSBFGt BP FBRDPRMCOSPhere (step 520). As a

result, the internal pressure of the processing chamber 2

o)

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 that
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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25 processing, the notch formation processing, the
isotropic 76 etching processing, the insulating film
renmovi ng process and the mask renoval processing is
ended in the plasma processing apparatus 101. Thpn,
t he sem conductor wafer 6 unl egded together 5 wth
the protective sheet 30 is transferred to a sheet
peel i ng process, in which the protective sheet 30 is
peeled off fromthe circuit-formation-faces 6a of the
8€8h £RF Al UIMRE, 40heASi O iy FE9Sm WdnAPthd 1Brocess
the sheet peeling is perfornmed after the
8881 copdughek Chims,40 1ORLeshighal Ned e; Adhgal v
sheet 37 by sticking an% gdhegﬁvg sheeF 3§k?o%ﬂ Blasma
ELEOLL PR USELL P k-placement- face 6b of the
%enicondu%to p%h?%2g4g?§As aresult, the
manuf act ur pr S . ].C tor i i<S
conpl ot cd. THEnf | RS 3ot cLHRLOEBL SRREUE. B i tbRACH rogetner
peGti v | cncl udi rtjal .removal_cros
BELRPRT “BrEhRNL R i, Bl &t ol ey 2 sheet
sen conduct or _chi ps._ 40, shown_in_Fig. 30, t :
BETLERE hrtrane ABaurrRl: CaPootHr beh LonabRes SPadg pecled
ggftiogs can %g.forned so .as. 20 to rempve the sharp
ner T8t i oSS or FHLFE G TS I 2GR potdi ongE  the
%i.e., gt t he egd gortions in all of the four _
PPECTRONSyOBnchheSctP cui RS f BRAWEI bR- Fage- 6414 @Bdof 1B, the
the sem conductor chips 40. Further, the rounded .
Bloeet orcehbpI thRaPerferrgdvagtesntes semigerdpsEPFoREipPS 40

can be forned so as .
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 is
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 poftions 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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at the 77 end portions (i.e., at the end portions in

all of the four directions) on the

mask- pl acenent -face 6b side of the sem conductor

chips 40. That is, all the commer portions and the
ridgelines of the sem conductor chips 40 can be 5

renmoved. As a result, chipping due to the corner

portions and the like that become chipped can be

SHAPHESEEInEr QM. QGCURT ithe Ahd hrmiHactireth of the four
sem conductor chip 40, and the transverse rupture

8118PEibnsAN & | Oty WorRQuRine 1Me-d hugs fanRd of  the
sem conductor chip 40 10 i's, for exanple, a

SEM EORGUELOE ERLBSOTa R T eftiged; ot hixgkngss, s Aort ;
the thickness diﬁgﬁsion thereoleé a%éfflCleﬁ F@ép bortlons

shal kel th i, d IJensLon f et,ely
escr%ﬁingﬁ?%%fg?%%ckgrgh%$ %ﬁ@ggéﬁﬁggggﬁcfggﬂﬁéhﬁg can be

seRL.cqn r. chj,p 4Q has.a first, surface 15 .
%#?%%?t-fg%ngt?%%§ﬁ§de$d%ﬂ§iﬂ%(ﬂyﬁuﬁng$%u§ﬂf§er portions
0

[ect ul ar, fl urface and, on ich th

4541 2080 Rie ' Bhall RO E L 3Rt Gk DBs, pumrepnea from
40d which is rou hl¥ r ctaggular.fla surfaCﬁ,
SRTUTTHIS | 671 neht | FeputaGEraea. A e O CAiPsidRy and
opposite fromthe first 20 surface 40c, and a

P eE T BYCLET { BERCUBE SRFEROTR FoR PR ULMBFOYRE.

peri phery of the first surface 40c and the second

surface 4MPEREVEBnnddes §iMes eiRrmRA t BERLEPNENS LRy ghip 40

surface 40c with the end portion of the second surface
¥9d. fetrt REARBLE, tRe SORicONRVGOT ciflpimo ¢§ a reduced

constructed so
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 located on the side opposite from the first
surface 40c, and a connection surface 40e which is located
at the periphery of the first surface 40c and the second
surface 40d and connects the end portion of the first
surface 40c with the end portion of the second surface 40d.
Furthermore, the semiconductor chip 40 is constructed so

that the connection surface 40e includes the respective
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25 that the connection surface 40e includes the
respective | 78 rounded portions 40a and 40b that
are curved convex surface portions so that no
ridgelines are forned at the end portions of the
first surface 40c and the secop surface 40d.
Therefore, in the manufactured sem conductor wafer 40,
5 the portions where the ridgelines have been | ocated
by the conventional manufacturing nethod can be

eonfdedchedt 0bnscubyednaonyex tpHEf a¢e PR EANSor?RY surface
the transverse rupture strength can be |nprove8

poneigesi Ngot hend@ctnd hati 4 ?Qie..l ' nggsdfgfrgg@&a(w e end

sufficiently smaller than the w nension in

§B§t§§ﬁbCQﬁdQ9&9rf§959‘@%f¥56¥5§6ébgﬁdaQ9¥§ secénéogurface

al so possible to formall the connection surfaces

@bdtheTﬁéf¥§grEon ﬁxtﬁgr&?ﬁﬁfgeEE%gasSeyggﬁgéactor wafer 40,

curved convex surface I ons f
t d t our, cor
g@%t ggglgﬁgt %&gr eS|ts %dr%q’ﬂl st%a{qu:heez% f%ﬁ%ﬁ?? by the
| ane and arranged on t
R o R LR LAl Rl bR et o amcged o
' th h t | anat or iew of Fig
%‘Tr"‘?‘% oCoRYRK Glirde o By il ot S CERABEEBRe rupture
b 20.fornmed _into a snpot her
St Pt SR b nimPRoEets | GRG0 | Fhendact that the
thus forneg sem conduyctor chips 40, the wdth
YR HERRE SR SFTeRElaNVig Ry ffdgicns 1w smalken themptee width

about 5to 20 m the width dinension of the renoved
¢HpeRfion 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 surfaée portions,
i.e., rounded portions 31lc are formed at the four corner
portions of the resist films 3la that have a rougﬁly
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 into a smoother configuration, and this is
preferable. 1In the thus-formed semiconductor chips 40, the
width dimension of the dividing regions R2 is, for example,
about 5 to 20 pum, 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 pum, and further the
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portions, i.e., the dianeter dinension of the rounded
25 portions 40a and 40b is about 0.5 to 20 m and
further the 79 w dth dinension of the renoved silicon
oxide film35 is not greater than about 50 m

Al t hough the curved convex sufd ace portions conme'to
have a configuration that wunlimtedly resenbles
chanfered portions (inclined flat 5 surface portion or
a tapered portion) if a curvature of the "rounded

