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DESCRI PTI ON MANUFACTURI NG METHOD FOR SEM CONDUCTOR
CH PS Technical Field The present invention relates to

w@20vanes28ct uri ng nmet hod for sem conduct or chi peCt/iD05/023991

i nclude individualized sem conductor devices with a
sem conductor wafer, on the first surface of which the
sem conduct or devices arranged in a plurality of

devi ce-formati on-regi ons defined by a dividing regions
and a TEG placed in the dividing regions are formed,

by i ndividually dividing 1.ce-formationregi ons
al ong the dividing regioﬂ®ﬁijg§%tgﬁ%und Art

Conventional |y, various manufacturing nethods for a
plurality of sem conductor chips by dividing such a

et hoo 1 BROLALRIYET MERBPR RORC SR bR RPR Eunles

in a plurality of device-formation-regions provided on
a wafer of single-crystal silicon or the like,

nmechanj cal ly. cutting (i.e., by dicing) the wafer al ong
dT%$%ﬁ¥ﬁ§ie§% | ocat ed bet ween adj acent

devi ce-formati on-regi ons and nanufaﬁt ring ,
sem conduct 0?® CRYpEERy FRUFDHFIORI F5i ﬁgetsh © a manufacturing
deviceformati on- reqions is_known. Moreover, in, such, _
v%?%*??é afPevaFTAEPBAUEEDF c&R1BF dhedstinfedse, 1 Yl$%allzed
called TEG. K or a Test Elenent Goup, is fornmed in the

&5 SNHG W%Eﬁ%ngngﬁe§aﬁﬁaa§ gtéﬁguconductor wafer, on the

first surface of which the semiconductor devices arranged
in a plurality of device—forfnation—regions defined by a
dividing regions and a TEG placed in the dividing regions
.are formed,. by ihdividually dividing the device-formation-

regions along the dividing regions.

Background Art

Conventionally, various manufacturing methodé for
a plurality of semiconductor chips by dividing such a
semiconductor wafer have been known. For example, a method
for collectively forming semiconductor devices in a
plurality of device-formation-regions provided on a wafer
of single-crystal silicon or the like, mechanically cutting
(i.e., by dicing) the wafer along dividing regions located
between adjacent device-formation-regions and manufa;turing
semiconductor chips Dby individualizing the device-

formation-regions is known.
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of the sem conductor chip manufacturing process, the
actual device characteristics are nonitored by

WO nedbs2gat i ng vari ous characteristics by neanBCDiP2682023991

thus-formed TEG Mreover, it is often the case where
such a TEGis fornmed of a matefial that contains
various kinds of netals and inorgani ¢ substances

besi des silicon and silicon oxide that are generally
the principal materials of the wafer. Mreover, the

char act er | SRTECEre eI et o [aho Ehe STEQUApion device,
G g CEPEnGUHE T VE T ho LPedi bR N Ehoddh Shi PRkagdement
e ) b IS g Laglons. hos Doen, AT steps
Ol ADe0L 0 PET R RO, CeROIl MBS (LS L8 e pccuan
(R0, 1A b el ol LR E X9 Siestigating
S A A T T T g,
other hand HRURGHSTIG ©F SEneTSEPng R rFEE [VAGHRncECr @ T5C
11 8558, e JNSGLING, LS oLaels BOSy winas of
waf er. dicing, and therefore, it i s necessary to car

ditalie A tiney WP theSRNHIR GG PPAT ont Hoh & silicon

apart from o ,
oxide that are generally the principal materials of the

wafer. Moreover, the formed TEG becomes unnecessary after
the various characteristics are investigated, and the TEG
is removed by cutting (dicing) in the stage of wafer dicing
along the dividing regions.

Although shrinkage (narrowing) of the dividing
regions has been promoted to increase the number of
semiconductor chips obtainable per a wafer in recent years,
there is a limitation in narrowing the width of the TEG
formation region from the viewpoint of reliably carrying
out various electrical measurements. Therefore, the
dividing regions are narrowed by reducing a gap between the
edge portion of the TEG formation region and the edge
portion of the dividing regions.

On the other hand, chipping of generating minute

fragments or microcrack of generating minute cracks are
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the device-formation-regi on by sone degree. Therefore,
if the narrowi ng of the dividing regions as described

w@bmweecs2s4 pronoted, it is a case where the TEGCEIR065/023991

conpl etely be renoved by the cutting. If the TEG
partially remains unrenoved, short circuit or the like
occurs due to the contact of the TEGwith the wiring
pattern when the sem conductor chip is nmounted, and it
is concerned that the problemof circuit failure mght .

ge?agsgj]rl'él Icpalﬂedfrbizoiﬁﬁgnggs%uglglggccﬁ}g{ﬁ{%:?gf at Iﬂﬁgde during

m ~vari ous” ne S hav n consi d as

em vari ous’ cen .
TRAA0 dRLAETONKBO chiaF IEEDY (UL e c88e h5OLB9Erry out

_ [ anese unéxam ned

ST A L LA ——
45,058 e Sl D e 20k 1R St LERLLSD S3rctore, i
Gle SRS NS GRS Bl 0 DU S @ 1o
SLighuile Sroc uher e JECL S8 FB BLpi Uipuecery ve
N L LA T EEATLO e
A (g SRoPFuo He Baced prae b Aeharciels Fhasto the
fégnggégﬂrg%tigiéﬂlTE%onWQ%EedtHEte&£§£hg pattern when the
semiconductor chip is mounted,.and it is concerned that the
problem of circuit failure might occur.

In order to suppress the occurrence of the
problem, various methods have been considered as a methqd
for removing the TEG by cutting, as disclosed in, for

example, Japanese unexamined patent publications No. 2002-

231659 and No. 2001-60568.

Disclosure of Invention

In recent vyears, plasma dicing wusing plasma
etching has attracted attention as a novel dicing
technology for wafer dividing (refer to, for example,
Japanese unexamined pateﬁt publications No. 2004-172365 and
No. 2003-197569). However, it is often the case where the
TEG is formed of various metalé and inorganic substances

unlike silicon and silicon oxide. Accordingly, there is a
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Therefore, it is considered to renove the TEG by
etching by performng the etching wwth the use gas

wo ype/oef2zanged during the plasma dicing. HoweverCT/ieo3023991

is a problemthat tine and | abor for changing the gas
type of the etching are needed,in such a case, and the
efficiency of the sem conductor chip- manufacturing
process is hindered. An object of the present

invention is to solve the above problens and provide a.

o : f \ ]
valffﬁﬁa“:éﬁ%f é?l'ef;nf SR POnB Ry i kEnSled by the
TS erfo ERR 18 TR T bRty R hebadctiting (oo,

| i ghi h d ot her . obj _
TR ot P e o NS But bl SUOF B P b SRty Grgc uses

(Y4 0 SRR S R AT Ty Eohuct

semni‘conduct or

Firor surt AT Cont boRauEbB UAFBH ton TS VA (e TES by
SPEFSRq  DUf RARACTI il -+ Segoher HEr| e byse g9as type
PSR n CERA g VER n YdPond ! &1 8 or metoEBeF Rart e 1o @
TSRO LR a BB ond e e OPPEN SPE. FIGTIERE Potadeq tvpe of
opposLtentigmihe Lrsl sufacs ol th8e, and the efficiency

of the semiconductor chip manufacturing process is hindered.

An object of the present invention is to solve

' the above probiems and provide a semiconductor chip

manufacturing method capable of dividing a wafer on whigh‘
TEG is formed into individual pieces of semiconductor chips
by using plasma dicing and efficiently removing the TEG.

In accomplishing these and other objects, 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:

sticking a protective sheet onto a first surface
of a semiconductor wafer, on the first surface of which
semiconductor devices placed in a plurality of device-
formation-regions defined by di&iding regions and a TEG, or

a test element group, placed in the dividing regions are
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wafer so as to define the dividing regions; performng
pl asma etching on the second surface of the wafer in a

wG@bec2bat the protective sheet is stuck to arcr/iFees023991

mask is placed on, thereby portions corresponding to
the dividing regions-are renoved and then the
devi ce-formati on-regi ons are divided-into individua
sem conduct or chi ps each of which includes the
i ndi vi dual i zed sem conductor device; and renoving a

remai nj ng_portion, of the TE [ NS . in :
<ﬁ3ﬁﬂﬁ g ?ig%%ﬁg 5%&i%&%ﬁ%gisr%r%ﬂg5groréc ?%%égﬁeg%Fh the
tQgether with the protective sheet by peeling off the
ﬂ&g%ective sheet fromthe sem conductor chips divided
by the plas et ching, thereby the individualized, . .
seni conductpg?acéﬁ’igpsaar‘g‘s nUt aét u?%%?n%PgsgsF? ek 1s a
sem conduct or  devices and the TEG are f.ormed nutual ly
KALREERGG: TRTomlGh r GEER, EBRncLAEAT | SUgkdRe Jof the
ot her. According to a second aspect of .the present
i"\‘ﬁf&ﬁi%,astﬁé’rgiqfsmﬁr < ‘Hﬁﬁ%rﬁﬁg&&l’lﬁ'i ng met hod
for the senicqg?uqtor cfigg as dgﬁined i n_the firsh £
aspect, WhEASHIRTE MR E? eRETBATEr G t HAS sEEGREY Surtace
surface of the sem conductor chips after the plasna,
SchFy W3t periBrAedtaha bBR6r &hBn@ToEECtd VPebeRy S Stuck

According to a third aspect of th resent .
to andg the mask Es p{aceg pcnh thereby portions

corresponding to the dividing regions are removed and then
the device-formation-regions are divided into individual

semiconductor chips each of which includes the

individualized semiconductor device; and

removing a remaining portion of the TEG, whigh
remains in the dividing regions and is stuck to the
protective sheet, together with the protective sheet by
peeling off the protective sheet from the semiconductor
chips divided by the ©plasma etching, thereby the
individualized semiconductor chips are manufactured.

Moreover, the semiconductor devices and the TEG
are formed mutually separated without being directly
connected to each other.

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
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invention, there is provided the manufacturing nethod
for the sem conductor chips as defined in the first

waspeoés2saher ei n by perform ng the plasma et chr@myP065023991

sem conductor chips are separated into individua

pi eces and the TEG iSjseparateﬁ into an individual

pi ece fromthe sem conductor chips. According to a
fourth aspect of the present invention, there is

provi ded the manufacturing nethod for the :

seri conductgr, cpipe g3 dahidedh i BrbRe Lid SLe a8ReChurtace of

wherein the plasima et Ching 1s pertforned on

' duct f ' h il ;
S5 OBl WL hogetatl | LGN SRS 2 hts o

f th i .. th h il
LA ADe Sl SRSl ol iapy he i cor

renmoved, and then the adjacent .sem condugtor_ devi,ces
&f?? % & P h

are nut ual ed%nd th i REpar dted FromPresent

the silicon substrate . Accordi to_a tifth _aspect  of
RSt FHOER fon PRONaRq s ofpfegophir 1B RetRoa ror
nuf act urin thod .forthe sem conductor ,chi ps.as
S nEETROTRECTSar (H Hpear, AHertih the sk oSt aspect,
pl.aced, on the second surface on the wafer so that a
rEYi'ontdn the second surface corresponding

by performing the plasma etching, the
semiconductor chips are separated into individual pieces
and the TEG is separated into én individual piece from the
semiconductor chips.

