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OVER UNDOPED SI LI CON DI OXI DE AND SI LI CON NI TRI DE TECHNI CAL FI ELD The
present invention relates to processes for selectively etching doped
silicon 10 dioxide that overlies silicon nitride or undope ) iIicgg

di oxi de. Particularly, the process of the present inventiof 1378fYdEES an

et chant m xture which includes the use of *"an et hane gas havi ng the general
formula C2H,,Fy , where x is an integer fromtw to five, inclusive, y is
an integer fromone to four, inclusive, and x plus y equals six. The
present invention also relates to etchant m xtures which include a

- conmponent havi RROCESSFQBARIACTHYRLNETZHINGD QPEDeS H.ICONDIOXEIer from
two to five, inclQVER UNDOPED SILICONDIOXIDE AND SILICON, NITRIDEI ve, and X
plus y eqgfial s si x. BACKGROUND ART The fabrication of multi-I|ayered
structures upon sem conductor devices 20 typically involves the patterning
of doped silicon dioxide |ayers, including, without Ilimtation, |ayers of

phosphosfficate glass (PSG, borosjli I (BSG and
bor ophosphosi | i cate gl ass (BPSG) . ﬁ%@%ﬁfﬁ@are typically enployed as
passivation | ayer sTterpreseni @0adion relates €/proeSsesEbe MO El?%@?ﬁ{#&%eﬁrsﬂicon
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occurred. SiHVeoWClugive,y Heanimegeufiom pre toyfoir irichysive; and z phiis equals sBd Clhest Op

during the i ilicon, 3 i oxi.de. nventjonally, prior to

e'tj c Ihi gg, pr g eécst {iﬂ\}g@%g& éraZs',o rélé%a toagtcgalr?g%’fdt@’ée?s fhich ‘&Ffé‘ge 669’%‘?9{3@6 havigg

devel oped5t o thegenaral famplaCISF,, OheR PlsamlihiéBer TRk Swo 'tcrﬁfe’, Audi gﬁé Lpe
[ i

structures froma passivati on,f’ay_er, such as a doped silrcon dioxide |ayer,
by etching tRERHTEIRene indoup inclisive, andx plusly egedbsixques may be enpl oyed
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BACKGROUND ART
The fabrication of multi-layered structures upon semiconductor devices
20  typically involves the patterning of doped silicon dioxide layers, inclnding, without
limitation, layers of phosphosilicate glass (PSG), borosilicate glass (BSG) and
borophosphosilicate glass (BPSG). Such materials are typically employed as
passivation layers on semiconductor devices. Etching techniques are typically
employed to pattern many types of semiconductor device structures, including the
25  formation of contact' gpenixlgs through passivation layers. Etch stop layers are typically
formed on underlying structures, such as over a conductively doped contact region
formed in a semiconductor substrate, in order to terminate the etch process once the
desired patterning of the passivation layer, or etch substrate, has occurred. Silicon
nitride (Si,N,) is typically utilized as an etch stop during the patterning of silicon
30  dioxide.
Conventionally, prior to etching, protective layers, such as photoresists, are
deposited and developed to act as templates, or protective masks, in order to define
structures from & passivation layer, such as a doped silicon dioxide layer, by etching

techniques. Wet etch or dry etch techniques may be employed throngh such protective



masks to define sem conductor device structures from doped silicon dioxide
passivation |ayers. An exenplary wet etch process is disclosed in United

States Patent 5,300,463 ("the 463 patent"), issued to David A Cathey et
al. The wet etch process of the 463 5 patent, which enplo&thxdrg%bgoric
acid (1F) as an etchant, is selective faop doped silicon di oXl d&" &Y

undoped silicon dioxide. Despite the selectivity, or specificity, of that

techni que, ihask$tSQIRSRGhicHARRR! tandpeint.that it. suffers
from many of the shortcor%Hngs%trﬁg?kg?tgéLJE%%‘%P%W%@%@?P&?@W#WW et ch
processes. Spgsei.fically, . the technique of the ~463 patent is an isotropic

et ch. Consequent I‘%% t he struct U{les 10 .defined ther ebg may have different
di mensi ons than tMbEsmplary met etgh geacessriedisgdesed e UnitedhStatas Botent$,800,463 i s
exposed thr b« el : ver s those of ski i.nthe

art are awaﬁ(:i:“fyl s‘itér?g%&%gp’ %%%eﬁ%?ec%%.ﬁa;tﬁe rega% y%?ec‘gﬁgley&l EB?V%B%%? ‘?@ t he
thi cknes$§ ofpateng which empieysigydesfiiosid abid (BFPaa dTeHagl, ¥s REbelivatogBbpda t he

m ni nrum desi r,ed pat tdgn di mension, the undercutting that is typically
caused by i SHIPBBoxide;qver warloped silicon diewids. dPespite theisslestivityl ar $ppcifivity, lof't he
ever - decr eashfqedH ; : re,carri.ed on t.he active surfaces
of seni conduc?o? de ie’(c:ﬂelss?swedtéc %\lgﬁﬁ%%@tel@ %@W 4 8%?1%‘3@ lgﬂl?%ﬁhér?ﬂlé’?%d
within ver yofffheshiosteominige thmn arsypicallyrassdiiated WALEWSY dt6h prdGesids FHEERLaYT Such
m nut e struc%ie}?i .and @Lo%&%ti m ze the electrical characteristics of such
structures. ﬁ‘ﬂﬂ‘é“c‘i’ B rttrhegant wannwtropisetdhtGonseqientip thewingtwwenvent i onal
wet et chopr aeBinseth aedehd : r on.20 sem condyct or,

devi ces. Thus, t hee%ggll(lhg?l q‘[])% eci Sf‘%ﬁﬁgﬁsﬁrﬁ% rtggﬁecor%ﬁlietﬁf%@t Bfreaf’gﬁﬁe&é?h wet

et chi ng pr ocubgrde thatisienpased tlibegh theiptdtedtive nvier Mored¥ea las Slos€bEkilPHARES SES
in formng stpructures on state-of-the-art sem conductor devices:

r epr oduci ng FHECA¥AT% PR We stelbtechniques aes typigallydsatiapioyifshe thidkhess ofithgh degr ee

of fidelity.fimbe i ques, incl udi i t hout
limtation, gl ow g& %1?2?: a:ﬂige sgttrﬁ t%b&%&%’te[ﬁgﬁéﬁﬁwlﬁélfsﬁegé’@ﬂ INERIL chi ng
(RIE), reacttheundesenttiemtimeis tyricaly cusedby) isotrapie efthmb bdedindstimoRrkaNa et chi ng,
are capglgl e of ..e chi.{g%pi n a substanti al lsé-u ani sotropi c fashi on, nmeaning
that th tar%’é‘flar S4ingne gyprxaegicasing,uze ofisirurtyres thdt e eartierhen thy active a

subst ant i al | garfiedstorS@hicah [ elail t ed. ,or. acti.ve,.
surface of the ot Ch%ialc%{fﬁ&?{é;&%@@%@ g‘ﬂl(%ﬁbed‘trg g" %&%&@ﬁa%? @Hfﬁ“‘ﬂﬁg@d yithin
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the etch subtstr te. tﬁoq{gegu;nglry, such dry etch techniques are capabl e of
accurately r&FP ithY CeFHEC capgrtedstiss obsugh streqtunes.c Svalsecithomofion Gatindanuar y

2005 be obtained when many conventional wet etch processes are used to define structures on

20 semiconductor devices. Thus, the lack of precision and isotropic nature of typical wet
etching processes are inconsistent with the overall goal of etch processes in forming
st;uctures on state-of-the-art semiconductor devices: reproducing the features defined
by the protective mask with a high degree of fidelity. | .

