WO 02/ 19409 PCT/ US01/ 26833 METHOD FOR SELECTI VE ETCHI NG OF OXI DES 5 FI ELD
OF THE I NVENTI ON The present invention relates to the field of

sem condweo® 02/194md egrated circuits and, in particul ar, torParwsessssf or
selectively etching of oxides. BACKGROUND OF THE | NVENTI ON 10 Duri ng
etching of a contact opening in an insulating |layer on a wafer, a native
oxi de residue, for exanple silicon dioxide, often remains, particularly at
the bottom of the MDD FORsSBAEGENG BIRCHIN GU@FXIDES r enoved
before a conductor is deposited in the opening, as the oxide residue wll
undesirably increase resistance and inhibit current flow through the
conductor. The sem conductor 15 surface nmust al so be passivated by hydrogen
to furtsher prevent its reoxi i | of the native oxide.
Wt etgh cl eani ng processes ﬁgg%igggiigg%%§ﬁﬁ§ﬁgggg§for t he renoval of

nati ve oxi des and the_passivatjon of the sem.co ctor surfaces, minl
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for the etching and cleaning of both thermally grown filns and deposited
Sio2 films. At roomtenperature, HF etches silicon dioxide nmuch faster
than it etches the photoresist or the underlying silicon. The etch rate in

BCE ranges from 10 to 10 ' j e WO 02/ 19409
PCT/ USO01/ 26833 2 densi t%A@(ﬁ%bﬁ%%i@’nF ﬁﬁﬁwd@tch rates al so
depend on the type of_ oxide  present. As such, silicon dioxide grow in dry
oxygenlhas a sl over SXeRgUeRingdq copragt openingan an (RINGAYFE OFr DWALCE R t he

presence of water. Further, a high
native oxide residue, for example silicon dioxide, often remains, particularly at the

bottom of the opening. This native oxide residue must be removed before a
conductor is deposited in the opening, as the oxide residué will undesirably increase
resistance and inhibit current flow through the conductor. The semiconductor

15 surface must also be passivated by hydrogen to further prevent its reoxidation after

the removal of the native oxide.

Wet etch cleaning processes have been commonly used for the removal of
native oxides and the passivation of the semiconductor surfaces, mainly -because wet
etches are conventionally used for etching windows in insulating layers, such as

20 silicon dioxide layers. Typically, a buffered oxide etch (BOE) solution containing
hydrofluoric acid (HF) is employed for the etching and cleaning of both thermally
grown films and deposited SiO, films. At room temperature, HF etches silicon
dioxide much faster than it etches the photoresist or the underlying silicon. The

etch rate in BOE ranges from 10 to 100 nm/min at 25°C, depending on the



concentration of phosphorus in the oxide enhances the etch rate, whereas a
hi gh 5 boron concentration reduces the oxide etch rate. Renoval of native
oxi des, pw@vt/edbarly that of silicon dioxide, by a wet chenmus@l268i3cani ng
poses two inportant drawbacks. First,2both HF and BOE have poor wetting
characteristics on silicon surfaces. As such, conventional wet treatnents

do ot offer JebtPhE MIREESaSaAl SRR g, SEThNAUS! ol SHLLRBSRCNYI g

10 fine patterns ecause viscosity an surface tensi ese wet
etch sol utions prevent many tines, the chemcals frontreachl g the
bottoms of cdAHEHEE. éﬁéﬁtha@%lcoetdl@e% SRR A BV ASR hessuepyvr etCherattattliave
oxide fornmed at the bottom of an opening wth a high aspect ratio (ratio

bet ween trenchatiefdhl stizdn toxRircdrodinainethe preseacenaliwdter. Bashéry atégipved by a
wet cl eaning process sinply because surface tension nmakes it 15 difficult

for the etchagl, Lo, eé}%éﬂb%gﬁ&%@ i99he 5560 MhaREE etk ?atE'FW{ B éﬁleéﬁ I on

reaches the bottomo enlngs to renove the native okl es,

si dewal | s of 'the openings, teﬁ& %ﬁg ed. Thus, in contact hole

cl eani Ag at tIREOB GBDERMAFALOR TRelEGeS 1?8@% Sntrol I ed increases in the

di aneter of the contact holes, known as critical 20 dinension (CD) | osses,
are common during the wet cleaning process. Figure 1 illustrates a contact
opening 22 forned acRendivalgfirative bikidengwmticipirdt dlat bhgbicaplioxipfegbpases i n an
i nsul ating | ayer 24 of, for exanple BPSG that has 2 WO 02/ 19409

PCT/ US01/ 26835 en . pERBnARRIOL S ﬁ%&tﬁﬁ'& MEL Blses BB LAY Sr PO Bave

cont act openi ng ctor not S own exarrp e

tungsten (W will be later forned s kno in the art. As also known in
the art, a ba%r&etpa%éﬁareﬁstw%qﬁ jic Oeoﬂnvﬁ@aesofAsasuﬁ'a cnvertiepal Fett i t ani um

(Ti) is first applied on surface 21 of the contact opening 22 prior to
treatments do not offer reliable processes for cleaning semiconductor surfaces having

10 fine patterns, mainly because viscosity and surface tension of these wet etch solutions
prevent, many times, the chemicals from reaching the bottoms of contact openings
of such fine patterns. Usually, the native oxide formed at the bottom of an opening
with a high aspect ratio (ratio between trench depth and trench diameter) cannot be
easily removed by a wet cleaning process simply because surface tension makes it

15 difficult for the etchant to enter the opening.

Second, before the HF /BOE solution reaches the bottom of the
openings to remove the native oxides, the sidewalls of the openings tend to be
damaged. Thus, in contact hole cleaning at the sub-quarter micron regime
uncontrolled increases in the diameter of the contact holes, known as critical

20 dimension (CD) losses, are common during the wet cleaning process.

Figure 1 illustrates a contact opening 22 formed according to well-known

photolithography processes in an insulating layer 24 of, for example, BPSG that has
2



5 the formation of the bit line connector. Since, as explained above, a
native oxide 23 (Figure 1), such as silicon oxide (Si02), is fornmed on the
surface 2MO00f/1u4b® contact opening 22 during and after itBCT/OSMERBBN, a wet
cleaning step is typically perfornmed 3to renove native oxide 23 prior to
the formation of such barrier |layer. Figure 2 shows how renoval of the
native oxide i . t . -QHE t ont jng..22. This
change is iI”%%Pﬁgggggéga?ﬁgﬁgﬁgngegﬁﬁlg%&%Fégf:@ﬁﬁ%ﬁéﬁéigﬁﬁﬁgg%%gnaﬁg, ACD
25 formed as a result of the wet cleaning processes of the prior art.

Figure 3 exerfdpres (pReshawR thécﬁ’éﬁé?éﬁﬂ?%élﬁgst% Whalg e fater fli 85 gwn

di mensi on (ACD) for the contact opening 22 of Figure 1, which undergoes a
modi fi ed BCE imehe ettc MAswisd keatmrntheused barriehlayqr(not slsvn ), Asrnsdibafa inetdlhe
graph 15 of Figure 3, the BOE treatnent gives an increase in CD because it
etches the  adiaceRtadiBYe) & MoscYactd 2 s QU e 2PYRG: "
a | ow di ppi ngqt?rrg, s‘f‘}?ﬁ a)ts S'[ﬁ?s g isappr%»?l(lmat 3)/0%@1%35)8%%3;6?%2 2c gn(grekl n
the critical dinension | i.s,. high, of agbout 180 Angstroms. This increase
in t he %di amett®f fFmatRn @gfﬁﬁémhwp%m forp Pinicsts SRIEHLARNE: 4PIBTALERERS of
the netal atons that fill the contact opening. 20 Thus, in addition to the
| oss in criti(@agurdilnpnshons sdinon pedet(SHD])ois faomhédpmithe surfaek @dtafi thalcontit act s
may al so becone unreliable. 3 WO 02/19409 PCT/ US01/26833 4 To overcone the

probl ens assgicatfiaNiduRingahd Gheans Rndfionat e c%ﬁg%teg 8 tHPIRPerftRhia:

t he sem conductor 1 ndustry has begun using dry etch processes, "such as a

pl asma etch qr ion-assj.sted et.ch,.whic re larg ani sot ropi c.and
unidirectionéP}f%%WEF%FV%?FSHB§§”H§J8tE%@H“ﬁ&ﬁ@‘ﬁgﬁﬂéﬁﬂaﬁfkHEFVEH%Q?3es, in
5 particular silicon oxide (SiQ2), fromtheir correspondi ng contact
openi ngs. Forshows aepl eemayabef the retiveloxidegkicimceeasmstthe diaheatet Reofrthasontacof
native oxides fromsilicon

10 opening 22. This change is illustrated by the change in critical dimension CD, that

is, ACD 25 formed as a result of the wet cleaning processes of the prior art.

