1 .- " | SPECI FI CATI ON Title of the Invention

NMet hod of Pl asma Etching 5 Background of the Invention Field
of the Invention .The present invention:relates to a plasm

et chi’ng net hod for etching a workpiece, such as a silicon workpiece to
foerm 10 a mnute pattern in the surface gf t he wor kpi ece and, nore
particularly, to a sili-con workpiece etching nmethod capabl e of etching
a-silicon workpiece at an enhanced e ' nd effective in

| mprovi ng productivity. .Desc%?gkgg%Eghﬁp e Prior Art 15 A

pl asma etching nmethod using chlorine gas to plasnma-etch a wor kpi ece,
such as a silicon workpiece, for mnute processi ng has been generally

used. As is ﬂf@ﬁéa%%ytﬁéofﬁventio by addition of several percent oxygen to
the chlorine gas, the ratio of the etching rate of an object layer to

that of the 20 under|yépgodayErr18&hd BcRifg! i con dioxide filmformed by

thermal oxidation, (hereinafter referred to as "selectivity ratio")

i ncreasessdue to the difference in physical or chem cal etching
characteristics between the materials, which is described in, for
exanmpl e, J. \Mfgckdeoundeshnthe B¥éntior5 ppll85 to 1191, Nov/ Dec 1990.
Further, a dry etching technology is described in Japanese Pat ent
Application Lai dFigebd &H. BhO4b20eitiDon) , wherein by using a m xture of

chl ori de gas contai ni ng oxygen _
The present invention relates to a plasma etching method

for etching a workpiece, such as a silicon workpiece to form
10 a minute pattern in the surface of the workpiece and, more
particularly, to a silicon workpiece etching method capable
of etching a silicon workpiece at an enhanced etching rate and
effective in improving productivity.
Description of the Prior Art
15 A plasma etching'method using chlorine gas to plasma-etch
a workpiece, such as a silicon workpiece, for minute
processing has been generally used. As is generally knoWn,
by addition of several percent oxygen to the chlorine gas, the
ratio of the etching rate of an object layer to that of the
20 underlying layer, such as a silicon dioxide film formed by
thermal oxidation, (hereinafter referfed to as "selectivity
ratio") increases due to the difference in physical or
chemical etching characteristics between the materials, which -
is described in, for example, J. Vac. Sci. Technol. B8(6),
25 ppll85 to 1191, Nov/Dec 1990.
Further, a dry etching technology is described in
Japanese Patent ;Apﬁlgqaﬁioéw Laid-Open No.2-94520 (1990),

wherein by using a ﬁixture of chloride gas containing oxygen



2 . gas as an etching gas, the selectivity ratio of etching for
silicon oxide is high without causing side-etching in a film
excl uding tungsten group filnms. Furthernore, a technology is
descri bed in Japanese Patent Application Laid-Open No.4-105321 5

(1992), wherein by heating a workpiece to a tenperature above a
specified value in a plasma atnosphere of & m xture of chl orine gas
and oxygen gas, a multi-layered filmof nmetallic licon co ound and
pol y-crystal Qﬁﬁléﬁnapse@ééﬁggIﬂ?%«nﬁhe Sele?ﬁi?ﬁ%ﬁliﬁﬁkﬁt?%a? @sfor

fl eon restrlctlon or accunul ating

\ématsggultl ”Z' lng AN REaaE 15 Aloh® sﬁ&bmecaumgeﬁl STREFBYRE IRgRapLim
o er Ctha bt opdciid B8, FahoEbRY, 580HE; P ERs S E0FEekiofe] b SfachnopofY 1
protecting i1 hOLls gLhabiodeba e ékgﬁt@glﬂ&f& t43a-8pEh ! 18521

renmove, hence pro oes no I ncre

e e (1992)ho‘1c’i$e£él f2 t}# et cdtﬁ ng a el tbngee%hgﬁﬁéeggéogﬁ&%

silicon etchlng met capabl € Ilcon or

conpound wor kgi @¢RALF A | P&1 €SS e, éﬂﬁfééﬂar%kﬁo%@%égé of a MK Iof
productivity through a process having a good shape controllability

with | ess sidenhveringrgaecanddsyddn gas, a multiAlayBeedobjtmtopimébtellic
present invention is to provide a nmet hod of etching a silicon or

silicon conpogbllisonkpompeound5andapalliye cefstanr eviligonhd spreadssi ngp speed
and hence i nproving the productivity.
in nearly vertical shapes without using any gases relating to
10 fleon restriction or accumulating gases.
Although the additive oxygen improves shape
controllability and selectivity ratio when etching is carried
out under the aforesaid conventional conditions, a large

amount of protecting film is attached to the side wall and is

15 difficult to remove, hence productivity does not increase.