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

the plasma etching is perférmed on the
semiconductor wafer which has a silicon substrate, the
semiconductor devices and the TEG forméd on the first
surface of the silicon substrate, thereby the silicon
substrate corresponding to the dividing regions is removed,
and then the adjacent semiconductor devices are mutually
separated and the TEG 1is separated from the silicon
substrate.

According to a fifth aspect of the present

invention, there is provided the manufacturing method for
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to a fixation portion of the TEGto the first surface
of the silicon substrate is exposed fromthe mask, and

wo benoéspsper f orm ng the plasma etching, the TE&T/82005/023991

separated fromthe silicon substrate by renoving the

silicon substrate in-the fixatjon portion of the TEG

According to a sixth aspect of the present invention,

there is provided a manufacturing nmethod for

sem conductor chips conprising: sticking a protective .
heet onto a,first surface of L conduGt or ,

A s
placed in a plurality of deviceformation- regions

YES&Ed by dividing regions and a TEG or a test

formed, o TRLMTE SheBlFetbPBugHls | FoeBR agbehfeh o the
HESEC | HibbrT1 DRSS PRsSBRAFRG PG SRS LGV didtg Soponding
st SiRPheenoPorhd Sfly SO°tAGE (b ghbobbt Bbr FloRece Of
LS, ALy LRSS AT s oo

ar cove. por HibnSeAEE TGPt NF ndt FEYboRteIB | SRE oFFS is
the groove-portions are renoved and th%%

fRAERa G r i Bhs FEER | PSS

seni conductor chi ps, each of, whi.ch i ncl udes
silicon substraté)in é%e fixation poréﬁon of the TEG.

fj 2 dervelnf:oev_ing the

According to a sixth aspect of the present

invention, there is provided a manufacturing method for

semiconductor chips comprising:

sticking a protective sheet onto a first surfaqe
of a semiconductor wafer, on the first surface of which
semiconductor devices placed in a plurality of device-
formation-regions defined by dividing regions and a TEG, or
a test element group, placed in the dividing region are
formed, so that the sheet is brought in contact with the
TEG;

forming groove-portions, along the dividing
regions, in portions corresponding to the dividing regions
of a second surface located opposite from the first surface
of the wafer so that the groove-portions have depths
shallower than a thickness dimenéion of the wafer;

performing plasma etching on the second surface
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the individualized sem conductor device; and renoving
a remai ning portion of the TEG which renmains in the

waleoobdésagy r egi ons and is stuck to the protectimMer/seet023991

together with the protective sheet by peeling off the
protective sheet fromthe semgonductor chips divided
by the plasma etching, thereby the individualized
sem conduct or chi ps are manufactured. According to a
seventh aspect of the present invention, there is

pgﬁﬁ%%ﬁ%ﬁ%g%on H%F‘wa %%t@%q O%hkp oove7§ortloné are

i ps as i ned i n the si h as

e 35} Berd 1 i NS oplcfg %c@hagﬁgo@%g_ﬁormns

psS” are epara ed’into’i

R St EBRtu TRy el ot b SRy BB Givided

t. . L. t 1 th
e d%imgu#;%%alm AT et gr%::awh%% Baces

ne |n h t, . wh th I

4ﬁ§i FS %ﬁggﬁghggﬁfrg%%héFgrpmg er whi ch

has a S|I|con substrate thesen1conductor %eV|cesTE8d hich
the TEG foﬁ‘?é‘t?’vd'r?q he FEreridRSr R 5¥°% n8lsi T T on whic
substrate, th y the silicon substrate corres onglr%% th
TERHE i Vit ere&ﬂgﬁglpg r ERIVERS afd®t heh t%g ©

adj acent. sem conduct or
1.10tect1ve sheeg toggtvel,lgearl%ket éu%lro\%ectlve sheet by

peeling off the protective sheet from the semiconductor
chips divided by the plasma etching, thereby the
individualized semiconductor chips are manufactured.

Accordihg to a seventh aspect of the present
invention, there is provided the manufacturing method for
the semiconductor chips as defined in the sixth aspect,
wherein

by performing the plasma etching, the
semiconductor chips are separated into individual pieces
and the TEG is separated into individual piece from the
semiconductor chips.

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

the plasma etching | is performed on the

semiconductor wafer which has a silicon substrate, the
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separated and the TEG is separated fromthe silicon
substrate. According to a ninth aspect of the present

wo moenésizen, there i s provided the manufact uri necTaEthesd23991

for the sem conductor chips as clainmed in the eighth

aspect, wherein the groove-porgions are formed so as

to have wi dth di nensions thereof greater than a width

di mensi on of the fixation portion of the TEGto the

first surface of the silicon substrate, and then by :
psec-:rn]iio [ nﬁcﬂ?t:t{ot}e Qlle%%%set %H'dngthéheTEHEGf'oﬁ'm%%paE?it eghe first
fromthe SilTicon substrate by renoving the silicon

A 45 e et TuBR T SbRE RR e EhATERY s ofbe it icon

TEG which is forned,in the dividing, regi . [

tsh@ et n%‘iﬁ:lieosrpocrhclilpn%mouftac% ucglldrr]%jlpnr ceéslil ?drgsrf 1¥ removed,
characteristic investigation,. is, forned :

Al FAFE R pALERARG e besuole dhsti4f o apge mutually
objective materials t et ched by the pl et.ching. - .

AP 3 XD %Pcim?fé}ef aﬁrhltjcﬁatlsconﬁezﬁ Aty %S(Oa%rrpltl'ek}ea Pilicon
net.al an inorgani c substance different fromthe

or
et 535S Therefore, as a solution to theconventional
pr obl emthaéqthe TEG cannot be. renoved depend;

ng,_,on
the pl asma BECH TP orte he? | AR Huat TRHTT on® fg'i}ﬁee present
sem conduct or. chi ps, by separatjng the TEG fromthe
RO Ve SERFEBnaEC IO THITe By pBr A TRg fethod for
‘%ﬁgngemiconductor chips as claimed in the eighth aspect,
wherein

the groove-portions are formed so as to have

" width dimensions.thereof greater than a width dimension of

the fixation portion of the TEG to the first surface of thel
silicon substrate, and then
by performing the plasma etching, the TEG 1is
separated from the silicon substrate by removing the
silicon substrate in the fixation portion of the TEG.
According to the aspects of the present invention,
the TEG, which is formed in the dividing regions during the
semiconductor chip manufacturing process for characteristic
investigation, is formed of the materials of silicon and
silicon oxide that are the objective materials to be etched
by the plasma etching and also of a material that contains,
for example, a metal or an inorganic substance different

from the materials. Therefore, as a solution to the
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et chi ng and subsequently peeling off the protective
sheet for a protection purpose stuck to the first

waanbaeesnf the sem conductor wafer fromthe sy 2605023991

the TEG that is adhering to the protective sheet in
contact with the sheet can be noved fromthe
dividing region | ocated between the respective

sem conduct or chips. Therefore, even when the

sem conductor wafer is subjected to the dividing

by the pl tehing, it i i |
LSS e LGSR cL LD, hE | FpROSSREB! Ope | removed
t oval of _th EG b I h i ng the . .
REHRS epByEhen @ Ea D, BTy bat P51 Aot g AL ization
ti f I | i f th i
AT o PRoTEN e Eorh e 86 PEDBE ReADevEd TRFOUGT™ the
ef ficient operat.ion. reove$ gcg&gdin anot hgr

SRSARAC VS e SO GOBRET e ent T bRS  THokPASECAFafdg Hap Plasna
AT, T8 SHE SRR Y SR ek WhER, FRETGTAdTe Sheet
el RBRvVER Lo { BEEPREF L PHEKcER BOS Grfed Aurpee of the
corner portions of_ the_manufactured sem co q%ﬁfShG that is

HAPCONPGERE e LentESRduERDr THT TRCM t

transverse rupture strength can be manuf act ured.
MARRFRARY v ehnGhBROERE e K FBEE LailE) N sy, th e sheet
TEG which remai ns unrenoved. {n the respective

K R TRV ST T 1R LA i EHPR hegralgd between the

i ndi vi dual i zed, , can )
respective semiconductor chips.

Therefore, even when the semiconductor wafer is

subjected to the dividing process by the plasma etching, it

is possible to obviate the need for performing the plasma
etching for the removal of the TEG by purposely changing
the gas type and remove the TEG by only carrying out the
operation of merely peeling off the protective sheet,
allowing the removal of the TEG to be achieved through
efficient operation.

Moreover, according to another aspect of the
present invention, maskless dicing can be achieved by using
groove-portions formed along the dividing regions without
using a mask when the plasma etching is performed. By
using the maskless dicing, curved convex surface portions
can be formed at the corner poftions of the manufactured

semiconductor chips, so that the semiconductor_chips with a



be renoved by carrying out the operation of peeling
off the protective sheet, so that the renoval of the
WO BBif6/068284 be achi eved by efficient operation. BcraP2005/023991
Description of Drawi ngs These and ot her aspects and
features of the present inventipn wll beconme clear
fromthe following description taken in conjunction
with the preferred enbodi ments thereof with reference
to the acconmpanying drawings, in which: Fig. 1is a

SENBIBLE £ i s s haw - PR eanail uetd o afartu il asuied .
processi ng apparatus according to one enbodi nent of

the presentydWamdd 0nsvdn gwhéni 8ha meBeNBEsC dalangviiewused,
of a sem conductor wafer handled in the above

S{H;é;dfﬁ@,n%f&rg-re%naii%sﬂ BadriAldy @0l Blg ek gehermid dividing

view of the sem conductor wafer of Fig. 2 ; Fig.