Figure 3 exemplifies the timé dependency of the change in the critical

dimension (ACD) for the contact opening 22 of Figure 1, which undergoes a
modified BOE wet etching treatment used in the prior art. As shown in the graph

15 of Figure 3, the BOE treatment gives an increase in CD because it etches the
adjacent insulating layer 24 (Figure 1). For example, even for a low dii)ping time,
such as t; of approximately 25 seconds, the change in the critical dimension ACD, is
high, of about 180 Angstroms. This increase in the diameter of the contact opening
22 also impacts the displacement of the metal atoms that fill the contact opening.

20 Thus, in addition to the loss in critical dimension and penetration uniformity,

electrical contacts may also become unreliable.



surfaces by an NF3 and NH3 pl asma downstream treatnent (J. Appl. Phys. Vol.
74, No. 2, July 15, 1993). Simlarly, Kusuki et al. report the native

oxi de revovar/1y9 dry processing using NF3 and H2 pl asnma BOWUSOW283H
treatment (Jap. J. Appl. Phys. 10 Vot. 33) No. 4B, April 1994).
Accordingly, there is a need for an inproved dry plasma etching technique

whi Ph provi d?S a s Ub%aél?e'kéﬁrﬁé’ ﬂ%&%[éﬁ@is%i&t@d %&%&@&éarﬁ@g BF A% 6)&%&"
an increase in the critical dinension and without striations fornmed in the
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damage to the sidewalls of the opening. There is further a need for an
i mproved dry sprlassra pbsohietich metonowssistsd etdt,omliidy arerlagelydamisatopic sudth as
thermally grown Si02, faster than doped oxide, such as BPSG 20 SUMVARY OF

THE | NVENTI ONiniéhige RIoRSE NSevie Y 8ittindhs 19570 \Heef Snadle 36 YeRbAs Rt 83k th Pr ocess
for the renoval of native oxides, or other oxide filns or growth residue,

formed_on a 4 Vg.l) 2/ 19409 P 5 senm cqondu r substrat
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pattern on such substrate and with |ess damage to a downstream processi ng
chamber. The axap@i:, Nishing epak t¢achiaampethogsfer die fesrovahef nafblesridesdrasn siticay of
silicon dioxide residue at the bottomof a contact opening 5 which is

formed in a BRSaddgact NFsuhdNHgplaayiedowheedm e@atmhen (JsAgpls Physefall 74f or
t he etching of undoped oxides, such as thermally grown Si 021 at a faster

rate han thab $ Ffuuriepesboy denu, oAk BRPGpdRGHRRERRbxUOYSRbH by uses

a gaseous m Xt ure ntri orl

dry processing using NF,; and H, plasma downstream treatment (Jap. J. Appl. Phys.

10 Vol. 33, No. 4B, April 1994).

Accordingly, there is a need for an improved dry plasma etching
technique which provides a substantially uniform etch in a contact opening without
an increase in the critical dimension and without striations formed in the sidewalls of
such contact opening. There is also a need for a dry plasma etching process for

15 removal of native oxides from openings with less damage to the sidewalls of the
opening. There is further a need for an improved dry plasma etching method for
etching undoped oxide, such as thermally grown SiO,, faster than doped oxide, such

as BPSG.

20 SUMMARY OF THE INVENTION

The present invention provides a dry plasma cleaning process for the

removal of native oxides, or other oxide films or growth residue, formed on a



10 (NF3) and ammonia (NH3), which is first injected upstreaminto a

m crowave plasnma source which excites them and then both gases flow
downst r eav® p21194p9 asma form onto a substrate surface. The P€TNSE/ B33t he
present invention provides a dry cleaning process for damagel ess renoval
of native oxides and/or growth residue fromthe bottom of a contact

opening, wthout .significantly 15.affecting the critical dinensi,on of such
cont act openi .nsé}“é‘?? W E(# Sﬁgété%aa%tggmi %am%gq%%wlles llrbgé%ep?roaé#ggg? $ 5hec hanber .

The invention @ieel AhRYkdaOr shiberR oASTEh stiReRn MibwitheRidatage tyndoped
oxi des faster than doped oxides. The foregoi ng and ot her advant ages and

features of thWistream processing dhemtze Dot teventindés partodlafly aseftthforfthe | owi ng
detai l ed description of. the. i,nvent.ian, whjch i rovided in connection
with the accpr?ﬁ]%ﬁS}Y%‘fgtCIW&/ﬁefr?&écF’n_ééﬂ”Eae E‘féé‘ﬁl %‘Fﬁ‘d‘{ﬁ@ BRUOFIRBS IS gure 1
s a sohemat | 6, GEORARElPNalPG BlhOS iRuRARLTAR: O ifRaERATESES LAl e
sem conduct or substrate with a convgnu ona ontact opening for ne I'n an

i nsul ating | ayfer decaohiggrufamaopbd biiRlepsuch agtiermaly\Grd2h $83) 9t a faster rate

PCT/ US01/ 26833 6 Figure 2 depicts the loss in critical dinmension of the
contact openi rfjanthatfpydeped ovides; sich enBBSGoes a wet cleaning treatment in
accordance with the prior art. Figure 3 is a graph illustrating the tine
dependency of changes in the 5 critical dinmension of the contact opening of

Figure 1 when it undengeeseRh: fivehting usésraegagéa%ﬂtmkeu@Qﬁ%@ﬁg&ﬁtﬂﬂd&ﬁ&ehe

prior art. Figure 4 is a schematic view of the fusion plas react or

appar atous usedNH) ahdemmesie (NH ))ywhichdsfirst injected upstream into a microwave
plasma source which excites them, and then both gases flow downstream in
plasma form onto a substrate surface. The method of the present invention
provides a dry cleaning process for damageless removal of native oxides and/or
growth residue from the bottom of a contact opening, without significantly

15 affecting the critical dimension of such contact opening and with less damage to

a downstream processing chamber. The invention also provides a dry plasma

technique for etching undoped oxides faster than doped oxides.

The foregoing and other advantages and features of the invention will be
20 better understood from the following detailed description of the invention, which is

provided in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic cross-sectional view of a portion of a
25 representative semiconductor substrate with a conventional contact opening formed

in an insulating layer accordance with the prior art.



Figure 5 shows the etching depths for thermally grown Si 02 and BPSG 10

i nsul ators and the change in the critical dinmension of a contact opening
whi ch umvdepzy4dd f f erent etching treatnents accordi ng t o BCHEBHIOSIf t he
present invention. Figure 6 shows a €onparison of the change in critical
di rension of a cont act opening formed using etching treatnents according

to a nethod of the £ DOt dﬂe’l@sﬁﬁ%ﬁh‘éﬂ&%ﬁeﬁs@n%@@o&ﬁcﬂ<§}§‘enli?r£§§§nt
i nvention. DETAI LED SCRI PTIFON OF THE PREFERRED EMBCDI MENTS  In
foll owi ng det |Ie gScrl t|on refer nce ? I tg vari,ous gﬁgl
embodi ment s i HEER A FrdRorn  Shg Bt FrstiudS SRuuas S BRBG P, o

are descri bed vmth sufficient detail to enable those skilled in the art to
practice the dtfavention, and it is to .be understood that other enbodi nents
6 WO 02/19409 PCT/US01/ 26833 7 may be enployed, and ' that structural,

| ogical, and electrical changes may be made. The term "substrate"” used in

the fol | owi ng descri BIg&@ 3_Y gribli ﬂlﬁ?cratﬁlg%)é tﬁﬁéﬂ@ﬁ%iﬁiéﬁ&ﬁbf@%@@s i dhect ure.
Structure nust be understood to |nc ude |i con, | i con-on insul at or

ol hial | aySFEASTRRPr R BEpROPES e%ﬁg?ﬁ%ﬁls%g?@ R $ hishiteon,

and ot her sem conductor structures. Th.e sem conduct or need not be

si | i con- basedrcapnent Sejrcerstige v @ @rier BE- si | i con 10 germani um ger mani um
or gallium arsenide. Wen reference is made to a substrate in the

foll ow ng description, previous process steps may have been wutilized to

formregions or juncEigis 4ii9 2 QEhdatlNEe s EheSRBTBIEMMEL RActOF apparatus used in

the present invention.