Summary of the Invention
It is an object of the present invention to provide a
silicon etéhing method capable of etching a silicon or silicon
20 compound workpiece at én increased  etching rate and of
improving productivity through a process having a good shape
controllability with less side-wall protecting film.
Another object of the present invention is to provide a
method of etching a silicon or silicon compound workpiece
25 capable of improving the processing.speed and hence improving
the productivity.
A further object of the present invention is to provide

a method of etching a silicon or silicon compound workpiece
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A further object of the present invention is to provide a met hod of
etching a silicon or silicon conpound workpi ece

3 capabl e of preventing the etched workpiece fromoccurring

- notches with small amount of side-wall preventing film Reacti on
mechanismin the etched surface of a morkplece during etching under a
pressure condition that can be realized 3 by a conventi onal plasna
etching apparatus, nanely, a vacuum of 0.1t

exami ned car e@%P‘P? e thepre"enY&’i‘gl Fpeo@%'@%es‘ﬁ%’g’gpﬁﬁﬂ%uéFOHh ?%currlng
described in, for

| .
No. 5- 259119 (&‘9‘9%‘5"35 ‘[’TythAﬁ‘Bﬁi‘bl ‘58?’8 tsﬁépgté %rW%??ohgg%%ggl%‘ﬁe &rl ty of
hl gh Speed 10 eXR%%?S.‘i bgnllﬁ%?ég lCO eeé‘g&g& s&ﬁ%g%e g\flegl Vfﬂl%'ié& a

pol ysilicon | ayer by mai ntarning a

density, maingal {‘%,@?%gcr%ﬁ\é& RIRRSH Lo PY s B 88" écﬂ‘?ﬁjlh ion th@@"éﬂﬁt bé%eé‘ﬂ&ed

suff|C|entIy Supp reacti ont gas so at the supply of the

et chant ﬂ?t d@éﬁ&&hﬁfoﬁgf ﬁfé@m&fetéﬁinérﬁb PLESS; nandlyUCd vacuum
process, e |ng rate of un erlylng | 'ayer can be reduced and
the sel EC“V'D{ ERE Qaf%@é of obs.a kBCH@ASRd s NBkSh2hBANGareFuadgel ermmeé ng
energy on a |l ow | evel Under such conditions including

hi gh- speed exheusitoros lﬁ@h«'ﬂiﬁéﬂ eaRbtsklahi 14 tdedcomipmid Lint yfof etdmple ng
a vertically wor ked shape (notchless) by the process which determ nes
exactness in gaphhegea Batyait i Apphecabaps daid-+opEn Hd5-259128nmlAMB) -
side-wall protecting film is deteriorated because the density of the

reaction prodhetodétingatesthdcdescrigtion asout obipe kil tyrof pkavi sreed
shape controllability is necessary.

10 exhaustion, the silicon etching rate, when etching a
polysilicon layer, can be increased by maintaining a high
plasma density, maintaining a low pressure by high-speed
exhauétion, and sufficiently supplying the reaction gas so
that the supply of the etchant will not determine the rate of

15 the process. In such a process, the etching rate of the
underlying layer can be reduced and the selectivity ratio can
be increased by maintaining ion accelerating energy oﬁ a low
level.

Under such conditions including high-speed exhaustion,

20 shape controllability (capability of obtaining a vertically
worked shape (notchless) by the process which determines
exactness in etching a layer in the shape of a mask, and
removing side-wall protecting film) is deteriorated because
the dénsity of the reaction product decreases. Accordingly,

25 some means for improving shape controllability is necessary.
In an experimental etching operation, oxygen was added and the

workpiece was cooled during etching to improve shape

controllability.



I n an.experinmental etching operation, oxygen was added and the

wor kpi ece was cool ed during etching to inprove shape controllability.
4 It was found fromthe results of the experinental etching
operation that, under a high-speed exhausting condition where t he
etching chanber is exhausted at 250 ml/m n or above, etching rate is

hi gher with | ess side-wall protecting film and 5 having a good shape

controllability (ggdh99 +SiARAREm eﬁe resuldggt %gge xﬁﬁhgﬁggpﬁ?)&%sg

shape (notchless) and renovi ng wa pro
2.0%or |ess egs&gselbﬁ that, \ﬁﬁf@zdaaB‘ig}xh@;p\égﬁkQkﬁﬁﬁs‘tinﬁeégnalti‘oh%ere

