;e3et Xdx6T[i X .., r "', a T,, , WO 02/1909 PCT/USO /2G833 METHOD FOR RN
SELECTI VE ETCHI NG OP OXIDES 5 FI ELD OP THE | NVENTI ON The present invent i{sf)ﬁ]:?

rel ates t‘goto?ﬁgjﬂ'bel d of sem conductor integrated circui tsPéFﬂB%éngND éo

particular, To a nmethod for selectively etchi~.ig of oxides.
THE | NVENTI ON During etching of a contact opening in an insulating |ayer on
a wafer, a native oxide residue, for exanple silicon dioxide, often

remai ns, particul ar @P%-E NG i jve oxi de
resi due nust be re%ﬁ%ﬁ%ggon u’]éw ]?Eegeposiégdé?{gﬁ{ Se/ openi ng, as

the oxide residue wll undesirably increase resistance and inhibit current
fl ow t hrough the conductor. The sem conductor is surface nust also be
passi vated by hydrogen to further prevent its reoxidation after the renoval

of the hative oxide. Wt etcFIELIARTHITHEINCEREIANe been commonly used
for the renoval of native oxides and the passivation of the sem conductor

surfaces, nainly becamyR pielenti®hasion r€laed iy aiY ficlddf kymicdaduétor vt ghtdl
wi ndows in insulating |ayers, such as 20 silicon dioxide |ayers. Typically,

a buffered oxidecuits ehd( BgRytiewh td ermesbad dprickegtivgly eethingof exides-d (HF) is
enpl oyed for the etching and cl eaning of both thermally grown filns and
deposited SiQ2 filnms. At roomtenperature, HF etches silicon dioxide nuch
faster than it etches the photoresist or the underlying silicon. The A etch
rate in BOE ranges from 10 to 100 nmimin at 25C, depending on the WO
02/ 1909 PCT/ US01/ 2| >>833 BARGKGROITNDWOBTHEINVIENTIANf i I m Etch rates

al so depend on the type of oxide present. As such, silicon dioxide grown

I El B
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
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*G00002*

JOTOUAU

*159159*




concentration of phosphorus in the oxide enhances the etch rate, whereas a
hi gh boron concentrati on reduces the oxide etch rate. Renoval of native
oxi des, rt| rly that of silicon dioxide, by a wet chepni eani ng
poses tvvo | @H gnt drawbacks. First, ,both HF and BCE havggt@glr"/év:@ ting
characteristics on silicon surfaces. As such, conventional wet treatnents
do not offer reliable processes for cleaning sem conductor surfaces having
1 o fine pattéemsy afehasilicdrediausie filivs clbshtryteanldo dupdralen tlensgipemf okidehese
wet etch solutions prevent, nany tinmes, the chemicals fromreaching the
bottonms of co t. ARERLAGRIPh B8Efe T?r@@n lﬂ@ﬁfaﬁé)ﬂﬁcn Yavaklower LR AL IHYR

oxi de forned at the bottom of an opeffing Wt igh aspect ratio (ratio
bet ween trencg nd trench di ameter& cannot be ef} tlé 3 noved by a wet
cl eani ng proc 1S OF Hi T OBSS BT HRE e aroRt WalRb oL PIEIYE g | cul t 1 or
the etchant to enter the openi ng. Second, before the HF /BCE solution
reaches the batitcentrafion béplophiongsintthe oarmipwahhies niat eteb ratel dbsreas hdigh
sidewal I s of the openings tend to be damaged. Thus, in contact hole
cleaning at tpsroriddbiritin fdatesthe e Bl PNt rol l ed increases in the

di aneter of the contact holes, known as critical 2o dinension (CD) | osses,
are common during the wet cleaning process. Figure 1 illustrates a contact

opening 22 fornmed accordin wel | -l cnown tolithogra ocesses in an
"hotl ati ng | ayer 24 GRemagFob e cidGrERERALY R of HEbSIDBs BHETIE SO 1
/ 2G833 been applied over a sem conductor -substrate 20. In contact opening
22 a bit |i necloonidalcicaningyases hoamhpoftaftodrawkacks! EFistybgsh EF uw] BOE hate

| ater fornmed, as known in the art. As also known in the art, a barrier

| ayer (not Shﬁéﬁ\&) weltRip BhdraeferBtiEFSRbiliSHe furBRed. 'A@mcm&rwchubﬁalfwétst appl i ed

on surface 21 of the Contact openl ng 22 prlor to the formation of the bit
| i ne connector. Since, as e a above, ative oxide,23 ure 1.
Suoh se erTi ohrRRaSde SN REARE et Es o din aeea%dlbcﬁ Bt hayide

opening 22 during and after its formation, a wet cleaning step is typically
perforifed to ﬁe«npan@ema,tmmalydmcaesezesq@momct surfage tensiomeef thaseovetsarcln solatioher
| ayer. Figure 2 shows how renoval of the native oxide 23 increases the

di ameter D of pichentc (‘time]sodﬂzp&{bhﬂGals? Froml RhéhifH @IBodtSmb lof eshiadt Sskrdivgd he
change in cri ]fDI cal d| mensi on CD, t hat
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



is, OCD 2 5 formed as a result of the wet cleaning processes of the prior
art. Figure 3 exenplifies the tine dependency of the change in the critical
di mensi o for the contact opening 22 of Figure 1, i goes a
nndifiedqﬁéégﬁ%wjetching treatnment used in the prior art&pggngﬂgﬁﬁﬁin t he
graph 15 of Figure 3, the BOE treatnent gives an increase in CD because it
etches the adjacent insulating |ayer 24 (Figure 1 ). For exanple, even for
a | ow di ppi ngbdenmpplisdi oherassenficafdwppr abstrate Ay 26caest vgsningl2 a bitdge i n
the critical dinension OCDi is high of about 180 Angstrons. This increase

in the di amet@ndekedrh@of At ofIBLBLAMEPI 2uddstch (WPRGH Be 1h6r BisipH A&SERVWn Of
the nmetal atons that fill the contact opening. 20 Thus, in addition to the

loss in critical dinmepsi.on and pepetration . .uniform electrical .caontacts
may-al S0 becaaiEAFe  AaHreRSwRps B 48 4 §g et dek Vs BieGls BT S
probl ens associated with wet cleaning of native oxides in contact holes,

t he seni condusicbras titehivny (lihisdirgegplicd onrsytiagey2 ot themontass vpening dhpaer @

pl asma etch or ion-assisted etch, which are Iargely ani sotropic and

uni di rect i onahe fSRUSHA oftHealIPliSe bV cRECTBINRIEs £ LREDNEOVRAL NYAVOXKidE3 | N
particular silicon oxide (SiOz), fromtheir correspondi ng contact openings.