Figure 5 shows the etching depths for thermally grown SiO, and BPSG
10 insulators and the change in the critical dimension of a contact opening which
undergo different etching treatments according to a method of the present

invention.

Figure 6 shows a comparison of the change in critical dimension of a
contact opening formed using etching treatments according to a method of the

15 prior art and according to a method of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following detailed description, reference is made to various
specific embodiments in which the invention may be practiced. These
20 embodiments are described with sufficient detail to enable those skilled in the

art to practice the invention; and it is to .be understood that other embodiments



foundation. 15 The term"part" is used to indicate one of several equal
units of which the gaseous m xtures used in the present invention are
conpri seWoO oBegause all gases are used at identical presspCBYSEMHS33
tenperatures, the termpart is used Tnstead of other term nology (for
exanpl e, noles) to underscore the inportance of using gases in particular

provi des a pl SeRebFRIRAR A A AR, BITIRETRT PR R e

oxi des, or othgidexide filnms or gromh residue, formed over a substrate,
wi t hout damegi ng the substrate or affecting the critical 25 dinension of a
pattern fornmed over such substrate. The invention also provides a nethod
for achieving a faster,etching rate for undo oxi des, .as opposed to
loped oxi tdes The s nedhe G - ity uird i SO Eoing fokuRBoRagsnatiuge

oxides : fromt C i i L L ati ayer
for med 5over a aﬂg5%@%%0%@3?{09586&%&@\%&%%?%4%8&5%?%2%11?%13%§éﬁga‘Fﬁtéﬁ%rg%ient
i nvention usesilikonl slicse onfinfilitoe gSOI Y}, silitdroni sdep KiNFHOS graldpedratdi a ( NH3)
gases, which is injected upstreaminto a mcrowave plasma_ source which
excites them uns@pedespmidandystars.cpitiphldayess of sligorisppericddma brsa  pl asma

o onLo e el oL oSS SaTSHEH GMRADNEH S MRSl R e |
schematic Vi eWeRfic ARRRIGH M IR be silicon-based. The semiconductor could be silicon-
10 germanium, germanium, or gallium arseﬁide. When reference is made to a
substrate in the following description, previous process steps may have been
utilized to form regions or junctions in or on the base semiconductor or

foundation.

15 The term “part” is used to indicate one of several equal units of
which the gaseous mixtures used in the present invention are comprised.
Because all gases are used at identical pressures and temperatures, the term part
is used instead of other terminology (for éxamplc, moles) to underscore the
importance of using gases in particular ratios as opposed to in particular

20 amounts.

The present invention provides a plasma etching and cleaning process
for the removal of native oxides, or other oxide films or growth residue, formed
over a substrate, without damaging the substrate or affecting the critical

25 dimension of a pattern formed over such substrate. The invention also provides
a method for achieving‘ a faster etching rate for undoped oxides, as opposed to
doped oxides. The invention is particularly useful in removing native oxides
from the bottom of contact openings etched in an insulating layer formed over a
substrate.

30



enpl oyed in the present invention. A plasma source chanber 12 is renotely
positioned froma reaction chanber 14. The plasma source chanber 12 excites
10 a gasevoez/m4se ure 10 into a plasnma prior to the transpP€T/USE1/26BI gaseous
m xture 10 to the reaction chanber 18, through a conduit 30 (Figure 4).
Figure 4 also shows a substrate 32 |ocated on a substrate stage or table

34, which supports thensybakhehedol tRU RIS 38en WRHATTRIARI Cal Y

or electrostatically hol'ds the substrate 32 to e 34. T ate
tabl e 34 is aland apurawncte@NIL ) gnses] Svhiclcio d@hjectgd dpsiream Aftonvhinidrowadd plagrhe
substrate table 34. A heating |anp 42 Iotgat ed on the outside of the

reaction chantSeRrcevingh sreitssdhemeandhss e WPstream plasmadifyet o Rstrsamcisiis t ant
and al so hel psreduce t unt of residue that is eventually forned on
the wal | s of tlalesn}ae%é |%§togtﬁgﬁ%%8rmh§ur%69‘m al so shown in Figure 4, the

pl asma sapparatus 100 is also provided wth a mcrowave cavity 16, which is
connected to the plasma source chanber 12 through a wave inlet 17.

M crowaves at, for ex®efirgng 2odsoGhe fignees, whoerldtcadernents lage daigrtayedliey and
applied through the wave inlet 17 to, the plasma source_chanber_ 12. Further
i I lustrated i NSEIFGIGFCE Dapeerglastigect shopps schspatigiewoat apparatihl @igh whi ch

sui tabl e etchig tllgzesdeﬁl {E%ﬁg[rps%nic ﬂ}vlégg&ge%#g{g%%&&?&‘&?ﬁnb&p?@E%r,néfeﬁie nvvave

accordance wt prese I nvention. rowvave cavil

inlet 17, the posigiohnedfrarhanadtiohdkhadiber phasiie Sladthe sourbadigibekd2 ex@ds t he
conduit 30 are forned of quartz or, nore preferably, of saphire. 30 A
sel ectlifve et chigigearomsitesnl himnteatpirsehafprrorriatthe sraospate of thagdseeis mgitoz]l

(com the ot Lot ok comtact oheal nge cloled Lo, o PESC Lnsblating Laver ©
Figure 4. The sﬁB@@E%hH&r&Q%ZQB;afne@ on a substrate stage or table 34, which supports
the substrate 32 through a chuck 38, which mechanically or electrostatically
holds the substrate 32 to table 34. The substrate table 34 is also provided with
15 a cooling device 36 which cools the substrate table 34. A heating lamp 42
located on the outside of the reaction chamber 14 maintains the temperature of
the substrate 32 constant and also helps reduce the amount of residue that is

eventually formed on the walls of the reaction chamber 14.

20 As also showq(invFig‘ure 4, the plasma apparatus 100 is also provided
with a microwave cavit}; 16; \;/hich ié-éonneété;i to the plasma source chamber
12 through a wave inlet 17. Microwaves at, for example, 2.45 GHz are
generated in the cavity 16 and applied through the wave inlet 17 to the plasma
source chamber 12. Further illustrated in Figure 4 are gas inlets 12a, 12b, and

25 12¢, through which suitable etching gases may be introduced in the source
chamber 12 in accordance with the present invention. The microwave cavity
16, the wave inlet 17, the reaction chamber 14, the plasma source chamber 12,

and the conduit 30 are formed of quartz or, more preferably, of saphire.