‘%é§%§h§efﬁigﬂéls¥5€$’Eﬁkﬁﬂi@ho&%é@h%ﬁﬁTiﬂwiGEEhdif&ed, can
0 e sem conductor wafer of Fig. 3 ; Fig. 5is a

%%n%&ﬁ%éd%?%a(%ﬁ P dher sendcandusd OTi ki PEE the

acturing nethod ot the aboveenbodi nent; Figs. 6A

g\gﬂ?ﬁ@@tﬁ\%a fes¢hen®t i enexpkapat dyovd EWS £f Gthe TEG can be
plaining the steps of the flow chart of Fig. 5 :

Wl B FL g b AL B & MEWB SN fkh & state in which a

Brief Description of Drawings

These and other aépects and features of the
present invention will become clear from the following
description takén in conjunction with the preferred'
embodiments thereof with reference to the accompanying
drawings, in which:

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

Fig. 2 is a schematic plan view of a
semiconductor wafer handled in the above embodiment;

Fig. 3 is a partially enlarged schematic plan
view of the semiconductor wafer of Fig. 2;

Fig. 4 is a sectional view taken along the arrow
line A-A of the semiconductor wafer of Fig. 3;

Fig. 5 is a flow chart showing the steps of the

semiconductor chip manufacturing method of the above
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protective sheet is stuck to the sem conductor wafer;
Fig. 6Bis a view showng a state in which a nask

wo 2006068284 f or med on the sem conductor wafer; PQI/JIR0EG/023991

is a view showing a state in which the fornmed mask
| ayer is processed to form mask,patterns, and Fig. 6D
is a view showing a state in Ich ptasma dicing is
performed; Figs. 7A through 7C are schematic
expl anatory views continued fromFig. 6D for
exgload.nier}lgt,t he steps of the flow chart of Fig. 5 :

e Fig. '7TAis a view showing a state in which the

mask patter_ls&sared\e vleg%glfi % 7§riesd%%k\§lgge\1¥fgovg eaa%atory

state in [ ‘an "adhestve®sSheet 1S a y pla ,

d Fi 7C i | how ' i ¢h TEGs . .
P o SIS AN TR I8 [BANEDT S 1.

s@%et' Fig. 8 is a flowchart showing the steps of a
SHiTonduct or chi p manufacturing nethod according to

anodi fication e | e of, t he above_.enhadi nent,;_.and. .
Figs. 9A thr ougﬁa% aVe StertTt B % Which @

S B8 0 S SRl | SR, o P e &

Fig. 6B is a view showing a state in which a
mask layer is formed on the semiconductor wafer;

Fig. 6 C is a view showing a state in which
the formed mask layer is processed to form mask patterns,
and

Fig. 6D is a view showing a state in which
plasma dicing is performed;

Figs. 7A through 7C are schematic explanatory
views continued from Fig. 6D for explaining the steps of
the flow chart of Fig. 5: where

Fig. 7A is a view showing a state in which
the mask patterns are removed;

Fig. 7B is a view showing a state in which
an adhesive sheet is adhesively placed, and |

Fig. 7C is a view showing a state in which
TEGs are removed together with removal of the protective
sheet;

Fig. 8 is a flow chért showing the steps of a

semiconductor chip manufacturing method according to a
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the protective sheet is stuck to the sem conduct or
wafer; Fig. 9Bis a view showng a state in which

wWa@l2006/dés2g4 gr oove- portions are forned accor di nged DIR20E5/023991

dividing regions; Fig. 9Cis a view show ng a state in
whi ch plasma dicing is perforned; Fig. 9D is a view
showing a state in which an adhesi ve "sheet is
adhesively placed, and Fig. 9E is a view showi ng a
state in which TEGs are renoved together with renoval
f t.he pratectjyv eet- ...Best d rys WA t
T RS W B SRS S S,
i nventi on pr.oceed if ] n d ' payJ.t.s
§]AI klt_hrglf,.é}? kb% 85?8 é?@ér{\%#gcggheg{ﬁlanatory

. 1 o
are desi gnate%iS by g reference numerals

h. [ d i . I [ .
T DR SCANIRS 500 DI of i o

ig described in detail with reference to

t'H&conpanyi ng drawings . In describing the

sem conduct or chi.p facturi ng met.hod. accor di_n
S

the first enbodi 't f'ﬁeaprvel é’ntsr?%{/lerh(ii %n,Stfaﬁgt In which

t tion of th , t f h
SO SLINL Hh POpR 8L, NSO e onacnor rprer

~the manuf acturi r}gigrretgé)digf t he

a view showing a state in which
dividing groove-portions are formed according to the
dividing regions;

Fig. 9C is a view showing a state in which
plasma dicing is performed;

Fig. 9D is a view showing a state in which
an adhesive sheet is adhesively placed, and

Fig. 9E is a view showing a state in which
TEGs are removed together with removal of the protective

sheet.

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 like reference numerals throughout the accompanying
drawings.
[First Embodiment]

Hereinbelow, one embodiment of the present

invention 1is described in detail with reference to the
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present first enbodi nent, a plasma processing
apparatus 101 of one exanple of the sem conductor chip

woovaes2s4r i ng appar at us t hat manuf act ures PCT/JP2005/023991

sem conductor chips by dividing a sem conductor wafer
into a plurality of semconductpr chips. Fig. 1 shows
a schematic structural view for schematically show ng
the construction of the plasna processi ng apparat us
101. The plasnma processing apparatus 101 is the

BRBRRITS Ydrarditer o som conduct o devi ces are
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el ectrode) 14 are arranged parall el ositely to eac .
RhePTfn ERETRAELLA vadbel SERICRBAUGYRF, G PR adiAfitiecturing
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I,\;lblr gg%%%ggﬁgggﬁgc%%ﬁs urfac e1n(t):fo t Qe pllcl)lvr\earl i"?cI yeCto%OdseeIr:ll'isdonductor

chips. Fig. 1 shows a schematic structural view for
schematically showing the construction of the plasma
processing apparatus 101. The plasma processing apparatus
101 is the apparatus that performs plasma etching on a
semiconductor wafer where semiconductor devices are formed
in a plurality of device-formation-regions to thereby
separate the device—formation-regions into individual
pieces of semiconductor chips that include the respective
semiconductor devices (plasma dicing process). First of
all, the schematic. construction of the plasma processing
apparatus 101 is described below with reference to Fig. 1.
As shown in Fig. 1, the plasma processing
apparatus 101 has a vacuum vessel 11 that forms therein a
processing chamber 12 of a seaied space for carrying out

plasma processing on the semiconductor wafer 1. A lower
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surface 13a has a function to releasably suck and hold
the placed sem conductor wafer 1 by vacuum suction or

web@menes2st ati ¢ sucti on. The | ower el ectrode 13PEEIP2005/023991

pl aced in the vacuum vessel 11 via an insulator, and
the | ower electrode 13 and the; yacuum chanmber 11 are
mutual ly electrically insulated by the insulator.

Mor eover, a gas supply hole 14a, which is a passageway
for supplying a gas for generating plasma, is forned

netrat iyl tfhlrsltnm (=g} o'd@ upger  glec ﬁo e4ri rélaeetrode
d

schar ge space) etween t

t dy
#ec ”’oﬂ $febtvanh t °V5’§f[$ee%rﬁl° i hégaaﬁéﬁ%?’?“ﬁely o
ieia‘é‘q}%ﬁ#{}i% 1 ”?29‘%8{% cyeas{%el?“t%%e%fvetre Giacement

a pl asm gener’at
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SILALE BLSBIE Sener Al o, sas, supPl os.ﬂe'po;f A 1810 A anent
sm%é‘e?ﬁi? egn & E0RehioH b Fangdrtie y%%'phn‘eoﬁ%ld the
?@@%eg%tggﬁg&%gggg'agwl e obt it 1k %@Iﬁ’?ﬁsﬁcmn o
geigeeéatl on s glgll}:uplt #710351%%t one ‘%edlig }rss pelaced in

rovi ded on the |IIus rate
p the wvacuum vessel 1 da an insulator, and the lower

electrode 13 and the vacuum chamber 11 are mutually
electrically insﬁlated by the insulator.

Moreover, a gas supply hole 1l4a, which is a
passageway for supplying a gas for generating plasma, 1is
formed penetrating the inside of the upper electrode 14 in
a space (discharge space) formed between the upper
electrode-14 and the lower electrode 13. Moreover, in the
upper electrode 14, one end of the gas supply hole 1l4da
formed communicating with the outside of the vacuum vessel
11 is connected to a plasma generation gas supply unit 17
provided outside the vacuum vessel 11 and allows a fluorine
based plasma generation gas containing, for example, carbon
tetrafluoride (CFy), sulfur hexafluoride (SFs) or the like
to be supplied from the plasmaigeneration gas supply unit

17 into the processing chamber 12 through the gas supply
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| oner surface of the electrode 14, and the plasma
generation gas supplied through the gas supply hole

wdZme/oemsde supplied into the processi ng chanmbsrT/iR20650023991

that the gas is uniformy applied to the sem conduct or
wafer 1 placed on the placenmenj surface 13a of the

| oner el ectrode 13 via the porous plate 15. Moreover,

the plasnma processi ng apparatus 101 has an evacuati on
punp 19 of one exanple of the evacuation device that

gfoggegglgﬁa}tq.gec%tm'ege?laolff[%{ g:%f’%eadgjgase'fdlo%y%l{aet %:Se)bq/ﬁlmecing unit

a
YRS, SIS TP PECST SRR 12 auootos
G ST A DG 60 i o oo o
i oo el R RE e 7
e o
e, SRR e (R oSl iy hecraree
vt aneShot T T oA Tnc P Fg v teone
s o 67 b e 17 S o= o
o Pl 2stp, generat i on oas s suppl ted fromthe plasTR e oo
is uniformly applied to the semiconductor wafer 1 placed on

the placement surface 13a of the lower electrode 13 via the

porous pléte 15.

Moreover, the plasma processing apparatus 101 has
an evacuation pump 19 of one example of the evacuation
device that reduces the internal pressure (i.e., evacuates)
the processing chamber 12 to the desired pressure by
evacuating the inside Qf the ©processing chamber 12.
Moreover, a radio-frequency power supply unit 20 is
electrically connected to the lower electrode 13, allowing
a radio-frequency voltage to be applied to the lower
electrode 13 by the radio-frequency power supply unit 20.

In the plasma processing apparatus 101 of the
above construction, by placing the semiconductor wafer 1 on
the placement surface 13a of the lower electrode 13,

sealing the vacuum vessel 11, thereafter evacuating the
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processi ng chanber 12, a fluorine based plasm can be
generated in the discharge space between the upper

webmevesasie 14 and the | ower electrode 13. By appi/yR2nes/023991

the thus-generated plasma to the surface of the

sem conductor wafer 1 , the sufface to which the
plasma i s applied can be etched (i.e., plasm etching
is perforned). The sem conductor wafer 1 subjected to
a plasma dicing process and the like in the plasm

Y 0Cessi fus 101 i i bed _F .
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thus-generated plasma to the surface of the semiconductor
wafer 1, the surface to which the plasma is applied can be
etched (i.e., plasma etching is performed) .

The semiconductor wafer 1 subjected to a plasma
dicing process and the 1like in the plasma processing
apparatus 101 is described next. For explanation, Fig. 2
shows a schematic plan view of a circuit-formation-face
(first surface) 1la of the semiconductor wafer 1 on which
the semiconductor devices are formed.