In contrast, many dry etch techniques, including, without limitation, glow-

25  discharge sputtering, ion milling, reactive ion etching (RIE), reactive ion beam etching
(RIBE), and high-density plasma etching, are capable of etching in a substantially
anisotropic fashion, meaning that the target area of an etch substrate is etched primarily
in a substantially vertical direction relative to the exposed, or active, surface of the
etched substrate. Thus, such dry etch techniques are capable of defining structures with

30  substantially upright sidewalls from the etch substrate. Consequently, such dry etch

techniques are capable of accurately reproducing the features of a protective mask. Due



to ever-decreasi ng di nensions of structures on sem conductor devices, dry
etching is often desirable for defining structures upon sem conduct or
devi ce active surfaces. Many techniques that enploy plasmas to dry etch
silicon dioxide |ayers, however, |ack the specificity of cogg?r abl %Qst
etch techniques. Fluorocarbons, such as 35 CF4 and C R F3, eanfl%’i |y
enpl oyed in plasnma dry etches of silicon dioxide |ayers. The

radi o- f r eques ever{debleafth P SitRasi ' Ll Wit h these
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materials, such ﬁangi phoires, that anplpy plasmps tejdaetclsificendiexide layersn addi t i on
to 10 etchi ' i nni hat |
0 et chi mgweha, HeiHeafediBif of caﬁig%lrg, 'éXve?tg&:P técﬂﬁl@ﬂ%sggﬁ%c{rh%ﬁb%{esﬁgﬁéﬁ s of

pl asmas al so _undesirably  etch the sto ayer r
t he seni 2ondédatnd CHEY are typirally employekipgimmhadry ebhahfsiicangiogiphged. duri ng

th tchi Et ch terial ed jn d tch techni
typi cal 1y e RS Sreqbbied (8P BedisdhasprSyBeRhaitiesd vith ese Reatesrbomsa | over
rate than thenaseesiivierspatied siéh Sulotinids ﬁ\? edtink Iﬁ%g?%%ca‘?st ;atttg&g hes

the etch stop layer at a slower rate than t out er substr t he
etch stop | &igpn ett@ eish same t These activatesluoiiae sliialand fifoxide iohemey ¥so et ch
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desirable in 20 order to etch cortacts th ayers.
the so- cal | &trhdhe pieb stopilenertandsshesstrictores lof themeniicpnditotdt deeich HialiUasS,

however, ha ' L3IN4 selegtivity ratio, or etch rate of S 02 to
etch rate o}é§%€s§§|2?%’(§4c?llb§é%m? ﬁ)g)ﬁs%cg%qppgéﬁﬁgtc PEYeS8t at es Pat ent 5, 286, 344

"t he " 344 Pat enfE; ' i i : I 5, 1994,
("t he at entEtdh stbp m&wﬁak(én@lbye@hﬁﬁ@%h%c@iqgres Q’BT"E@H@? 16

di scl oses a dry, etch process which has fmuch bett ty Tor 25
silicon di o@ssiataiagtchssubstean and ateietrbed hbmlowenyatothar thecmsaimed eolel  sil i con

di oxi d ' | f] ly,, CH2E2 , which i I d-
adar i vt o T S BUR xR ophThe s o s St R 8 gt chan

o it il t Y 3, .
m xture wit fetdhnbease) thedtel ttoy fldhy)ér iqsto ﬁbieb&é%ﬁgﬂ{r%?‘tg?%h%% ﬁsddé ’It}felodg%n

nitride. The high energy ions that are require oth
di oxi de and S&h Hreesss, aver pgide gioh stop itkelf ixdisingtdonspneedcheni cal bond at t he

respective 30 oxige. l,tride surface. The dissociation energy that is
required to etch'si eﬁfé%gét% Sy Of any gctprecieénctep, Hieluda atsgllc%l e to
etch sili conSgNpapsseletticitytscbwedn HHddfidioxdda (61t8) MsilichRaas ; ol ymer
deposi ti 8n on the silicon nitride surface t(shatZ) of fsse(’?’g%thﬁgé 153%&?&%%&
2 order to etch contacts through passivation layers. Many of the so-called silicon dioxide-
selective plasma dry etch techniques, however, have a Si0, to Si;N, selectivity ratio, or
etch rate of Si0, to etch rate of Si,N,, of less than about 3:1.
United States Patent 5,286,344 (“the ‘344 Patent”), issued to Guy Blalock et al.
on February 15, 1994, discloses a dry etch process which has much better selectivity for

25  silicon dioxide over silicon nitride than many other conventional silicon dioxide dry etch

techniques. Specifically, CH,F,, which is employed as an additive to a primary etchant
such as CF, or CHF,, imparts the dry etchant mixture with improved selectivity for
silicon dioxide over silicon nitride. The high energy ions that are required to etch both
silicon dioxide and silicon nitride act by dissociating a chemical bond at the respective
30 oxide or nitride surface. The dissociation energy that is required to etch silicon nitride
is, however, less than that required to etch silicon dioxide. The use of CH,F, in the dry

etchant causes polymer deposition on the silicon nitride surface that offsets the



04 January 2005 di ssociation properties of silicon nitride relative to the
di ssoci ation properties of silicon dioxide to a greater extent than
conventional dry etchants that |ack additives such as CH2F2 . As a result,
the etchant of the 344 Patent etches silicon dioxide over h op of
silicon nitride with a selectivity of grgater than 30: 1. Asagmhre"%ﬁ?’t%o@%
conventional 5 silicon dioxide dry etch techni ques, however, the only

mat eri al t hadissosiatiorspop&igids aBsiltconhRBifisHelfLvE o Bl UWhs! ¢ R8s
silicon nitride, Thus, the utility of the dry etcha%E%g)égieﬁﬁa%%?ﬁg&n
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rates of eacdtompéf stiltl:bndﬁt)&d%v@ﬂh&@ele&@viﬁr%??é%o gégﬁli%ag?g?ﬁ ﬁig’ﬂ% !g?lrelé g&rveﬁé‘hag?t ent

are limted tpo narrow . ranges in order’ t eve
sel ecti vidt y. SISPRdtoxde dry gighyechniques, howesn the naly niitteriabthahisglisclosssas requir e
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di oxi de. St ahayy convéritionalvdty etch $fdlerfid drk aRowi Oxi de dry etch techniques are
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Consequent |y, wh SHicop pisidedp widelycemploysdris auetchatap rmatpliabythe usd 6 use
of altginatd R itride in.state-of-the-art sem conductor
devi cesqiss rdéﬁsét%rﬁln%tq%%&(:h%@? (S);gdsl% hlayv?)?t ‘P‘H&S“iah@éf%ﬂ@ stradeoinidhgdhe denpsitioneed

for et chant sofistigon aitedememi f semidoatuctb? devitR aBiRxduts @Bé;ﬁ'l
silicon dioxide and silicon nitride, as well 1as a cn eg“a@%‘é&@?’@%@. ve

doped si | i coffPT gspogition (LPCVD) pprcsesesmay also fhinchthisktnitride layeraom the badkde 30
and undoped ifhi kil etgh, st.aps., .or. for which the use of an
etch stop i sﬁﬁﬁiﬁggg%w@u?h%grq?‘% Fﬁﬁ%@@&g?@% layers nsths sybseAsiYr el ati ve

concent r at i owsowéd, evhiidh infreases fabrication time and costs, as well as the potential for

20  damaging the semiconductor device during the fabrication thereof,

Moreover, the fluorine radicals and fluoride ions generated during conventional
dry etch processes that employ plasmas non-selectively attack, or etch, both doped and
undoped silicon dioxide. Stated another way, such silicon dioxide dry etch techniques
are incapable of distinguishing between doped and undoped silicon dioxide.