Podthodsmendiohh8r” eHEVeEmE0BYEY: SYEEACEXRAE! E9RR 35 is not
becones unlimtedly small, such chanfered portions are

gpehpded drhd h%b%tﬂlrtvegf)gﬂgxex SﬁiEﬁgs?ﬁoréﬂgn%uogfvlgtﬂgiconvex

present enbodi nent so as the porfions are co

suPrsHEf age RALHONS Sy ved,evag.a liftl e, Al Qggggo%y that

the case where the rounded portions a arﬁ or ne
f ' c ; C oyti .of t . .
%§%$%g%%%c or Sﬂ?%b%%ghégﬁﬁggﬁﬁégs53?%@-fh ojéPCGHQed flat
t L] 0 I i conduct or . chips of the
DA P RlIPb TS LRbe Rt B8RS Eon SuPyatte of the
i hi e it, m a,case where chanfer _ .
p%é??%%@ %%?g?%%% by°¥e€§$inﬁurYﬁﬁhgﬂﬂYﬁxpﬁPffﬁﬁg ppPEtions
d_ at _the corner portions. This .is _because the
%%%%?ersenc%n 0 mlc"h‘?‘g%( ngs%%% be SUPhr ebeBferedenrprtiges are
ch r.portions are forned as descri bed above. 20
%%3@%@%??Jé?t%%ﬁbh°?ﬁ¥eéas%oﬂﬁ%¥e FHeL 357 ndgFiions of the
ortion of the sem conductor wafer 6 is the silicon
Eg{ﬁ%??%t EWPFINGRId S° sLPPgorastfrePodddanispedre convex

above, the notch formation of the present first
frERr el ecurved 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 semiconductor wafer 6 is the silicon
substrate 45 formed of silicon has been described above,
the notch formation of the present first embodiment can be
similarly carried out and a similar effect can be obtained

even when the semiconductor wafer is formed of a GaAs based
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simlarly carried out and a simlar effect can be
obt ai ned 25 even when the sem conductor wafer is
formed of a GaAs based 80 material in place of the
above case. It is noted that a gas constituted nmainly
of chlorine based gas should ggreferably be used as
the plasma processing gas in place of the fluorine
based gas (SF6, CF4) for etching the silicon 5
material. Wien the GaAs based material is used as

126671 HBAiab@PIRcd NOF StheCABCRE dR kAN berused B ddi€nar 4
insulating film Moreover, although the case where the

§&81 copayel enc6hi PHad@19 € JENuadunRd ipLorder of  ghouig
the 10 insul ator exposlure processing, the notch

I%péf@f&plpy%@c&ééangs the 'f%ﬂgiﬁrsggg%gﬂﬂgéggfgﬁ; Bdace of

he i nsulator renoval processing an

DX SRSERANBTS I, ol oRbeTplp oy M e, ot icon

I,
Iment 1's no case. ma

re t | SotppjcC hi 15 processing i s
RECERLRELN aingly BT LGP PasSr RRERTIAL ' used s
éég%%ltg exposure rocesging thekfotch formation

DT oCEE T g B tHe TRSUI AEDF YRR r 688ssPRg yed as  the
carrjed, ou%. It is noted that the insulator exposure
Proredsing L3H8- the notch formation processing are

carried out on the 20 identical plasna processin

condi ti ons'@4POVEhd t heldterglh | tthe ef FREBent wWhpre - the
continugusly carry out both the rocesses. According

T FRNFYUF T e tbddsneh? , aF&r iBaRuLactured in order of the

insulator exposure processing, the notch formation
processing, the isotopic etching processing, the 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 is efficient to continuously carry out both the
processes.

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

By using the semiconductor wafer, on which the
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effects can be obtained as follows. 25 By using the
sem conductor wafer, on which the 81 silicon oxide
film35 is placed as the insulating filmin the
portions that correspond to the dividing regions R2 of
the circuit-formtion-face 6a,gjas the seni conduct or
wafer 6 and carrying out the plasma dicing process
fromthe mask 5 placenent-face 6b, the sem conductor
chip manufacturing capable of form ng the rounded

POLEE6AS Ad@eatf {1 £OF DT p1AGEHI RS Qe tNEsHPEEBy film in
sem conduct or chips 40 and i nproving the transverse

EHBt BE@tSHheNgHa tCanb e AIHEUES . t 1l &ﬁgf&fﬁ§i6n§§?ﬂgtR2 of

groove portions 6¢ are formed in 10 t por

€Hér§§99{3gtt@ogh¥'t_dibﬁgf59@ gas K2 @)ﬁgu%%&%%g%lggbgt BSfer 6

p asma di ci Nng process on t he Sem conductor

QHQ EQ?I%%% oQﬂnpxﬁﬁg élggﬁ§5dh%&§ gﬁﬁg¥%ﬁfn%£g%'the mask-

et chi ng m portionS 1 n accor
0 he tc Subse I t he ex ose
BIRORERR Shach o S0 MREMAS, WS R ecnurine

e ¢h e due to the i

goﬁ%%%%.ﬁ% ﬁ% ﬁ%ﬂn&F%lﬁ?Hﬁ S§OE8§§l°8ﬁdéhﬁmﬁﬁoﬁhae&orner
or L ons 4? an_be f rned b renDV|n% the corner

BOFELEHS 8F FRE SeRmeandarLernanF perAGhbEE #A 2Banigeroving
th the silicon oxide film 35 by bending the 20

the/ EER Gy eErS, RUBAPBE BREFBHEYaRnBe cRARGFHES. By

thus form ng the rounded portions 40a on the

seni conductBr CeRFESt 80, thReI¥RAVEORAHELBRSCAFpaTRhifermed in

are able to SU?PFGSS the occurrence of chipping of
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 in
contact with the silicon oxide film 35 by bending the
trajectory of the applied ions by the charging.

By thus forming the rounded portions 40a on the
semiconductor chips 40, the semiconductor chips which are
able to suppress the occurrence of chipping of the
manufactured semiconductor chips 40 and of which the

transverse rupture strength is improved can be manufactured.
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manuf act ured sem conductor chips 40 and of which the
25 transverse rupture strength is inproved can be
manuf actured. 82 Mreover, with regard to the exposed
silicon oxide film35, the silicon oxide film 35 can
be positively etched by perfggnng the plasma etching
while switching, for exanple, the kind of the gas,.
and the renoval can 5 reliably be achieved. Therefore,
the silicon oxide film35, which is not fornmed in the

portions tjake6QEkeSPRNEnt Orddiera dind divie I RIS 2441 4
in the conventional senicondd%tor waf er 501 g%ﬁ%% silicon

subhectedmt ast he H asing H 1 g J¥ OEEFR 3§3BaRCpe ogitively
renmoved by carrying out the plasma etching procesg by

S5 RT 50 TReEREr LG U 11085 BT EASRINET Byk P,
£05T SSPARIRP pLpe A0 LR a0 2o IHEe sonovat con
e R L A T RS
31950051552 Sl (] T, AR RO SRS B8 Lot o cne

by ;. switching_t t chi haracteristic to th
TEBI B4R -E0enAg 2ot BnFHG CARVBECACHRLy BB ACPAGCtor water

thwi se direction 20 in the nei ghbaorhood of the
&bt r aftc f SPRESGFBOY & Opdrits onkasER . diFipguProcess, can be
gerforning the etching, the rounded portions 40b that
FROYER VAN c GRSV I f R8¢ pbhei opkaeBd REGhingd Prgcess by

the end portions and the corner portions on the mask-
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 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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pl acenent -face 6b side of the sem conductor chips 40.