30 A selective etching and cleaning method for native oxides, such as

Si0,, from the bottoms of contact openings etched into a BPSG insulating layer



Figure 4 may be also used, in general, for etching undoped oxides faster
than doped oxides. According to an exenplary enbodi nent, the etching
process o¥0 0v/i0Present invention is carried out in the repatwsaresisanber
14, which is a high 5 density plasma {HDP) etcher. A cleaning etch is a
reactive ion etch, which is a conbination ‘of chenical plasnma etching, in

whi ch a pl asmeis @kshRRdBEISH @ShE 3he Yppdr@S 00D Mk ket eTRLUBS£ALE 1080F T ON
beam et ching, which is a physical process using high ener ions to
bonbard t he sulbigtireat endynbaalstensetlpiregaieralf forkiclithg uhdspahoyidesfasenthdanhe

present invention, used for selectively tching and cl eaning of native
oxi des, incl uo%@?eé{ @ag%so CRTUPEG R a&@X@Ppﬁffx epgeriment; thewehiag proagesy ohind
anmoni a (NH3). ] injec hrough .their respectiwve gas
Tlets 12a,  1AbREr AR B EA0E i il b B elooR Bk T yBRARE SIS v

typicalsy of 2dedfitEptasata (FOOPYVérchon e @leahind dich Rex feactilicGhR\Wae wiAM Ik 16,
is excited and the resulting mcrowave is applied through the wave inlet

17 to the pl assmnbipatiee of kherhieal plasnzoetching, ngwhivh a\pi3stidERhegas dmarsicaflyit ur e
10. As aresult, a di%ﬁh rgebis g%ﬁétatgd i nsi.de the plas .source chanber
12 and the gas&&4& W gt%F @ 301 BEUP FEChD &t Wiih 1507 PhysiraliRrSEffosed.

Thus, bef o LG SNSRI SoLTEML heL AR And, MR 20 pgses are T et

i njected upstrea 0 ownstreamas a plasma from
t he plasma source chanber 12, to the reaction chanber 14 onto the surface
of the substrate 32. According to an, exenplary enbodi nent, the plasma
etchi n process 25 oflhedasipr plasme af ihe prasert nsenfiqrhasedvretlettively gases

Zource chanbertingins FaFibe Ghaon i frdboiyo bt b & LiasPuem .
200 st andard. cub G een | e e LR R e ) ey
al so be i nj ectthdirwespectitegddiBletdd2a, 12b (Figure 4) into the plasma source chamber
12. A microwave, typically of 2.45 GHz at 500 W, housed within the
15 microwave cavity 16, is excited and the resulting microwave is applied through
the wave inlet 17 to the plasma source chamber 12 containing the NH, /NF,
gaseous mixture 10. As a result, a discharge is generated inside the plasma
source chamber 12 and the gases forming the NH, /NF, gaseous mixture 10
are decomposed. Thus, before the downstream treatment, both NF; and NH,
20 gases are first injected upstream, and only then do both flow downstream as a

plasma from the plasma source chamber 12, to the reaction chamber 14 onto

the surface of the substrate 32.

According to an exemplary embodiment, the plasma etching process
25 of the present invention uses the two etching gases ammonia (NH;) and
nitrogen trifluoride (NF,) injected into the plasma source chamber 12 at a rate
of approximately 1000 - 4000 standard cubic centimeters per minute (sccm) for
NH;, and a rate of approximately 25 - 200 standard cubic centimeters per
minute (sccm) for NF;. Oxygen (O,) may also be injected with the NH, /NF,
30 gaseous mixture 10, at a rate of approximately 50 - 1000 standard cubic

centimeters per minute (sccm), so that final gas mixture comprises between 2%



30 gaseous m xture 10, at a rate of approximately 50 - 1000 standard cubic
centineters per mnute (sccm, so that final gas m xture conprises between
2% 9 WO 090 091Q% PCT/ USOL/ 26833 10 to about 10% nore pre€euawl26833f about
5% oxygen. The addition of oxygen td0 the fusion plasna el evates the H+

radi cal concentration, which helps achieve a desired selectivity. 5 Next,

he NH3 /NF3 / i ~ - ough-t b o
30 (i gure 4), R a0t PRICRIEbd YRy SPnBRey e BB RIPRE R s

and onto the shaphgos phsinkalewae theFrrpdies cehcdnfRitRAeMhat BlpPicHidR a
invention will now be described 10 with reference to Figures 1, 4, 5 and

6. In each of desieed sadectivity. of experiments which will be described in nore
detail below, the critical dinmension (CD) bias of contact openings, such
as contact opening 22 of Figure 1, which underwent a dry plasma etching

with tlke NH3 /NF3 /02 ' ed0, : S ' I was
measurgd. 15 In addi t}\%ﬁ‘a%gﬁzq%%mg{ (%Ze%é@%%ﬁsgﬁ D({B]%lgrl?;{l?vyg gérgg’%ﬂr%g?’des,
which are undapagiotiedtendurtd FHigheroninpd ashfiesr d4catgedliagde (PSS oxi de,
which is a doped oxide, were neasured and conpared after etching with the
NH3 / NF3 /02 gaadiswschambendd, agd onotle seswplesuibsgpteBder i nents Under a first
set of experinents, which is described belowwith reference to Figure 5, a
first silicon substrate 32a, with contact opening 22

Examples of implementation of the invention will now be described
10 with reference to Figures 1, 4, 5 and 6. In each of the two sets of experiments
which will be described in more detail below, the critical dimension (CD) bias
of contact openings, such as contact opening 22 of Figure 1, which underwent a
dry plasma etching with the NH, /NF, /O, gaseous mixture 10 of the present
invention was measured.
15
In addition, the etching depths of thermally grown oxides, which are
undoped oxides, and of boron-phosphosilicate glass (BPSG) oxide, which is a
doped oxide, were measured and compared after etching with the
NH, /NF; /O, gaseous mixture 10. .
20
First Set of Experiments
Under a first set of experiments, which is described below with
reference to Figure 5, a first silicon substrate 32a, with contact opening 22
(Figure 1) formed into a BPSG layer of approximately 1500 Angstroms, was
25 selectively etched with seven different etch chemistries in accordance with the
present invention, to allow for the removal of any native oxide from the bottom
of the contact opening 22. The seven etch chemistries of the present invention
are represented by proceéé i)afameteés corrésponding to points P1 to P7 of
Figure 5, and they will be described in more detail below. The silicon substrate

30 32a was initially patterned by a conventional dry etch and resist strip, as well-

10



(Figure 1) forned into a BPSG | ayer of approximately 1500 Angstrons, was 25
sel ectively etched with seven different etch chem stries in accordance with
the preseov2/193vention, to allow for the renpoval of any nBCTAS0IR6BIBe from
the bottom of the contact opening 221 The seven etch chem stries of the
present invention are represented by process pararret ers corresponding to

pornts PL 0 Fhdiln i QU 3 @R IahDEY oMby BS iSRG idhe gﬂ&&ng%a"

bel ow. The silicon su stréte |n| § Al y pattern

conventional dippretifhtdynd.3 gslishetsi idan appmirhat&l@ 1\@62151119409

PCT/ USO01/ 26833 11 known in the art, to formcontact opening 22 into the
BPSG | ayer havi ng an approxi mately 0.3 dianeter and an approximately 1.5p

depth. As al so part o e fl{&ft 31 of e erlrrents downst ream t r eat nent
5 with the NH3 / NF3 /65259485 thF trirrssta RELPIFEL P O AR FABR M has

perforned on t and
BPSG, r31r9espect\z(’\f\{;ltlaﬁh;l/é {\%ESJ%FT ectz on %g&gﬁﬁgwr%%ég?ai S| orszt he seven
di fferent dry pefahedhernive difﬁsﬁntciﬁmlﬁﬁigollayzhm,gh&ﬁnﬂm gtbsnRi0, anBBREG Fi gur e

5, of the present invention were nmeasured and conpared. Prior to the
sel ective et crfﬁﬁ@cmmll’r dhe @ﬁfﬁ@tsmbptbh@s%mgomgt tfor degfeverhdifisrang ahy

fil f f d
omroxi vt ety bR e i ohie g e 2T o B R ot aretat es,
for exanpl e 9QQ¢entRih ReRRORHrS id&éﬂ]ngﬁ:@@sﬁl%}?oa@sele%h% bafhine on a

separate and third silicon substrate 3 a boron- phosphosi|i cate gl ass
(BPSQ10f i | m waseagmennwith thp gaseousatieture 806%: pragsi horntidbh, andrmaly geped wi t h

RS T CERTUE LR T BT ]
oxidation at elevated temperatures, for example 900°C, on a second silicon
substrate 32b. Similarly, on a separate and third silicon substrate 32c, a boron-
phosphosilicate glass (BPSG) film was grown to approximately 8000 Angstroms

15 and was doped with boron and phosiahorus with 3.1 wt% and 6.5 wt%,

respectively.