25  Consequently, when conventional dry etch techniques are employed, the use of
alternatives to silicon nitride in state-of-the-art semiconductor devices is restricted.

Accordingly, the inventors have recognized a need for etchants that are specific
for silicon dioxide over both undoped silicon dioxide and silicon nitride, as well as a
need for a selective (_ioped silicon dioxide dry etch process for which both silicon nitride

30  and undoped silicon dioxide act as etch stops, or for which the use of an etch stop is

unnecessary. Etchant mixtures are also needed wherein relative concentrations of each



04 January 2005 of the conponents of such etchant m xtures nmay be varied in
order to facilitate the use of such mxtures in a broad range of doped
silicon dioxide etching applications. DI SCLOSURE OF | NVENTION 5 The present
i nvention includes a dry etch process and etchants that addf)ﬁésnu%rh%oo

f oregoi ng needs and overcone the di sadvagtages manifested by ctonv |8nal
dry etch processes. The etchants of the present invention include C2ZHRFY ,
where X is aﬂtﬁd\g&qﬁhe rﬁﬂlcéﬁ ' L i n.integer from
one to four, inclusi velﬁfggﬂ@&m&\é%}l%@ y egeﬁé*liépdseil{%g&wg%&??cﬂﬁ&ﬁ Ufhe

C2H. FY con¥seghmizturesio aremionngd ofideptd siticomliodiée &ehire hsiflicdtioas) t he group
consisting of C2H2F4i C2H3F3 , C2H4F2, and C2HSF. The C2H. FY conponent
may be used as either a primary etchant or as a conponent of an etchant

m xture. When enployed as a i Iﬁ{ﬁ: ; Y et ches doped silicon
dioxide at a slowrate relat Wgﬁtﬁc@st e Q?Wé@?{gf many conventi onal
silicon 8ioxi de dihp peesott ibvemtion oielos Dy cléh srobaBs b @Laent i 9AdRPA
silicon di o§i de .oveéeéfmdgﬁed silicon dioxide. Wien used as an additive to
ot her si | i cON aPB% RS ¢ RuGTeQme t $vantgegs menifasted bycomentioml dtyueteh wi t h
sel ecti Vi ty prédessdg@ped silicon dioxi de over undoped silicon dioxide, while
permtting the doped silicon dioxide etch to proceed at a conparable rate
relative to manyhestohents ofthelpretemenventibn mohnde ORI avithy x B Hnfe8 & TRIAUES
The anmount of tCﬁH' EY.20 used i.n the etchant m xtuire may be varred,

dependi ng updR P S Judysve, ¥ 5 andmiegerdorp pue tofines inelusivedandorushe equabckiz. evel
of doped0t o Spaeifadig el WA LM : sel ecgtd vi rati o),
t he desired SIibevel gf _Si Izﬁggﬁ&g?oxeﬁg%%ésgs I?{(I:ﬁa%néﬁh{lr%%%e %eg °§e§tﬁ“¥}’i‘%‘§ t he
desired et cigrounensisting ofiGyBhF § G, C,HFpantt @ IFC Thp OJHES Soporidiemay €S ent

I nvention e aretchant of .the present 25 jnvention (i.e., an etchant
whi ch i ncl u?gg‘%gﬁ“ Tan ‘“'V§I°§%$1&§@F9§°?‘BP“%B%@%Fhapb@#mféi Mhete over
bot h undopecdmpldyed afa giimsiydectand cSild it T he.dry etch
process of the presegt i nventi on’ ﬁeg;gege]# ggg@ﬁ%ﬂ@“%ﬁ%%o@%ﬂ‘”%ﬁ?

ani sot r opi caflptvedodhs eigh eatesorfauany sphventionallsitioridiotiay 6y eeWBcHniyus but

under | yi . | ther undoped silicon_djoxide or silicon nitride.
30 St rﬁgtggr %I;lg&g%b’%(?%ht%égg%v 8358“ g?oxfd%é’VPﬁmPPQ/ﬁi“&“@%@ﬂ@Qi n the dry etch

process of the MWisantd baatealditRe t6bekifSonMidhl L resent
i nvention. 04 January 2005 -6 © ébn"ﬁl&gﬂé"eﬂ:ﬁhﬁté&?ﬁi:yﬂnpa 3nd

etchant mixture with selectivity for doped silicon dioxide over undoped silicon dioxide,

while permitting the doped silicon dioxide etch to proceed at a comparable rate relative
to many conventional doped silicon dioxide dry etch techniques. The amount of CHF,
20 used in the etchant mixture may be varied, depending upon the particular spécies of
C,H,F, used, the desired level of doped to undoped silicon dioxide selectivity (i.e.,
selectivity ratio), the desired level of silicon dioxide to silicon nitride selectivity, the
desired etch rate, and other factors.
The dry etch process of the present invention employs an etchant of the present
25  invention (i.e., an etchant which includes CHLF,), and is selective for doped silicon
dioxide over both undoped silicon dioxide and silicon nitride, Thus, the dry etch process
of the present invention may be effectively employed for anisotropically etching a doped
silicon dioxide layer down to an underlying etch stop of either undoped silicon dioxide
or silicon nitride.
30 Structures fabricated by use of the inventive etchant in the dry etch process of

the present invention are also within the scope of the present invention.



O her features and advantages of the present invention will beconme apparent
to those of ordinary skill in the relevant art through a consideration of
the ensuing description, the acconpanying draw ngs, and the appended
clains. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS FI Gs. 1 through 1L 2g
cross-sectional schematic representations that illustrate a a@%&l %nt of
the process of the present invention and®an exenplary structure that nmay
be formed thereby; anig FIGs. 5 through 8 are cross-sectional schematic
representations tOFHEr fepties apd advantages efghe presins inventivmssill dbcdnreappareati
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Speci fically, C the present invention is desirably
sel ected fromthe group consisting of C2ZH2F4, C2H3F3, CZH4F2, and C2HSF.
The doped silico éfﬁkde etchant _may al so i nclude conbi nations, of

vari ous types of MG@RE Gy MEIDER FORCARRIIMGHOEN: THE INVENEIONi | i con

di oxi de etchant i ! ed. r.oggen, i ons and, actiyated hydrogen
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04 January 2005 fluorine-containing species fromthe surface o waf er
#

prior to t hd oReHPr Sopg ‘olicon dioxide typically includes a dopant such as boron or
phosphorus, whereas undoped silicon dioxide is substantially free of dopants and other

impurities. Exemplary types of doped silicon dioxide include, without limitation,
borosilicate glass (BSG), phosphosilicate glass (PSG), and borophosphosilicate glass

20 (BPSG). The present invention also includes a dry etch process which utilizes the
inventive etchant.

