:METHOD FOR REMOVI NG RESI DUAL MATERI AL FROMA CAVI TY DURI NG THE MANUFACTURE
OF A SEM CONDUCTOR DEVI CE BY UTI LI ZI NG PLASVA SCATTERI NG TS <4 ik EBIEH GH
relates to a nethod which utilizes plasma scattering for renoving residua
materials which remain in a cavity of a nulti-|layered sem conductor device
on” whi ch respectivcﬂgatterns have been fornmed after an etchigﬁ Rrocess has

been perfornmed. | n_ MEEEQD,FORs REMOVING RESTHTAM, ¥ATERIAL ER

sem tc%reluct or dngﬂmw ﬂﬁuw@mmm@m' oF af SIICoNDUTTOR DEPECEDI tI
cavi are formed— 1M n € rorngry, restdua
materials which should be £= - = ém& géééﬁEﬁfﬁg the cavity. Such
resi dual anisotropic etchable nmaterial is an |npur|ty whi ch affects the
property of nmenory device and should be renoved to i nprove the quality of
the device. In the prior art, nmethods for renoving the residual anisotropic
etchabl e material in the cavities of a seni conductor device are as foll ows:
The first, extending the etching tine to renove the residual materials.
However , this attenpt presents a problemin that if the selectivity of the
_etching sol ution iBhispwinyension malates chomastmefdiodewhbicheMtigiizes ched.

Thus, the Se|;¢fésﬁ’été{c£’étéf‘£n§t§8r nﬁeﬁ@bﬂht;os}equad haeemtaqrs JhEidmIst be
extrenely hi gh and, be extreneda ow toward ﬂg;cn er nms i,n order, not to

etch the neceseR3inodif oAs Vit 8fhsd MY oﬁ&miﬁ’&%% an
addi tional masdepidd ebh WOlslSrasfeetizddi patbarnst taveg peenecomiedn! y
Fesi dual mat e ETeT T TERLEG o BepaE iRk, e TS eoved 1 rom  he
chjty and the topInf the process for manufacturing multi-layered
semiconductor memory devices having a capacity of more
than 1 mega bit, cavities are formed in the
semiconductor device. Accordingly, residual materials
which should be removed upon etching remains in the
cavity. Such residual anisotropic etchable material is
an impurity which affects the property of memory device
and should be removed to lmprove the quality of the
device.
In the prior art, methods for removing the residual
anisotropic etchable material in the cavities of a

semiconductor device are as follows:
The first, extending the etching time to remove the
o residual materials. However, this attempt presents a
problem in that if the selectivity of the etching
solution is low, other fiims, which must not be etched,
are etched. Thus, the selectivity of the etching
solution toward the materlals must be extremely high and
be extremely low toward the other films in order not to
etch the necessary portions of the other films.
The second, performlng an addltlonal mask pattern
process and an addltlonal etching process “on only the”
residual materlal_contalned in the cav1ty_lg order to



adjacent film (of the other material) are coated with a photoresistive
film Then a portion of the photoresistive film positioned on the
residual material contained in the cavity is renoved. Then, an additi onal
etching process is perforned to renove the residual material fromthe
cavity. Therefore, the process for renoving the residual material is

conpl i cated because _such process requires t,ﬂga adgii)'ti nal _fo tion of

phot or e5i st remove| fhengesd anad; m%ﬁ%ltiae‘t-chi Sitdy %‘%o}'e?%gg sk pattern
form ng pregAssridrUts e penboedefromr theacaiiityy and thiet tom exfulthe
delay in tRfaageseloh TBRULRAG BEhaG WML OO | atBd| GELACEUTS.
Therefore, tlte present 1nvention seeks to solve ‘the problens presented in
above nent iphatpyesbstive nefhdls. |t iThengna poghiles oPLt hetBeesent

i nvention to,¥oVMe&es iRl Bednf PositivHdY drf Urll HedFdied] Shatdrfagavity of
t he sem conduct oy device by utili zi ng_ﬁl asnma scattering. The_€[esent
i

i nvention FOVEEREY Bt ERE FRYIFELYi FgnrRedduatneR AR Ad9hEEANREmai ns i n
a cavity afdtdhimy apraiéoPi dsct parfigrmedcess irerdve mehef agésidqual a
partially corgl efe Eulti- ayer _seni conductor device, the cavity being in
contact wi IR +2astT8Re tg‘técﬁﬁs I ayer and where the cavity is