Next, all three silicon substrates 32a, 32b, and 32¢ were individually
contacted with the NH, /NF, /O, gaseous mixture 10 and the change in the
20 critical dimension (CD) for the contact opening 22, as well as the etching
depths for thermally grown SiO, and BPSG, were individually recorded. All
three substrates 32a, 32b, 32¢ were separately contacted with the

NH, /NF, /O, gaseous mixture under the followmg conditions and ranges of

flow rates:
25
Pressure: 1.5 Torr
RF Power: 1000 Watts
Magnetic Field: 0 Gauss
Time: 60 Seconds

30 Gas Flows: NH, 1000 - 4000 sccm

. NF,  50-200sccm
' 11



contacted with the NH3 /NF3 /02 gaseous m xture 10 and the change in the
20 critical dinension (CD) for the contact opening 22, as well as the

et chi ng de@vhiwv4dodr thernmally grown Si02 and BPSG were i nBCTUSUZI6B3B
recorded. Al three substrates 32a, 132b, 32c were separately contacted
with the NH3 /NF3 /02 gaseous m xture under the -follow ng conditions and
ranges of flowrates: 25 Pressure: 1.5 Torgp, RF Powers . 1000 sMatts
Magnetic Field: O Gauss Tinme: 60 Seconds 30"Gas Flows: NH3 1000 - 4000
sccm NF3 50- 200 sccm 11 WD 02/ 19409 PCT/ USOL/ 26833 12 02 25 - 1000 sccm
More specifically, seyen dift?r t experinents were run for ijf, ent
et chi ng parameters of MAE REBULFNIFZSGVED EHUSPRINCHFSeVAS YR ?%@%%Feé%ent 5

i nvention, and X ' t r [ il rat ed
n R gare 5 rane FARECERBARE NI PRI, DR eaf @ SRIEH0 Qe bhoolBf O
contacts openiingerdzdn,and thodagl fedinngch akeFinddnttvite reedriyd ah@WhisBafdd iand BPSG
are illustrated as a function of different etching paraneters. 10 For

exanpl e, all tFigsee &iwhererthe ghangedndbe gritical dpensigry 420, wethe coantatitvi dual |y
contacted with the N / / 02 gaseous.m xture 10 unpder t rocess
conditions of PREOUS &gy W 535,6 %ﬁ?}gﬁ raﬁeéosgler bgrown %2 and Bps8Taté

illustrated as a function of different etching parameters.

10 For example, all three silicon substrates 32a, 32b, and 32c¢ were
individually contacted with the NH; /NF, /O, gaseous mixture 10 under the

process conditions of P1 (Figure 5), which are as follows:

Pressure: 1.5 Torr
15 RF Power: 1000 Watts
Magnetic Field: 0 Gauss
Time: 30 Seconds
Gas Flows: NH3 2000 sccm
NF, 100 sccm
20 0O, 100 sccm

All three silicon substrates 32a, 32b, and 32c¢ were also individually
contacted with the NH, /NF, /O, gaseous mixture 10 under the following P2

process parameters:

25
Pressure: \ 1.5 Torr
RF Power: 1000 Watts
Magnetic Field: 0 Gauss
Time: 60 Seconds
30 Gas Flows: NH, 2000 sccm
NE, 50 sccm

12



Pressure: 1.5 Torr

15 RF Power:

1000 Watts

Magnetic Field: O Gauss
30 Seconds Gas Flows: NH3 2000 sccm NF3 100 sccm 20 O2 100 sccm All

Ti me:
t hr ee

silicon whertades 32a, 32b, and 32c were al so indivi dual PgT/US@M6EISt ed with
the NH3 /NF3 /02 gaseous m xture 10 uUAder the followi ng P2 process

paraneters: 25 Pressure:

Gauss

1.5 Torr

RF Power :

1000 Watts

Magnetic Field: O

Time: 60 Seconds 30 Gas Flows: NH3 2§00 sccm jige3ce@ sccm 12 WO

02/ 19409 PCT/ US01/26833 13 02 100 sccm Next’

an | PA rinse was perforned

three 5 substrates,

after which all three

(P3 of Figure 5) on al

substrates were individually contacted mﬁth t he

NH3 /NF3 /02 gaseous

m xture 10 under process paraneters P4 of Figure 5. Pressure: 1.5 Torr RF
Power: 1000 Vatts Next, an IPA rinse was performed (P3 of Figure 5) on all three
5 substrates, after which all three substrates were individually contacted with the

NH, /NEF, /O, gaseous mixture 10 under process parameters P4 of Figure 5:

Pressure: 1.5 Torr
RF Power: 1000 Watts
10 Magnetic Field: 0 Gauss
Time: 60 Seconds
Gas Flows: . NH, 2000 sccm
NE, 50 sccm
0O, 400 sccm
15
Under the control process conditions of P5, the gas ratio of NH,,
NF;, and O, was set to 200:10:10:
Pressure: 1.5 Torr
20 RF Power: 1000 Watts
Magnetic Field: | 0 Gauss
Time: 60 Seconds
Gas Flows: NH, 2000 sccm
NE, 100 sccm
25 0O, 100 sccm
P6 reflects the changes in all three silicon substrates 32a, 32b, and
32c, which were individually contacted with the NH, /NF, /O, gaseous
mixture 10 under the following conditions:
30 Pressure: 1 Torr
RF Power: 1000 Watts

13



10 Magnetic Field: 0O Gauss Tine: 60 Seconds Gas Flows: NH3 2000 sccm NF3
50 sccm 02 400 sccm 15 Under the control process conditions of P5, the
gas rati ovoh2/NH489 NF3a and 02 was set to 200: 10: 10: Pr esBOT/®S01126833Torr 20
RF Power: 1000 Watts Magnetic Field:140 Gauss Tine: 60 Seconds Gas Fl ows:
NH3 2000 sccm NF3 100 sccm 25 02 100 sccm P6 reflects the changes .in al'l
three silicon substrat egadd@ic Bidk: and 32@ gwsch were individually
contacted with the NH3 /NF3 /02 gaseous m xture 10 under the foll ow ng
condi tions: 30 Pressureélinfe:Torr RF Power: 100%:cwadss 13 WO 02/ 19409
5%6%2%36833 14 Nagn(?atxslﬁlo@s:el d: 0 Gauss NITILWE' 60 2%%%%291% Gas Fl ows: NH3

NF, 100 sccm
5 0O, 100 sccm

Finally, all three silicon substrates 32a, 32b, and 32¢ were individually
contacted with the NH; /NF, /O, gaseous mixture 10 under the following
conditions corresponding to P7 of Figure 5:

10
Pressure: 1.5 Torr
RF Power: 1000 Watts
Magnetic Field: 0 Gauss
Time: 60 Seconds
15 Gas Flows: NH, 1000 sccm
NE, 50 sccm
O, 100 sccm

20 The results of the first set of experiments show that, under the
control conditions (P5 of Figure 5), the etching depth for thermally grown SiO,
exceeded that for BPSG (140 Angstroms as opposed to 110 Angstroms).

Figure 5 also shows that, under all other process conditions of the first set of
experiments, the etching depth for thermally grown SiO, was about equal to, or

25 slightly lower than, that for BPSG.