As shown in Fig. 2, a plurality of device-
formation-regions R1 is arranged in a matrix form on the
circuit-formation-face 1la of the semiconductor wafer 1.
The device-formation-regions Rl have a size determined
according to the size of the semiconductor chips to be
manufactured and are arranged iﬁ, for example, rectangular

regions. In this case, Fig. 3 shows a partially enlarged
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dimension (i.e., a region that has a wi dth dinension
sufficiently smaller than that in the | engthw se

waltaeoésizen t hereof) , are arranged between thepamirzadd023991

adj acent device-formation-regions R. The dividing

regions R2 serve as the regionﬁ%that are arranged in a
roughly grating-1ike shape on -
circuit-formation-face la of the sem conductor wafer 1
defining the device-formation-regions R | and al so ~

se S th frame-sh reqi ar. i de . t.h
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ho
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sem conduct or wafer 1 bstr

374 hEPIHALY o InGRT ﬁ'%é’gﬂaag%%d ﬁﬁg%é&"@%ﬁ%ﬁ%f%&%ﬁ width
devi ces 2are .each forned b g a device | .
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arranged between the rmutually a de
device-formation-regions RI1. e dividing regions R2 serve

schematic

as the regions that are arranged in a roughly grating-like

shape on the circuit-formation-face la of the semiconductor

wafer 1 defining the device-formation-regions Rl and also
serve as the frame-shaped regions arranged outside the
peripheries of the device-formation-regions Rl with regard
to the relation thereof to one device-formation-region RIl.

Further, the dividing regions R2 are located in dividing

"positions where the device-formation-regions Rl are

separated into individual pieces in the plasma dicing
processing described later. Moreover, each of the
semiconductor devices 2 is formed in each of the device-
formation-regions R1.

In concrete, as shown in Fig. 4, the
semiconductor wafer 1 is formed of a silicon substrate 51

that has a disk-like shape, and the semiconductor devices 2
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device-formation-regions R via a silicon oxide 54 on
the circuit-formation-face la of the seni conduct or

wowdoencsks4 Here, the TEG is the test patterns,Ppehird03/®@3991

designed in conformty to applications so that the
characteristics and the shape flecessary for tests can
be eval uated and arranged in 5]laces ot her than the
device patterns when it is difflcult to test the
patterns on the actual devices and serves as the

e
B
éolré?aon ox‘:é:(tjesgl?oq{jhgél co?ﬁ‘al faegfétréflu(lgr %S;an\aljf&loélaﬁage la.
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t hose that have a rect angul ar planar sh e exteng& gﬁned in |

Ry t HRe| &RGt Hvil sEheli FEELT BF e df ‘Eﬁ‘ ngS

R2 . In Fig. 4, for
conformity to applications so that the characteristics and

the shapes necessary for tests can be evaluated and
arranged in places other than the device patterns when it
is difficult to test the patterns on the actual devices and
serves as the assembly of a plurality of patterns (test
elements) . Moreover, the TEG is the evaluation device,
which is formed through the semiconductor chip
manufacturing processes and formed of the materials of
silicon and silicon oxide and also of a material (e.g., Al,
'AlSi, Al-Si-Cu, etc.) that contains a metal or an inorganic
substance different from the materials.

Moreover, as shown in Figs. 3 and 4, the silicon
oxide 52 in each device-formation-region R1 and the silicon
oxide 54 in each dividing region R2 are formed separated
from each other. That is, the semiconductor devices 2 and

the TEGs 3 are formed separated from each other, and, for
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exanpl e, the device-formation-regions R | are each
formed with a wiwdth dinmension within a range of 1 to

w@onnss28he di vi di ng regi ons R2 are each f or merCmdr20052023991

wi dt h di nensi on of about 50 nm, and the TEGs 3 are
each formed with a width di nengi on of about 30 nm.
Next, a sequence of sem conductor chi'p manufacturing
processes including the dividing process of the

sem conductor wafer 1 carried out by using the plasna

SRR AR T 0B AR o
Tart shonng.dle Bhpgedy & ol E,QGMéa”%ﬁ%%ﬂ;ﬁc%? G rormea
LB, UM, IS shay schertle SxplangLark el pave
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devices 2 are fo
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ety LN RLocess,, |0 Al ser canduelon, J6YI 56, cne
o PR b5 h e LT JSTLEAE T, 4R GE% Frens on
of about 50 um, and the TEGs 3 are each formed with a width
dimension of about 30 um.

Next, a sequence of semiconductor chip
manufacturing processes including the dividing process of
the semiconductor wafer 1 carried out by using the plasma
processing apparatus 101 of the above construction is
described below. For explanation, Fig. 5 shows a flow
chart showing the procedure of the semiconductor chip
manufacturing processes, and Figs. 6A through 6D and Figs.
7A through 7C show schematic explanatory views for
explaining the procedure.

First of all, in step S1 of the flow chart of Fig.
5, by subjecting the circuit-formation-face 1la of the
semiconductor wafer 1 to the processes of film'formation,

exposure, etching and so on as shown in Fig. 4, the

semiconductor devices 2 are formed in the respective
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process) . Next, as shown in Fig. 6A, a protective
sheet 4 is peelably stuck to the

wa@2a606828€ or nati on-face la via an adhesi ve so REEIP2065023991

circuit-formation-face la of the sem conductor wafer 1
, Which have conpl etely under ne the inspection
process, does not suffer damages during the processing
subsequently carried out (protective sheet sticking
process of step S2) . Due to the sem conductor devices:

18 T 3 AL 1 2 S BB o

AL PR 258801 DS PRI o ehe asviaing
protective sheet t.Q be used j h ough i.nt
e i Toh o s ohe oo RS o ke it process.

sen conduct ar @%{er 1 sg%as to_cover the enti

U1 5be GPRHETINGEAY AT AR I SRIFACE |5 Ao o8 ST ibed
R R

4 of the shape descri bed above, the SSi _ .
ALTHTEhed oIt URRRBECERAY NS HRSt & EE€ed, yinspection

protrudi ng fromthesem conductor wafer 1 is burnt by
tPePRSBha during the subsequent processing of, for

exanpl e, plasma processi ng .can be prevented. Next., in

step S3 of M§%t: 525 SDRYEK YMayerd 5 %%’f@rﬁ%@tgﬁtéve sheet 4
processing-target-face Ib that is the surface_(secqond_.

LS T Ree} AP bEarei st TRe | FORFERE Lo FBAFLED FltRona. via an

adhesive so that the circuit-formation-face 1la of the
semiconductor wafer 1, which have completely undergone the
inspection procéss, does not suffer damages during the
processing subsequently carried out (protective sheet
sticking process of step S2). Due to the semiconductor
devices 2 and the TEGs 3 formed on the circuit-formation-
face 1la, the protective sheet 4 is to be stuck onto the
illustrated upper surfaces of the semiconductor devices 2
and the TEGs 3. It is noted that the protective sheet 4 to
be used is shaped roughly into the same shape as that of
the external shape of the semiconductor wafer 1 so as to
cover the entire surface of the circuit-formation-face la
and does not protrude outwardly of the edge portion of the
semiconductor wafer 1. By using the protective sheet 4 of
the shape described above, the possible occurrence of a

damage that the protective sheet 4 protruding from the
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face la of the sem conductor wafer 1 (mask |ayer
form ng process of step S3) . The mask layer 5 is to

wo eoooesask patterns to be used in the plasma dPCI/amR005/023991

processi ng described later and is fornmed of a nateria
that has a resistance to the sma of a fluorine
based gas, the material being,”Tor exanple, alum num
or aresin (e.g., photosensitive resist) . Fig. 6B
shows a state in which the circuit-formation-face la

and .t h i ng-1 t-f b - t Ch

e RS U Loy PR gL M e
ough th where t k | for i ,
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prociég i s descrjbed in the present enbodinent, it my
& RS SHEY t hi ckness reduci ng process for

reduci ng the thickness of e sem.conductor wafer, 1 is .
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described later and is formed of a material that has a
resistance to the plasma of a fluorine based ‘gas, the
material being, for example, aluminum or a resin (e.g.,
photosensitive resist). Fig. 6B shows a state in which the
circuit-formation-face la and the processing-target-face 1b
are inverted with respect to the semiconductor wafer 1
shown in Fig. 6A. Although the case where the mask layer

forming process is carried out after the protective sheet

. sticking process is described in the present embodiment, it

may be a case where a thickness reducing process for
reducing the thickness of the semiconductor wafer 1 is
carried out between both the processes instead of the above
case.

When aluminum is used, a method for forming an
aluminum thin film on the processing-target-face 1b by a

deposition process, a method for sticking a foil-shaped
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the |i ke can be used. Next, as shown in Fig. 6C the
mask layer 5 is partially renoved by | aser processing

wotood/amszest he desired nmask pattern (nmask patt emraTixeeovsog3991

process of step S4) . The partial renoval of the mask

| ayer 5 can be achi eved by using, for exanple, a |aser .
beam and applying the |l aser beamto the nmask | ayer 5

on the basis of the preset desired patterns. Mreover,
patterns such that the mask |ayer 5 arranged in

Ml 190 thdn COLIRSPENENEO iR diyigied. r egbeasvEZ, ofwhen a
e sem conductor wafer 1 is renoved is forned as the

%%% diQahgansaI%Eﬁ%&frfoﬂa§%ibﬁﬁﬁéabl%%éi&nﬁoéﬂed in a
for the di Ing lines are fornmed by partially

r oy NG d h%hﬁ?ék | a2y &fethdd) Be Pesihons thahask layer by

correspond to thée dividing regions R2 as shown in Fig.
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mask pattern (mask pattern forming process of step 54).

The partial removal of the mask layer 5 can be achieved by

l using, for examﬁle, a laser beam and applying the laser

beam to the mask layer 5 on the basis of the preset desired.
patterns. Moreover, patterns such that the mask layer 5
arranged in portions. that correspond to the dividing
regions R2 of the semiconductor wafer 1 1is removed is
formed as the desired patterns. Moreover, mask removal
portions 5a for the dividing lines are formed by partially
removing the mask layer 5 in the portions that correspond
to the dividing regions R2 as shown in Fig. 6C by carrying
out the mask pattern forming process. Moreover, masks 5b
are formed of the remaining mask layer 5 from which the
mask removal portions 5a have been removed, and mask
patterns 5c¢ are formed of the mesks 5b and the mask removal

portions b5a. The combinational process of the mask layer
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sem conductor chips 10 including the sem conduct or
devices 2 by individually separating the

walzns/06280r mat i on-regions R 1 by perform ng plBSnEP2005/023991

etching on the sem conductor wafer 1 on which the mask
patterns 5c have been thus forppd is described (plasma
di cing process (or plasma etching process) of step Sb5)
Concretely, in the plasm processing apparatus 101
shown in Fig. 1, the sem conductor wafer 1 is placed

oF g LPECERLr &l hBbePs 18 (10¢ nene skl BLEAIR Forming
ST of reat SBr 9da 2 e Abpkr LaRr feaning” PSS (59
R R b ntier ao5) 8 ROBREI P FadiOH PR Ve resia
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hol e 14 d the’ I 15. By | vi. _
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| ocat ed between the upper electrode 14 and fhe | ower

eF 0BT G- url Y1 SSRATBERRY At B | FC THeS of Sl fan-regions
;Eace is applied to_the mask patterns 5c formed

th
beBEsPREEQFRATY PAEE™PD S5CPLRE S o T BT OB oY e fer

| aced on the .
p1 on which the mask patterns 5c have been thus formed is

described (plasma dicing process (or plasma' etching
'process) of step SS).