The doped silicon dioxide etchant of the present invention, which is also referred
to herein as an etchant for simplicity, includes an ethane component of the general
formula C,HLF,, which is also referred to as the C,H,F, component or C,lLF, for

25  simplicity, where x is an integer from two to five, inclusive, y is an integer from one to
four, inclusive, and x plus y equals six. Specifically, the C,HLF, component of the
present invention is desirably selected from the group consisting of C,H,F,, C,H,F,,
CH,F,, and C,;HF. The doped silicon dioxide etchant may also include combinations,of
various types of C,H,F,.

30 As the C,JLF, component of a doped silicon dioxide etchant is RF activated, the
hydrogen ions and activated hydrogen species react with the fluorine-containing ions and

activated fluorine-containing species (e.g., F* and CF¥*), removing the activated



substanti al anmount of etching of an etch stop |ayer of either undoped
silicon dioxide or silicon nitride. The hydrogen content of the C2H, XFy
additives inparts etchants including the same with specificity for doped
silicon dioxide over undoped silicon dioxide. 5 1n a first i of

t he doped silicon dioxide etchant of thesgpresent invention@P%§ﬁ§%?Bbg a
primary etchant. Wen used as the primary etchant, C2H F is selective for
doped sil i ciuoginesbEEnRYR e&ea(mﬂ@ﬁle%hﬁa&qgt | ¥ i Y,
C2H, Fy etches doped silgcgn di oxi de at a igﬁ@?kfé?g§?§%ﬁ&ﬁﬁgé%%ﬁﬁs ndoped
silicon di cxbdentiahameuns ofetching pf an etolastiop layelof dither widoped siimeatioxddd dicon

di oxi de at aq. atil.yel |lqw 10 rate ¢o I 0.1 he etch rates, of many
conventi on afs'l{sc?{'l P%%e' 0:?( }&j}sﬁg’gﬁ?‘ §°I§F‘_(‘:tf?§ﬁl?r%.82_}§?€u$d,dmv&_ﬂ HaRarts etchopts ikluding|
i ncrease t hehebgie with Spedm¥itPfor 3REH éiﬁbo%%&i&a&}ei)w el sﬂi&%thig ige, SUCh

I CF4, C»P , and ot her

additives include, but are not ITmtedto,
hal ogenaPed car bdh a fissitebodiment\bf thh dbpadesilivea dioxidecttetantpofl thepnesat chant s i n

conventi onal, I Ldd con .dioxide dry etch techniques. 15 Simlarly,

addi tives tha %aﬁlgr%gg% l%l?‘nplé"?’ﬂrr}(aﬁ’i%’agt's erL vy jas Phermspmagy ptchant, Euth¥iise over
si | i con nitrdeRetivd foPdopedaiides I I: i Lk €0 LB I.S..et ched)
may al so be Sseél ag %pddi ti yeg%?fgeg?%ﬁ%@?ngé}@ﬁﬁén% u etg';&%f“ﬂ@e@ayr he
primary et cHealkF, efvhes doged sitieon dioxiddias e lhighar etothamitiendhes sndopedilicon

i ncorporatedginq it nti.ret ' ef erence,. djscloses sone, exenplary
additives th%éﬂ%ygseﬁ]ﬁgﬁgﬁ&ﬁgy@twmt%s a?peézﬂecm diowiderst & relatielislowo The
addi tiva® ofrateempardd tb#eth At ofiaay 86fVe sifle i&:ﬁde% wlemm;r Thys

er

hydrogen atons is equal to or greater than the nu 0 uorine-atons,
such as CHAdditlyaywiiel mill increnssr the eigh rite emyrbeyised incohbinatiestwith CGGHE,| | con

di i d t . . C2H. Ry . th ' tchant i d t
ot ot ey Sh sl s shihidel Bk ol hnifi g G ¥ it Bpgenesghatbon ©
limtation, miterigewhichhivd bee sl Hrivtarahashtd iﬁrco?s%ﬂﬁ&a? 'clbﬁ;eﬁlosﬁ]lcghox' de 25

over undoped silicon dioxide and the selectivity for certa ypes of doped
silicon di odigdedmyetehitaehniquepes of doped silicon dioxide. In another

oty IBs ol oy ST aR bl e thePeas® B loBi sp Botin ) ol YiconakrdeoverH Ry
may be used momitaaa(iki,kub@theqa@@%&hwmcewu@&éiF@t’chédgfrh@gag]sgctfehgg 8 .,

primary etchant, 30 such as CF4, F31 or other ftluorocar
silicon di ox3ddeivas toetefiagtseyhichuineludh 6FLF; hethe ptimarysitttianbnThe 834 Batefi . €., are

sel ective fog.$ilLC Loxkde, over siligcon nitride),,-8 04 January 2005
Accor di ng t Oélﬁéesu%%@g}%ﬁ?{ebwﬁ(’?ﬁﬁatﬁilﬂéts eﬁﬁ"r@tygbé)e‘#ﬁlrﬁwnﬁ%idhsﬁ %t chant s
wi th which some exemplary additives that may enhance the selectivity of C,H,F, in this manner.

20  The additives of the 344 Patent are fluorocarbons in which the number of hydrogen

atoms is equal to or greater than the number of fluorine atoms, such as CH,F, and CH.F.

Other additives may also be used with silicon dioxide etchants that include
C,ELF, as the primary etchant in order to alter other characteristics of such etchants,
including, without limitation, the selectivity of such etchants for doped silicon dioxide

25 over pndoped silicon dioxide and the selectivity for certain types of doped silicon
dioxide over other types of doped silicon dioxide.

In another embodiment of the doped silicon dioxide etchant of the present
invention, C,HLF, is employed as an additive to one or more primary etchants. C,HE,
may be used as an additive to etchants which include a fluorocarbon primary etchant,

30  suchas CF,, CHF,, or other fluorocarbons that etch silicon dioxide at a higher rate than

they etch silicon nitride (i.e., are selective for silicon dioxide over silicon nitride).



C2H, F3, may be utilized as an additive. Wien used as an additive to a
silicon dioxide etchant, such as CF4 or CHF3, C2H,F , inparts the silicon
di oxi de etchant with selectivity for doped silicon dioxide over 5 undoped
silicon dioxide while permtting the doped silicon dioxide @g h tozl% gceed
at a substantially normal rate. The anougt of C2H.Fy that TEYY 0P a
etchant mxture, relative to the amount$ of other etchants and any carrier

gas, may be xab Egar il e _characteristics of the etchant
m xture and to a&% {&hgt%gpélréeg‘tre% a@?@ﬁ A 8Te FETRlanLPringgry efchants yat gh which

char act er i stGC&5F,ahayt beautitizedasdn adtiiiver e that may be varied by altering 10
the concentratio f C2HFy in the mixture include, but are not limted to,

selectivity for Pegped jap %Wlwedma@dlcgwémxxdnmbm slichias 6F, dnﬁHFge

211 con di o HeroarRplee the bt} S5 elonardwip el o el Scon Gowb per 1 or
doped si bi camddpabsilibenaicdidebotiie petiitiipatle ﬂb}bddcs‘ilfboﬂ 'd%dé%téﬂg p??}deb% Fy

nitride incl uggs agout 433)% of the additi ve C2H2F
conmponent ), ttialpsoenal fate Bhe smeypt of @M&tk@t—lsslse@nanamham mifetref CH2F2,