The highest increase in the critical dimension, of about 200
Angstroms, occurred under NH,/NF, /O, gas flow ratio 100:5:10 (P7 of
Figure 5), while the smallest change in the critical dimension, of less than 50
30 Angstroms, occurred under NH,/NF, /O, gas flow ratio 200:5:10 (P2 of

Figure 5).
' 14



NF3 100 sccm 5 02 100 sccmFinally, all three silicon substrates 32a, 32b,
and 32c were individually contacted with the NH3 /NF3 /02 gaseous m xture
10 under whe2/iwbd owi ng conditions corresponding to P7 of PET/E6126833 10
Pressure: 1.5 Torr RF Power: 1000 WAfts Magnetic Field: O Gauss Tine: 60
Seconds 15 Gas Flows: NH3 1000 sccm NF3 50 sccm 02 100 sccm 20 The
results of the first set of experinments show that, under the control
conditions (P5 of Figure 5), the etching depth for thermally grown Si 02

exceeded that for BPSGhudARchviisd fOfk resulapifatedrdetldlxpgsiehasns) . Figure
5 al so shows that, under all other process conditions of the first set of
experinents, tilestetedimbigiepb hthiedrest teswlirefior yheyelmge Sh 0l2e ewdticahdisnenséepual t o,
or 25 slightl |O\i\)BI’. t han, ttgat for BPSG The hi hlglzit increase in the
critical di men&6RPRYRCABHE 6 PARYI PSR QM EYIEE PO/ NF3/ 02 gas

flowratio 10054 P I: [ I in the
critical d ne%??g#%[%fgfﬁgégl{tﬁgw}g@%/g]fg%a?‘?%&nsef@ggﬂgua??’Ea’lc}ﬁﬂ‘?fc}’g% NH3/ NF3/ 02
gas flow rati @015 idh aRedwded dRi@itef Hitrogeh MWHQZME 94OV PGTIHISRIHAES33

of ammonia.

To further exemplify the improved etching and cleaning
10 characteristics of the fusion plasma employing the NH, /NF, /O, gaseous
mixture of the present invention, reference is now. made to a second set of

experiments, which will be explained in conjunction with Figure 6.

15 Second Set of Experiments

Under the second set of experiments, a contact opening, such as
contact opening 22 of Figure 1, formed on a structure substrate, such as silicon
substrate 32a, underwent etching under two different etching chemistries for
two different aspect ratios, that is 0.5 nominal and 0.6 nominal, respectively.

20 For each of the two chemistries, thé Ehélflgé m critical dimension was recorded,
as shown in Figure 6. Out of the two etching chemistries, one was a
conventional wet etching chemistry (illustrated at point E1 of Figure 6) and the
other one was a dry etching chemistry in accordance with the present invention

(illustrated at point E2 of Figure 6).

25
As illustrated in Figure 6, the change in critical dimension was
recorded and measured for the conventional wet etch modified BOE chemistry
(exemplified at E1). Also iﬁuétrated in liig"u’re 6, and by comparison to the wet
etch chemistry, the change in critical dimension (CD) bias of the contact
30 opening 22 of the substrate 32a was also recorded and measured for one of the

dry plasma etching chemistries of the present invention, under the process
15



15 Thus, according to the results of the first set of experinents
illustrated in Figure 5, the best results for the change in the critical
di mensi owOwWEtB0Dbt ai ned when the experinment was carri ed POT/USOIR®B33t he
process 5 conditions of P2, that is Nk3/NF3/ Q2 gaseous mi xture at vol une
ratio 200:5:10 with a reduced anmount of nitrogen trifluoride relative to

t he armount  of j T upth I i et ¢hi
cl eaning 10 cﬁg?lac[ ersi%g{{lsglgﬁ:%bf %é%? ﬁg%ﬁ%%%éﬁguﬂg%§%§?ﬁg%f%hw% /02
gaseous m xt yeeordfs (eR@nplifesieftEl)nvention, reference is now made to a

second set of experinments, which will be explained in conjunction with
Figure 6. 15 Second Set of Experinents Under the second set of experinents,

a contact opening, sucgh.a ont act. openi ng, 22 of Fi gure fornmed on a
Structure substraie.  S9hhesiSt 1o 5 ARIRRISO LRt SSTOP A FAaHS (BTEH A
under two diffgren stﬁ&@@BQEy%&%ﬂlg% g %}ih?&ladﬁ%g?{/ éﬁ?g@ﬁ&igﬁ%&?‘iﬁso atl os,

that is 0.5 nomnal an, d, 0.6 no , respect or each of the two
chem stries, tAesabangelhacartadtiopehingj 28nas oritialBsofraboat Gedy in dnsdiemn i n
Figure 6. Qut of the two etching chem stries, one was a conventional wet
et chi ng chemi sneyabopx sk imadepithat Afisr penErt epenimgyd? avas ptehsd widetheobter one

d t chj. hem stry i d ith th t t.i
(PF1 bt 1 at od AUBESRAEREes e REtEs i 98 cAuc fitepRaR 5o Dot EhEtieTE  ne
change in cri t&&@'méﬁs&%ﬂ%ﬁ%@@ﬁt&zﬁlgﬁ%ﬂ?ﬁ@@@'?ﬁeasUr ed for the

conventional wet etch nodified B em st exenplified at El). Al so
illustwated in Figure 6,'and by conparison to the wet etch chemstry, the
change in critical d cha:gosrid?n% t(oCt%)e (?Ii)e}rsleagrlretrrrl]eei\ltsc 8? %i?g?lge 6, etching with the
NF, /NH, /0O, gaseous mixture 10 at point E2 (NH,/NF, /O, at volume ratio
200:5:10) gives a much smaller change in the critical dimension (ACD) of the
contact opening 22 than etching with the conventional modified BOE
15 chemistry. For the preferred chemistry of the present invention at point E2
(NH,/NE, /0O, gascous mixture at volume ratio 200:5:10), the CD
measurements show a change in the critical dimension of less than 50
Angstroms for 0.5 nominal aspect ratio, and of about 80 Angstroms for 0.6
nominal aspect ratio. The CD measurements also show a substantial increase in
20 the critical dimension, of approximately 150 Angstroms, at point E1, which

corresponds to the conventional wet etch modified BOE chemistry of the prior

art.

The results and measurements of the present invention confirm that
25 the mixture of two gases, nitrogen fluoride (NF;) and ammonia (NH,) which
are injected upstream into a microwave plasma source, with a small amount of
oxygen (O,) and a reduced amount of nitrogen trifluoride, provides an
improved etching and dry cleaning process for the removal of native oxides, or
other kind of residue, which typically occur on the bottoms of contact openings

30 etched into BPSG or other insulating layers on semiconductor substrates. The

16



30 opening 22 of the substrate 32a was al so recorded and neasured for one
of the dry plasma etching chem stries of the present invention, under the
process MWOWDNVA 19409 PCT/ US01/ 26833 16 conditions NH3/ NEBUS®/38&3BeoUS

m xture at volume ratio 200:5:10 unddf 60 seconds (exenplified at E2). As
inthe first set of exanples, the contact opening 22 was forned on 5 the

substrate 32a iﬁl\prﬁﬁf(z‘;%lﬁﬁn@et%ﬁ@% doselbAlihd ?_rdc%ééedsiﬂg RPN sTREeh% F3H0

Angstroms. The cont opening 22 was initially of about 0.3 1in dianeter
and about 1.5 presendépehtiodprendeonimoil Chelvsyge@Renstsiadboh amuidtin thhe t wo

different chem stries, the chapge in the critical dinmension for both
chemistries V%F‘@uﬁaﬁ"ﬁjflé‘ﬁa Pag%aﬁgtl%}l’fﬁ"(%?@@mﬁ UsigEY6. 10 According

to the CD neasurenents of Figure 6, etching with the NF3 /NH3 /02 gaseous
m xture 10 at point E2 (NH3/NF3/02 at volune ratio 200:5:10) gives a nuch

smal | es change in theToeidataced theippeaat RiteltiAs®tohfitens haptiacini-anendMyg 22
than etching with the, conventional nodified BOE 15 chem stry. For the
preferred cheniigpgen giotite (NFesadammpait (M, Jagaspowvhich Bpe injedasd NPST@m
gaseous m xtur.e _at volunme ratio 200:5:1 ),H%]ﬂe CD surerrza@ts show a
change in t he B9 ? PEGOVE BRSPS AOEC) WL 2 sl ot ] VT (Pole <6185 noni nal

aspect ratio, ﬁﬂﬂ)IpQB ARRYLsuBR 2 BAThTAPBrd WA SEOS fas!ﬁé}rﬂzlgﬁ'tdﬁgécﬁ’%ﬁdeé,%PW- The

CD neasurenents al so show a substantial® i ncrea8e In critica
di mensi on, of aa@RSEXikeE el PSGHOAKhgsh tdresresidts gfahaprdsknt inkéction haver ieponds
to the conventjonal wet etch nodified BOE chem stry of the prior art.
10 illustrated with reference to thermally grown SiO, as the undoped oxide, the
invention is also not limited to the use of thermally grown SiO, and other
undoped oxides, such as SiO,, CVD or PECVD oxides, such as TEOS, TEOS

deposited SiO, or silane, may be also used.