For exanpl e, Ni.shi et ,al ..t each. od For the renoval ~gf tive oxides
fromsilicon @dﬂrﬁg‘@ss%ﬁl;‘ %ﬁ%@o (ﬁagbpfsggﬂﬁe%fmﬁé? Flgg etzﬁie%lt lenc\flmfacg.
Appl . Phys. Vol. 74, No. 2, July 15, 199 3 ) . Sim]arly, Kusuki et al.
report the na®PemngRpgeiringasdaatienits dpymariase a uit slapisig NS syRislyHEErfsiraeda
downstreamtreatnent (Jap. J. Appl. Phys. Vol. 33, No. 4B, April 1994).

Accordingly, tdeirtvesativeotidef3 prast tonthe yethttbnyofsuak tarrki tdyengFigeebdi que
whi ch provides a substantially uniformetch in a contact opening w thout an

| ncrease in t{e,Gnldy f&h o BB r?i&ivg%‘}id@ 2§%Fca§ésrﬂlgtd!ia ef Bréiffﬂe'cla [Re

si dewal | s of Buch contact openi ng: There 1s al so a nee or a day pPasna
etchin? process for t 5 renoval of native oxides fromgpenjngs with |ess
damagel® o t heorRGrdRS AR SLlus CIIHI%Céﬁo’é‘ﬁftﬁﬁ?d?ﬁéh%ch@gedﬁﬁﬁé‘?aléilfll?é’éﬂmf‘ &rDalhat

i nproved dry plasma etching nethod for etching undoped oxide, such as
thermal | y gr oMpnAGDR5 fhrasddess 4 feault dbledwerdleming prfresss GREGpride aBUVMARY OP
THE | NVENTI ON

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 dipping 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.



The present invention provides a day plasnma cl eaning process for the
renoval of native oxides, or other oxide filnms or growh residue, forned on
a V' O QgphR89HCT/ US01/ 21833 S sem conduct or substrat e, ppRPsss3anagi ng
the substrate or affecting the critical dinension of a pattern on such
substrate and with | ess damage to a downstream processi ng chanber . The
invention is particularly useful for the selective etching of _silicon

i oxi de resi due at t o BT fie arq!%ffﬁlw%ﬁeﬁi“ﬂ Wik e poRR Piidss
BPSG doped insulating |ayer. The invention is also useful for the etching
of undoped oxindesitacs bohesathet sapvicaddugtqyriodnstSi QR begtn asihgsirgetahgirectdsesy t hat
for doped oxides, such as BPSG The present invention uses a gaseous

m xture of ni i [ . H‘gmw i is first
i njected upst&tfurecg%‘éirar%}tl%saéla #nagpg&g{vgssgﬂg%&gg%?ce 'al?gc? exgc(i’ttrdggég em and

t hen both gases. fl ow gagwgstr amin Elﬂas forag] onto a substrate surface.
The met hod of VHRECHIUREPYER) SHEMEYS PR&RIRINAledPFEROYs RATYE BHEERLS f or
damagel ess renoval of native oxides and/or gromh residue fromthe bottom
of a contact pyenilagsiligert bxide (S frometheir yotbspahfiag dangadtiopeninigsi Eak

di rensi on of such contact opening and with | ess damage to a downstream

processing chagpgile, NRBidoetenteqih Ahehdd R tHE FerRovll ¥f RARRBid & FRsth GHRoh OT
et chi ng undoped oxides faster than doped oxi des. The foregoing and ot her

advant ages and_ features t invention will be 20 better, u r stood-from
Che Tl Low no b Pedt alsaPl TS KB s adtr e U fePl TS Ve 1
connection with the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OP THE

DRAW NGS Fi gulNe. 2, ilsIYd5ng%&)at$imﬂ@¥1MsKusé@tt dnedpovti the netive opide tremavadfbya 25
representative sem conductor substrate with a conventional contact opening

formed in an JRSpLAESRG UsAENFARD £ SPndtREmPIrERmedk (Jap. J. 2PAR09
PCT/ USOL/ 2(r83§§pléi gurlegz Sdepi c?s t%aflﬂosé in 1(1:ri tical di rregl}salpo{l\%fgt he}%

cont act, openi f, K gure 1 it undergoes a wet cleaning treatnent in
accor dil(hce W?ﬁl'%%e%‘g%(?ﬁ%fﬁﬁggf}g’ure 3is agraph illustrating the tine
dependency of changes in the critical dinmension of the contact opening of
Figure 1 when it undergoes an etching treatnment in accordance wWth the
prior art. Figure 4 iAccardipglendereisy regddpbr ahanpiesed Anpplasmaciching or
apparatus used in the present invention. Figure 5 shows the etching depths
for thermal | yteghfitfie Siifieh pR&VidEaGubstah gyl @ifsre &l it Aeostiengserifg Widout

critical dinension of a contact opening which undergo different etching

treatnents according to,a neth of the present inventi-on. Fiqure.p sho a
conpari son of Ay %1%3%%%{419 cﬁﬁlccglqufrbc&lsm&i \gl}%lb%ut #n ons forhed inthe smﬁewans o)

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



contact opening fornmed using etching treatnments according to a nethod of
the 15 prior art and according to a nethod of the present invention.