tenperature of Oferr]C or below “than that at which the workpi ece can

be etched wheghel@tcHiligy WOh&bEE e 1S itldited RROMIENREIALH @r adbVe,
t he silicon etching nmethod of the present invention is able to

secure producgt¥himght@berid haghbhaki AN dss SAAH-8A 1Y prb&ecting £ilm and
conventional silicon etching nethod. It is known that the
surface of a mRavingn awrggpd&cehape lbontmallédbiiliitya (eegiioan papdblées,of
such as Si-d and Si-d-0 - when the silicon workpiece is etched by
usi ng chl ori nebgasning a vehticallesietkedisthape e nowrhbegmhi and i temoving
enpl oyed, carbon I's supplied to the silicon workpiece and,
consequent | y, tisp- gide-walhapragepshogeidglyy , (whes @VP¥gcaatless erygemtis
(3.99 eV and 20 2.75 eV) of Si-C and -0 is fornmed and Si-C inpedes

t he et cAdAgd opPEnENS WPEBRiGEPKpEebeldnmitcR ey H@mpﬁm@%cp# rOH
a fact that the bond ener of Si-Cis greater than the bond ner g
(3.21 eV) of OF-Bplowa Yty i PaHBIRP SheoRgEERLPGS can be prhed Yhe

the oxi dgofil g durl g, Qver o N9, %L S temperature. Thus, the

silicon etching method of the present invention is able to

secure productivity)higher than that can be secured by the
conventional silicon etching method.

It is known that the surface of a silicon workpiece is

15 coated with a reaction products, such as Si-Cl and Si-Cl-0

when the silicon workpiece is etched by using chlorine gas.

When a resist mask, i.e., an organic film, is ‘employed, carbon

is supplied to the silicon workpiece and, consequently, Si-C

having bond energy (4.64 eV) greater than that (3.99 eV and

20 2.75 ev) pf Si-Cl and Cl-0 is formed and Si-C impedes the

etching of the silicon workpiece, which may be understood from

a fact that the bond energy of Si-C is greater than the bond

energy (3.21 eV) of Si-Si. A very smalliamount of oxygen is

supplied from the oxide film during. overetching as well as

25 from the inner surface of the plasma etching apparatus by

outgassing. Insufficient oxygen for the reaction is supplied-

at thg former stage of the etching process because the

underlying oxide film is not exposed and hence Si-C, i.e., an



25 fromthe inner surface of the plasma etching apparatus by

outgassing. Insufficient oxygen for the reaction is supplied at the
former stage of the etching process because the under |l yi ng oxide film
I s not exposed and hence Si-C, i.e., an

5. | npedi ment to the silicon etching process, cannot be renoved.

Since the bond energy (11.1 eV) of GO0 is far greater than the bond

energy of Si -,g,ggé Cnche ¢ ey g}:_gaaé%cﬁgﬂg(r)?&nég?.gg?i54:¥nnot b&brhENe

d.
bound nol ecul , are so that Si-C,

l.e., an i rrpeéiilgggttﬁé) ddia %gxle%r%&nm( eLCRI 89y of c-R 9CTar §2BalEr" EARN Othe

Al t hough the Tnderl ying oxi I s” exposed partly at the latter

stage of the i 'fe%{g |18i-c, tREOSESha [ SHRPLYapE Sepygesréd sdsily
i nsufficient l?H(J)xlr“llt eleéfmfrqgéct i'on when the sel ectivi?y ratil{o of the

silicon etchiggs Afw BHEAESRol&ch2Ege Baeauss Che @ndlsif-HdIm isretfiwned,
scarcely by such a silicon etching process and, in sone cases, the

oxygen 5 cghcephratdoic cannet,ban nompededen® &ovathe isdédlcohoretching

i ncreasing the etching rate. Generally, the etching rate of a resist
is two to fiveréta®s, tEah 19é8 remowedle fAlthangh ithe uriderkpingfexide yfilm
carbon source. Favorable effects can be exerted on selectivity ratio
and et chi ng rasecekyopedipavely asupplyilatter stage@f gie ishbicore §iaRirRg | n
a given oxygen concentration to cause the aforesaid change in_the
chemical reacproress, the sypplybpfuprygep is stillndingarffdiqient (£QF the
occurs in the conventional etchin apparatus that the rate of rpﬁgss

i s det er m nedr@gcther gyhgpe the selectivdhy ixatiR 9fadhg Fidiadp £t

supply of the etchant due to insufficient haysti pg: performance,, and
thgps¥|i%@n process is large because the oxige fgim gs-egghgg scarcefy by

such a silicon etching process and, in some cases, the oxygen
concentiation cannot be increased to a value ideal for
increasing the etching rate. Generally, the etching rate of
a resist is two to five times that of an oxide film and is a

15 satisfactory carbon source. Favorable effects can be exerted
on selectifity ratio.and etching rate by positively supplying
oxygen gas into the plasma in a given oxygen'concentration to
cause the aforesaid change in the chemical reaction in
equilibrium.