25 Therefore, all the ridgelines can be renoved from

83 the sem conductor chips 40 separated by the plasna
dicing process, so that the smoth curved convex

surface portions can be forngd at the portions where

the ridgelines and corner portions have originally

been | ocated, and the 5 transverse rupture strength

can be inproved. SECOND EMBODI MENT The present

1 eBEn9Boh8uBeby! IdHitRd 4@ LOE.AhOYE ' SERE
al lowed to bg puf fnﬁgﬁgractigga?n varpgm?ﬂgégﬁgfﬁ%bglCIng
X504 8, 8oMRRHEAGHY iy, e ZHM ' Lort i

%hips aﬁpording to the secon enﬁ%%f%%ﬁ%gg}ggfﬁégé portions
PAESTY LOXRDL A, | BndOSELLOAG DOLAA [ L TSRS D ana

the schematic explanatory views shown in

455001 0ol Sk AN a0 ol AR Ul e
CEENAAR AP YFLRet FRp b UMBEATRRNt i n the

nsu AP PRV HEEE S o) usi ng the oi 11 con oxi de

film35 as_the insulating fi|lmformed in the portions

that 20 coltesPomtcth TRECRF W HY Peyi birelred ko fhe above
%%ggdsenico duct or wafer 6 of the first enbodi nent.

PRI dPRE e PEACYWSSI O iRe dedkr iBER BRIaGH1CEnelD a¥grious

that the plasma processing apparatus 101 used in the
medes - For example, a manufacturing method for

semiconductor chips according to the second embodiment of
the present invention is described below with reference to
the schematic explanatory views shown in Figs. 16A through
16C, Figs. 17A through 17C, Figs. 18A through 18C and Figs.
19A and 19B.

The manﬁfacturing 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 used in the first
embodiment is similarly used by the manufacturing method

for semiconductor chips of the present second embodiment is



enbodi nent is simlarly used by the manufacturing

met hod 25 for sem conductor chips of the present
second enbodinent is 84 sane, and therefore, no
description is provided for the apparatus. Nbreoyer,
the flow chart showi ng the pr@gedure of the

manuf acturing nmethod for the sem conductor chips of
the present second enbodinent is simlar to the flow
chart 5 used for the first enbodi ment, no description

sSmP] Ovndedcndher 8167 . fd r§ksefift lonas ShEWEviBell For the
16A, sem conductor devices 144 are formed in portions

D5 r&OLS €SPABEebethe tHelSARKS IMBrt showing the procedure
evi ce-formation-regions RL on a circuit 10

t
%J?f@tH% ' aahﬁfaetéeﬁﬁggtng%h%émf% 4% gﬁ%&ﬁﬁ?&E Eaghos of

e sem conduct evi ces
t i.de- Seri_c t structure
45 P VBN By O, e, SOTL MUY ) SLONELHIS e

' d . i id Oxi f d :
PR FBROUSAT el SHPLSORRE FoL OO0 oL P s e

éalfféln1(hbtal) formed on the silicon oxide 135.
UrtHe?" - the seni conductor devices 144 further
i ncl udes connection termnal 143 (also called the
bondi ng p:%ﬁr?5r° ﬁ%ri%%l? O¥3nHRct1%g thR geFnEegnductor
%o . external electronic apparatuses. In the portions
TACDRY Lot r ESForPHE Y el dPIF BEARST E§RSnS R esRnd to the
silicon oxide 135 is not formed unlike the first . _
BREIRRFER . N6Vd6Reforastirawaerionsy. RBA, ©Bn tthe circuit-
circuit- formation-face 106a of the sem conductor
frieat 1os-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 inciudes 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 ﬁnlike the first embodiment.

Moreover, as shown in Fig. 16A, 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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polyimde film146 is fornmed as a surface protection
film25 covering the fornmed sem conduct or devi ces, 144.
The 1 85 polyimde film2146 has a function to
protect the sem conductor devices 144 forned on fhe
circuit- format ion- face 106ggnd placed fornmed al so
covering the portions that correspond to the dividing
regions R2 on the circuit 5 formation-face 106a. In

t he sem conductor devices 144, the surfaces of the

5_9@2%&'&@ tranm nal ¢ 148.ar € NOt rGALLEBLY tPVEELGtect the
wWth the polyimde film 146 but exposed for

gbaetbhgakc6PNRRGT QR M eﬂ%ﬁﬁeid the gﬁ'ﬁgtcéggmtigfé folfation-

sem conductor wafer 106 is simlar to t

%h&étlﬁgaegnagéggegdi@o%@?dpghgg EB@ErEBgL%htoégﬁgggks that

e Sili1con trate A protective ee

?g?g;%@% fx%&c"t & tdl%idi%[ﬁ f?gg%h r yafer, 1 >Oci¥euit-

e entfire cCirc rnmati on-f ace a

?8%“%%?3{%5'&?081?5%E%ngﬁe?Egug?iﬁP@?g SF Reviggoanqe. the
it t.i 31b | . def i di vi dj .
PRefafet oo o ndreh g chBRiPace. LAdort PRk ncirely

sem conductor wafer 106. .The sem. conductor wafer 106
ﬁPBGFSgd WFL‘ tﬁge zﬁoﬁ-ﬁéwlgﬁr n%“aias aBBvebis exposed for
subj ected_to plasma, processing by using the plasna

BLEEEESFRY Affetiusonol. VATESHEFet £Dh% PrRdSaPaf¥i Rf the

process is first , o .
semiconductor wafer 106 1is similar to that of the first

embodiment in the point that it is formed of the silicon
substrate 45.

A protective sheet 30 is adhesively stuck to the
semiconductor wafer 106 so as to protect the entire
circuit-formation-face 106a as shown in Fig. 16B.
Subseguently, 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 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



10

15

20

25

carried out by anisotropic etching fromthe

mask- pl acenent - face 106b of the sem conductor wafer

106, renoving by 25 anisotropic etching the silicon
substrate 45 in the 86 portions that correspond to

the dividing regions R2. Thraguygh this process, as

shown in Fig. 17B, groove portions 106c are to be

formed in the portions that correspond to the

dividing regions R2. Wth the progress of the etching,
BotbheoRel YiAhde Eblkeifbnhecenes gxpogedikio® t hegions Rr2.
etching bottom portion (insulator exposure processing :

' .af _Eigaa?) he, pelyi midg fi 6 -
FRrBbeR BRi8" prbblss!) as/BABULDenP LY. Th98, | UeBokd portions
%Bnd to