DETAI LED | ON OP THE PREPERRED EMBODI MENTS In the ' det ai | ed
descri pti\gﬁﬁgﬂeﬁgr ence is nmade to various specific enbodi Igrgtllpgwjirqgﬁhi ch the
invention may be practiced. These 20 enbodinents are described with
sufficient detail to enable those skilled in the art to practice the

i nventi on, andsenticorsducpor, substramegeithetibdamaging tit idstrerebodiffesting the WO

u2/1')~W9 PCT/ 11 801/ 2G833 be enpl oyed, and 'that.structural, |ogical,
and el) ectri cal “&Ha ﬁ’é’éﬂ’r’%&ﬂ% Hﬁ&"égpof'i‘%lcgé\‘l?ﬁtm%i%‘f}”ﬁ €ss EH‘gFr‘iotahg
foll owi ng descpj pti ' . P et of = #
Structure most tountidal Bosk Qi dRn Rt IHTANANNA Obs IRaRHy Rk IS
(SA), siliconsddtsapaideof DR didwidedesidict atiopettoseof £ ongtded Gpehing

epi taxial layers of silicon supported by a base seni conductor foundation,
and ot her seni wbishiug fasmestinacBbyEoprd insslatingdaguc b inadgionds alse useful

silicon-based. .The sem conductor ,could be,silicon,lQ ger ium .germani um
or galliumar s@)ﬁitg"e?tc%&og@?‘%}%&%“‘#@ fhehas thyrmaly g '%Sga#’ﬁtf‘rﬁ%tefr(fﬁ{éow ng
description, p i r e been utilized to formregions
or junctions iﬂﬁérﬂﬁfogﬁgﬁgggé&fseg’%ﬁggﬁ%l&??g}f or 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 conprised. Because all gases are
used at identical, pr esSierrigseadnyeatipa iaeLs sascoysnaixteiepipireses tifluafidenst ead

of oth term (for ex , lLes). .t o underscore the inportance of
usi ng gé\s es i n@gﬁ%’m%?mflgta(ii%%aéﬂ]g@p% 55 TJSaleﬁ UpSFrae lﬁ?qgra "ABUnt s.
The present 'npﬁgﬁla QBurRE Wi dESx G P LRSSl DA BB ARseE N8R HWhsReamaaS for
tile renoval of native oxides, or other oxide filmhs or growh residue,

forned over a plabsh faring onvo 4 bobstradasaficag Thhenahibd bf diepesemfifentiong t he
critical 25 dinmension of a pattern fornmed over such substrate, The
i nvention al soPfvises aely gleapingaproress fercdaneageless reriqyal ef naemxidss Rad4oF or

undoped oxi des, as,oppgsed to doped oxides._ The inventi I S ticularly
useful in rermgf%“éﬂlr{ggﬁk}%gff% Epecgtp(ft?%%ortﬁecogf)atcp %%?g’cqgln act” Ig]g%ﬁnn s etched
in an ipsul ati pfedidyane CAHPRUIRERSOR oF Sht dodkRt 0fbning\WRIAHH B89damage 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.



8 PCT/ USO1/2(833 The present invention uses a mxture of nitrogen
trifluoride (NFL) and anmonia (NH3) gases, which is injected upstreaminto
a mcrowayg (p);spge source which excites them and then thg-ypshfResw Pl asnma
flows downstreamin a plasma formontp the substrate surface. 5 Referring
now to the figures, where like elenents are designated by |ike reference
nunmeral s, Figure 4 shows a Csichemati c view of apparatus. 100 enpl oyed i n_the
present invention. Apgwsadeiess dac lossipgaiicabdimensiontahe copert PRMERE Bf om a
reacti on chanber 14. The pl asma source chanber 12 excites 10 a gaseous

m xture 10 i nFiguee plvdsmet pndergoboa wee ckardng pentmeit inhecqgdseausitinitixd proe 10
to the reaction chanber 14, through a conduit 30 (Figure 4). Figure 4 also
shows a substypate 32 located ,on a substrate stage or table 34, which
supports the substrate 32 through a chuck 38, which nechanically or

el ectrostatically holds the substrate 32 to table 34. The substrate table
34 is also provided wi.th 15 a cool iphg deviﬁe 36 ich,cools the substrate
table 34. A heating IHA&pcsis|agaapayivgHatngethe faf P‘E}fdeﬁlﬁ)éofé%?&&%ﬁl Yramber
14 maintains the tenperature of the substrate 32 constant and al so hel ps
reduce $he anoiudal dimermssordoftitehmintics opemang wéFignré drwiech nmndhgosshh stabiing he
reacti on chanber 14. 20 As also shown in Figure 4, the plasnma apparatus 100
is also provi g jt j rﬁé@% vity 16, which is.connected to the

pl asma sour ceggﬁ%ﬁh%@{% oug ﬁéa?\/\c)aé/ﬁeé{ia%?et | 7. Mcrowaves at, for
exanple, 2.45 GHz are generated in the cavity 16 and applied through the
wave inlet 17 to the plasna, source cha,nberzéz. Further illustrated in .
Figure 4 are gas inl éii§Ufryls alsg[ggma%wg‘gof e fysiLRgHIFE A I SRPRIABISased in
etching gases nmay be introduced in the source chanber 12 in accordance with
the present i rhegnesem invEimeiom cr owave cavity 16, the wave inlet 17, the
reacti on chanber 14, the plasma source chanber 12, and the conduit 30 are
formed of quartz or, nore preferably, of saplure. 30 A selective etching

and cl eani ng nethod f L i : ! f
cont act openi ngs etchlg%uﬂl%ﬁ %%gvsgtég%??%ns%#%ggor%gé?ﬂy@%F%%?%ggﬁgs@
PCT/ US01/ 23833 i s expl ai ped bel qw usi ng Qje apparatus 100 of Figure 4. The
appar atlfis 100mselargry apd tﬁe Fadngsdn ghe gri MEI§IQY %‘Pl}ta‘%tcﬁpeé%r’(ﬂl‘i"h'(jhundoped
oxi des faster than doped oxides. According to an exenplary enbodi nent, the
et chi ng pr ocessdafotdiferpnesehing teamensrctadogy ta ®dheduid ofithtelpreseaact i on
chanber 14, which is a high 5 density plasma ( HDP ) etches. A cleaning
etch is a reaﬁ;vieﬁgoﬁ.on etch, which is a conbination of chem cal plasnma
etching, in which a plasma etches by chemcally reacting with the
substrate, and ion beam etching, which is a physical process