20 Incidentally, it often occurs in the conventional etching
apparatus that the rate of process is.determined by energy due
to insufficient plasma density or the supply of the etchant
due to insufficient exhausting performance, and the silicon
etching rate cannot be increased. Therefore, the maintenance

25 of a high-density plasma and the exhaustion of the etching
chamber at a high rate will bring about characteristics
different from those of the conventional etching apparatus.

It is considered that etching rate could be increased by the



etching rate cannot be increased. Therefore, the maintenance 25 of a

hi gh-density plasma and t he exhaustion of the etching chanber at a
high rate will bring about characteristics different fromthose of

t he conventional etching apparatus. It is considered that etching
rate could be increased by the 6
adsorption of the etchant with | ess side-wgll protecting film and with

pti 0 nt i th | e: : ting fi nd wi
workod shape TRBPERFLER)SE dhe (A e AT el otae RRLE PLOGSTRG LEm Y

by the surfacglagf Jiltg Shl ifgg,?;gbl Sﬁapel RUReroh 12 kR ep,ees?;g&l, edaphble O¥F

tenperature and the I shhrent of a properly equilibrated chem ca

reaction by ophtaihengddi $&6016851 0¥ VE6 ke shiife O{HCECHESES ) | dnd Srdieng
t hat the reaction of a silicon dioxide filmcan be suppressed only

when the wor kphgC8id6-waLL efrbestyns YLl D) tisypetat suefade dP the 1] beenh C
or below. Therefore, it is considered that the cooling of the

wor kpi ecest 0 ayefy dfova t eopkpakoee dodlietefdtchi Vieow ntemperahureasindy the
etching rate, and the chem cal etching suppressing effect, i.e.,
ef fect in suppseablihghhéetrefaipnmpemdy efjusSilibratedndhemicéltheackienhpwe
supply of oxygen to the surface of the 15 oxide filmis dom nant.
Brief Descripthenadfiithen| ofepxygen. On the othexr hand, aityripHHErewii FRAt he
dependence of silicon etching rate on the flow rate of chlorin$ éﬁf
and the ratiotheorea¢tienef @ Hdigan dioxide filmregn bejIURPTRFRT | ALY
vi ew of assistance in explaining ., the effect of tge rati o oftgqgitége
oxygen on thewgﬁﬁpénﬁ workpiece is cooled to a very low temperatu
10 -100°C or below. Therefore, it is considered that the cooling
of the workpiece to a very low temperature is ineffective in
increasing etching gate, and the chemical etching suppressing
effect, i.e., effect in suppressing the recombination of Si
and O, of the excessive supply of oxygen to the surface of the

15 oxide film is dominant.

Brief Description of the Invention

Fig. 1 is a graph showing the dependence of silicon

etching rate on the flow rate of chlorine gas and the ratio
20 of additive oxygen.

Fig. 2 is a pictorial view of assistance in explaining
the effect of the ratio of additive oxygen on the shape of
etched'part.

Fig. 3 is a graph showing the dependence of silicon

25 etching rate on the temperature of the workpiece.

Fig. 4 is a schematic longitudinal sectional view of an

etching apparatus for carrying out the present invention.

Fig.5 is a graph showing the region for adding amount of



etched part. Fig. 3 is a graph showing the dependanggmaft shdstcon

25 etching rate on tHe tenperature of the workpi ede® Fig. 4is
a schematic | ongitudi nal sectional view of an et chi ng appqrgtus for
carrying out the present invention. Fi 0.5tk @ gadSquhomﬁng t he
region for addi ng amount of oxkgen gas to expl aini‘ngtthe present

I nventi on. Fig. 6 is a graph showing the relationship between

et chi ng ' ‘ ini.hg the present

i nvent i oﬁgjgen%g% %}fﬂ(}ﬁa%@iﬁl&ﬂg %?%rs?ltelg %ﬁ%@%%emn't S A silicon

et chi ng met hodriign 8. 18 ef §FapH HEWERIgTRRE P ilndthipl Bet WEe RS Ming rate

I nvention will be described with reference to Fig. 1, 2, 3, 5 and 6. Fig.