‘i‘ﬁ@éﬁe’aﬂeh.etc?xﬂﬁs%%rn{%@ yiom gﬁef g)lo@t}r.%gsi SrEiar g Lk
the positive charge of 10 the ions in the plasm, an
o ac : i . . B .
kBB HELAERY ¥Buchaoary iEn {BR° Pk all ofifhe stcning,
d at. th \ ti f ti .
SR 0 SO, PP B3R AR RO Tne toing
separated_silicon substrate

orner porti.ons ,of the d lico 45
fﬁafﬂ 3 PREL 4R E AR LR s CRRPRLREU BT PEFRPIAE (RoBLED S6 of

ti [ [ S f Fi.g. 7) W he .
Foinaed oor REES" 1 48e npoLNAIAgocindy dhse Bhgt Cis the

formed, the pl.asma dicing process by the anisotropic
$PEHLAGING &rdEY.ISSIRRIht1S, deRer Upefi agove, the exposed
characteristic is 20 swtched fromthe ani sotropic
BPéMimgdeo fite 145t bpi €haggeri Mg tharid's PPashavei ehagge of
process by the isotopic etching is started (isotopic _
shehil@gsprigt s8¢ nglpAmay epngi [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 thé 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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of Fig. 7). By the plasma dicing process using the

i sotropic etching, as shown in Fig. 18A the groove 25
portions 106c formed by the plasma dicing process
using the 87 anisotropic etching are etched in the
direction along the surface gf;the semi conductor’
wafer 6 in the neighborhood of the entrance thereof
(i.e., in the neighborhood of the wupper portion in
the figure), and the groove portions 6¢c 5 are etched

spiasci8phe i ghtly £xpapdedehnihhend diiMiSeion along the

direction thereof. "As a result, rounded (R) portions

$40b, Lhak 2he ﬁghgsgngae\esé sdEkace earkhenﬁfegg@n%g&ggod of

contact wt ividing regions R2 can be

Eg\%i %aﬁé?c%%@e'é@c?iégég’lg{rﬁ_t t&%e_ ne%'.ﬁhborhoagd of the

ormat i on-regi ons hat 1 s, € roun

' 0] | t\h t] :
OEEoIAI P18 AT Aede 209 LR J20Sd SREPEone oo
si de of e device-fo nation-r31ions Ri égurthghefour

a ;

{ .
BEPNEF P iThs2Df TPhES &t rERRANE S Nkt widthwise
renoval. of the palyimde film146 expose on_the
gryraragy b@&FS%RZ, S TEhe ?hsﬁ?%?%? rééngPrEIOHS 140b
grocessin% is started (ste% S14 of Eig. 7Q; However, ,
Net eget RETYEAY CAPYEX PUMIREE BSEG19%S REY dduCaitRgt with
filmfor the sem conductor wafer_ 106 of the present
EBEondivaABsEi nERO1CRS efchi f§NgadecafBmedof on the mask-
positively effecting 20 _plasma etching on the ,
pérgement -frcm 1466Ps afedtheode: rmat iy egkons  R1.

contai ns oxygen is used as the etching gas. In the
Fhasmd spr odles skpgndpfammtifsionsl, 14He gasefymed at the end

portions (corner portions) located on the mask-placement-
face 106b side of the device-formation-regions R1 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 S14 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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the kinds used in each processing are stored in the
gas supply units 20A, 20B, 20C and 20D. By thus
carrying out 25 the insulating filmrenoving process,
as shown in Fig. 18B, 88 the exposed polyimde fjlm
146 is renoved fromthe portigy that correspond to
the dividing regions R2. Consequently, the
sem conductor wafer 106 is divided into individua
pi eces of device-fornation-regions Rl, and the
tadi ¥k?8§!ed5pelg§ﬁl§d@f fihg $881 ¢andupboedCchirbm 4@ @oetions
to be Torned. ubsequently, the resist film3la is
Eﬁggvgggggggbn he Jasls Ry -$&85£o106R20f BRsequently,
sem conductor chips 140 separated as shown in Fig.
b kN t ;%ﬁépa shi ng el  indivi
%ﬁg' ge&féégaug%gg Tt e &Pg. ;?. §1Psked individual

pLocesslnglln 319 10 Further, as

shown in Figs. . . i 37 . .

e
rotecti t 30 i led,off f [ it -

BiPrEE Bh. Fhte Sroeao ALCEOroEP® (AT RRRUF: Pl TRy

the manu uri
process of the sem cqnductor chi.p 4Q i s.CO
15 As descPH §8q8§8§g?’e§bﬁ ﬁﬁ?ﬁs?h%lgghééghg%%§%$QNEd from

wafer 106 uses the polyimde film 146 that is the .
$hEr HEE K- PLECERErSn TckmISeh RE ITHE, PSSR s 140
in the dividing regions R2, the rounded Eortions 140a
sarapatetor ABd HOWhe EhdFpart i bifs t fBTrying out plasma

circuit-formation-face 20 106a side by perfqrning the
Rehdmaf ofmegk o eaO Ve (PECFSFSING eABoditRINt Sdfr ity FRE- 7) -

pl asma di ci ng process, and the rounded portions 140b
Faur the rf, orarse dsliawn hin eftgpor 1PBnangn198, the adhesive sheet

37 is stuck to the mask-placement-face 106b, and the
protective sheet 30 1is 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
wafér 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 ﬁhe 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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t he mask-pl acenent-face 106b side by using the
isotropic etching. Therefore, sem conductor chips 140
that have 25 corner portions forned of snmooth curved
convex surface 89 portions with all the ridgelines
renoved can be formed, and s conductor chips of

whi ch the transverse rupture strength can be inproved
can be manufactured. MODI FI CATI ON EXAMPLE OF SECOND
EMBCODI MENT 5 Al t hough the case where the polyimde

poteiddé wionneul aghéheigyel 868sPEELEGEACBT bR ES8rmed, and
used as the insulating frimplaced in the dividing

segi epsakRLbAs besps deseri prd-abovee the
second enbodi nment ?? not Iini?ed oney to t %ﬁ%@%%. FFpture

HoyeRgt R @Qﬁeb$hfﬁ§ro$95_éQneﬁ@n¥é§%E§§§%%£89n nitride

filmTforned of silicon nitride used as the

sur f agsp PF PEREE R "ekAlPY.E Nop! §§¢g]ex§n Eﬁﬂﬁggg%ﬁif'se- The

case where the silicon nitride s S

deser o0 RELNAN VRTEOSURATE TP PIRULAIGLULIN, sac

nmet hod according to a no ica

PLSRENT P°PAL CTUGILIBN! ot SLLERCLLOOH B O e e cne
RPEIBS e S ng.a SLate L SRSl
PRULAC o) ¢ IDUEL PLOCEOS! g, 21E SOMEUT LY e, o

shown in the flow chart of Fig.
example, a silicon nitride film formed of silicon nitride

(Si3Ns) 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 dhip
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 explanétory 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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20, the loading of a sem conductor wafer 206 in step
S31 to the conpletion of the insulator exposure
processing in step 25 S37 are simlar to the procedure
of the first enmbodiment of 90 Fig. 7. Subsequently,

t he exposed silicon-nitride figgm 246 is to be renoved
by ani sotropic etching in step S38. Wth regard to
the gas for etching the silicon nitride film 246, the
same gas as the sulfur hexafluoride gas (SF6) that is

Eighe79a8s68geahéhkm9 t bReSkkpeeBasHbSt E8heni4Rikie film 246
used. Therefofe, in the schefmati c expl anatory vi ew of