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



using high energy ions to bonbard the substrate in order to etch it. 10 The
fusion plasnma of the present invention, used for selectively etching and

cl eani ng l.ye oxides, includes a gaseous mixture 10 g, k6 rRe8N
trifl uori\gé"?@lﬁg{ and ammoni a (NH3). Both gases are first |&Tn/jﬂeclt/e?]ﬁt hr ough

their respective gas inlets 12a, 12b (Figure 4) into the plasma source
chanber 2. A mcrowave, typically of 2.45 GHz at 500 W housed within the
15 ni crowave cmay by efployesl, endithadtranardhlegical uhdiaestnéad cbangee may beppl i ed
t hrough the wave  inlet 17 to the plasma source chanber 12 containing the
NHS / NF3 gaseo‘ﬁ@d‘ﬁi xture I 0. As a result, a discharge is generated inside
the plasna source chanber 12 and the gases form ng the NHS /NF3 gaseous

m xture 10 are deconposed. Thus, before the downstreamtreatnment, both NF3

and NHS 20 gases are fllcSerms@BbiteleUpstiiaant fallotving dysdipeiondsaytiatindt| ow
downstream as a plasma fromthe plasma source chanber 12, to the reaction
chambers 14 ont oyt semisondunter-bised huuetuls t Sumesugzmusichowdeisiopd tamndndeml ary

enbodi ment, the. plaspa etching pr 5 of the pre i npvention uses the
two et ching ga%lé‘gonaﬁﬂ"gﬁpé’r(‘Nﬁgl?&ﬁgggiitﬁ’ﬁﬂ’é??ntﬁaPPﬁ'ﬁ%fﬁ&)fﬁﬁﬁ‘} aP‘ﬁj ect ed
into the plas 1 PAREL ZFq{ax at ' 0 - 4000

st andard cubi g@:@%‘%&@?@ peror}ﬁe ut eﬂj(lé@%ﬁ)&%ﬂé?&ﬁl%ﬂdgﬁg%gy%%g of

approxi mat el y ghnicordtst angalatos dcothendeniied et tmestrudamas.eThecem) for

NF3. Oxygen {QZ) may al so be injected with the NH3/NF3 30 gaseous m xture
10, at a rate emigppdestpiaced Yol silicopoorsed.a i sEMGPBIE s FoR e EICqsr

m nute (scan), so that final .gas m xture conprisgs. be . 29

021 1904° 10 PCTPUSSE Y D6 853" H gt h 2B E p B PG Tt Lo _
oxygen. The adﬂlﬂsh‘aﬁé ilglfth@)fbfﬂi@\!@i_n QUebdtprions pRAIdUs Br8TeseLiepkas hiftebdeén radi cal

concentration, whic el ps achi eéve a desirted selectivity. 5 Next, the

NH~/ NF~ / O~ gastbze td foror egiths for puvectidosvirsor eanpe bise semicondectooedui t 30
(Figure 4), into a diffuser 44 situated inside the reaction chanber 14, and
onto the sanpl oundsppat e 32. Exanpl es of inplenmentation of the invention
wi |l now be described to with reference to Figures 1, 4, 5 and 6. In each
of the two sets of experinents which will be described in nore detail

bel ow, jthe critical diTROgRNKED}s iaStodhdkar! G ofpedthNg@fial Shiedofs
contact opening 22 of Figure I, which underwent a dry plasma etching with

the NH3 / NF3 / Ghideseqsconsxhixtered Osedfintthe prasestanventipresreicompised.measur ed.
15 In addition, the efching depths .%Ihlsé{nal I r,own oxi des, V\/(t’li ch are
undoped oxi des Becae gl ggemsare BEF(S‘S’*;SH oo F%uff?é _tflﬁﬁ%)mlg%ithfé,erﬁb%lﬁ is a
doped oxi de, el & IEASMIEAr Sl CARRRSISE (b EfarHiE/inisytd BnddlierdbR / NFL

[/ 02 gaseous m Xxtur
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, withont damaging the substrate or affecting the critical

25 dimension of a pattern formed over such substrate. The invention also provides
a method for achicving.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



First Set of Experinents Under a first set of experinments, which is
descri bed below with reference to Figure 5, a first silicon substrate 32a,
with contact opening 22 (Figure 1 ) forned into a BPSG | a

appr oxi rra‘?/glof/lg'%o Angstronms, was 2s gelectively etched vvli{ﬁ:{Ug(te]\//ze('tr;l33
different etch chem stries in accordance with the present invention, to
allow for the renoval of any native oxide fromthe bottom of the contact
openi ng 22. The seven Tdieghesshemventioreysesfa miusrafgenogemuidhorigs (Aite)

represented b rocess. pafr. ter or,respondi,ng to points P1 to P7 of
Figure 5. and PHAPHON CLCHbERrs BIIC B hier 6 ddmeu PR ERCAPIFRYAY Plrd,
substrate 30 . i nitiall a . i , ;

oot st strip, BRrdappldickt HefSh MR RUEAT (RRNNM, diindical Bl

art, to form gslisnatforapenidithe 3dbsitritosuiee BPSG |'ayer havi ng an approxi matel y
0.3 ~, dianeter and an approeimately 1.5p. depth. As also part of the first
set of %experinents, a downstreamtreatnment 5 with the NH3 /NF3 /QZ gaseous

m xture 10 of the presgent .invention s performed qn t di fferent
insul ating |ayers, thB%FW Mo Thhg; 8 _ Eg@fe ?(i‘é‘?ﬁ%%taﬁ/%‘?siﬁn%d_ebyef fects
on both insul aﬁl&er}gféf@ﬂ&rr}:ﬁ}{l?rgfsg ig'i(.)lp?%: R E’él{efnﬂtﬁye\gbl’a@a?ﬁuﬁmm stries,

corresponding to polnts igure 5, of the present invention were
measur ed and canplayed in Bid presdnd inveatisrl dcplasrea edrke nlyariber 1 satmerdly wi t h

t he gaseous m xture of the present invention, a thermally grown oxide film
of Si02 was foposisipnes! fipmrospainneiambgd 4ankhe Plasraa pourge Fhanberat? exritgs

| N le 9 00 . . oy
S2b. it 1 ar |y Eohoss e O R e ot ol he SRR A bREB,SHRRLEAT €

bor onphosphosi j ) &atige fHaddsn CBRSSAr 14, H'ﬁlowgﬁ aQdondiid 30 @NRR4 ) Eighy 8509
Angstrons 15 and was doped with boron and phosphorus wth 3.1 wt% and 6.5