an additive of the hants for

silicon di ofgtlagg&glvtg? En% cg)ﬁ&%?fértla%h sangﬁﬂy Sty %ﬁ%%‘f gén YL@ on the
relative fl daﬂmah@@awcterﬁacibfg%etbmeniﬂ@reﬁh&h@ﬁeh%&ﬁé dfb’%fréd’é’clchin the
anounts of the C2H,F conponent nay be varied consi derably. E%chants

that incl uddeSiy H‘amﬂm@p %rﬁcts'aﬁﬂicﬁ plie gichamaniganethat masobmd@glantﬁmmere X
i's an inpegehe Eé&%ﬁmnto?cf %k’tﬁh"xﬁclu@’g ﬁfé ngf d[”t eﬂ}chg%@m one

to four, inclusive, y equa bpe of

the present dapeéd suhcmmdlomﬁexevmmadopedtsnlbaxmﬂﬁaxmeyseldaﬁhbsd@r Siliddh AASLEEHNer TN
percent, or ninety percent of the

ercent, ent, s
IOCZH CF3, ados:]l’(c%{}gﬁ'a& &H@t@%F‘?]ﬁ{l?Wl@ﬂdmﬂWtQS additives. Simlarly, it

is also foreseen A d|t ve.to silicon
di oxi de dry et chant@’E gt u&e | nc‘?g%}g&g’g 088% lg’“d%Y 3 Qthpl e,
C2H, CFY, coulndopr siliced dmmnﬂnsﬂlbomﬁtnﬁedﬁaﬂdestabaﬁt 4o%bmlead<ﬁﬁwlé q?ﬁm or

as argon

CHF3, b h d

or it 1 dgen. Gy e bspSnentl abest a5tk oiche pumescihes O oo st 30y
| ud t t

i ncl ude one GFICHE! anQlbigie htnjn% ﬁgtjﬂ@%el@tl,t{vﬁg g@grpg\é%&o E{@ra eristics

of the dry et chan such as t ra and

the type of detidcover |sﬂ1yon fitridecoamhl the pfcefliaged BseTlon thelr@8tive iy Pa@ésedi{ t he

use of -9 04 Jﬁgal,]sa& t%(e) etcher.

Aliernatively, the amounts of the C,H,F, component may be varied considerably.
20  Etchants that include any amount of an additive of the general formula CELF,, where x
is an integer from two to five, inclusive, where y is an integer from one to four,
inclusive, and where x plus y equals six, are within the scope of the present inventjon.
Exemplary etchants may include five percent, ten percent, twenty percent, sixty-five
percent, or ninety percent of the C,HF, additive or any combination of CH,F,
25  additives. '

Similarly, it is also foreseen that C,HF, may be employed as an additive to
silicon dioxide dry etchant mixtures that include other components. For example,
CH,F, could be used along with an etchant that includes either CF s or CHF; or both of
them as primary etchants and a carrier gas, such as argon or nitrogen. Alternatively, the

30  GH.F,-containing dry etchant may include one or more other additives that alter the
various characteristics of the dry etchant, such as the etch rate, the degree of selectivity,
and the type of selectivity. For example, as disclosed in the ‘344 Patent, the use of



CH2F2 as an additive enhances the selectivity of the dry etchant for
silicon dioxide over silicon nitride. Conbinations of the additives of the
general formula C2H, F, may al so be enployed as conponents in a doped
silicon dioxide dry etchant. A preferred enbodi nent of the %ymﬁ&g%g ocess
of the present invention enploys 5 an epchant of the present 1nventron
(i.e., an etchant which includes C2HXFY), and is .. selective for doped

silicon di ox(HF, eyai adddive eHRALRAH. Sdidd:; i@ ¥ il hioide. The
dry etch pr ogIgzgé includes ?usj ng t%e etlgﬁggﬂhg)g*}gi&g]ﬂdﬂgfo Spg%{)@f’ﬁf%éﬁerdi oxi de
layer down Stligom niftide, Gambinasions eftbe additiwistofiée genetalibrinslh I0,H(F) ndiy@isode O

silicon nitrj ' structure or .l ayer y, formor be part of an etch
stop. 10 Refegg)??yﬁég%g (ﬁlgl.ltsf‘?go %SE]*?BXE{OE‘}%%;S‘FY)% tof the present

i nvention, which A piefdried@mbblithennMERE et 5BAGE of it p i I 1
depicts an exenpl alrjy mul ti-layer. s_tru'i(.:s)teeureﬁ?O, E%élhgﬁh%sg@‘;seg&@gflg@?%d to
as a senPcorfthséthant oféhe presest inventiond].e.f drattchantwhieh ifchudes CHLPY), ailis] east in

t, i i th th f th ] tion, Milti-I
Brr ot ure 1 GoIeHE et ot BRGE B o widoe Mo clionsde nd sicpn sbridenat or
L5 Sili con- dfheidug glch bicedsSiildes wiing AR AANERRAN d forePClRbon Soklag pz0": 91 85

(SOG, etc.), a field oxide layer 14 di sposed on actrve sur e 13 of
the senmi condlfndp asimyetureerdayenof either unddped silleni diexideqt silicohitride, diiiéhsi on

region 17, | | referred to rein as a contact, that includes

conduct i vel %@g&%&s@?ﬁ?%&xgﬂ& %[rebm iagletcé’é.t‘ﬂ’:, silicon) is formed in

active dévice reRefidGtFiGsi 515 ]!1& Bﬂéﬁgﬁ%c'%st&ftﬁé:ﬁrb%ﬁt a%ﬂtﬂ)ﬁ,ﬁew’lﬁ%h I
u erra

Conductive 20, lines, 18, which are forned froma conductive such as
metal or polUfiizesitheimventive etchiangpis dinstrated aEIG.\iedepiots mvexetlarymakiioye devi ce

[ 16, ' d f bi f 13 b f t
o 1o, SOl REWhIERES PEred 0 sfionidicior daies sisicoio R mRY b
Si dewal | spduleicatedDat 183t Bipan! B RESHAARVAG 185 81%%8& of 'Fl{#i)rggen{ ﬁ@en@g.nduct ive

r

lines 18, and internediate structural |ayer I nsul at'i ve caps di sposed
over 25 condeltirlgyer sirpeture1§) inadudes msewizbhductorsubsatate 10fedyict sil@nlviatas 18.

Si dewal lysSpager s A 2 may be.fabricated fromsilicon nitride or
undoped lg il fs‘g%%ﬁ 3%@?(@%@%?- P 'SaP?PF%.&I e SLipPnprsglass{SOLDettcy, 2
passi vat i on fleby/etidbyetil2papostdditin &ﬁ?@s&facé't‘?ofﬁ%@&ﬁic uckd g ) ge and

Passivation |layer 24 is fabricated from doped silicon dioxi .g., BPSG
PSG or BSG) .2nfi§tiys dgvics region k4. sAdisiongegipn 17 which mybso referrad tolieid@spri or to