Concretely, in the plasma processing apparatus
101 shown in Fig. 1, the semiconductor wafer 1 is placed on
the placement surface 13a of the lower electrode 13 via the
protective sheet 4 with the processing-target-face 1lb on
which the mask patterns 5; are formed served as the upper
surface. Subsequently, the vacuum vessel 11 is sealed, and
the processing chamber 12 is internally vacuumed (e.g.,
about 100 Pa) by driving the evacuation pump 19. In
addition, the gas of the regulated flow rate is supplied
from the plasma generation gas supply unit 17 into the
processing chamber 12 through the gas supply hole 14a and
the porous plate 15. By applying a radio-frequency voltage

to the lower electrode 13 by the radio-frequency power
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pl acement surface 13a of the |ower electrode 13. By
the plasma application, the plasnma is applied to the

webaeesof the processing-target-face |b thatPCT/IP2005/023991

corresponds to the dividing line mask renpoval portion
5a, or the exposed surface on ¥Qich the mask 5b is not
pl aced. By thus applying the plasnma, "the exposed
surface of the processingtarget- face Ib is etched. By
perforning the plasma etching on the exposed surface

of k1S, REAGESS] NG tArgetalgge Lhcal Lhe em eanductan e ated

g se or “wa Sre
thlckn s.in the ortlon tha ds t o the
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hr t.his ce own.in Fig. 6D, the
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pi eces of t e se conduct or h ps 10 ncI t he
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For t na et for a fluorlne base
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(A GEREN o f SHREAES ¢ ﬁg qfs.{#@e ﬂ &51%? odi 3+ By the
pl asma, and therefore the TEGs 3 re emved
R+t R W4 Rl e fa%pilar%wa.lrﬁ r?gp%# o adhe, surtace of
consequence of the artr val _.of the TEGs 3
1¢ﬁﬁeﬁRﬁQFe%ﬁ%¥ﬁ & rﬁpq corresponds to the

dividing line mask removal portion 5a, or the exposed
surface on which the mask 5b is not placed. By thus
applying the plaema, the exposed surface of the processing-
target-face 1b is etched.

By performing the plasma etching on the exposed
surface of the processing-target-face 1b of the
semiconductor wafer 1, the semiconductor wafer 1 is reduced
in thickness in the portion that corresponds to the exposed
surface, and the portion is finally removed. Through this
process, as shown in Fig. 6D, the semiconductor wafer 1 is
divided into individual pieces of the semiconductor chips
10 including the semiconductor devices 2 along the dividing
regions R2.

For the plasma etching, for example, fluorine
based plasma is used intending‘to remove the silicon and

the silicon oxide. However, a reduced etching rate results
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performed, as shown in Fig. 6D, only the TEGs 3 remain
separated fromthe sem conductor chips 10 in the space

whedosmes2ss he sem conductor chips 10 separat ed Pat/oP2005/023991

i ndi vi dual pieces, i.e., in the portion that
corresponds the dividing regi R2 . That is, the
separation of the device-forndation-regions R1 is

achi eved by perform ng the plasna etching, and the
TEGs 3 , which have been forned on the surface of the

si.l.i.con substr at .are forned into_ individua | :
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carrying out the separation of the ﬁenicon uctor_chi.ps
fhandEThe’ | TR HUSPTSRYSH 6T t RENTEGPSTLLPR Effains as a
6D, for, exanple, the sem conductor chips ﬁo hav%.a
SR e RPN Rt 351 6 SOTMARBIRISE tht ckRgspartial removal
di nension _of 50 M, and the TEG 3 has,a width . .
AekBf odEGE 30 mm %%éorﬁeckn%ggeﬁi %@ﬁsi%]r?%’f‘a aboGRing 1s
3 mm . Subsequently, as, shown in_Fig. 7A, e 5 .
lﬁ?ﬁfiﬁﬁﬁﬁmsaénF%ﬁﬂVbdlﬁnIFﬁ% p?BcgégﬂﬁQ-%g?ggﬁighcg remain
Ib o each o f the separated sem conduct hi, 0
iSeRATFRRY BTPTMcatR§i ﬁ%“ﬁﬂo,nwoéxagﬁgé,so;nézaléﬁisnéhe Space
process (mask |ayer renpving process o f ste

S6 . |
Helcteathe TBEGs 3SAPLCRRARTEPFy HRTY olf a g?ﬁ?%ﬁ?? into

of kinds of materials, the _
individual pieces, 1i.e., 1in the portion that corresponds

the dividing regions R2. That is, the separation of the
device—formation?regions Rl is achieved by performing the
plasma etching, and the TEGs 3, which have been formed on
the surface of the silicon substrate 51, are formed into
individual pieces separated from the silicon substrate 51
as a consequence of removing its portion where the TEGs 3
have adhered to the silicon substrate 51. Therefore, the
plasma dicing process is carried out by using the mask
patterns 5¢c formed capable of concurrently carrying out the
separation of the semiconductor chips 10 and the
individualization of the TEG 3. In Fig. 6D, for example,
the semiconductor chips 10 have a width dimension of 1 to
20 mm and a thickness dimension of 50 pum, and the TEG 3 has
a width dimension of 30 um and a thickness dimension of

about 3 um.
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TEGs 3 are not renoved even b y the execution o f the
mask | ayer renoving process and remai n unrenoved.

wenbseeent | y, as shown in Fig. 733, an adhesi®er/sineet023991

(dicing sheet) 6 is stuck to the processing-targetface
Ib o f the senmiconductor wafer,-1 (dicing sheet

sticking process o f step S7) . The adhesive sheet 6
has a size larger than that o f the sem conduct or

wafer 1 and is fixed b y a wafer ring (jig) (not :

shown) | ocg@@%ﬁahgiﬁ%;ge%lsohsaxwho hol g § heqyat Hhe mask Sb

ring, ther t he” sem conduct or ” waf ef

handl ed.. Sub tly, th tective sh 4
st e v 28 1 R ERephEad BSpopeipgbe 10 of
BRIOAL (o SHGEr S ThaseTharOrHaLrT y BB ACI o fgmoved BY
S0 P01 BPE R Ry B GLRRCELr ohfpSl Laver

y protective sheet 4_, i.e., uck tq.the surfac f
trr%“oﬁ’rjé’tgecﬁr\?é:?ﬁeefj 4 ?’te}fﬁer%%)o‘r e, HQG?EG?:% af%gs 3 are
renoved fromthe: respective dividing,regions R .
tQﬁﬁﬁqé;lXM QFW?%e%ée?o?#u aleHeogrng i?% gﬁ%@ﬁ*fls’ the
. The process of renoving the TEGs b eel.ing of e
pridtect i GECsROdt QF%&Y%%S%Y?%eEYaGgV%y Fhet f%Ergge mask
to as a protective sheet renoving process or a TEG

FERIRA AFIR O PHAGSSs S8y .r%%b\}gfr,emc%véa peration

of peeling off the protective sheet,k 4 be, carri ed :
out nanu&l%PQﬁFQH?éﬁkﬁ%uﬁ? &PQ%%r?%dggﬁr(%B’ an adhesive

mechanically by a device of a ropot .
sheet (dicgngysheet) 6 is stuck to the processing-target-

face 1b of the semiconductor wafer 1 (dicing sheet sticking
process of step .S7). The adhesive sheet 6 has a size
larger than that of the semiconductor wafer 1 and is fixed
by a wafer ring (jig) (not shown) located at its periphery
to hold the wafer ring, thereby allowing the semiconductor
wafer 1 to be handled.

Subsequently, the protective sheet 4 that has
protected the circuit-formation-face la of the
semiconductor wafer 1 is peeled off. During the peeloff,
the TEGs 3 that individually remain in the portions that
correspond to the dividing regions R2 are put in a state in
which they are supported only by protective sheet 4, i.e.,
stuck to the surface of the protective sheet 4. Therefore,
the TEGs 3 are removed from the respective dividing regions

R2 together with the peeloff of the protective sheet 4.
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or the like. As a result, the sem conductor chips 10
are separated into individual pieces and arranged on

wao bmeaekhesi ve sheet 6 in a state in which no TBA/B2005/023991

exi sts. The sem conductor chi p manufacturing process
is thus conpleted. Al'though t sem conductor wafer 1
on which the mask patterns. 5¢c have been forned is
subjected to the plasna dicing by the manufacturing
nmet hod of the seniconductor chi ps 10 capabl e of

1] ChEBLLY" STPVLRoLDR TEGR. 2 rBecor di 1, T polhengbayer the

IO e presen odlnent IS Iimte

onlé%‘&ﬂ %fv%e eseec 4l N5t t%%%c(}flb %%%% daln B R&e r%rd to as

se mhere I"asa icing is carrie

ol Bake 3 el Tics B0 A JE8 4 ibnoring

od I on exanpt e O e present
enpodl ne
St Gt PR R §¥oBR0F peeling off

PEFE ARSI KO SR o o
e P AR LD o oo

of Fig senm conductor devices 2 and TEGs 3 are
fQﬁrﬁﬂf(ﬁ+%qm90|rCU|t fornatlon face la of the

sem conduct or wafer g equent | r.ot ctlve

sheet 4 |szﬁﬂhé%|€§FVl§Vac g 8?ﬂé?n% CE$5te% 1ppe 10 are
circuit r

separatedo rrla}}tloon falevfc?ua (St e}%eségs' and arranged on the
adhesive sheet 6 in a state in which no TEG 3 exists. The

semiconductor chip manufacturing process is thus completed.

Although the semiconductor wafer 1 on which the
mask patterns 5c have been formed is subjected to the
plasma dicing by the manufacturing method of the
semiconductor chips 10 capable of efficiently removing the
TEGs 3 according to the above description, the present
embodiment is not limited iny to the case. Instead of the
case, it may be, for example, a case where the plasma
dicing is carried out without using mask patterns. Such a
case is described below as a modification example of the
present embodiment.