FLOco2be SMOMAAG &:plp8im diging Sraosssi g stabessd. wich

I ey Mo
srrrcon nitrid 0 Pl|ﬁ]§§é ?sge%pgggé Frg%ﬁthgagot?%$ 246
BREn RIS Re 7 RIS, R AE e Ry thac 3o
kBB, G c cRor BT BAG, ¢ s FIoACBl: By o Ty iRe = used:
ShBbeEates ormi B MITTIECS | ROHEMLER Yool Ty gt Fig: 22
charge, and the exgosed silicon_nitride fiI$%246 i

EBAWERPent Py RARYE  ESEGuenPFyCeE§1B8r ry %t%ut§°f the

the plasma dicin rocess by t | sot ' t chi
6 RoPSRCraF TS, A0f WIS cHie P LRGN FFaBcT i 246

246 can be renoved (notch formation 20 apnd insylator . .
Aenmbeamest ceesdihghnswsagiRg r fbER: aBBER, th SiddCcp nitride

concurrently <carry out the formation of rounded
podm @dd JI40exprgek from the bottom portions of the formed

groove pbrtions 206c by etching the silicon substrate 245
in the portions that correspond to the dividing regions R2
by using SF¢, 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 gsilicon nitride
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sem conduct or- chi ps 240 by notch formation and the
renmoval of the exposed silicon nitride film246, it
is preferable 25 to determ ne the formation thickness
of the silicon nitride 91 film 246 in consideratijon
of the plasma processing timegjnecessary for formng
the desired notches. In the flow chart of Fig. 20, the
isotropic etching is carried out in steps S40 through
S42, 5 subsequently the mask renoval processing is

£8ifi edeOULni 'bo'i{s‘?lRi%x%eﬁ.Jrhr899*1:}“1%45ﬁ155ﬁap|pﬁ%'@%ssing time

dicing processing is conpleted by the prescribed

Hﬁ@ggggfg EBrsEEPRi 40 hBr QUGN e 4ot B8R SEM cOnduct or
chips 240 are formed” TH RD EMBCODI MENT 10 Next, a

manuf act ur{ng éthU%PEEE%g%COBEugﬁﬂéhe%ﬂLpSthe isotropic

according to the thir ment of present

' Lon.is d | bed ow . t h, re t

%F%ﬁ?ﬁéhaﬁf ofé?%%i%gocggbrejs omﬁ£§ SFigﬁﬁbzo%%gg%%% s42,
schematic, .explanatao vi ews -shown in .Figs,_ 23A _. .
FYPETaNeSsLY Brds Mool shrs IR e “Bihriag oue in
25B and, Fi g 26A. an 6B._.B he manyfacturin . .
GECRB] Tt SEbrCBRILee s, dHiDsPoRerTe by eadnBibAqaring is
enbodi nent, notch formation and so. on are carri 0
BYMBLEhETabYr Shec HRAS THAR (HERCHHE im0 | AEEPSL S%a through
gropert as the insulating filmto be_placed in 20 the

#91 PR PRYLEABIRSLARI FRAPENE4P REE ERBBEFment and

the second enbodinment. Only the different point is

descr TBERD B¥PBRIMENEeover, the manufacturing met hod

for _
Next, a manufacturing method for semiconductor

chips according to the third embodiment of the present
invention is 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 wusing 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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sem conductor chips of the third enbodi nent can be
carried out by the processing apparatus 101 used in
the first 25 enbodi nent. Therefore, no description is
provided for the | 92 construction and so on oflthe
pl asma processing apparatus X3l. As shown in Fig.
23A, a sem conductor device 344 is formed in each of
the device-formation-regions RL on a 5
circuit-formation-face 306a of a sem conductor wafer
éQﬁst?ﬁ@t§8ﬂ1%@Hﬁ%&ioéndéﬁ'%%é*ﬁﬁééﬁétﬁﬁogé¥é§ﬁé Spplratus
as a MOS structure transistor constructed of a
2bh[con substrate 45, a silicon oxide 335 forned
Irectly on the circuit- formation-face 306a, and a
metal fil 0 0 . sildgon 10 | .
Furt her, ?ﬁ% égﬁggbﬁétgﬁéf &%%?bé&3ﬁ§%%?§%§ﬁggor device 344
?%”%%%He.‘&” P70 Bg 8f3‘éﬁﬁef Yol RELFL R X -%Helficéﬂé‘gm on a
e evices to external el ectronic apparat USES.
Mor eqver . the, .surfa he sem conduct o evi ce_344
MOy Er ot S 8GR dosaraf od I Ui Rates 306
nnecti.on termnal, 343 15 is not. covered.with th
LT S EPBBEE a0 o3 b A B A brS: §ecE as a Mos
Mor eover, neither the silicon oxide 335._nor the
ShFFGEETBr GTBBFAGHCOF FRPSEEUFSSFoPed PlERE™ USRS 45
that correspond to dividing regions R2. First, as , _
ghofhliAORi gox298, &3fr ofeetefe dh&sFtlyp pg the circuit-
adhesively stuck to the circuit-formation-face 306a of _.
freEM3EiPROABGEt 8P 6Raf 8nd3ecMesRlt hé 1By desdecoRroftBehsilicon

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 covéred 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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surface. In the present third enbodi nent, an
insulating protective sheet .330 that has an

el ectrical insulation property is used as such a
protective sheet. Mreover, the 25 insulating
protective sheet 330 describedabove serves as 93 one
exanple of the insulating filmto be placed in the

di vidi ng regions R2. Subsequently, a resist film31 is
formed covering the mask-placenent-face 306b of the

S/E1 cangietor owafigle 30659283 nghoM b Nl Goe der‘ac@@ld fn the
mask pattern constructed of the mask slit portions

agglagﬁg % %&gﬂgsﬁ is formed so that the portions

correspon gto t e dividing regions R2 are exposed

as shown 'guﬁbgﬁugﬁ?aygﬂgs?ggkgengHihoglm@ge%o§%%d coverlng

provi ded w't ormed mask 1s subjected t

phaspa Er8ig§2h”%tb¥a%%' Egsbt ne %%S%glggg%‘a%%‘tg% wafer 306

appar at us n concre roce

33, ShRimSthsEagenery: a0 Aol ohn -Se%ﬁgt”énstﬁgc%ed of the

i ons. .t hat gorres ond to. the di . ions 1
BRek, dovedSByEoansy B ot o rﬁrsés‘éad%ﬁ?t 5 2hr destobged so
ani sotropi c etching (protectj ve sheet ex osur.e
pr8EesEEn§On %Oétserfé’é%%s 5¥ydpgggregions R2
result, the sem conductor mafer 306 |s di vided into
?ﬁél@ﬂﬁ&ﬁ?dp?écé§ow8f1Ph§16ev?éé f or mati on-regi ons Ri,
so that the individual 20 pieces of the sentconductor

chi ps 340 Zhe feehrbeonipeedyewaligr  R@6poP¥PHadethayith the

correspond to the
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 S51 through
S55 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 856 and S57 of Fig. 22). As a resuit, the
semiconductor wafer 306 is divided into individual pieces
of the device-formation-regions R1l, so that the individual
pieces of the semiconductor chips 340 are formed.