GeLLT 19,2, St 0 kB UTDSES A SpH  Sa S BBl et
passi vat i on foayetinadtiveMesice 26idtEd6 41 i§ O6miRHods vl Ztivd Surface 13. Conductive
20  lines 18, which are formed from a conductive material such as metal or polysilicon, are
disposed on active surface 13 in active device region 16, electrically separated from
active surface 13 by way of gate oxides 19, and are positioned laterally adjacent |
diffusion region 17. Sidewall spacers 20, which are positioned on each side of the
conductive lines 18, and intermediate structural layer or insulative caps 22 disposed over
25  conductive lines 18, electrically insulate conductive lines 18. Sidewail spacers 20 and
caps 22 may be fabricated from silicon nitride or undoped silicon dioxide. Multi-layer
structure 10 also includes a passivation layer 24 disposed over each of the foregoing
elements. Passivation layer 24 is fabricated from doped silicon dioxide (e.g., BPSG,
PSG or BSG).
30 FIG. 2 depicts masking of multi-layer structure 10 prior to defining a structure
through passivation layer 24. A mask 26, which is also referred to as a protective layer,

is layered and patterned over passivation layer 24. Mask 26 may be formed from a



04 January 2005 material such as a photoresist or other photoi mageabl e

material. Exenplary positive photoresists that are useful as mask 26 may
i nclude a novolac resin, a diazonaphthaqui none, and a solvent, such as n
-butyl acetate or xylene. Exenplary negative photoresists bg?tuar (§ efu
as mask 26 may include a cyclized synthetic rubber 5 resin, %lgﬁéz | de,
and an aromatic solvent. Such a mask 26 nay be applied to, or coated onto,

mul ti-Iayer rne . techpni gyes .that are known to
Those i n ¢ e el itifhe s boRfed bl 6688 PhommaBRBle HhiGRa, Fotnilaf asaie
patterni ng phetinesisahat ardlubefiilng iavie Ry mafaeudd @ ndedlas rhse an aerosol

spr ay patte(rjﬁ of _electrostatically chargeable hardenable liquid materi al,

such as a pdfidzqBsphthaqpingng, ang,a solyesit cuehhasn-butyl acetate dig/lene. Exemplarys| ower

te th t ' ' ' 24. . | f h f
Cpray- part erBAVEThOUIARRINY Blorf s ERs F e B o Hd snehctc gohen
mat eri al § i sreshgdbis-adgladide,rantlah beshabc 36196nt PEUEINA nﬁsl@@@mﬁgge :‘i.%ﬂgl;ed'ic't),ﬁﬁs

, , the

Patent™), Mi%ﬁ issueil,yb), James J. Alwan on Decenber
di scl osure dPRARIP, frultrayensjruciupe H} gk netterned by itechnignesi thattaye kyowmics

non- phot of maeoany e 4t Sl o oGl g pBORlp Bro® ok a8 BAFTIOE L dance

Wi th the °638chRuent Alidhatively, nagle2d MAy edmprae!as adsdlPrayGRBI ote Ot her non-
phot oi mageabl e, nateri ah% and the processes for applying and patterning
them are al stectigstatisaly e g%@@dw@nahlﬁqummabsuqm arpodyeers which ésmidton.  The
patt ernijpg : ' nenl nas whi,.ch.are. .also.referred to as
apert ur e1 g o:‘:&((;:ﬁgﬁ'?) gésfé%hg gﬁ Jﬁ?glgh 89%@1{ %gertg%'ﬁﬁlg l']‘&ﬂ?r S8 RATRrAton Layst 54! &n

pr edet er i nextemplaricmethod forishiaypattetaingiach éloctidititivilihhigteatle htdSHbleat | On

| ayer 24 durjng a suhsequent etch step. Mask 26 conprises a material that
is resi st artdUfdgnitedalsisdesaribedm United dewhatent haAs §58r(the “ &8 Paténd™)et chant

does not et Gk t rel ativel | ow [ at e
conpared t oc_‘?lﬁgmég%egqgt] aﬁ\/\ﬁ %Wﬁe&nrel? %“%H‘ﬁ’g‘n%tl?’ g] ’etﬁ? g‘s‘élf’%ﬁé afngfh ﬂ@?er eh¥e
areas of passéorparated il yentiré by bid$ refreiee] BRHRSIoRSsARRerAP(HRVEGHED f T om
t he etcgsnt during the subsequent etch step. Turning nowto FIG 3, an etch

i s depi ced, "SRHERE PRE I0N-BROtPiPageahlednaterigh manbe emploped asonaski26inlaceddanct 0 an
et ch chanberys; ¢ ek TR ] t a carri.er as, attacks the
with@ie ‘65BNt ﬁ%xgﬁgﬂ#gp&?oﬂﬁaﬂsbgglgat CRmpS %enotgg

areas of passivation |ayer are expos ngs 28 of mask

26. Dry et ctphotaimegrsble matarialsand theymoteske fbhm arfdpatterdin}; thB@ 28¢ hlso
i ncluding, 30 .wthout lintati oaéﬁ%gh-densi ty plasma etching, reactive ion

et ching (RIEPNHesHers of themethg g’rqsmté;wenﬁ%gﬁb@ pajternips ehinaskc2fd

reactive i onjefh&HyRBint Ml . ' E oint plasma et ching,
pl asma enhanced r eljzgctn Pve i oncheét?%: ﬁ?ﬁ%ﬁ%@ﬁﬁfpéﬁﬁ%ﬁ %thé)&F%gperwres,
20 therethrough, through which predetermined structures will be defined in the underlying

R —

[ama{a]

passivation layer 24 during a subsequent etch step. Mask 26 comprises a material that is

resistant to the etchant of the present invention (i.e., the etchant does not etch mask 26

or etches the mask at a relatively slow rate compared to the rate at which the etch

substrate is etched). Thus, the areas of passivation layer 24 that underlie mask 26 are
25  protected from the etchant during the sﬁbsequent etch step.

Turning now to FIG. 3, an etch is depicted, wherein an activated etchant 30,
which is introduced into an etch chamber (not shown) either with or without a carrier
gas, attacks the areas of passivation layer 24 that are exposed through openings 28 of
mask 26. Dry etch processes that are known to those of skill in the art, including,

30 without limitation, high-density plasma etching, reactive ion etching (RIE), magnetic ion
etching (MIE), magnetically enhanced reactive ion etching (MERIE), plasma etching
(PE), point plasma etching, plasma enhanced reactive ion etching (PERIE), and electron



-11 04 January 2005 cyclotron resonance (ECR), may be enpl oyed with the
etchant of the present invention and are within the scope of the process
of the present invention. Wen activated, etchant 30, which conprises a
C2HXFY containing etchant of the present invention, etcheso4§an35}§t2@@g
opening 32, or an aperture, through passijqation layer 24 in a substantially
5 vertical fashion until internediate structural |ayer 22 is exposed.