accessi bl e by drhetefiakles |tyer processt ot cmmovives phevixesidaapl asma

Cayer on Al eetFaletd lolnGLE0RERA DB [ohlR, pERCRAL EbGh LR Ce A
utilizing thécaddptiomal Lammatipn efpphateresighdye Fiddetandi agd
condi tions JdyiffoRNeMReEN hgt B8epl.2SABso, the mask pattern forming
process should be performed very carefully so that a ~
resulting delay in the procesé for manufacturing the
semiconductor device occurs.
Therefore, the present invention seeks
to solve the problems presented in above mentioned prior
art methods.
It is an object of the present invention to
provide a method for removing residual material in a
cavity of the semiconductor device by utilizing plasma

scattering.

The present invention provides

a method for removing residual material which
remains in a cavity after an anisotropic etching process
in the manufacture of a partially completed multi-layer
semiconductor device, the cavity being in contact with
at least one etch-stop layer and where the cavity is
accessible by an etchable layer. The method comprises
providing a plasma etching apparatus-having a chamber to
receive the semiconductor device. A layer on the
semiconductor device is etched by anisotropic etching



+etch|ng appar at us until the top of the etch-stop layer is exposed. A
pl asma scattering etching process is perfornmed by changing the
predet erm ned conditions of the anisotropic etching process to produce
pl asma scattering upon conpletion of the exposure of the top of the
etch-stop | ayer, thereby renoving the residual materi al fronrthe cavity
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carried int ogg%f eﬁgsﬁz’eﬁﬁ@h ln%gw%%%égsd% g%/%vv%%é&exag}ﬁ?o t he
acconpanyrngscaawemmngrupwmchompreglon bf the yexpasuxe of thg okspsecti on
cof a sem cgpdy EHJ-QEo ‘ggg‘ih rtgfézgé?gﬁ Eég%iﬁ{g rt‘ﬁ@'flésf&ﬁ&i an

etchi ng process Peen per | ust r at es
Cross- sectronate€ﬁal af§§#rd@ﬁﬁu§§8itﬁeVPeéth°ﬂﬁdcHJthénre%WQRmﬁtﬂhlerraI

has been renqgggrby t he net hod of the pr esent |nvent|on 3 Fig. 1
il lustrates Cross-section g sem conduct devi ce gpmhich
fle p

resi dual naterlgFeﬂ?IQQﬁMrB*%F%ePrE ECRiRgdyr GOB % tigasyceh ®or ned.
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|nsulat|on are f%ﬂgér presgﬂggc%fnbéb m Torr, a chamber RF power
supply of 250 Watt and a chamber mixture of gases being
in a ratio of 100 : 150 (c¢L+. He) .
Preferably, the conditions of the plasma 'etching
process are: a chamber pressure of 300 m Torr, a chamber
RF power supply of 250 Watt'and a chamber mixture of
gases being in a ratio of_lOO:lsqii'(CCL4: He : SE).

For a better understanding of the present invention
and to show how the same may be carried into effect,
reference will now be made by way of example, to the

accompanying drawings in which:-

Fig. 1 illustrates a cross-section of a
. semiconductor device in which residual material-remains
after an etching process has been performed; and,
_ Fig. 2 illustrates a cross-section of a
~ semiconductor device in which the residual material has
. been removed by the method of the present invention.



portion of a silicon substrate 8 as shown. A gate oxide film3 is forned on
the silicon substrate 8 with one side being in contact wwth the field oxide
film2. A second polysilicon |layer 6 and a photoresistive film7 are forned
sequentially on the entire surface of the structure. Then, a mask pattern
process is perfornmed on a portion of the photoresistive film?7, and a
portion of the second polysilicon layer 6 is renoved by ani sotropic
etching, thereby formng both a second polysilicon |ayer 6 and a

phot oresi stive fRign 7 ag shfMustritesl. koweeross-sddteiqrii orofirt aroeess,
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8. Agate oxide film3 is formed on a rLgh ortion of the sybstrate 8 with
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phot oresi stive Tayer 7 is rehoved, i ed "accor resent

i nvention, @h@aatiien of rithevglioteresistive £ilm 7, and a portion of ~
the second polysilicon layer 6 is removed by anisotropic
etching, thereby forming both a second polysilicon layer

6 and a photoresistive film 7 as shown in Fig 1.
However, in the prior art process, a residual

material 9, which should be removed completely, remains
in a cavity positioned at right side of the first
polysilicon layer as shown in Fig. 1.