15 The above description illustrates exemplary embodiments of the
present invention. It is not intended that the present invention be limited to
the illustrated embodiments. Modifications and substitutions to specific process
conditions and structures can be madé. Withbﬁt depérting from the spirit and
scope of the present invention. Accordingly, the invention is not to be

20 considered as being limited by the foregoing description and drawings, but is

only limited by the scope of the appended claims.

17



The results and neasurenents of the present invention confirmthat 25 the
m xture of two gases, nitrogen fluoride (NF3) and anmonia (NH3) which are
i njectedwstrgam into a m crowave plasma source, wth a B&EUROIZAsRIsNt Of
oxygen (02) and a reduced anobunt of rABtrogen trifluoride, provides an

i nproved etching and dry cl eaning process for the renoval of native oxides,
or other kind of resi .G Vi C t t
openings 30 etched in'?&,gﬂ131 %ﬁf’%gﬁ%?lcgt en(r%wi Anr}s/du?é;sgﬂléﬁgtsglrbaey répﬁéagg%eg%ﬁ%g%gf
substrates. The 16_WD 02/ 19409 PCT/ USOL/ 26833 17 inproved plasnma etching
and cl eani ng ?frtbﬁéél§t%$tﬁ§sﬂ%e gaseous mixture of the present invention
provides mninmal CD |oss, reduces striations fornmed in the surrounding
insulating layer, and inproves opening uniformty. 5 The data of the
present invention also confirns that the m xture of nitrogen fluoride
(NF3) and anmmoni a { NH3) , gases igh are jnjected upstream, jnto a m.crowave
pl asma source, W tlgi a sAn%? ﬁsﬁﬁ(é%\ﬁ/?fnlfclaso 4 6% aS(egﬁf?l?czut%?{essubshﬁﬁbﬁ%IHPE}?(‘Pg‘es,
such as thermally grown Si 2, faster than doped oxides, such as BPSG PSG

or BSG Al though tiigotfsHblaSs0folshBiRiRTBRtihiNY¥ATHI, ONFNaNg BSRM 4 Blasma
illustrated with reference to thermally grown Si Q2 "as the undoped” oxi de,

e BT S AL TS0 o O LB 2

TECS deposited Si02 or silane, may be also used. 15 The above descri ption
il lustrates eshemdleaconiaitiogiremicondiictoneubsirassent invention. It is not
intended that the present invention be limted to the illustrated

embodi ments. Mdifications and substitutions.to s ecicIi rRrocess -~
condi tions and st rARETHES CRPBE Ohiie S1RPERBU Ve Pt HGoFh SR bapbrv

and
flowing said plasma downstream of said plasma source chamber, and into said

plasma chamber; and

10 contacting said substrate with said plasma.

2. The method of claim 1, wherein said step of contacting said substrate
with said plasma further comprises etching said substrate with said gaseous mixture
containing NH,/ NF;/ O,, wherein the flow rate of NH; is in the range of 1000-
4000 sccm, the flow rate of NF; is in the range of 25-200 sccm, and the flow rate of

15 O, is in the range of 50-1000 sccm.

3. The method of claim 2, wherein said flow rate of NF, and said flow

rate of NH; are in a ratio of about 1/40.

18



scope of the present invention. Accordingly, the invention is not to be 20
considered as being limted by the foregoing description and draw ngs, but
is onlywontie|m by the scope of the appended clains. 17 FCX/O3¢1134339

PCT/ USOL/ 26833 18 What is clained ad99new and desired to be protected by
Letters Patent of the United States is: 1. A nethod for plasma etching a

sem conduct or subsfrat eﬁ&iﬂj{éﬁlﬁ%éép%?jg%%h%éggma@ﬂ%gﬁ%i&mmszéﬁﬁogzﬁaate

cont ai ning NH3, NF3 and source sHi

source chanber_bei ng situated upstream.of a plas C er containing a
seni conduct orOstﬁngt ?%f&lygéﬂ’eﬁaéﬁ?éﬁz afeﬁpé‘sfﬁﬁo@?ag‘gil‘dlg‘g@e%us mxture in
said plasma source chanber; flowi ng said plasma downstream of said plasm
source chanber, and into said plasma chanber; and 10 contacting said
substrate with said plasma. 2. The nmethod of claim1, wherein said step of
contacting said substratlee meithed ehi¢lainpP awhereinusaich8owontepoef NEE isotibioyg sai d
substrate with said gaseous m xture containing NH3/ NF3/ 02i wherein the

flow, rate of2dd@3sccm,ihe 166 HANGRNES is HABouPELchE GiMd thBlol Qv 6@©§1§>$f NF3
is in the range of 25-200 sccm and the flowrate of 15 02 is in the range

of 50- JSOOO sC r(r)l ? O'I;hce net hod of claim?2, wherein said flow rate of NF3
and sai’d flow i’lé 8 SF'RH3 are in a ratio of about 1/40. 18 WD 02/ 19409
PCT/ USO1/ 26833 19

6. The method of claim 2, wherein said flow rate of NHj; is of about
2000 sccm, the flow rate of NF, is of about 100 sccm, and the flow rate of O, is of

about 100 sccm.

7. A method for cleaning a contact opening provided in an insulating

10 layer formed over a substrate, said method comprising;:

placing said substrate and said insulating layer into a plasma chamber, said

insulating layer having at least one contact opening therein;

introducing a gaseous mixture containing NH,, NF, and O, into a plasma
source chamber, said plasma source chamber being situated upstream of said plasma

15 chamber;
generating a plasma of said gaseous mixture in said plasma source chamber;

flowing said plasma downstream of said plasma source chamber into said

plasma chamber; and

contacting said insulating layer with said plasma to clean at least a bottom of

20 said opening with said plasma.
19



4. The nethod of claim?2, wherein said flowrate of NF3, said flowrate of
NH3, and said flowrate of 02 are in a ratio of about 1/40/2. 5. The met hod
of clai mwooxkmarein said flowrate of NH3 is of about 20P0T/®8emm6833he fl ow
rate of NF3 is of about 50 sccm and20he flowrate of 02 is of 5 about 100
sccm 6. The nmethod of claim?2, wherein said flow rate of NH3 is of about

2000 sccm the fl r at i 100. ] . r of
02 is of about 100 scc%lg&eugédngfﬁgk ?’2‘8 H%:rlegéna%ll%gt%g] Og gﬁ’?%%{eﬁ%%é%%bﬁ%g
provided in an insulating 10 | ayer formed qver a substrate, said nmethod
conpri si ng: gﬂ%i 1%fa?(6nl§rdﬂ9§ﬁ?lﬁ‘fté’e]é(rf‘dd§agéalFiﬁ%mOé’ﬂ Oh &1 QPERINENt 0 a pl asna
chanber, said insulating |ayer having at |east one contact opening
therein; introducing a gaseous m xture containing NH3, NF3 and 02 into a
pl asma source chanber, said plasnma source chanber being situated upstream
of said plasma 1%.chanBée mefbndodciaiy 7a whicsgnmaaidfstapadfitogasiogsaid xt ure in
said plasma source chanber; flowi ng said plasma downstream of said plasm

sour ce chanbepsdlatify Bétwith @8 Pasetofber c@ﬂgrig@,%l@@ﬁxiegget%ﬁin sh S @b iNer
| ayer with said plasma to clean at | east a bottom of O said opening with

said plasma. 19 WO 02/19409. PCT/ US01/ 26833 20. 8. th of .claim7,
wher et i aar d BRI SR e AN PRt NEGONTR 6od K weEteh P
sel ectively etching said bottomof said opening. 9. The nethod of claim?7,
wher ei n sai d fveprteof As wdnithgrange @f 1000-4000 sccm, the flow rate of NF, is in the

range of 25-200 sccm, and the flow rate of O, is in the range of 50-1000 sccm.

10.  The method of claim 9, wherein said flow rate of NF, and said flow

rate of NH; are in a ratio of about 1,/40.