W/, respecti vabloys aNasbistratel 32 lokated osid substratsisbagerarttable $da whihsupgatts 32¢
were individually contacted with the INFs / aseous m xture 10 and
the change in BRSUDHIAERS fg’é‘Puﬁh ?‘réli%‘ikyfﬁ("(ﬁ&}h frB%)fa%ga HAE ‘élE‘ftr%‘[S‘étr‘ﬁaﬁlj 22, as
wel |l as the etgchi f I % I : . :

i ndi vidually r%@gggééggﬁ%}?t%% te(%aggjeg%rgpgé zf?é g%%)?@gés?ﬂﬁlg\og{ecgg?g%el y

contacfed Wit hy toslild-Bevidd36 WhdchoRoBOhe sibstidte abloder A heatihgllhapidlg

condi tions and ranges of flowrates: 2S 30 Pressure: RF Power: Magnetic
Field: Tine: Gesatelowstheiogsiteof throoaction epnbecddsmaiptrised s eaPRIBLICOH0 -
4000 scem NF3 1% sﬁbgtggtes?&cggnstant and also helps reduce the amount of residue that is

eventually formed on the walls of the reaction chamber 14.

20 As also shown in Figure 4, the plasma apparatus 100 is also provided
with a microwave cavit}; 16; \;flllich is\'connectcd 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 12c, 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
8



WO | 12/19: 1119 12 PCT/ USQOL/ 2fi 833 02 25 - 1000 sccm Mor a specifically,
seven different experinents wet a run for different etching paraneters of

the NHS / gaseous m xture 10 of the present 5 inveptd t he
dat a froﬁéé&é%gperi ment was recordegl and illustrated i npﬁ/gg?]éﬁg,g whet

t he change in the critical dinension, OCD, of the contact opening 22, and
the etching rates of tcgermally grown Si02 and BPSG are illustrated as a
function of di PraPkeebdaViingaharppEREs kU9 ofdfigeseshpl be apparatup A8 afi | i con

b 32ay; i ndivi dual |y i.th.the NH3 / NFL
1 & gascous m Hiere 4BR0REEEo IR 1 BN 1D ctFR N RBp P R AR E A i o

are as fol | owsdoPE®ogidks: k&dﬁgg&%@%ﬁ@%eﬁ%@ﬁ%& E{@&Bﬁhggr&&& g 0
GaussTi ne: 30 SecondsGas Fl ows: N 2000 sccnNF3 100 scen0CZ 1 scCm ALI

three silicon stbptesattesvedRian i8ehricdindt BRtheweaaioal danibedil ¢ ehzhliy a dbdgli act ed

with the NH3 /NF3./ O~ gas m xt ur 0 under the follow ng P2 process
paranet®rs: 25 ?’?Sé%'ﬁ}?%?al@&(gﬁcﬁﬁr' nEHPFCingt 3 EREHTSPRCTGh, dyTclpis a

T3 PCT) USoL) 2C B0S BPOR00 Lenmitpiy e Ennfs i FAEch {ReSfE Blche by oy

Figure 5 ) on gdaktihfréeh thesubstatates ioafteam arbhiad, whichtihd pRysddbpidates were
individually contacted with the NH3 /NFL /02 gaseous m xture 10 under
process par aneténg high energy densgo Honprasd sl substra® iMarderRie deowisr : 1400 Watts
10 Magnetic Field: O Gauss Tinme: 60 Seconds Gas Flou~s: , , , NH3 2000 sccm
NF3 50 sccm Oy 400 sccm IS Under the control process conditions of P5, the

gas ratyo of NHS, NF3,TROF G5 %@T%‘gﬁt&%%&%@gt qﬁfeﬁ‘lé&’%g{s ngfgc%gcgy Torr _20

RF Power: 1000 Watts Magnetic uss econ Fl ows:
NH3 2000 sccm &ichiriéhd cemia o Hath@bxéd@ Mnchideet lpasdons hiieneh 20 @Enitroga |
three silicon substrates 32a, 32b, and_32c, which were individually

contact ed wi t htritheorige(Nieangd epmenia 6NELw Botip gase arefirsy injasteds hirpegh ng

condi ti ons: 304fe Lsegfajéc%:ve ]gasT Rldes 12a, 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
NHS,;, 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%



RF Power: 1000 Watts 13 WO 02/19409 14 PCT/ US01/ 26833 Magnetic Field: O
Gauss Tinme: b0 Seconds Gas Fl ows: NHS 2000 scan NF3 100 sccm' S Z 100
scan Fin three silicon substrates 32a, 32b, and

i ndi vi duzﬂvwzgglr?%act ed with the NH3 /{yF3 /2 gaseous mi xt PEEUE e, i e
foll ow ng conditions corresponding to P7 of Figure 5. to Pressure:1.5
Torr RF Power: 1000 Watt sMagnetic Field: 0 GaussTi ne: 60 Secondsl5 Gas

FI ows: NH3 1000tcsazarAI0% Mare pretzrabhoofsabomt 26, Thegene stiia axldifion b€ okygest toset

of experiments  ,show that, under the_contraol conditjons (P5 of Fiqure 5 ),
Che et chi g deberarsh Hasm ey gho R 1ail6al oncaumuten RACh b Pepsiemo
.Angstroms as gnpegedel@,idl0 - Angstrons). Figure 5 also shows that, under
all other process conglti ns of the first set of experinents, the etching
depth for thermally grown Si02 was about equal to, or 25 slightly | ower
than, drat for Bl'SG The highest increase in the critical dinension, of
about 200 Angstroms, 6%@@r¢@gﬂﬂhdéﬂﬂmpﬁiSﬂﬁpqimqagﬂi1%ﬁp%adbﬁmm0@¥5;10 (P7

f Fi 5), ile th . | .ch .in th itical di. ion, of |
Phan 90 50 AngttpEs HeeaiRia St Fha e B4 F 0w B B0o: 5: 10°( B2
of Figure 5). icrio)Cphe XA R Unll k38333 Thus, according to the

results of the first set of éxperinents illustrated in Figure 5, the best
results for the change in the critical dinmension were obtained when the
experinment was carried, out under the process conditions_of P2, drat is
NH3/ NF3/ O- gaseous mi ¥rarwlesioljaplementaiomnobes invension will npw bedeaibsdount

f nit trj i lative tp £h t .of ia, To furth
oxenpl 155 tne MR ERIEL 2 5 5 B he TR ey e bBiPR
fusion plasma gARKOVIINE dderitédBin/Hbd doxl Baeeuse MiddaliBn&sidd& D) BRENt

invention, reference is now made to a second set of experinents, Wwhich wll
be expl ai ned i of cortpdropeniogsyivch aFcgutaet dpenirtg 52 o6 Bigusel , ohidixpstdrwent 5