Fig. 2 illustrates a semiconductor device in which
the residual material positioned at the encircled
region, that is in the cavity 1, is removed completely
in accordance with the method of the present invention.

A field oxide film 2, a first polysilicon layer 4
and an oxide film 5 for insulation are formed in
sequence on a left portion of a silicon substrate 8. A
gate oxide film 3 is formed on a right portion of the

- substrate 8 with one side being in contact with the
field oxide film 2. A second polysilicon layer 6 is
then deposited and a photoresistive film 7 is deposited
on the second polysilicon layer 6. Then, after the

" second polysilicon layer 6 and the photoresistive film
7 are removed by the mask pattern process leaving a

4



‘residual material 9 remaining in the cavity 1 of seniconductor device. The
process for etchi'ng the undesirable portions of the second polysilicon—
| ayer 6 utilizes a planar plasma etching apparatus for anisotropic etching
t hereof until the gate oxide film3 is exposed, under the conditions that
t he pressure in the chanber is 280 mTorr and the RF (radio frequency) power
supplis.i n t he ROERHRR PE boshndayexsd ashshawn ahe eF bt vRentheepoatiote and

anodewg| ectrodsg i ntﬁée géggﬁgr 1§s§1g§bﬁt healakal 6di shencgnheheqpe
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Fig. 2. . At this np rtion 6A 6 bott dm of second
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I..gx,er 6 with tWa;:‘lz:hange_ thet iid stamdiet | betwéen tihe ptathade and anode
electrode in the chamber is 1.5 Cm (the total distance
between electrodes is from 0.3 to 2.5 Cm) and the gas
mixture in the chamber present in a ratio of 100:150
(CCLg:He) SccM, (standard ec/min.).

In order to produce a scattering of the -plasma on
the top surface of the gate oxide film 3, in the chamber
the selection of gases, the ratio of the mixture of the
gases and the pressure are changed to, for exanple,
100:150:6 (CCL, :He:SFg ) SCCM gas and 300 mtorr,
respectively, and the distance between the electrodes
and the RF power supply are maintained as in the
anisotropic process, above. Then, the plasma scattering

~ ~ is initiated on the surface of the plasma - etch-stop
| layers, -J'_..e. layers 2, 4 and S5, t:h_ereby removing the
residual material 9 left in'the cavity 1 as illustrated
at Fig. 2. At this moment, a portion 6A,6B of the
bottom of the second polysilicon layer 6 is also etched.

Accordingly, according to the present invention,
after the etching of the film, i.e. the  second
‘polysilicon layer 6 is completed, the residual material
denoted by 9 in Fig. 1 is removed by pFoceeding further
the_etching process for removing the second polysilicon



etching apparatus. |In other word, the plasma scattering resulting from
such change in the conditions nmakes it possible to renove the residual
material. Since the residual material is renoved by the plasm scattering,
excessi ve etching of other |ayers on the device does not- occur so that the
di sadvant ages of the prior art can be alleviated by inducing the plasm
scattering af@¥yercSaWiEhsdhenghange ipolhe: sopgitpang, faxcthecebasmcal | y.
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description of _the referyed enbodi nent has been presented for the
purpose of | PESUCAT HEARRPIRAY pti on. It is not intended to limt the
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the art. The present invention is embodied in the
sequence of performing the anisotropic process step
first, followed by the plasma scattering etching process
step, second. The purpose of the present invention is
to remove the residual material from the cavity to
thereby improve the quality of the semiconductor device.

As described above, since the etching process is
proceeded by changing the property of the etching
process itself, it contributes to a simplification of
the process and an improvement of the productivity.

The first etching process and the second plasma
scattering etching process are known. The present
invention is embodied in the sequence, as claimed.

The foregoing description of the preferred N
embodiment has been presented for the purpose of
illustration and description. It is not intended to
limit the scope of the invention. Many modifications
and variations are possible in the light of the above
teaching. It is intended that the scope of the
invention be defined by the claims.