| nt er nedi at ecyslotidg trék: I ' S, | r ej t.her .undoped
Si11 con i oxrae nraoflnce (BURY oo ainfiyel SRt ERE O s WLl it
etchant 30 etndifeswithindherscopavbthepracessofahe preyat indéntivh. Whe R¥edted at e t han

the rate at %%/%Hcg aﬁgi vation laﬁﬁfm is etched. After the exposed areas
of passi vat | SHALYE VB sompsesa b FLF - pontainiag sichard of e psesentinvantionsiches
processes 10; tdidct @ ghj,?-@ma LA [ S AS. .yg.or _etchj. (wet or
dry) techniques. FI% i Tl tszt?’%%}gléégﬁrgg%?g%fﬁ%&n?y%éag?%F‘ﬁ’é“é" re that
has' been 5f oryesticel faskioy intil jetesnedintie struchayldiye? 42 byexpbde THRriNdRAE Sudirat he
present inventi qn. tact.o ing 32 includes sidewalls 34 that are

subst anti al f&?y‘?f 22{ Wg’gﬂ 15?*5‘?%?%%”‘@% either pydoped sifigendiogde pr siieon ritmidduactor
substrate 123G @i BerS ' ' r.relative,to a plane of
15 semi conduct or susﬁ(gt% rg?req?gg’%@aige@%éﬁiﬁﬁg{seﬁ%%a%?cﬁﬁ%tl%f # fdyer
structure 10slewgroete tha the eate at whiph passivation lajdd 4 iéteede A fdr eheSdxpbsdgur al

| ayer 22 that |i aboye each of onductive lines 18. Internediate

|
structural |%{§aesro?‘%2ss applager24.have Beensjehed cmpsh 26anacheciempred bynprot@ssesThus,

cap 36 nEy b@af @6 khewh BARE hAMEH hﬂ{gl&} i (W dioxi de or silicon
nitride. 20 Internediate st ruct u%gﬁai ayer %gcgm%a@efﬁg%ryt ecb‘é‘ﬂ‘ﬂﬁ?ed from above
di ffusi on regi onF1G7 4tilustrates 8 eostacteopeying A2 on aerREe hachas Lot bried Bifon@ski ng
mul ti-layer _si tyre and tterning internediate structural |ayer 22
with wet or %"‘FQ%}(’% °8ﬁ%¥ﬁf éﬁ? by \%}ﬁ"g yPesss PEe present Anvepton e antpef| opening %
i nt er medi at einsludescideralls $AMEE ard3 w&éntng% ial 10 ¢ el al _of
diffusion region 17. Further pr oggssi% oe?ﬁér?luﬁ%t?(?5@%‘&{"3%8?%%‘{%%@%0 25 may
then be condtfeiemdagorsvbsimate A2 oheriented fubstgntially pefpendiviacehdvuetd ¥flafd sfuct ure
in cont@ct W i . ffuskon regiaon 17). Another_exanple of the use of the
et chant lg(rid %M#T{I)%é@{slétg'%% lbﬁtéatﬁﬁg's g:ﬁf‘ta f‘r’t"‘fgﬁjﬁ12 pisthe mltirlayenstargture 1@ pgeose 5 ¢ o
8. FIG 5 ilatledst ap&rsion dOtHRSHiteNRUHM RFbriPl hver b i -~ owith
whi ch the process, of the present invention &rr}}%/ %gﬁg%%ﬂé&%%@lﬁ?i -l ayer 30
structure 10?9ndM}V6WnP%13aII§tﬁﬂme¢1@ﬁerchtumlhgcremrdeﬁnesai eprccordeghor devi ce
structure,  {ghtfesing 18 Fhi0BaNSS Shy BYRRHLALEEAA cithd dadope SleaSiddye’ 14
or silicon nitride.

20 Intermediate structural layer 22 may then be removed from above diffusion
region 17 to expose same by known processes, such as by masking multi-layer
structure 10 and patterning intermediate structural layer 22 with wet or dry etchants,
which preferably etch the material of intermediate structural layer 22 with selectivity
over the material of diffusion region 17. Further processing of multi-layer structure 10

25  may then be conducted as known in the art (e.g., to form a conductive structure in
contact with diffusion region 17).

Another example of the use of the etchant and process of the present invention is

illustrated in FIGs. 5 to 8. FIG. 5 illustrates another exemplary multi-layer structure 10
with which the process of the present invention may be employed. Multi-layer

30 structure 10’, which is also referred to herein as a semiconductor device structure,
includes a semiconductor substrate 12/, a field oxide layer 14' formed on an active

surface 13’ of semiconductor substrate 12’, and an active device region 16’ adjacent



surface 13' of sem conductor substrate 12', and an active device region 16
adj acent -12 04 January 2005 field oxide |layer 14'. A conductively doped
diffusion region 17', which is also referred to herein as a contact, is
formed in active device region 16' of sem conductor substraggy. 2~ 2dg5acent
active surface 13'. Conductive |ines 18'_12_\/\,hi ch may be forned afnr%%
polysilicon or other electrically conductive materials, as known in the
art, overly @ad b¥ife ls§edEy| QcdnalRily 16 | NG SUIF AR S e ar

separat ed t her ef r_omagf/ WAy of nggc%tfe?r@g@fggeed)&@ﬁ{)ﬁ}ée %;ije’ ‘B@Sl?{sia!?ﬂéﬁé%‘? erally
adj acent di ftolsieimay @ gondact, iy formed ndactivé devideirogion 18’ ofemiconMsidratuBsirany

si dewal | spaf%er . 20" aEosiﬁtl}if_fpned,ad' acent each side thereof, as well as a
cap 22' cove ﬁaJaPT'{E oY rlageh. Condustive fres|18n avhich macheifommed frapacer s 20"
and caps 22 ' T=Yc W) L] itnide or.undoped sil.i con

di oxi de. Ml ?1@3@? ot weaiEdly cbRdloie kbRl dyfkudy “bﬁ'f&?‘vg‘ﬁﬂéf A or
24', forded devomregiped6'sod dctive sutfao i 8¢ are(sepaated BREB onPBBwaP bf xide OVEr
di ffusion regj,on | T, cqondugtive lines 18 , sidewall spacers 20', and caps

22' . In FI G 6 21k are postigned laterally pdjzcentidiffusien regiondf7 dCamdictivd lings A8’ arermsk

26', or proq&itky By & jvatiaon.layer 24'. Nask 26' may
be formed by the 1gy Elgﬁe%upslp%g%ggée}s& gﬁé%@d(f\é%begglés ﬁﬁrqufaé P‘@Ngé 3% o0 the
fabrication e 22askvaingdbpioptofdadhrvondiichive Bae NS Isidvall ispstetsdDS aRPERsPES 28" |
whi ch are al so he%gr.r ed fro ag, apertures or contact apertures, forned

t her et hr ough™aY R BHgFetth sg‘ﬁ%lﬁ‘i (Aryadoned silicon disgidgi Multidayedef i ned in
‘the underd yi @aehcRAS3OVALD BBY " LGl 1 ent et.ch step., Mask
26' conprises ca mat er 1 al Fggﬁagﬁélgﬁwgﬁ%%’ (zﬁg#‘c%gﬁﬁmg?oqég’gﬂ‘?esent

i nvention (i(ee., BR$@, PRG,curd80) ovtweliffusio regioh 1Mo séndiblivedline€1 81 SidewRbK 26’
at a rel ativelg shgw r(gte égnpared to the rate at which passivation |ayer
24' is et che®f*'Fhe  APREPSSF -passivation |ayer 24' that underlie mask 26

of it or 8l of paca e maerer HoHe TR AN A R T F G

of material of passivation |ayer hr oug FI G
7. An et chanprogstiveayerhfdrsed nverdssivation hyer 2. Mask 26 haapBs forned byptewn)

ei t her tht‘sj Wth or Wt hg@% a ch?;{ori er_gas, attacks the areas of passivation
layer 24 t h3{MERrRCessss sLislpsed hoye yith seiereneryte thafabyeationsif magk 26 Hepioted iy y

et ch processERs. 25 WMIhskass’ LSRR e%@gl P [ i ith reference to
the use of etchant 30 as depi ?:lt)%d |n2§:I’ W@%%%oﬁég&%@ggs% 5

i nventive et eMndart aperturese formed desethdougl ehiougls which ipradefeimmed sl wilbts

whi ch conpri . C2HH .containing etchant of the present invention,
etches an 303%83%%_8 ug@ﬁymgrp&%\@nﬁ% PRk ia‘liﬁﬁng ayhsequent ¢tgh step ubiaskaRe al | y
vertical faséuriptises'h irdaterial that is resistant to the etchant of the present invention (i.e., the