1 is a ganghckhominmg dde flepemdtectoobxplainimg e lpmegendt dnwenthent | ow
rate of chlorine gas and the ratio of the flow rate of oxygen gas to that
of chlorine gas determ ned through experinments. A workpiece was mai ntai ned
at -30[err]C by nmaintaining a stage nounted wth the workpi ece at about
-50[err] C during etching, and the output of a power source for producing a

pl asma vgss IR pE AbNESE e Jﬁﬂé’f@?ﬁ?eh“ﬁn@&&%nﬂ{ a bias power source, i.e.,

a radio frequency bias power source, for accelerating ions was maintained"
at 60 Wto na giaieoa btghifgnaethod! BisnR preflirasdctbollinetdtsababgaingi t
(upstream relative to control pressure (downstream were neasured

bef or ehaprl tthe regelent| bovent tomwid lpbesdesgeritrash withdreherence itol Fipredsure
during etching was, corrected so that the ﬁ;essure in the  discharge_unit is

1 Pa.  *#f ¥he &dafisti BhIcohdit Pagdarty BRPEINGJSHE idPaRdencs RE EbhiFor
pressureeééhfﬁ§ﬁ§gé%jéﬂ)éﬂ%efQB§CQg£geoynéﬁlorine gas and the ratio of the

flow rate of oxygen gas to that of chlorine gas determined through
experiments. A workpiece was maintained at -30°C by maintaining a
stage mounted with the workpiece at about -50°C during etching, and
the output of a power source for producing a plasma was maintained

at 1kW and the output of a bias power source, i.e., a radio frequency

bias power source, for accelerating ions was maintained at 60 W to

maintain a high-density plasma. Pressure of a discharée unit
(upstream) relative to control pressure (downstream) were measured
beforehand for each flow rate ‘as a pressure drop, and the control
pressure during etching was corrected so that the pressure in the
digscharge unit is 1 Pa. If the exhaustion conductance from a
position where the control pressure is measured to the discharge unit
in the etching chamber is sufficiently high, i.e., a condition where
the pressure difference is not greater than 10% when the flow rate
is 500 ml/min, such pressure correction is unnecessary. As shown in

Fig. 1 and Fig. 6, the silicon etching rate is higher than the



in the etching chanber is sufficiently high, i.e., a condition where the
pressure difference is not greater than 10% when the flowrate is 500

m /mn, such pressure correction is unnecessary. As shown in Fig. 1 and
Fig. 6, the silicon etching rate is higher than the

8 usual silicon etching rate of 300 gm m n when the flow rate

Is 250 M/ mn or above. It is noted in FFg. 1 that the etching rate

' wh | f ' b %0 h '
chanbor 1 s OBIAT ot bt Saf e BRNPEY Havf R, 280" na/mipTBRe S8 SN o,

or 2bove. the o1 bLeOekil NG abye,  1U°GLCHSt] 01A Yaldle FUBRERTUA Y

equal to a siTT c6R et CHi e at which a silicon |Iayer is etched

when oxygen %%;?fthEate_incf@%@@gt&héﬂleﬁénﬁ?ggé-o¥h%%?bgﬁ filsoWgite 10f

chl ori ne gas mai ntal ned at a value o oOm n or above and the

ratio of 10 5 0(%IRD e tWRing ¥AEMBEr is!dihausS€dEdt W h!ﬁ_h raté0d wHewaiHed
substantially constant .because silicon dioxide filmetching rate

i NCreasess i N REE®r b 08xygehhesi NC0sasr bsid] CoRe silicenchitofingt ecatteen
the ratio of oxygen was bel ow 2. 0% (preferably below 1.5% . Thus,
silicon etchidecredsesaio kevalbe subseanedadiyyhegtal etioica rsgl tilvors @tedting t y
rati o when ratio of oxygen is below 2.0% (preferably below 1.5% and
chlorine rajes ats whighl aedihic@s(lagdmiis ettchiedywhep dxygensgas hies not
productivity. Fig. 2 shows the shapes of etched parts forned by
etching 20 addeshitehchierfinengpg: e Wien Hihsy ifdowgaatesof| SRPBINGEPHIWAS n
and the ratio of oxygen was varied. As is obvious fromFig. 2, when
oxygen gas i J"aitakRrRd ath@ yrlue pér AEA Mh/PhB @F (RReve and the ratio of

10 oxygen was varied, the selectivity ratio remained
substantially constant because silicon dioxide film etching
rate increases in ﬁproportion to the increase of silicon
etching rate when. the ratio of oxygen was below 2.0%
(preferably below 1.5%). Thus, silicon etching rate can be

15 increased without reducing the selectivity ratio when ratio
of oxygen is below 2.0% (preferably below 1.5%) and chlorine
gas is supplied at 250 ml/min or above to increaée the
productivity.