Moreover, if the portions that correspond to the

dividing regions R2 are removed as described above, the

“surface of the insulating protective sheet 330 is to be

exposed (i.e., the insulating film is exposed) in the

dividing regions R2. When the insulating protective sheet
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dividing regions R2 are renoved as descri bed above,
the surface of the insulating protective sheet 330 is
to be exposed (i.e., the insulating filmis exposed)
in the 25 dividing regions R2. Wen the insulating
protective sheet 94 330 is exposed as descri bed
above, the exposed insulating protective sheet 330 is
charged with the positive charge of the ions in the
plasma, the trajectory of the subsequently incident

BBOSiks dxpiiseddndls t heshPt BRAS a%ﬂr?vear Q:Hé)ré‘??oé‘éd 1hgﬁlat1ng

corner portions |ocated on the ill ustrated Tower Si

totbet sea1 sRaduct9h ¢hi pg e
%o?tlons 340a are forned ggégﬁokﬁgh thg pgggggsghcharge of

the ieHgded tB@r%Tﬁg&éy“%%éﬁtfiféégg%# ? S£ﬁ§5§u§ﬁ8quently

formed (notch formation proce ng | eps

P8 Pleft 94042) '1§ hﬁeﬂ’@ plagam?:h%' QB&QC}%QC taﬁ:eet h§ormed at

ani sotropic etching is en sequent

@EéthQnQPab %Hﬁﬂ'fbéé?eémné SE r n1%ﬁ%t%g“ﬂqyﬁ; side

anl sotropic etching to
e R A L L

rough
Ssing, unded portlons 340b are

%45(% ogr %Cr%e roc 8?"’{’10*% ﬁ th@ When the rounded

or e
nmask:- ace t- 306b side of the separated
R & & CH? a§e§h6 $hegj erosaformed  (notch

ubse uentl Iasna ashlng (mask removal 20
€ ?’hgp¥ﬂ0§?§b§986§ HERFg P bt FPgof2dig.s 22), the

carrled .out to renpve the resist filns 31la as shown
}gqm% ZE&HIg process by the anisotropic etching is ended.

Subsequently, the etching characteristic is
switched from the anisotropic etching to the isotopic
etching, and the isotopic etching processing is carried out
(steps S60 through S62 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 shéwn
in Fig. 25A.

Subsequently, plasma ashing (mask removal
processing in steps S63 through S65 of Fig. 22) is 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 dicing 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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and the separating process of the sem conductor chips
340 by the plasma dicing is conpleted by carrying out
a prescribed procedure in steps S66 through S69.
Further, as 25 shown in Figs. 26A and 26B, an adhesive
sheet 37 is stuck 95 to the mmsk-placenent-face 306b
of the sem conductor wafer 306, and the insulating
protective sheet 330 is peeled off fromthe
circuit-formati on-face 306a. As a result, the

s6M gaNAHEkapb1akeRRNt34BceiNe® e dilinded: PORELLPSY wafer
340a 5 are forned at the corner portions of the

hECULL of : poLt
SH55 4’ FEEmABtn 08 JA0R SIS AN o OS' bBBea ot

ﬁ%c?r’(ﬁ:hngq%ceg?l%ﬁié‘gfo?rquioﬁ[facga'%olﬁf%mur & S NG& N the

ormation s perforned as escri bed above,
RO PERRSORR kel B T RER- S e BnbRR, (s 340
BT B Rt b ar PRHCFT DT BT aBBAOE n FReCRT VP AP RGOt ton-
T EnaDAa) nimp iy et e CRAhEoTAndE LBt (gt formed at che
CRTBSE WAPERICHA 0B alR NAVRbE IAFeT i (AT ofpeb,  are

t he Flasna etching process for renoving the
THRYFAEFWESRt | m by using the insulating protective

sheet 20 330 that can freely be adhesively stuck to or
peel ed of fSiREem the sRtdhdubPsrataPer 36 Rexfrermed as

i nsulating film and . .
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 thé 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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of which the efficiency is inproved, can be provided.
The sem conductor chi ps manufactured by the

sem conduct or chi p manufacturing nmethod of the present
25 invention can inprove the transverse rupture
strength by 96 virtue of theggurved convex surface
portions fornmed in the portions that correspond to
the positions where the ridgelines are forned so that
all the ridgelines are renoved. Therefore, it is

Parthsubar kyeeld8elddy & Irfrdis & 1 SO COMMICESFmed in the
chips for IC cards with built-in sem conductor chips

%HfbiéﬁspeEﬁQEa|d%ﬁ?@%?dd&“iéy1(EH@S-po§b€i§QQVewhére the
ecause such 1 C cards have the features that they are

?%?gglﬁ’ﬁégabéi‘eusfgr g Oéé en gant .lrl i rEﬁ’l%rtqrﬂilgelines are

rmatiron separated inside, and the relitability can

gsm&Qewif gg@%@yoyéi ng .t [}ﬁs fﬁﬁ&?@gmg{, Al d hes use

resen ron of whi e strength®agai nst

nding i.s inproved. _lf is be _not e t, e
Eﬁ%pef%vugg aﬂﬁﬁﬁ§trﬁy%ﬁ%it?§Fy gﬁgo |ﬁ%n S %$¥?hebullt in
afotenegéggned ari ous .enbodi nents

the effects, .
BOUSESEHICEHT: FEtPEarUsh odieet a5 A PRBGGRAERGR cards.
esent invention has bee [ escribed jin
%gﬁn@ V&n%ﬂt@???ﬁ?%rﬁ?ggrgg §%ﬁ%ﬁ:ﬁéﬁ% t%%eFSSFures that
with reference to the acconpanying drawings, it is,K to
BBEHOREE { Bat =R aPPTEDdNaTitRs ARBS MR L AP BHS Ay dmpoTtant
apparent to those skilled in the art. Such_changes and
»DLRBEAEL OBt iIRALRE] 01BELERderr 0ol As Hedd ty can be

wi thin the scope of the present inventjon as defjned
byprav¥edppahdeding 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



claims unless they depart therefrom The disclosure of
Japanese Patent Application No.2005-117221 filed on
April 14, 2005 including 25 specification, draw ng
and clains are incorporated herein 97 by referenFe in
its entirety. LLOYD WSE 1 98, CLAIMS 1. A

manuf acturi ng nmet hod for sem conductor chips
conprising: 5 performng plasma etching on a second
surface of a sem conductor wafer that has a first
§#rf@ﬁ@r@ﬁc@hiﬁhit§98£699699tOr devices placed in a
plurality of device- formation-regions defined by
dividing regions and an insulating filmplaced in the
dividing regions are formed 10 and the second surface
on which a mask for defining the dividing regions is
pl aced, the second surface being |ocated opposite
fromthe first surface, whereby portions that
correspond to the dividing regions are renoved and the
insulating filmis exposed frometching bottom
portions; 15 renoving corner portions on the first
surface side put in contact with the insulating film
in the device- formation-regions by perform ng the
plasma etching in a state in which exposed surfaces
of the insulating filmare
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charged with electric charge due to ions in plasns;
and 20 subsequently, renoving the exposed insul ating
filmso that the device-formation-regions are
separated into individual sem conductor chi ps,
whereby the sem conductor chiggs each of which

i ncludes the individualized sem conductor device are
manuf act ured, 25 wherein isotropic plasma etching is
further LLOYD WSE 99 perfornmed fromthe second
surface on the sem conduct gipaf er or the individual
sem conductor chips with the nask placed at any
timng before or after exposure of the insulating
film renoval of the corner portions or renoval 5 of

the ipsul-agi | Cal | t. The . .
nanufactur%nggﬁ%#%gghﬁgﬁﬁ{hgégg%?cOﬁéﬂcf¥ﬁleﬂﬂqﬁfgﬁf chips

d&fbRedi hd. claim 1, wherein corner portions put in
ﬁ%actlﬁ?th the mask placed on the second surface.