Under the second set of experinment a nt act openi ng, such as contact
openi ng 22 of %yg@?%nals‘—tﬁﬁgﬁﬂ&g@ﬁ g}&/rlﬁgiﬁ 2 2335948 mgire 4 () of the pessentcon
Substrate 32a,nH@9§6M@B%n§% I%gg under two different etching chem stries

for two different aspec that is 0.5 nomnal and ,0.6 nom nal,
respects vel y.

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
NHj, /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 proceé§ Ipafametegs 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



20 For each of the two chem stries, the change in critical dinmension was
recorded, as shown in Figure 6. Qut of the two etching chem stries, one was
a convent t etching chemstry (illustrated at poi j gure 6)
and the ovg)gb?}l?)ﬁ% was a dry etching chiem stry in accor dan?IeCT@js?ﬁI(’tsge
present invention (illustrated at point E2 of Figure 6). 25 As illustrated
in Figure 6, the change in critical dinmension was recorded and neasured for
t he convent i onkhowetin gheirtndiofmewnBcOBpetiogi22tingo (lexBhpGildyicetadhglh ) .
Also illustrated in. Figure, 6, .and by gonparison t e t. etch chem stry,
the change in EP?rPF‘E%qtgléinﬁ%Hscihﬁ‘ﬂcfﬂéﬁﬁ)anlf‘ipﬁgoxb'?‘a‘ie ei'gﬁrd/‘\%gi" 30 opening 22
of the substrate 32a was al so recorded and neasured for one of the dry

pl asma etching chemi stries of the present invention, under the process 15

WO 02/ 1909 | G PCT/ USOIAL4BBare on tid fipset N34 Nrizn (s e 0biirdhX fredtthent

. volune ratio 200:5:10 under 60 seconds (exerrpllfied at E2). As in the first
set of &xanpl ewithtthe NUay' 2, MPegrseous2ninwas Fboftbd pocsenhimventiot mas e 32a by
etching a BPSG insul ating |ayer of. approximately 1500 . Anggtrons,.

contact openi nBC‘rZ}%‘V\ELOP "Pidéﬁqlﬁnbpsglﬁ%gllﬁ%" B‘YC“?‘H sas'%?gﬁdm %ggét 1.5
p, in depth. Af j \9@%?3 Y | t
chem stries, tLéesﬁg%tgﬁgféalﬂﬁlc %ECSFHC(%}?Rgg}a]I |ﬁn%%§?ag% %@rggfﬁ&\gﬁ%ﬁ%%ﬁé wer e
measured and t behddkgigtied, cotedpondiggitepdintst Bl ACPPIOEERG1rE 8, bhehe(Bresent
measurenments of Figure 6, etching with the NF3 /NH3 /OQZ gaseous m xture 10
at point E2 ( NHBEREGHOZramepsirgdrand gpmpagedgQPriorgo:the sgleggiveessclingruch snal | er
change in the critical .dinension ( OCD the cantact opepin 2 than
ctontndu-i tn et AR ouarT TSP Be PREetHBH ioPy & Ryl row
preferred chempgide)l® ofidi0, Wa$5iRled RYSIHrbAMatdly RODO UnkerbMNsR) My OZ
gaseous m xture at volune fatio 200:5:10), the CD neasurenents show a
change in the oxidatioalt dievarnd tanpahtires fort dxamph9 @YSt sroasedomd sliconnomi nal

aspect ratio, and of about, 8 ngstrons for 0.6 ngom nal aspect ratio. The
CD measur enent §lrﬁ§|tr§56 %%\NS’&“‘SQEQS PR eRMateddhyd silicopgubsigate B2 ¢ apron-

di mensi on, of i ¥ I I , i X i cprresponds
to the convent ?gﬁéﬂ(?%\?gl? étgéﬁgmgg%n %’@ g&‘ﬁe%g‘gf‘ l%rogﬁm%tﬁ@ é‘pdrqoo‘&n%sﬁ Mrhe
resul t gsand measdwREEBHEd Witht BistoR B Hosh @R With3. ¢ GRdd 408 6 BayR5 the

m xture of two gases, hitrogen fluoride (NFs) and ammoni a (NHS) which are

i nj ected upstresspedtively. a mi crowave pl asma source, with a small anount of
oxygen (02) and a reduced anount of nitrogen trifluoride provides an

i nproved etching and dry cl eaning process for the renoval of native oxides,

or other Kind of resi gy YYMED fikBh G QOU! 398 dSRAV QTR O{auaRP! act
openi ngs 30 etched into BPSG or other insulating Tayers on sem conduct or
substrates. Theodfacted 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 undef the following 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-- 200 sccm
AN )



WO 02/19-409 17 PCT/ USOL/ 2G833 i nproved plasma etching and cl eani ng process
usi ng the gaseous m xture of the present invention provides mninmal CD

| oss, redwag&nQEBiations formed in the surroundi ng insula;kyQSLﬁ%ﬁiy and

i nproves opening uniformty. The data,of the present invention also
confirms that the m xture of nitrogen fluoride (NF3) and anmoni a ( NHs)
gases which are injected upstreaminto a m @rowave plf%srrﬁ Bﬁurce, wth a
smal | armount of oxygen ( OZ ), etches undop®d oxi des,?3udf08$Rer mal Iy gr
own Si Oz, faster than doped oxi des, such as BPSG PSG or BSG Although the
results of the present invention have been |10 illustrated with reference to
thermal |y grown Si Q2 adobdspedifidaids devaxi differchhexpefivieititd Word imindbs diffedént
limted to the use of thernmally grown Si 02 and ot her undoped oxi des, such
as Si @2, CVD ortchE@Rranetiesof thecdNHa g NiLOX), gEassdepogict KboBih@presensi | ane,
may be al so used. 15 The, above description.illustrates exenp| ar .