;1. A method for renoving residual material which remains in a cavity
after an ani sotropic etching procesS in the manufacture of a partially
conpleted nulti-layer sem conductor device, the cavity being in contact
with at | east one anisotropic etch-stop |ayer and where the cavity is
accessi bl e % AN tchabl e | ayer, said nmethod conprising the steps of:
prode%ng a_ﬁlasﬁg et chi ng apparat'us ‘havi ng a chanber: etching the etchable
| ayer, by anlsotroplc etchlng utilizing the™ plasm .etching appar at us
under pPredet

apparatus un i'I 635‘% °§tc%e§%@%ﬁ%%ﬁ§%%<hgseﬁ¥£a per?orm ng a

pl asma scat t eemagdgnst thi agcpvmtgs@fter rmmztw'emm ®REghing @¥eFesa t he
cavity by chgHoLHd hifuRaeiehel @fnsdp%‘i‘%iél%%dﬁ plidted vt {1 OPigest chi ng

process to produce plasma scattering upon corpletion of the exposure of the
top of the esemicppguckpxr devigenythensavalytr Reingsisuonkasd %t tRr om t he

CﬁVI ty. 2. Jpe;gRishodd &ﬁféd&éogmretaht-beopr qdgleer mnmedzmwhthans of
t he ani sotropic,etching rocess ut| |2|n as are:_ G Lessure
of 280 m Tor FAVARYHE #& gtggéiﬁ‘t Y& a S a?afﬂﬂ% lFr$§ture of
gases being tBmpristing Qiheleﬁe slw-( CCL4 He). 3. The method of claim1
wherei n the predetermnned condl i_ons a e e 1Ry magce of
the plasnma scatt?FPP(d’dé‘l”& pﬂaﬁ %ﬁ%’gﬁgd rﬁgégz?%%anber '{R ss%re of
300 m Torr, ehahbetrar RF power supply of 250 Watt and a chanber m xt ure of

gases being in a J1Q Of 0, ; [ &rdJdy ani&bkkbpild! dtenghagnber. 7
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utilizing the plasma etching apparatus under
predetermined conditions in the chamber of the plasma

etching apparatus until a top of the etch-stop layer is

""\_,/'"

exposed; and,

performing a plasma scattering etching process to
remove the residual material in the cavity by changing
the predetermiﬁ;é—conditions of the anisotropic etching
process to produce plasma scattering upon completion of
the exposure of the top of the etch-stop layer, thereby

removing the residual material from the cavity.

2. The method of claim 1 wherein the  predetermined
conditions of the anisotropic etching process utilizing

S ' plasma gas are: chamber pressure of 280 m Torr, chamber
RF power supply of 250 Watt and a chamber mixture of
gases being in a ratio of 100 : 150 (CCL4: He).

3. The method of claim 1 wherein the predetermined
conditions are changed to enable performance of_ the
plasma scattering etching process by providing: a
chamber pressure of 300 m Torr, a chamber RF power
supply of 250 Watt and a chamber mixture of gases being
. in a ratio of 100:150:6 (CCLa: He : S}"‘) , in tl_;_e chamber.
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4.

A nmethod for renoving residual material which remains in a cavity

after an anisotropic etching process in the manufacture of a partially

conpleted nulti-layer sem conductor device,
with at
accessible by an etchable |layer, said nethod conprising: providing a plasm

| east

one ani sotropic etch-stop |layer and where the cavity is

et chi ng appar 4t usAhamet®od cforerenavifichg neridiahsmaterniat which

ani sotropi ¢ efelaBasUinl bZ&adit]caPtasEn CinisoErapPa’ éteiting!plodek P~ of
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tavity tis acaessiple bycapr etchabliendayenndisaichsnethote

4 anber pressure of 300 m Torr, a chanber RF power
Suplisds:

a chamber mixture of gases being in a ratio of

ef fect wherebynbh®erssi dual material is renoved fromthe cavity. 5. A
met hod for re

described with re
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nnving residual material substantjally ,as hereinbefore

utflizihg the plasma etching apparatus until a top of
the etch~stop layer is exposed wherein the predetermined
conditions in the chamber of the anisotropic etching
process utilizing plasma gas are: chamber pressure of
280 m Torr, chamber RF power supply of 250 Watt and a
chamber mixture of gases being in a ratio of 100 : 150
(CCL4: He ); and,

performing a plasma scattering etching process to
remove the residual material in the cavity by changing
the predetermined conditions of the etching process to:
a chamber pressure of 300 m Torr, a chamber RF power
supply of 250 Watt and a chamber mixture of gases being
in a ratio of 100:150:6 (CCL4q : He : SE) thereby
producing the plasma scattering effect whereby the
residual material is removed from the cavity.

5. A method for removing residual material substantially

as hereinbefore described with reference to and as
shown in the accompanying drawings.
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