e o, OLEEOPUER By LOR, OBULSSSLoLRl LSl OB P o
PSR RPS L pRLE MgeTs S0 B T s
PR 4R Sy stein Lhe Seae o (e oy,
Gl L i L A

insulating film placed in the dividing regions are formed
and the second surface on which a mask for defining the
dividing regions 1is placed, the second surface being

located opposite from the first surface, whereby portions

‘that correspond to the dividing regions are removed and the

insulating film is exposed from etching bottom portions;
removing corner portions- on the first surface
side put in contact with the insulating film in the device-
formationQregions 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

LLOYD WISE
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20 perform ng the ani sotropic etching, the corner

portions brought in contact with the mask are renoved LLOYD WISE

by carrying out the isotopic etching by swtching
over fromthe anisotropic etching to the isotopic
etching, and 25 then the insulgator is renoved. LLOYD
WSE 100 4. The manufacturing nmethod for the

sem conductor chips as defined in claim3, wherein

t he switchover between the anisotropic etching 5 and

DL dHME@PI rci CRIRY 58cBARAT OSEBEL LY VM t ¢RNIsA 8 Eonductor
bet ween plasnma conditions for the anisotropic etching

ﬁﬁEErprSE&éNHHHf¢£HEéf0§e$b@oﬁ§9&9&£ccﬁ5§giQ&tq.%he mask
determ ned by conbi ning one paraneter or plurality

Pfadad angt elsy | RehydLNoparBLESSHE € of . & g%%{pfo%rure of the
pl asna generation, a gas 10 conposition, a

Iﬂéﬁﬁéifﬁ@ePme9UEQHEvgg ?gdkﬁ%ngggmniﬁgﬁgfgg SC%$p§emoval

The manufacturing netho r sem co

[ i I g erein, in the plasma etching
q@ ?ﬁ%ﬂ%ﬁ%&?%%%% dggﬁPf%%e?a¥¥%F$r%%?ating filmfornmed
of silicon oxide (Si02) on the first surface of the
sem conductor wafer is exposed fromthe etching bottom

orti.pon. 6. The nmanufacturin thod for the
geniéghduc TR G R ¢ Ee B DY n@ﬁgFggcléﬂqh fhepngerigonductor

éﬁkgé“%éﬂég 1négcﬂén aim 1, wherein corner portions 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.

3. The manufacturing method for the semicoﬁductor

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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fromthe second surface, a surface protection film LLOYD WISE

formed of polyimde (PlI) to protect surfaces of the
sem conductor devices fornmed on the first surface of
t he sem conductor 25 wafer is exposed fromthe etfhing
bottom portion as the LLOYD Wil 101 insulating film
7. The manufacturing nmethod for the sem conduct or
chips as defined in claim1, wherein, after the
removal of 5 the insulating film the mask is renoved
by perform ng ashing on the second surface of the

sem conduct or wafer. 8. The manufacturing nmethod for
the sgm copglic CJu a3y dek| i n e :
clainms 1 throué%m%f%sﬁgiﬁﬁ? ﬁ%gﬂgﬁe ngsﬁgggtgg&ﬁaoPguCtor

&?Iﬁ@ri@ddéf%&{“ﬁrésﬁ%’ _§yr‘{,}qg§egﬁ the sem conduct or

waf'er, on whi i s placed, the mask having

roughly CQHMSXéﬁﬁﬁyﬁﬁnﬁﬂftEggéeéﬁrﬁﬁﬁai i %&%%%g% tﬁgching

C .
t hat correspon O the corner portions of eac

ice-fo L.on-regions, each of the . .
%g%i gzl-e f o{rgrr%‘tt(;jégg %%c?leléﬁgonlsshé)\%rl'% thed gkl yPWitching over
rectangul ar _region...9.. A manufacturin t hod for .
A SR anLeshE iR L | S hot MReRORRRG e hing and
ching on a,second_surface of 20 a senjc¢onductor .
R4 P { RRIAELORS | Tk LT APy ERChSBM Corictiled by
devi ces placed in a plurality of device-
FIRER 1 0h- r T orR2ERFEHRE bYT di ¥i P HgrREEFBnsOhndPakameters

insulating filmplaced in the dividing regions are
Infhading 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 (8103) on the first surface of the
semiconductor wafer 1is 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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and the second surface on which a mask for defining
the 25 dividing regions is placed, the second surface
bei ng LLOYD WSE 102 | ocated opposite fromthe first
surface, whereby portions that correspond to the
dividing regions are renoved apd the insulating #ilm
i s exposed frometching bottomportions; and 5
renmovi ng the exposed insulating filmwhile renoving
corner portions on the first surface side put in
cRphegtiMgthiife insulating filmin the
devi ce-formati on- regions by performng the plasma
etching in a state in which exposed surfaces of the
insulating filmare charged 10 with electric charge
due. to | ongpLN n@rﬁﬂf%tdﬂq{fbﬁeﬁ:ﬁ%d for the emiconductor
devi ce-formati on-regi ons are separated 1 nto I ndividua
l condu - [ .conse v t ' d

SRIBECRECREEinEh B M OC SR, ' FoagF" EABTHERBLaL of

m conduct.or__ devi.ce a ctuyre i .
?g%t rlonpsll%t:iap largm%eltlc in%ﬁles auLgr hérlé %%?%g?&ngggfrgr%rformlng
thﬁ.secondtéurface an th§ senigaﬁguctor. waf.er or th%
0T U¥ d03I “REnPESRBtCPBF IRRFp8TwWHIR PREIRRERUCHPE8gEeT -
at any timng before or after exposure of the
insulating film renoval of the corner portions or
renmoval 20 of the jnsulating fi%glis carried out.