Fig. 2 shows the shapes of etched parts formed by etching

20 in which the flow rate of chlorine gas is fixed at 500 ml/min
and the ratio of oxygen was varied. . As 4is obvious from Fig.
2, when oxygen gas is not added, notch is formed in the etched
workpiece and no vertical worked shape is obtained. Further,
there arises a disadvantage in that the resist on silicon is

25 etched excessively leaving a side wall protecting film and at
the same time the thickness of the side wall protecting film
becomes thicker when the ratio of oxygen is 2% or abovef The

side wall protecting film could not be removed in a resist



wor kpi ece and no vertical worked shape is obtained. Further, t here

arises a disadvantage in that the resist on siliconpis;
Lart ses. ! ! . . fve réfiadieRbnt sheet
excessively leaving a side wall protecting film angﬂgs is fe ?she same tine

the thickness of the side wall protecting film becones t hi cker.when
the ratio of oxygen is 2% or above. Theg9 si de wBlte:pr & €kt Bny i—[I m
could not be renoved in a resist ashing process follow ng the

et ching process when the_ratjo of oxygen was 2% or, ab . _Therefore
ofFSs SR &

appr opr i 3¢RLIRGPTEEESE9LEAWIRT 1Rgprocess yh SOPREFOSF PAYERE. 1

that the siljgcaon hing | af i : 1CT df/n@,gj, At f
oxygen t%a%r#%orolrngbég ‘Wadél?éxgebf\(g%%'lé/? %%&d%’iét{% r%%\qus?i gat eée%}ﬁilssa beof
phenomengngén nore detail, an experiment was conducted to clarify the
dependence of silicon etching rate on tenperature under the high-speed
exhaustion congi twa@ obgeawed AnFiFdg.l 1dehatnithed stilicogh eéxpéngneats, was
which the ratio of oxygen was fixed at 1% The result is_shown in Fig. 3.
It is koelmtively Ancreaded widn dhe aadiiion @t SxyIean tee chiordREeg2fh¥ASt he
tenperature of the workpiece is Olerr]C or, bel ow and the f,l ow r%t%e%fail

chl or i ngal;g%ti%%z:so /R4t SHhEF8nbRT Rt R IIERHM Mo MO5iTeC8 - Hhay
nmeasur e rom behi nd_t he [ KRJ L1 h | ati i
The't empth o EAPBELPaDt cEp ngRRRLSEEd (hbllcRarREy OLhA deBERHBABL CoE oiddbon).

the indi éEEﬁi%&rﬂ&%léaéﬂft%n&jé&tamhreﬁndé\ﬁtnermm@eedr brhéespbomiconditionhe
stage during discharge was about -10[err]C Under this condition, where

t he et chingws hiwteig i sL eldtaurstimedbyhitoggh sexpelrinsmtiais titowhigl ghe ratio
hi gh-density plasma is_maintained within the etchi % chanmber, capable,of
et chi ng of | prvaent vapof Hrediaf okt abdhe Lesuld :'@Oﬁgll oy &8 CREr herg i $%no

| arge differen in.i :
g lfcngwr? I?OHII Q“ilgrlgugh;g' esrz{’ﬁ?il.co%r_]%ngﬁing rate can be increased when the
temperature .of the workpiece is 0°C or below and the flow rate of

chlorine gas is250 ml/min or aboveffI'he temperature of the workpiece

was measured from behind the workpiece with a radiation thermometer.
Usually, the temper';ture of the stage mounted with the workpiece is
controlled for the indirect temperature control of the workpiece.
The temperature of the stage during discharge was about -10°C. Under
this condition, where the etching chamber is exhausted by high-speed
exhaustién and a high-density plasma is maintained within the etching
chamber, capable of etching silicon at 300 nm/min or above, it is
considered that there is no large difference in input thermal energy
given to the workpiece between plasma etching methods. There is a
temperature difference between the stage and the workpiece during
etching, and the temperature of the workpiece is greatly dependent
on the mode of heat transfer from the wo:.:'kpiece to the stage. In the
etching process in this embodiment, in which the control of the
workpiece is important, it is important to enhance heat transfer from
the workpiece to the stége. In this embodiment, the temperature of

the stage necessary for maintaining the workpiece at 0°C was -10°C.