10 11.  The method of claim 9, wherein said flow rate of NF,, said flow rate

of NHj,, and said flow rate of O, are in a ratio of about 1,/40/2.

12. The method of claim 9, wherein said flow rate of NH, is of about
2000 sccm, the flow rate of NFE; is of about 50 sccm, and the flow rate of O, is of

about 100 sccm.

15 13.  The method of claim 9, wherein said flow rate of NH; is of about
2000 sccm, the flow rate of NF, is of about 100 sccm, and the flow rate of O, is of

about 100 sccm.
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insulating layer with said plasma further conprises selectively etching
said bottomof 5 said opening with said gaseous m xture contai ni ng NH3,
NF3 and 0?0 oxkpein the flow rate of NH3 is in the range BET/USQR643300 sccm
the flowrate of NF3 is in the rangeélof 25-200 sccm and the flow rate of
02 is in the range of 50-1000 sccm 10. The nethod of claim9, wherein

1740 1011 The et nod: 1 arS i Gk Epfvebiadffelel ifiREb {4V

flowrate of NH3, and.said flowrate of O2 are in a ratio of about 1/40/2.
12. The met hGPEBINELPLV e@,w&w@rﬁ& ipsuating Ryendoraed oger apaicengctabgthstragy oo
sccm the flowrate of NF3 is of about 50 sccm and the flowrate of 02 is
of about 10GaslcomthdtbediBprisiie met hod of claim 9, wherein said flow rate of
NH3 is of about 2000 sccm the flowrate of NF3 is of about 100 sccm and
the flowrate of 02 is of about 100 sccm 20 WO 02/19409 PCT/ USO1/ 26833
21 14. A nethod f JRUPERBPEAGECAVININELS KPEEITIBE AE i NE; ared 6}, iatacon

opening provided within an insulating | ayer forned over a sem conduct or

substrate, sauttergtihtdr GaitPplashdgGurtdtlipabe] bith @sigasabusstrdaxt of £plasma
containing NH3, NF3 and Q2 into a plasma 5 source chanber, said plasnma

source chanbecﬁlallg%isc?rg%@gwg%ggerﬂgghgﬁg%?&b&a%asma chanber containing a

sem conductor s neratin asnma Of said gaseous mixture into
said plasma source chanber; flow ng said plasma downstream of said plasm

source chanber, angnepiidgeaplesmPbPRIRgHRBAPRItuAdihto said plasma source chamber;

flowing said plasma downstream of said plasma source chamber, and into said

plasma chamber; and

10 contacting said contact opening with said plasma to remove said native oxide

from at least a bottom of said opening.

15.  The method of claim 14, wherein said step of contacting said contact

opening further comprises selectively etching of said native oxide with said plasma.

16.  The method of claim 14, wherein said step of contacting said contact
15 opening with said plasma further comprises selectively etching said native oxide with
said gaseous mixture containing NH,, NF, and O,, wherein the flow rate of NH, is
in the range of 1000-4000 sccm, the flow rate of NF, is in the range of 25-200

sccm, and the flow rate of O, is in the range of 50-1000 sccm.

17.  The method of claim 16, wherein said flow rate of NF; and said flow

20 rate of NH; are in a ratio of about 1 /40.
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10 contacting said contact opening with said plasma to renove said native
oxide fromat |least a bottom of said opening. 15. The nethod of claim 14,
wherein 30 d2/suep of contacting said contact opening furPOBUSCRERI3 ses
selectively etching of said native oXkde with said plasma. 16. The net hod
of claim 14, wherein said step of contacting said contact 15 opening with
said plasma furthegrg co j dveky. i I i q i
sai d gaseous nixtﬁ?% cgﬁ%%ﬁﬁﬁﬁgﬁﬁﬁ%%hNgg‘gﬁ%ggﬁgg%%@&g?%qgﬁggTP%gﬂggfgﬂgf
NH3 is in the _range of  10Q00-4000 sccm, the flqow rate of NF3 is in the
range of 25- Zﬁé\lﬁsc@ﬁ Sa&ﬁgo‘f"ﬁétequ@ gt agntiQ of akoytyl 4l ange of 50- 1000
sccm 17. The nethod of claim 16, wherein said flowrate of NF3 and said
flow 20 rate of NH3 are in a ratio of about 1/40. 21 WD 02/ 19409

PCT/ US01/ 26833 22 18. The nethod of claim 16, wherein said flow rate of
NF3, said flow ratl®. ofh-Bethmddofsdiioh 16.0vherainesaist Q2 ratcefiMiHy ix off dbousf
about 1/40/2. 19. The method of claim 16, wherein said flowrate of NH3 is

of about 200 oveREin, HReAbk ¥e cTNF 06 olNiBohtS5 PiccalaHl thOfls6 e NO, sy f | ow
rate of 02 is of 5 about 100 sccm  20. The nethod of claim 16, wherein

sai d fIOM/ra%_Oag gﬁ%(;s of about 2000 sccm the flowrate of NF3 is of
about fOO sccﬁn % thé™flow rate of 02 is of about 100 sccm 21. A met hod

for etching an undoped oxi de provided on a sem conductor 10 substrate
relative to a doped oxide provided on said sem conductor substrate, said

met hod conpri sing:_ introduci a gaseo 1 Xt ure_cont ai ni NH3, NE3 and 02
into a pl ggn’a g 20. he me&%d ofg claim fg, vgflerem said tflow rate or}%IHt?s of about
2000 sccm, the flow rate of NF; is of about 100 sccm, and the flow rate of O, is of

about 100 sccm.

21. A method for etching an undoped oxide provided on a semiconductor
10 substrate relative to a doped oxide provided on said semiconductor substrate, said

method comprising:

introducing a gaseous mixture containing NH;, NF, and O, into a plasma
source chamber, said plasma source chamber being situated upstream of a plasma

chamber containing said first and second semiconductor substrate;
15 generating a plasma of said gaseous mixture in said plasma source chamber;

flowing said plasma downstream of said plasma source chamber, and into said

plasma chamber; and

contacting said first and second semiconductor substrates with said plasma.

22



source chanber, said plasma source chanber being situated upstream of a

pl asma chanber containing said first and second sem conductor substrate;
15 gener YO o190l asma of sai d gaseous m xture in said pl REVESGIRIBISE
chanber; flow ng said plasna downst?2éam of said plasma source chanber, and
into said plasma chanber; and contacting said first and second

sem conductor sub at 1. | | . VD). 02/ 0] USQ1/ 26833

23 22. The net hodsio' cﬁglﬁﬁnfg?é%g?lgjﬁﬁﬁgg%&é“\é%%ﬁeé%ﬁfg%%gg é%&d

sem conduct or substc[ ate with sai_gll pl.asma further conprises_etching said
seni conduct orSCEUERAIGUSEY SHibEAtE YiEh sid elisma fisthen mpRcarHling KB/ NF3/ 021
wherein the flowrate of NH3 is in the range of 1000-4000 sccm the flow
rate of 5 NF3ehdcombicher subsgeteofitl? Said @asepns mixtandconteinid@WH A BIRF @2 is in
the range of 50- 1000 sccm 23. The method of claim?22, wherein said flow
rate of NF3 | G f f: i t4 b .
The. ot hod of "o S rt S2 0 rey & nUat 1o Ears oP TN e o Al %1
of NH3, and i.d. flowrate of O rein ati o of abqut 1/40/2. 25, The
met hod %of ¢l N B30 e o124 108 p-ratdbefloRats %fb Qs issBtie ratascd Weem
the flowrate of NF3 is of about 100 sccm and the flowrate of 02 is of
about 100 sccHi0®gcm.

23.  The method of claim 22, wherein said flow rate of NF, and said flow

rate of NH,; are in a ratio of about 1 /40.

24.  The method of claim 22, wherein said flow rate of NF,, said flow rate

10 of NH,, and said flow rate of O, are in a ratio of about 1,/40 /2.

25.  The method of claim 22, wherein said flow rate of NH, is of about
2000 sccm, the flow rate of NF; is of about 100 sccm, and the flow rate of O, is of

about 100 scem.
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