. 10.
The nBnuf alPr iTRAWATOFE I TR 196 ESRdUdtr SeBcpRductor

as defined in. claim9, wherein corner_portions gut in
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
gsemiconductor 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

LLOYD WISE
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contact with the mask placed on the second surface ' LLOYD WISE

side is 25 renoved in the device-formation-regi ong of
the LLOYD WSE 103 seni conductor wafer or the

-sem conductor chips by carrying out the isotropif
he

pl asma etching. 11. The manuf aghuring met hod for

sem conductor 5 chips as defined in claim9, wherein
the exposure of the insulating filmis perforned by
carrying out anisotropic plasnma etching on the

BEEL€OAJUELRE 1 VRl & ot NEnEOERSL P YU RS Al ghé£OBY eHort ions
by continuously 10 perform ng the ani sotropic

ehehi B9y oﬁ?egotbﬁ§0850§5iﬁ ri%@géngrgyghkehevedtﬁgd the

confact W t he mask are renbved by carrying out

£§Q£9Q£fn_t%ml _ide§ﬂB%%@!¥k&meétE59H?tW%tt mlgortions;

ani sotroprc etching to'the isotopic etching. 1
manuf acturi ng net hod for the sem conductor chips
as defined in claim1ll, wherein the swi tchover between

the ani sotropic.etchin an he.is [ hi ng. 4 .
per f or ned Bﬁggﬁfséhigﬁg%ve?gpé e%et%é%ﬁI%Fgéﬁh il while

diti for the ani i hi d ol | .
EORaY 1 PEn ORGP, o2 Gstopi O e L BRI fG ZHEt SURSRSE Dyide Put in

SOUPLAL G900 BT AUELEl 0,8 WYL ol B E et on.
ggSions 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, 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 isbtropic 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

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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conposi tion, a high-frequency output or a discharge

25 frequency. LLOYD WSE 104 13. The manufacturing LLOYD wise

nmet hod for the sem conductor chips as defined in
claim9, wherein, in the plasma etching fromthe
second surface, a surface protggtion filmformed 5 of
silicon nitride (Si3N4) to protect surfaces of the
sem conduct or devices fornmed on the first surface of
the sem conductor wafer is exposed fromthe etching

§Eﬁ$é€ﬁdﬁ%{$fowa§§rtgg E%@“é@ﬂﬂ&bﬂaddﬁoﬂib sTﬁf carrying

manuf acturing nmethod for the sem conductor chips” as

gt 1 08d | 8oCkah M 9p1 ¥BRL € Ben b er removing the
corner portion pu? I n contact th the mask by
performng the isotopic etching, the mask is renoved

by perform ng ashing on the second surface of the

sem conpduc fe 515 T uf urd .

for tﬁg'séaﬁéon d%%%?ﬁnﬁﬁgﬁg &gtggain@%}iﬁi%%ygghggnguCtor
claims_9 through 14, erein, . the.plasm etching is
SRfhSrae it St nen-alBnn Lo vakEss Tthe

sem conduct.or wafer on ich the sk is p ed, the

30 ok hebhho TBAGHRY BonvE CMERGAG LHRET  bF g formed
in portions that correspond to the corner R tions of
%&chCSFrYFHQ(Mﬁﬁ%e-P@ﬁﬁﬁFFSR}Feméiﬁfm%acﬁ Ghipfe on the
devi ce-formati on- regions having a roughly rectangul ar

sepi epndyestar. WAL &Enuf act uri ng net hod for

sem conduct or chi ps ' 3
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 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.
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LLOYD WSE 105 conprising: performng plasma etching

on a second surface of a semconductor wafer that has LLOYDWISE
a first surface on which sem conductor devices placed

in a plurality of device 5 formation-regions defiped

by dividing regions are fornegggand onto which a

protective sheet having an insulating property is

stuck and a second surface on which a mask for

defining the dividing regions is placed, the second

surface being |ocated opposite fromthe first

surface, whereby 10 portions that correspond to the

di vi dj g Fﬁ%o%rﬂf%ctﬁﬁ:'m dmé@ﬂo&heﬁéf‘&t{k@t | 89mi conductor

protective sheet Is exposed from etching bottom

cg'g{ aér gatpsc‘e’di@fpné?ﬁgltgfa%ﬁvé Fe\ﬁlfl@fé]ﬂ' ol %ﬁ@' Sfésaﬂ%ei%ching

into vi du sem conduct or " chi ps;

fmeV£ g &Ll ﬁéé’ P tg%?fggﬁtgﬁ%¥%%kq&ﬁu%ilm formed

I'nsul atrng protective shee eac
sem conduct or_. chips pgrfornmng the plasm_etchin
PN T a0t B e el B AREER M tne
insulating filmare ch ed wth electric charge due
O IR OF aBRd - CRRer KT b SR BEndATer SHFRECe of the
i nc)] udi i ndi vi dual i zed sem condugct or evi ces_are
SRR O iAot deedS RRERa: HEr Mot i ECpPaGHg bottom
etching is further _perforned fromthe second surface
RAF # H s tlohatRetetatiRF eF 1 HP- t he i ndi vi dual
sem conductor chips wth the mask

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 is 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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25 placed at any timng before or after exposure of

the LLOYD WSE 106 protective sheet or removal of the LLOYDWISE

corner portions is <carried out. 17. The manufacturing
nmet hod for the sem conductor 5 chips as defined 1
claim 16, wherein the corner pggtions put in contact
with the mask placed on the second surface side are
renoved in the device-formation-regions of the

sem conduct or wafer or the sem conductor chips by
&Rfigyidithg out the isotropic plasma etching. 10 18. The
manuf acturing nmethod for the sem conductor chips as

defined i npe@bihlly ﬂ@@éﬁéneﬁéﬁlﬁépgﬁureégcéﬂgasurface of
protective sheet is performed by Carrying out

#ANEeAL EBRARGCRbas MR RICNEAGL O dde, 19 ,38M SOPALCLOLn which
waf er, the corner portion renoval proceSS|ng 'S

fdcﬁ'ﬁiu&_‘gr bﬂe%@e’sﬂ“%%ﬁl:%dpe{ or %qer po”y Oof device-

anlsotroplc et chi ng, en the co
t h ved b
carryl ng ou rgé?l g\g t&gie'(&:i :kfﬁlﬁﬁg‘ﬁ ng S ehi Ag© formed

S0 AT IEGHT SOLBRLE S0 B0 A L0 LSO\ s
B o Beoh TR AR P o £
defining the dividing regions is placed, the second surface
being located opposite from the first surface, whereby
portions that correspond to the dividing regions are
removed and the insulating protective sheet is exposed from
etching bottom portibns, and then the device-formation-
regions are separated into individual semiconductor chips;
and

removing éorner portions put in contact with the
insulating protective sheet at eaéh 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 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
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by switching over between plasma conditions for the
ani sotropic etching and plasna conditions for the

i sotopic etching determ ned by conbining one
parameter or a plurality of papgneters 5 including a
pressure of a gas for plasma generation, a gas
conmposition, a high-frequency output or a discharge
frequency. 20. The manufacturing nethod for the

PESt EONHUE Whedd Y PEeadveel i H8d difk ClRMALD, portions is
wherein, after the corner portions brought in Contact

M thidhesgsk are renoved by performng the isotopic
etching, the insulating protective sheet is renoved

by being peeled off fromthe first surface of the

sem conduct or wafer. 15 21. The nmanufacturing nethod

ol ai s 16§ R ough oo G RRcffl TS R P cBhauctor
L JRLIINLDS,PoCo, T E,8el Yo, g porsions
b RS A R S O S L
G407 o xPor FRTPERST ogf oRbhair e TOtEAY S R cheagepact che
ég iéghdégkor 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 cafried
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

LLOYD WISE
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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.
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.