oo mant s of BHGRETEHRe A HOT A nFRA Vi e ORal e bitesent
{nvention be |ghted bckdtheldibhigd [AIRAHIRMARILE, AMPIckhsald g and
substitutions td spetific proces3 conditions and structures can be nade

wi t hout depart bpenihg @D, ke tsdetchingantts st epannlly thevp SEdeaid BR8a&nirt on.
Accordingly, the invention is not to be 20 considered as being limted by
the foregoi ng dbstratedtas arfupsronphdiffstant ceing paramicters.i mi ted by the scope of
t he appended clains. 17 WO 02/1'1-L(19 PCT/USO01/2(i833 18 "'Vhat is
clainmed as nev~ and desired to be protected by Letters Patent of the United
States (ps: 1. A met hodgdQhaRiRS TR tﬁfe%lsﬂﬁanﬁuﬁﬁﬁ!t&%ugﬁgraﬁc{-\'l@?é {v@f(;fe’ ,
conprising: introducing a gagedus m xture containiizg NHS, NFL and OZ into
a plasma 5 souimdividbaliybemtacead evigh e MNHS INK, o/ @) gasbeus aeitag B tnddratie
upstream of a plasma chanber containing a sem conductor substrate;
generating a pPEesess mditens ofddlediigute 3o which arp astallews) asma sour ce chanber
; flow ng said plasna downstream of said plasma source chanber, and into
sai d plasma chanber; and

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

All three silicon substrates 32a, 32b, and 32¢ 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
NF, 50 sccm

12



1 o contacting said substrate with said plasma. 2. The nethod of claiml.,
wherein said step of contacting said substrate v~~ith said plasnma further
conpri se said substrate with said gaseous m xttu ng NH3/
NF3/ 2, S‘\Xh%te‘rﬁgl nthe flowrate of NH3.. s in the range of ng@gﬁggﬁ%ccm

t he row rate of NF3 is in the range of 25-200 sccm and the flow rate of
15 Z is in the range of 50-1000 sccm 3. The nethod of claim2, whereui
said flowrate of NF3 and said flow rate of ONH3 are iH'%saB i 0 of about
1/40. 18 WO 02/ 19-409 PCT/t!SOLl/2G833 19 4. The nethod of claim 2,
wherein said flowrate of NF3, said flowrate of NH3, and said flow rate of
QZ are in a ratio of about 1/40/2. 5. The nethod of claim2, wherein said
flowrate of NH3 is of about 2000 sccm the flowrate of NFL is of about 50
sccm and the flow rathécxss aDPPA sineé was pértormeto® 3sefthigue:. 5 Torealhdtrbod of
claim?2, wherein said f NHS i s of abou 00 sccm heflowrate
of NF3 is of a% Patfﬁoafj&e(f YH‘aléﬁ]éldﬂrﬁ%Fﬁ?Séqué’Y"ée b‘?‘i‘ﬁé iﬂg"éﬁnt% withgdiescem
7. A method fo I i [ to
gy TECnod foRIe] mpug@)tzgggtgéyfsggﬁﬁp%hngiepgp&egﬂs S meéps M%Hzgawé‘g
substrate and said insulating |layer into a plasna chanber said insulating
| ayer having at | east one contact opening ther ei n; |ntrodUC| ng a gaseous

m xture containi ng NHS, Prgstwrend Oz into a BSFRersour ce chanber, said

pl asma source chanber bglgrlg) si tuat ed upstr said plasma 15 chanber;
generating a plasma of ‘d5eous ni xture i) pl asma source chanber
fl ow ngpsaid plasma dommatgh@gg}:&f[d .sai d pl asgrg ﬁfgur ce chanber into said

pl asma chanber; and contacting said insulating layer with said plasma to
clean at |east a bottonmlofe20 said openi ng 60 Sécomalsd pl asma. 19

Gas Flows: | . NH, 2000 sccm
NF, 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
NF, 100 sccm
25 0O, 100 sccm
P6 reflects the changes in all three silicon substrates 32a, 32b, and
32¢, 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



WO 02/ 1909 PCT/ USQOL/2G833 20 S. The nethod of claim7, wherein said step of
contacting said insulating layer fitrtlier conprises selectively etching
sai d bott?@(mmﬁ)@i d opening. 9. The nmethod of dailll 7, ShRbessal d step
of contacting Saird insulating layer w,th said plasma further conprises
selectively etching said bottomof 5 said opening with said gaseous m xture
contai ning NHS, NF3 and_O-, wherein the flow rate of NH3 is in the range of
1000- 4000 sccm the fl odaggetc SieldEL is in Q fe$sange of 25-200 sccm and
the flowrate of 02 is i he range of 50- 10. The met hod of
claim9, wherein said ng\rflvE'rate of NFL andlés)(glg%p% Ei(E:’?w rate of NH3 are in a
rati o of about 1/44. |oGadFloWse nethod of cNai,m 9, WEy® secgaid flow rate
of NF3, said flowrate of NH3, and said flowrate of OZ are in a ratio of
about 1/40/2. 12. The method of claim9, wh¥EFgin sai dl@Qs&enmrate of NH3 is
of about 2000 sccm the flow rate of NF3 is.of about ﬁg sccm and the flow
rate of 50O, is of about 100 scan. 15 13. TheQmethod of (%)M 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 OZ is of about 100 sccm 20 WO 02/ 1909
PCT/ 11501/ 2G833 21 14 FiAulhgtheltket ailico substrag:s $2aa8 2 v aared3d Ztewéeingidualy de
of a contact opening provided witlun an insulating |ayer formed over a

sem conduct or seeetedveth g WhEhetNod CoBfrcrys mixturni @ gader wg fallgwingous

m xture containing .NH3, NFL and Q JJte.a plasma 5 source chanber, said

pl asma sour ce 8%%58?5 ‘B%‘F?F@%?P&SP?J“%@@FP@ of a plasnma chanber

contai npng a sem conductor substrate; generating a plasma of said gaseous
m xture into said plasna source chanber; flow ng said plasm downstream of
sai d plasma source chanddessuand i nto sai d pléasbmrchanber; and |0 contacting
said contact opening with said plasma to r enpve said native oxide from at

| east a bottom of said SFefP¥Y: 15. The metH e ai m 14, wherein said

step of contacting sai dl\ff%teﬁgt‘f' %J.eni ng fi tétdﬁgs conprises selectively
etching of said native OXIUe W {h"sai d pl asia.