Fig. 8 shows a flow chart showing a sequence of
procedure of the semiconductor chip manufacturing process
according to the modification egample, and Figs. 9A through

9E show schematic explanatory views for explaining the
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The state of the sem conductor wafer 1 is shown in
Fig. 9A. Next, dividing groove-portions 61 are forned

wo mosoeasdance with the dividing positions (i.BCT/JP2005/023991

di viding regions R2) of the sem conductor devices on

t he processingtarget-"face Ib t he sem conduct or
wafer 1 (groove form ng process (hal f-cut dicing) of
step SII) . Wth regard to the fornmation of the
groove-portions, the dividing grooveportions 61 can be -

gg%%%%§$ gf%pﬁjgg%g@é% 4?gtially abradi ng off the

by usin .b?fgg -fa(r:eexa d{ethe anic?nduc:or waf er 1 |

bl ade.  On e & Eatductor t o7 P %*%629?10‘“ Thert of Fig.

I Eﬁhﬁ}f@rfﬁi 'cﬁfi%ﬁ%’aﬁ%%sﬁ g T AT ke SR on £he

S PR T Se ) Yo

R or Hh R o8- 85 °ERAT <t OB ¢ Surflesd Tghy placed
([ S48 5190 QT 0. 84 0 ROl FSPER AT (step 521
B 5 o W SRR S, . o

(he 1o obbE EER) GBSOt el e B
SR SRR o il o hE ( FLELLER! | RARLELBREY alb-81) A iding

of which the bottom surface does not
regions R2) of the semiconductor ev{éggjbﬁrg%e processing-

target-face 1b of the semiconductor wafer 1 (groove forming
.process (half—cut-dicing) of step S11). With regard to the
formation of the groove-portions, the dividing groove-
portions 61 can be formed by, for example, partially
abrading off the processing—target—face 1b of the
semiconductor wafer 1 by using a blade, for example, a disk
type rotary blade. On the semiconductor wafer 1, the
device-formation-regions Rl are arranged in a matrix form,
and the dividing regions R2 are defined so that the device-
formation-regions Rl can be individually separated.
Moreover, as shown in Fig. 9B, the dividing
groove-portions 61 are formed to have a depth dimension
determined so that the bottom surfaces of the dividing
groove-portions 61 do not reach‘the circuit-formation-face

la (i.e., half cut is performed). The formation prevents
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circuit-formation-face la. That is, a groove of which
the bottom surface of the recess portion reaches

W@ ooe/ogs2penet rat es) the circuit-formation-facepdEIP2905/023991

not referred to as the dividing groove-portion 61 in
the present specification. Mrgpver, the depth
di mensi on of the dividing groove-portions 61 is
determ ned to be not smaller than the thickness
dinension of each of the sem conductor chips finally

ret”ﬁgs%ﬁlgg%ﬁcﬁb@fo%sen& -§7bedi meaL, the depth gbgggﬁggn into

I‘OOVG portion IS Sée mm an

the th ess. di nensij o f congdu r .
e oS oY @h%zsf‘ et réépéé? %-portions
ckn ss di.nmensi on oE "
'ﬁo Bu el 1 PS 9&31|g9¥%|%ﬂ 255, p%%é%%%ermeans a
|n t |s ca tanc S| o betmeen t he batto
P i aa‘?\ﬂ dllﬁ’g DRl ot PIE R el b e Hle- face
C|rcu%tf rmati on- Ia cap be deLern1ned. thin |
%(ﬂe %?t% g%r d%h%iﬁéi%??8n o strate

a t anc th h th h

] SR, T AL, R Ploc o
L SOUSL DL SV O 2 TR g PLOBRSE i cn ene
ST e PPLIET o Chgel oTLER.) PLOIR T UL (s

mafer 1 and in the vicinity of the i_nner surfaces, of

RS RA R g Ep%ogérﬁgﬁglg gmgfion-face la 1s not referred

to as the dividing groove-portion 61 in the present
specification.

Moreovei, the depth dimension of the dividing
groove-portions 61 is determined to be not smaller than the
thickness dimension of each of the semiconductor chips
finally formed. In the present embodiment, the deéth
dimension of the dividing groove-portion 61 is set to 25 um
and the thickness dimension of the semiconductor chips
finally formed is set to 25 pm with respect to the

thickness dimension of, for example, 50 um of the

semiconductor wafer 1 reduced in thickness. Moreover, in
this case, a distance dimension between the bottom surface
of the dividing groove-portion 61 and the «circuit-
formation-face la can be determined within a range of, for

example, 5 to 25 um in consideration of a minimum distance

dimension with which the shape of the dividing groove-
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A s described above, a first reason for the fact that
the lower limt of the distance di nensi on between the

wheioboes284r f ace of the dividing groove-porti onsCBiP2a08d)23991

the circuit-formation-face la is set to 5 mMmis to
secure the strength of the semconductor wafer 1 after
the half-cut dicing, and a second reason is to reduce
the tinme during which the protective sheet 4 is
exposed to the plasma. In order to renove the damaged

| ayer. formed h essi ngt } b |
SRS oF Pl MEEEIEY 00 BRBEbYSEEC B ebbr vy out 2
i ng-t t-f b at | t. b i_ck 5
FRPERE i SERFLAA " Rateyle' Pl P B AL (e
i_nmensi on bet t he bott f f the, dividi . .
gﬁlﬁ?v;apoa;?ﬁ#%‘{laxgrt% o i TR Pase ontrare Fatadns is
sma t m, the dividing. - ' 61 i
HeadiPantagB80s| J7 chbne T o1 B THe Heegerr ayel> of  the
i A M R L L S
cq&g&gponds_t the poyr.tions where the dividing
ifr v -ep?l)rctﬁ 6? é DERPFE HET, Hi%® 0 e exposed
o the asma at hi t ntil thed d
| ayer 8$ tﬁ?;ﬂ%ﬁ%% ﬁé?gESégt?ge n%ﬁ)¥%§%%ﬂ2?§FeF§e fact
renoved. T ,.th f th bl
B ekt boeR hiiahCBEbE DT ENSRERRE CHESRSHOR hptheen the
roove-portions 61 from pbeing renoved before. the

PRERCSS Of DSy ST t AP QRYS TR H@F s 61 and the

conpletely renoved, and the lower limt of the
ditcihide formation-face la is set to 5 um is to secure the

strength of the semiconductor wafer 1 after the half-cut
dicing, and a second reason is to reduce the time during
which the protective sheet 4 is exposed to the plasma. In
order to remove the damaged layer formed on the processing-
target-face 1b of the semiconductor wafer 1, it is required
to remove the processing-target-face 1lb at least by a
thickness of 5 um from..the surface. However, if the
distance dimension between the bottom surface of the
dividing groove-portion 61 and the circuit-formation-face
la is smaller than 5 um, the dividing groove-portion 61 is
disadvantageously removed before the damaged layer formed
on the processing-target-face 1lb is removed. Consequently,
the protective shéet 4, which corresponds to the portions
where the dividing groove—portiéns 61 have been formed, is

to be exposed to the plasma at high temperature until the
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di mensi on between the bottom surface of the dividing
groove-portions 61 and the circuit-formation-face la

wWo soodeés2eed to be not smaller than 5 mm . NextPCT/iE005/023991

sem conductor wafer 1 , on which the dividing
groove-portions 61 have been foyned as descri bed
above, is subjected to the plasima etching for
separating the sem conductor chips into individua

pi eces, i.e., plasma dicing (plasma dicing process of

s In_th t modificat] le, the 1p
SHBAR o1Abrs afr i coutPortheat Mior AL A agky 1o is
T eReRy aFERIein  helPRSETaREr o FHe R aRe | OF the
RRAROETS] fiRfar DFo HHELSRI=E ha i SNa"aEc b i {raitthy  the
R e e SRR Her bl &t G R0 S PO g Dy role the
I thecflaina ?roce Si appar at us 101Ltthe gggeggtedlb is

EEEY s appfred ©o t HE%ent PFREHPEERYEsi-AGEaTrgét' st ace
I b of th i condyct I . t hepl t
e S TLESRAYCt of reler 1§ chiaced ot hSP! BREMEN ance
e e, GhE RS PLLAS Ok BL i aing
b of the senicon%uctor fer 1.and.&h% inngr surfaces,
FLHE RIFHWS gPdoveRPortionS 65 UAFe TorPRE4OPTkaEe 12 1S
I's, etching is perforned) .

defined to be not smaller than 5 um.

Next, the semiconductor wafer 1, on which the

dividing groove-portions 61 have been formed as described

.above, is subjected to the plasma etching for separating

the semiconductor chips into individual pieces, i.e.,
plasma dicing (plasma dicing process of step S12). In the
present modification example, the plasma dicing is carried
out without forming a mask layer on the surface of the
semiconductor wafer i.

The plasma dicing in the case where the mask
layer is not formed as described above can be carried out
by a method similar to that of the plasma dicing in the
case where the mask layer described above is formed in the
plasma.processing apparatus 101 shown in Fig. 1.

In the plasma processing apparatus 101, the
generated .plasma 1is applied té the entire processing-

target-face 1lb of the semiconductor wafer 1 placed on the
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The thickness of the semiconductor wafer 1 is reduced
in thickness by performng the plasma etching on the

weEniobnes2pr ocessi ng-target-face b of the sem cermRIEN023991

wafer 1 , and the dividing groove-portions 61 are
concurrently renoved by perfor4q ng the plasma etching
on the inner surfaces of the dividing groove-portions
61. By thus renoving the dividing groove-portions 61,
the sem conductor wafer 1 is divided into individua

BGEEReRy. L RERAOH o det him%f’ P LACtHRhRgLs Gna o the

or devi ces ong t di vi di ng

258l m%.fgacceassgj LIS BRI SR 4 BIS y chus
t 1 "
S5 618 Syt UL oms L bed e pogtomce

%gff %&%ﬁ%ﬁ?é”{yqxéqf(”fmk'Pnaﬁgcfh%h Ré Ehgu%%ggkggof the

R sUr facds o

ortlons_ﬁl nd the,bottom.syrface: P
%{} 82 o{s]] r?é)rg’éﬁ@éc‘ S S 5t l'rllor%asu?\‘agcc‘;‘t%PV\/l q{?hlng is

t he |r%%*t formati on-face Ia That is, by renoving

ﬁﬁg' )ng groove portions 61, penetration bet ween

t hepr ocessi face | .