gi ven to the workpiece between plasma etching nethods. There is a ,
tenmperature difference ‘between the stage and the wihkpisethe repiacegentsigitng,
and the tenperature of the workpiece is greatly dependent on the node of
heat transfer fromthe workpiece to the stage. 1In the etghi ocess in
this enbodi ment, in which the control oft&he workf&ge is E)nggr t, it is
i nportant to enhance heat transfer from the workpiece to tHe stage. In

Eﬂies \Ngﬂz‘%&p h@?”éit%?? E%g%ﬁgﬁﬂé _qué r&éi@%m@ﬁﬁeﬁé%éﬁéﬂnﬁ 22ha ¢

t enper at we bﬁldﬁ&:ﬁeﬂlﬂﬁéeéﬁné}ﬁrﬁé@éﬂd& b Ql[rﬁfiﬁ:]e@tl?[ deeltewiaed s
speci nen tenperature s rndirectly controlTed by controlTing the nounting
stage tocobB@oddibgl bie mountiny stmcgpikar eAD ¢ raxmklidimw.or egoi ng
description, etching rate can be increased w_thout reducing_the

sel ectivity rat§ d-%?PB?EWF‘hg‘-rOﬁ Fhedirrparingpfeeesipieiriy etohing: 5kl Gan
clainms, so that process, ﬁine caa be re% ced_and .t.he rodqfxiv%ty %9n.be

I mpr oved. eNaJtrtﬁrae'a}sﬁ Yh ?)‘Feséﬁ UERREn RSN FURTHIORE Y or 2 TR 8 ms ecfhfl@gt S
when applgiigdhA uﬁ&&?'ﬁgoggg@rééﬂéiﬂﬂgﬂéab@hegdsih'fPQiﬁ@,Eb&”ﬂ Eg?ocess
conponent, such as nonhdoped polysilicon, doped polysilicon and anorphous
silicon, tang c&hlbecirdatcllind dhe sOROEHIAA t3f caRtse imipioveldl. Caaturally,

Al t hough the data shown in Fig. 2 Is obtained under a condition that the
pressur ethe phesemtbdesentionhéunctianPfantheheane @ffiegtes whénapwlieh tgas
Is 500 mM/mn, a preferable adding rate, of oxygen ,when the asegéfssur IS
changed £5°Bi1gtBrEepials qARtAIRiRgIShicepRADR REEBFYPADSOPTIRIGH e B

found” « naP 1o ebIEpE 1 HGh Sorea Yol B8 Fom AR sl S0 84m B0a
case Whepg§ REGEL OWhi 8k CarOf P RIdRe oFaRet sl £RA SKRIRLE, 300 m/min, it

Is not preferable to
Although the data shown in Fig. 2 is obtained under a condition

that the pressure in the process chamber is 1 Pa and.the flow rate
of chlorine gas is 500 ml/min, a preferable adding rate of oxygen
when the gas pressure is changed to 0.1 to 5 Pa is determined by
approximately absolute rate, but not by the ratio to the chlorine
flow rate as shown in Fig. 5. It was found that the preferable flow

rate is 1.5 ml/min to 10 ml/min. Even in a case where the flow rate

of chlorine gas is, for example, 300 ml/min, it is not preferable to

add oxygen at a flow rate of more than 10 ml/min since the side-wall -

etching retentive film cannot be removed. The most suitable flow

rate of oxygen gas, in which a vertical shape can be obtained and the

gside wallletching,preventive film can be removed, was about 3 ml/min

when the low rate of chlorine gas was 300 ml/min.

That is, as shown in Fig. 5, it has been revealed that the

region in which the etched shape is a vertical shape (notchless) and
the side-wall protecting film can be removed is in the range of
oxygen adding amount of 1.5 ml/min to 10 ml/min for workpiece

temperature of 0°C.



add oexygen at a flowrate-of nore than 10 m/mn since the side-wall
etching retentive filmcanhot be renoved. The nost Tﬁﬁ" ;Eathb%f)lh@wnehﬁél%ﬂf

oxygen gas, in which a vertical shape can be obtained and t side wal |
etching preventive filmcan be renmoved, was about 3 nl/nmn he | ow
rate of chlorine gas was 300 mi/min. 11 That isDPa& sho .5, it

has been revealed that the region in which the etched shape |s a vertlcal

shape (notchl ess) and he Si f|

t he range of oxygen gﬁ |ng S%W%’a (L)‘f% %%PJ/ l?atéa@f@a%% ﬁ—g% |ece
tenperature.Qd PL8EELE. invention. A stage 6 is placed within a vzﬂﬁtﬁn' S
t he repl acenent” sheet 11 Dat e:

Fig. 4 showse@gePtTha ngeaPpbdnt ¢lsarhiosr CRriy i figrmed oppiss Pt s tthave@dgen.
A stage 6 is placed within a vacuum vessel 7 a reaction chanber 1 is
formed opposiie tbet Nppsragortdom ahethppeacyant veasel fhe \Pacmmowees\seel
7. Amcrowave inlet wipndowis fornmed abhove the reaction chanber 1,

cavity resHheRlorvindew b ntemes Q%V%d&ﬁjrﬁ'?/%%"s’é{’n?c afFRen ]rr'ag%e‘f"’l"f)’rf:y4

i's connected throu vequi de.3 to.the cavity resgnator _2. Vacuum punps
5 and 0 o1 cTeBARBERED: SO TRUBEEE SR G HECOWN. HBREeLe 20| A0 & AASRERAIY bn

h ' d f h
capac ty of 4 'ao%&f?*sg%e?ot%ﬁ S e e
xhausti on 5peeqecu HISRRIDY i & ofd NEo5 80682000 enc AN 8 Wher

cooling systém 'not s ing gas 1S plired into her

charbe’ Ly 0508 pteonRlindit ae 08! e sl BT

rate nmaintagghpg .hi gl!‘he vacuum pumps 8 and 9 have each a capacity of
2000 1/sec to evacuate the vacuum vessel 7 at a high
exhaustion 'speed. The temperature of the stage can be
contrdlled by a cooling system, not shown. An etching gas is
supplied intd the reaction chamber 1 by a processing gas
supply device, not shown.

The present invenfion is capable of effectively etching
silicon at an enhanced etching rate maintaining a high
selectivity ratio and without damaging an etching resist mask
with less side wall protecting film and with a good shape
controllability. It is possible to prevent an etched workpiece
from forming notch-shape with less side-wall protecting film.

The enhanced etching rate improves the productivity of the

etching apparatus.



selectivity ratio and w thout damaging an etching resigt

_side wall protecting filmand with a good shape cont rﬁf'?éﬁaﬁlq Eesplaqetmqnz Sheet
p___ossi‘bl e to prevent an etched workpiece from formng notch-shape with |ess
side-wal | protecting film The enhanced etching rate pggR:ovROnMR - q
productivity of the etching apparatus.12

This is the replacenent sheet d ai ns 1. A nmethod of plasma etching
a specinmen containing silicon conprising the steps of maki ng a m xture
of chl or¢krim@ds and oxygen gas into a plasma, applying a radio frequency
bias to accelerate ions towards the specinmen and etching the speci men using
sai d pl asma wherein the flow rate of oxygen gas in said mxture is 1.5 to
10 m /m g f %?Ec 4 of

mai nt ai n| ng tﬁ?@arrp% tiﬁglgé (ﬁ‘&ggﬂ spec %ﬁ“?t&%g%?%@%?e@;!ow and

mai nt ai FARRFISARI Eh StEPEr@L ¥ a stage on which the specinen i s nounted at

. 10[ erlr] Cmaﬂt&néaltmfure of cl%lo'&'ljpé Ejé‘rmiohl Bfgean gasTin &iaizplasma;:cordl ng E)O

claim erein ow rate of s chl.ori e as s n or above.

: T8, h e ErRog Blas BondRraS 5 b e 0 1 5

cl ai ns SPmaheﬂ anthetcehing tie sgecmemhsxmgasampéamwhdreinahe lef fective

exhaust ﬂﬂv F@gcﬁf 8)5?% §tu§gg §gc_ﬁ:ci \g/nﬁ; 9 0%m1 density is at
rr G vacuum ¢ _

| east I's nal n al ne rTber
etchJ.ng is perfo under any one of conditions of maintaining

the temperature of said specimen at 0°C”_ox below and maJ.ntamJ.ng
the temperature of a stage on whn.ch the specimen is mounted at |
- 10°C’_or below.. '
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2. A method of plasma etch:.ng according to claim 1, wheren.n
the flow rate of said chlorme gas is_250 ml/min or above

3. A method of plasma etching a silicon workpiece according
to claims 1 and 2, wherein the vacuum chamber is exhausted at an
effective exhausting speed is at least 500 litre/second while a

plasma density is at least 5 x 10 cm™ is maintained within the

vacuum chamber.
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