Time: 60 Seconds
15 Gas Flows: NH, 1000 sccm
NF; 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, /0, gas flow ratio 200:5:10 (P2 of

Figure 5).
' 14



16. The nmethod of claim 14, wherein said step of contacting said contact 15
openi ng wi de said plasma further conprises selectively etching said native
oxi de wit } aseous m xture containing NH3, NF3 and O03-~rMRE{ 55 t he
flow rat e@g}ﬁﬁﬁﬁf;o@i s in the range of 1{00-4000 sccm the f%gwmrgat/e of NFL is
in the range of 25-200 sccm and the flowrate of QZ is in the range of
50-1000 sccm 17. The nmethod of claim 16, wherein said flowrate of NFL and
said flow 20 rate of NHS are in a ratio of about 1/40. 21 WO 02/ 19.1t09
PCT/ USOL/ 2G833 22 18. .The nethad of claim 16 rein said flow rate of
NFL. said flow rate. of INsaccrang i offs R of e GF of Srepiedfi,f 7o of
about 1740/ 2. 39 Tha ige5Rad s0lnchal MhBs FUNBE Shih SALGLE LKA A fiohHS i S
of about 2000 scgrlﬁ tﬁe 0~ r’a%e 0 I\SlFsslfs 0 ellﬂ})%c? 56 scc?n angﬁ)tl?le fl ow
rate of OZ is wtrdoldabitd vk deeRpe@fientihes aRiibddudfinddrahepidresswher ei n sai d
flowrate of NHS i s of about 2000 sccm the flowrate of NF3 is of about
100 scch and eondifipawof B2 ethat is i1 NG5/ @b sasconomisemit vRIumardHa hod f or

et ching an undgped oxid ravided on a sepm conductor, 1 p substr ate

el at1ve to a abysalGyi iRt fafin SR eeL Hbiisebrve i e bgunt i ¢
met hod conpri shNfmmodifit r oduci ng a gaseous m xture contai ning NH3, NF3 and
O-iilto a plasma source chanber, said plasnma source chanber being situated
upstream of a plasna chanber containing said first and second sem conduct or
substrate; 15 generating_.a plasm ai.d gaseous .m xture in said plasm
source chanber; fl ow @W%P‘%Hﬁ&fgﬁn‘fgwo‘@ I ’F‘ﬂ%%’i“gdﬁ%&a source

chanber, and i ) 1.4 pl X t j d,ALi nd second
cent contuct or SiaiPlitid T ASRPIEm, AMHBE ALY 48 gy Etodd

PCT/ US( 11/ 2183iddre 8f thksresedi M@nAbn Clefirénctls nwhahfddrsasddond & &f _
contacting said sem conductor substrate wi'th 'sai'd plasma f~u they conprises
et chi ng sai d serpeciomchus,twhick wilé be gxplained in sanjungaerewvith Figwter.e cont ai ni ng
NHS/ NFL/ 02, wherein the flowrate of NH3 is in the range of 1000-4000
scan, the flowrate of 5 NFL is in the range of 25-100 sccm and the flow

rate of OZ is iii the range of 50 1000 sccm 23. The nethod of claim 22,
wherein said flowrate of NFL and said fl ow
15 Se Se xperiments

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, the .c.h:;mg‘c in 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 ﬂiuétrated in Figure 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
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L$10%@& ()-1 " $10%@& () - |

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
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9, Z10%@& ()-9'!10%@& ()-hY[a?! ! OL5! 10% & ()-L5! 10%@& ()-!F 3M 1094 T& ()-L
1 10%@&' ()-vy.$10%@& ()-L, 10%@& ()- [bC & 109& ()-"10% ()-10%& ()- 10@ 10@

10@ T10%Q& (), L 710%@& ()-h 3 | dEbC 9S 109& ()-3l |t 10%&p)~ % ()-9
10%&! ()-%?of%b{“)l’- 88 109 ()- kI dERCI of # | 109& () - 9&! : lp%é}:%”??‘ggﬁ
109& ()-fZ9409%& ()-9S! 109%& ()-9S10% ()- D jdEbCIL2: 109& ()- L/ 109% ()-
9- 109%& ()-1 F+10%& é) ' 109 () - 9%0%& () -j NOPQ nbCl ! 10%& () - 10%&/&- 10
10 10L9! 10%& ( ymproyed phagmp)etchiyg padoigapng pieryEREngthe gagopy miguregfge () -
$10%& () - 10(y%re(s<):r_1t8ﬁg1‘\!rgn & ;Qoirl%c} Qi _dﬁlfoldslgp dlcés B ook formed in the

surrounding insulating layer, and improves opening uniformity.

5 The data of the present invention also confirms that the mixture of
nitrogen fluoride (NF,;) and ammonia (NH;) gases which are injected upstream
into a microwave plasma source, with a small amount of oxygen (O,), etches
undoped oxides, such as thermally grown SiO,, faster than doped oxides, such
as BPSG, PSG or BSG. Although the results of the present invention have been

10 illustrated with reference to therma.lly 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 made withbﬁt departing 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.
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1. A method for plasma etching a semiconductor substrate, comprising;:

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

chamber containing a semiconductor substrate;
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

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.
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5. The method of claim 2, wherein said flow rate of NH, is of about
2000 sccm, the flow rate of NF, is of about 50 sccm, and the flow rate of O, is of

5 about 100 sccm.

6. 'The method of claim 2, 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.

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.
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9. The method of claim 7, wherein said step of contacting said
insulating layer with said plasma further comprises selectively etching said bottom of
5 said opening with said gaseous mixture containing NH,, NF, and O,, wherein the
flow rate of NHj 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.

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

rate of N'H, 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 sccm.
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