CIYEUII foﬂﬁ% gh? EBSSFa‘Fg ggﬁiéV&?%ﬁQﬁﬁf?%% water 1 1s

d|v di n regl ns.on th sen1c nduct or fer, 1. hi
MRS , 1By TBerkBreng Y bt PRETE &1 dien P LS Mooy on
the i nner surf t he

dj .
o ETbLFE | BRECBESANE CACHEq FO5eL HeY W { Arpneemiconductor
pr OceSS| ngt argné

wafer he dividing Ggroove-portions 61 are
concurrently removed by performing the plasma etching on
the inner surfaces of the dividing groove—bortions 61. By
thus removing the dividing groove-portions 61, the
semiconductor wafer 1 is divided into individual pieces of
the semiconductor <chips 30 including the respective
semiconductor devices 2 along the dividing positions (i.e.,
dividing regions) as shown in Fig. 9C. In this case, the
fact that "the dividing groove-portions 61 are removed"
means that the bottom surfaces of the dividing groove-
portions 61 are brought close to the circuit-formation-face
la by the etching performed on the bottom surfaces of the
dividing groove-portions 61 and the Dbottom surfaces
disappear by the final coincidence of the bottom surfaces

with the circuit-formation-face 1la. That is, by removing

the dividing groove-portions 61, penetration between the
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face I b. However, since no mask |l ayer is placed on the
processing-target-face |Ib unli ke the conventiona

w@b@snss2et chi ng, corner portions (edge porti onB)T/iE00s023991

at the entrance edge portions of the dividing
groove-portions 61 are sinilar% et ched, and
consequently the corner portio are-renoved, formng
R-portions (that is, rounded portions) 30a of one
exanpl e of the curved convex surface portion at the :
edge portions |ocated on.the processingt.arqget- face |

HIRE S e TRaARIOTaTE oP R L35, CHBReter O RS 1edgdace 12
renoval, is effected. on the corner portions |located at

tife ADUGHSF A Jhtad e "o Me Bt Crorids 17 FiLgeEductor
of each of the sem conductor chips 30 after the plasma
éffacfrﬁqwgl,'.consequent ly formng the R portions 30a.

Al t hough the etching ks effected mainly in_the hi

thi ckness AFEXIGn oPYt REEEMTRUMU RapERay pyching as
the plasma etching of the dividin roove-portigon 61,, . ..
tHOWt chingFite -s|§%ht|§beef fLEd¥eEd %Hg-’tfﬂgeai r%‘éti‘%ﬁe dividing

- along the surface of the sem conductor mafgré%}due to

OB Ly £t értissts teherhd aasdiisty RRGIES NI~
contributes to the formation ofthe R-portions 3Qa, .t

e Thate o dHYATRE t AENGR PR BRAENSAYRTOf St Rdaced on
di vi di ng groove-portion 61 in advance  in consideratioqj

dFhe heP¥eess Had~ FEISF Ut3Cei nbhsi OR1dKSt ndhG vigigntional
groove-portions 61 is expanded by the etching. ‘

Nk aeer e teyingr f 6PATRY mq%ﬁﬁQQQ(ﬁﬁ¢@FoHOFHg°PﬁheF°rmed at

surface of the processing-tar%et-face | b of the _
the entrance edge portions of the dividing groove-portions

61 are similarly etched, and consequently the corner

.portions are removed, forming R-portions (that 1is, rounded

portions) 30a of one example of the curved convex surface
portion at the edge portions located on the processing-
target-face 1b side of the semiconductor chip 30. Moreover,
the edge removal is effected on the corner portions loéated
at the roughly rectangular’four corner portions in plane of
each of the semiconductor chips 30 after the plasma etching,
consequently forming the R-portions 30a. Although the
etching is effected mainly in the thickness direction of
the semiconductor wafer 1 by the plasma etching of the
dividing groove-portion 61, the etching is slightly
effected in the direction along the surface of the
semiconductor wafer 1 due to the etching characteristic.

The etching characteristic contributes to the formation of
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sem conductor wafer 1 and the dividing groove-portions
61, the wafer is divided into the sem conductor chips

w@ocaesds4 he damaged | ayer generated by the nepdtEsm0e8/023991

processi ng can be renoved. Mreover, as shown in Fig.
9C, the TEGs 3 , which have begn forned in the
portions that correspond to the dividing regions R2,
are separated fromthe silicon substrate 51 which is
renmoved fromthe regions by the plasma etchi ng and the -

% F%Paqr ro%rrstalhe Arngisty' gélahé¥1£9bi@eag' }ﬁleq ng'é;‘ﬂ%s width

3 are separate |nto |n I VI

p (?\@Cﬁ% b Bngg}ra & éatdor V%ortlrc&q% feiNen TE@®alce in

Lo ‘ n“30b Siasma et chi I'ng
|‘:I?&’ls\?1%detf£e°lﬁ%elcozg P 026 s.t%%rta&%eﬂ%?fgf ga%“%}lgm of the
L AL
G s i o o
\fg}{@g ud:ftathe r%ﬁf}l{)}@?ﬁtl%iog?s?ﬁggrgﬂ Vf?%%%%nclb of the

épapc% O Fe Yk 1 70 ERe B aasa e see o g ons 61,
féf’é” %ﬁ%ﬁh%%f rﬂ;“;@"lffﬁge drlv:ﬁq%%sg%t IERHEe %‘%h%ﬁlgs”%m and
the sem con tor wafer 1 ken out

E‘)magﬁ SveIShek? %‘&. ng ké%e%‘?f 8nrl§aiml}°ﬁ<ocessmg

tOt e rocessin target-face |
can er%emove gMore%ver, as ghowntln Fig. 9C, the TEGs 3,

which have been formed in the portions that correspond to
.the dividing regions R2, are separated from the silicon
substrate 51' which . is removéd from the regions by the
plasma etching and the TEGs 3 are remain individually in
the dividing regions R2. That is, the TEGs 3 are separated
into individual pieces by removing the fixation portions of
the TEGs 3 to the silicon substrate 51 by the plasma
etching. Taking the reliable separation of the TEGs 3 into
individual pieces into consideration, the width dimension
of the groove-portions 61 is preferably formed so as to
become a dimension of not‘smaller than the width dimension
of the fixation portions of the TEGs 3.

The completion of the plasma dicing in the plasma
processing apparatus 101 is foilowed by stopping of the

application of the radio-frequency voltage by the radio-
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sem conductor wafer 1 taken out of the plasm
processi ng apparatus 101 (dicing sheet sticking

wermeessesHf step S13) . Subsequently, as shownPETIH20€5/023991

9E, the protective sheet 4 , which has protected the
circuit-formation-face la of t sem conductor wafer 1
, I's peeled off (protective sheet renoving process of
step S14) . Wen the protective sheet 4 is peeled off,
the TEGs 3 stuck to the protective sheet 4 are renoved

t he dividi
sf;r?ﬁr%wﬁqyc{pé'rwa'éf sl R0 b TS ﬁﬁﬁﬁtés 5"the ggs from
ted into th |nd|V|dua ieces of c
it et 30, *eind SR S A e gdying ©

TR RS S5 S Bt o

the(g%gﬁgf ﬁ%ﬁr are to %ﬁ ortlon O0a a
b dr o Ty St -

strength of the forned senico uctor C ..
|rrprko?/ed W5t eDIRYD éPnc@gt'hegg i €'o? ﬂeg%l%:%ntsgﬁﬁtt (dicing
nas ayer ;and renove t ayer d
R oh HR G g Hinepcasss t?%ng%g‘tﬁegﬁt%\sﬁﬁ of the

icing, efficient plasna b ut

AR RS TR, S ffyoceries
formed in the dividing re |ons R2 durin

ARRALARUR | HYL pFotesRIofPERE SEATESREUE 8Feé‘ﬁ| ﬁflcttre&r 513)
the characteristic jnvestigation, are forned of,

SIRAR BT %r | &F SSRAER tBnfaPn Bt al %‘ealP(foitﬁ&tglé’rﬁ CSheet 4

subst ances
which has protected the circuit-formation-face la of the

semiconductor wafer 1, 1is peeled off (protective sheet
removing process'of step S14). When the protective sheet 4
is peeled off, the TEGs 3 stuck to the protective sheet‘4‘
are removed from the dividing regions R2.

As a result, the semiconductor wafer 1 provided
with the TEGs 3 can be separated into the individual pieces
of the semiconductor chips 30, and the TEGs 3 that have
been formed in the dividing regions R2 can be removed.
Further, since the semiconductor chips 30 separated by the
plasma etching are to have the R-portions 30a at the corner
portions thereof, the transverse rupture strength of the
formed semiconductor chips can be improved. Moreover,
since there is no need to form a mask layer and remove the
mask layer due to the formation in performing the

separation by the plasma dicing, efficient plasma dicing
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different fromthe materials of silicon and silicon
oxi de of the objective materials to be etched by the

w@basnes2et chi ng besi des the materials. Theref orEr/IRMEI023991

regard to the conventionally problemthat the TEGs 3
cannot be renoved depending ony4he plasnma etching for
the individualization of the sem conductor chips 10,
it is possible to separate the TEGs 3 fromthe
respective sem conductor chips 10 by performng the

pl as?a etcl}i.n an% thereafter renove the TEGs 3
FFNe SNV EN TS Tck Y0 the protective sheet 4 in contact

140 e, STl Lo LB, EERPSRily o O, bagr a2 nicn
O e PR e Sty POIRE VERMBRICK AR Bhging cne
B B Sl 1P B SBRLESMIBE A0 or ene
e R 100, BrOCORs P ASLD P 018 Wampte,

erform. ng the plas etchin or the renoval of th
R A BaSel §OBRaNG: MEERLS gt y fo S P B st ances

5%, Pl es Balehg,9U A ORELtLEn Ohpicon oxiae
e Looval Sf i TEGCan Do aCered LILOUM) cne, plasma
;§§§g§m£§gggiﬁgﬁ3%%%:%%%2%1% s{he %ﬁ%ﬁ@ oggfcakggdregard to
the conventionally problem fhat the TEGs 3 cannot be
removed depending on the plasma etching for the
individualizatioﬁ of the semiconductor chips 10, it is
possible to separate the TEGs 3 from the respective
semiconductor chips 10 by performing the plasma etching and
thereafter remove the TEGs 3 adhesively stuck to the
protective sheet 4 in contact with the sheet from the
respective dividing regions R2 located Dbetween the
semiconductor chips 10 by peeling off the protective sheet
4 adhesively stuck to the circuit-formation-face la of the
semiconductor wafer 1 for the protection of the surface
from the surface.

Therefore, even when the semiconductor wafer 1 is
subjected to the dividing process by using the plasma

dicing, it is possible to eliminate the need for performing

the plasma etching for the removal of the TEGs 3 by
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TEGs 3 with being separated fromthe sem conduct or
devices 2 on the silicon substrate 51 of the

weemsoensuct or wafer 1 , it is possible to renpBIE2g05/023991

etching the silicon substrate 51 in the dividing
regions R2 for the separation t he sem conduct or
chips 10 by the plasma etching and nmake the TEGs 3

i ndependently stuck onto the protective sheet 4 .
Therefore, if the TEGs 3 and the sem conductor devices.

GGrReRg o c i e Pl BEST e e o EhPed, 1 TRGe 2 b
BB Lot Tl (Y nE S APEORTIE o vl ST cRRehGnaBEE  the
B 1Rl 4 7y Sibodt Nente T2 E gt the T8Gs can be
AU GN B By CLRme A CHer GRIZAEE oAt hough ¢ he

Connect | on HRHEF G eremrsn “SmmEi 3PS dyighdered
O R VA1 ShE. CRRGEL ARa-FORPRy ERei"Sns S oTorming the
ARial vk | DRea: BPerBESndBre: GbE AEHRdHETOT devices
e R T R e
30044378095 bT PodooR SBEURTHRY SHCnOBBAtFRCIIAIhGR Substrate

specification, drawing and cl ains_are i ncorporate
eipn the dividing %egions R2 for the s paratf%n of the

semiconductor chips 10 by the plasma etching and make the

.TEGs 3 independently stuck onto the protective sheet 4.

Therefore, if the TEGs 3 and the semiconductor devices 2
are formed mutually separated, the width of the dividing
regions R2 can be reduced close to the width of the TEGs 3,
and the number of seﬁiconduétor chips 10 obtainable on the
semiconductor wafer 1 can be increased.

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 referénce 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



by reference inits entirety. CLCAIMS 1 . A
manuf acturi ng nmet hod for sem conductor chips
W@ o0up0esesang: sticking a protective sheet onto BCT/ir805/023991
surface of a sem conductor wafer, on the first surface
of whi ch sem conduct or devices%ylaced inaplurality
of devi ceformati on- regions detined by dividing
regions and a TEG or a test elenment group, placed in
the dividing regions are forned, so that the sheet is -
bro t in contact with the TEG., placing. k.op.a, .
S ArrRSe i chOi eaqgﬂ%ﬁiﬁé%dgég$eﬁ§%g%§%?tgl%hln the
fromthe fjrst surface.of the wafer so-.as to_define
CHORA VAt HOE r BEFSREE JorERitely 31 aanht S bhPho toA cippended

second surface of the wafer i state that the

SrGERS (W eSife &S Ys AGRAIE tt@egfr%rt% mask i s placed

ole¥ Lher Dy R 20 aar espanding. 184 NS A A Woprication
devi ce-faormation-regi ons are divided in i ndi,yi dual .
%%&%W%hiﬁ%g@gchol}f R SR ST | u%g’s {RQV4" " Including
i ndi vi dual i zed sem conduct or q%%jce; and.rennvin% a4 p .
rRRE i R A AT LR P 2REG S hHTh PNt RSOFROFRLESE hereln
dividing regions and is stuck to the protective sheet,
RGNS T SR T e ot AU’ sheet by peeling off the
protective sheet fromthe sem conductor
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chi ps divided by the plasma etching, thereby
t hei ndi vi dual i zed sem conductor chips are

worenederes4ir ed. 2 . The manuf acturing nmet hod f orCT/iR005/023991

sem conductor chips as defined in claiml1l , wherein

the mask is renoved fromthe sgcond surface of the

sem conduct or chips after the plasma etching is

performed and before the TEGis renoved. 3 . The

manuf acturi ng nethod for the sem conductor chips as

defined in claim11 wherein Q%Agﬁéforning the plasma

et ching, the sem conduct or i'ps are separated into

i ndi vi.dual pieces_and the TEG.,.s separated into.a .

| ndi viltual i BEBSF AGKIE ABIs R dtucs: SHMBECTICtRE chips

manuf acturing nmethod for the sem conductor chips as

dF PP claim 1 , wherein the plasma etching is

performed on the sem conductor wafer ich has

silicon substy %Egt?mPE%B?%Bﬁ%%c?g?eg29pg8saaﬁﬁrﬁﬁesurface

TEG fornmed on the first _surface of the silicon .

Qfbsfr a8 GRefsthy s H&eE8F 1 c6R sﬁﬁ%t :}étrétcoﬁlf%%%%%dfjﬁg which
[ ved, and.the

to the djvidi ! ' , th .
RS ORTOCOF GBURCEY ahb it BAPFS Lbbdar af edievice-

and the TEG i s, separated fromthe silicon substrate
Sformatel GRHAHQ iqf‘gftlrfbe( S [ P RS At 2 TEG, or
wher

chips as defined in claim4 , ei.n N .
a Qest element group, Blaced in the dividing regilons are

formed, so that the sheet is brought in contact with the
TEG; |

placing a mask on a second surface which is a
surface located..opposite from the first surface of the
wafer so as to define the dividing regions;

performing plasma etching on the second surface
of the wafer in a state that the protective sheet is stuck
to and the mask is placed on, thereby portions
corresponding to the dividing regions are removed and then
the device-formation-regions are divided into individual
semiconductor chips each of  which includes the
individualized semiconductor device; and

removing a remaining portion of the TEG, which
remains 1in the dividing regions and is stuck to the
protective sheet, together with the protective shee£ by
peeling off the protective sheet from the semiconductor

chips divided by the plasma etching, thereby the
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the mask is placed on the second surface on thewafer
so that a region on the second surface correspondi ng

WO 2008/06s28at i on portion of the TEG to the firstrCLIFae?23991

of the silicon substrate is exposed fromthe mask, and
then by performng the plasnalﬁﬁching, the TEG is
separated fromthe silicon. substrate-by renoving the
silicon substrate in the fixation portion of the TEG
6 . A manufacturing nmethod for sem conductor chips

.0

C ri,sjng:. sticking a protective sheet on a. first |
SR e 2 ST ofa ol oo e o el iR

of which sem conductor devices placed_in a_plurali.t

of devi-cer difar FORAEAEGHERRI AGIT TRt by Oki P aF ng emiconductor
regions and a TEG. or .a . test element group, placed in

e RR A &W‘&ﬂ@lﬁbiﬂe&pe§€lphat the sheet is

brought in contact wi.th the TEG _form q q £ £
gr oove- por tingns™e@ K ofg (HEI dfﬁﬁmrég)i on¥SCPH surtace o

paortions corresponding to the_dividi regions of .a,. .
d&onF I FRB G Rt € 5%%03?F5efrohﬁghep PPOE sGHFRdL9 1S
of the wafer so that the groove-portions have depths
RRATGIRER (475 BE G s S5 nen GGG 1 he waf e :
performng plasma etching on the second sufface of, the

seni cohduct™d® wRgBkRIaRt FBHtWﬁﬁ%ﬁ%o 8XpobRf orieigGenductor
formed, thereby bottom portions of the groove-portions

S Ry S HIEd Heéh TheRidvi YSIS Tt i on-regi ons are
di vi ded , .
by performing the plasma etching, the
semiconductor chips are sepafated into individual pieces
and the TEG is separated into an individual piece from the
semiconductor chips.
4. The manufacturing method for the semiconductor
chips as defiﬁed in claim 1, wherein
the plasma etching is performed on the
semiconductor wafer which has a silicon substrate, the
semiconductor devices and the TEG formed on the first
surface of the silicon substrate, thereby the silicon
substrate corresponding to the dividing regions is removed,
and then the adjacent semiconductor devices are mutually
separated and the TEG 1s separated from the silicon
substrate.
5. The manufacturing method for the semiconductor

chips as defined in claim 4, wherein

the mask is placed on the second surface on the
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into individual sem conductor chips each of which
i ncl udest he i ndividuali zed sem conduct or devi ce; and

WO 2006068284 a2 remai ni ng portion of the TEG whi cCPCT/&maongR3991

in the dividing regions and is stuck to the protective
sheet, together with the protegfive sheet by peeling
off the protective sheet fromtthe sem conductor chips
di vided by the plasma etching, thereby the

i ndi vi dual i zed sem conductor chips are manufactured. 7.

e 5, LA 1 P9, IBA Y 0L DERATL OG!S Bbnaing
ST SREPLA o B8R A B S o ERE B Btece of
RO RO o RBOSa CoruETer mBss o3¢ Then
O teu ) chedeimibtockRo. SR TR BT e 1o s
e e S I R PR Mg e
s o WSSl e Sapo
adj acent sem conductor devices ar tual | y, separ at ed :
and t e TE®G | BaBBHEFSHEY S d?'ﬁttl?fé‘fs :}Eircoﬁe‘gh%%’?&é‘fﬁ‘?rQ chips
The manufacturing nmethod for the sem conduct or

comprising:

sticking a protective sheet onto a first surface
of a semiconductor wafer, on.the first surface of which
semiconductor devices placed in a plurality of device-
formation—regionsldefined by dividing regions and a TEG, or
a test element group, placed in the dividing region are
formed, so that the sheet is brought in contact with the
TEG;

forming groove-portions, along the dividing
regions, in portions corresponding to the dividing regions
of a second surface located opposite from the first surface
of the wafer so that the groove-portions have depths
shallower than a thickness dimension of the wafer;

performing plasma etching on the second surface
of the semiconductor wafer on which the groove-portions are
formed, thereby bottom portions of the groove-portions are

removed and then the device-formation-regions are divided

into individual semiconductor chips each of which includes
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chips as clainmed in claim8 , whereinthe
groove-portions are forned so as to have width

waltavensizens t hereof greater than a w dth di nenstDIP2065/023991

the fixation portion of the TEGto the first surface
of the silicon substrate, and fjfen by perforning the
pl asma etching, the TEGis. separated-fromthe silicon
substrate by renoving the silicon substrate in the
fixation portion of the TEG

the individualized semiconductor device; and

removing a remaining portion of the TEG, which
remains in the dividing regions and is stuck to the
protective sheet, together with the protective sheet by
peeling off the protective sheet from the semiconductor
chips divided - by the plasma etching, thereby the
individualized semiconductor chips are manufactured.

7. The manufacturing method for the semiconductor

chips as defined in claim 6, wherein

by éerforming tﬁe plasma etching, the

semiconductor chips are separated into individual pieces

‘and the TEG is separated into individual piece from the

semiconductor chips.

8. The manufacturing method for the semiconductor
chips as defined in claim 6, wherein

the plasma etching is performed on the

semiconductor wafer which. has a silicon substrate, the
semiconductor devices and the TEG formed on the first
surface of the silicon substrate, thereby the silicon
substrate corresponding to the dividing regions is removed,
and then the adjacent semiconductor devices are mutually
separated and the TEG 1is separated from the silicon
substrate.

9. The manufacturing mefhod for the semiconductor

chips as claimed in claim 8, wherein
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the groove-portions are formed so as to have
width dimensions thereof greater than a width dimension of
the fixation portion of the TEG to the first surface of the
silicon substrate, and then

by performing the plasma etching, the TEG is
separated from- the silicon substrate by removing the

silicon substrate in the fixation portion of the TEG.