20  etchant does not etch mask 26’ or etches mask 26’ at a relatively slow rate compared to

the rate at which passivation layer 24’ is etched). The areas of passivation layer 24’ that
underlie mask 26’ are protected from the etchant during the subsequent etch step.
The removal of material of passivation layer 24 through mask 26’ is depicted in

FIG. 7. An etchant 30, which is introduced into an etch chamber (not shown) either

25  with or without a carrier gas, attacks the areas of passivation layer 24’ that are exposed
through openings 28’ of mask 26'. Known dry etch processes, such as those listed
previously herein with reference to the use of etchant 30 as depicted in FIG. 3, may be
used with the inventive etchant in the process of the present invention, Etchant 30,
which comprises a C,H,F-containing etchant of the present invention, etches an

30 aperture 32' through passivation layer 24’ in a substantially vertical fashion until
diffusion region 17’ is exposed, as shown in FIG. 8. As passivation layer 24’ is etched
through aperture 28’ down to diffusion region 17', sidewall spacers 20', which are



. integer fromthree to five, incluSive,

di ffusion region 17' is exposed, as shown in FIG 8. As passivation |ayer
24" is etched through aperture 28 down to diffusion region IT, sidewall
spacers 20', which are -13 04 January 2005 formed of silicon dioxide or
silicon nitride, are exposed within contact aperture 32" Wp4 n@uhry®089
substantially etched, or are etched at gglower rate than the rate at which
passi vation |layer 24' is etched. After the exposed areas of passivation

| ayer 24" haegmedsiRiliceh B1dR e of BRKordGtri Y § ocesses, that are
known in the art, such as 5 vvash?ong &d%gﬁﬁl%g&@fnic ﬁtgg{_a ﬁEW 30 al so
preferably evighousbejapabstantidlyetched,coriateetchddtds a SRIVRE bty tHaM tiRM@fe SwHct i vel y
doped silic r.anether ,material of diffusion region 17'. Further

processi ng gtgs%{ﬁtlpp_aryg%c} 1§ ptehed: lﬁ%ri]@ expasedianeay ob passivatiorciayer 245 haveown i n
the art (e. teen bihédHiANE26 AR el IeGongact with diffusion
region 17'). 10 Al though the forgggye:légg sg‘%&&ﬁ%ﬁ%ﬂ“&}‘ﬁ%@ﬂﬂfﬂg}b@%i fics,

these shdul avasbingiee etchingsechuigdesasEithant 30 aigo pregersislp BRh& ddpb® siRERSABkide

i nvention, Sg% %ﬁl ZY as providing, illustrations of some of the presently
preferred e freTeshiYiy over RAReively donsd silicempoanioshen matesiel effdiffusirent i on may
be devi sed wagieh 190 not depart fromthe spirit or scope of the present

i nvention. The scope of this invention is, therefore, indicated and 15

linited only by tHwthepprepessitg of mbltslaperdtribiaie 10" egghh@de daledidas HRWRE
than by the, [ addi tions, del etions and

n | _ mftoera?-?(%' ngt \C;Lescri%{'on. Al l ns, del et ) _
modi fi cat i on® HERTE (e 1 Fam 7 § Uvefitictuse b roptacitwith diffusion fegion 17).hi n t he
meani ng 18nd scopeAltfoubheh i : Lt hi,n their, s e.
-14- 02 JanuaryDZOOESIT _Aleﬁgég\ﬁ%%ﬂié%n ﬁ%l?gn%léﬁég;ﬁwﬁ%n‘ést Hg&e Q}S’P{dd};f’?ggrni ng
doped si | i coRnETusdiagmitingrthe scwpe of the prafeminaition, dutmmstely Bt @ovidhgover the
doped sili cqf, i ﬁ&sg&; atg rnin aid . mask material to expose Sel ected
regions of the 3’op§a S?PIF'P(? e(ﬁ’l‘??%‘tf}'eﬁref_e&ﬁ embodimenty,; Anitasly dotbstpos ed
e} ect ed, 1 enodintnldvfate Ab&fiRH mdf WIRELHI WhickAb ol depat i syl ofn . | 1o

¢ r ere y rs an
three, incl (FSPRAOE thovpresdmt inventionl (Fhescapmpuoltlsis mivantioniis, Hintbford, eldicagdumdoped

i di axi. o itride
stirconysd %hféﬁ o%fy bsyI the g}?p%ncrfeldt (glalmng and their legal equivalents, rather than by the

foregoing description. All additions, deletions and modifications to the invention as

disclosed herein which fall within the meaning and scope of the claims are to be
embraced within their scope.



2. The nethod of claim1l1l, wherein said disposing said mask materi al

conpri ses di sposing a photoi nageable material. 15 3. The nethod of claim 2,
wherein said patterning conprises photolithography. 4. The nmethod of claim
1, wherein said disposing said mask matefj.al 20 conprises gl R DEA

non- phot oi mageabl e material. 5. The method of claim 1, further conprising
providing an etch stop under the doped silicon dioxide and etching said
exposed sel ected regions down to said @AMSstop. 25 6. The nethod of claim
5, wherein swhatiPeRUh&li 39 said etch stop conprises providing an etch stop
conpri sing undoped silTicon dioxide. 7. The nethod of claim5, wherein said
providing said etch stop conprises 30 providing an etch stop conpri sing
silicon nitride. B. Thenregiddodr pitteediag doped sii@neiidkidgicOmgfisingt ching is

ef f ect ed cusi . techni .5el ected from.the.qr.Qup conprising reactive ion
et chi ng, 5pI ac{s}%’é) (2% Ilﬁ%sg(,lﬂé{%ilﬁﬁyeﬁtéﬁgﬂ’e Sﬁlll%?élrfléggﬁ%hi ng, point plasma

et chi ng, magrgeming ssid maghinatgrialmgrposecealekted 3¢gianmshrdtlwedbped aidicow diokile;
etching, plasma ephjanced reactive ion etching, and electron cyclotron
resonance. -15- 04 January 2005 9. The nethod of claim1, wherein said dry
et chi ng conply skkingsaid ¢xpesqdoslected segiprp withy an gigbantsemprsiag Celldiynvheregher ei n
sai d dry etching isafimitese? Froti GhifectbIRRBincRsOE Shd?gy isldn infegBf R6@TRe tOF

sel ectively etchi a. doped silicon dioxide structure, _conprjsing;,

exposi ng0t e dopelires: IREBCEhay RS & Plich Gibels shi "ot atine insoped e an
adj acent 10 undopdidxigsie bt siticorhitridede structure to an etchant conpri sing
C2HFy, where x is an integer fromthree to five, inclusive, y is an
integer fromone to three, inclusive, and x plus y equals six; and etching
t he doped silicon.di oxTlgemsthod of cleim W whersiai sdidedisposing seidirhaslitmateriadt ant i al | y

et ching sai d.ghirReeBlspddiOPFiEbiSidole HlaR¥iafle Structure.

15
3. The method of claim 2, wherein said patterning comprises
photolithography.
4. The method of claim 1, wherein said disposing said mask material

20 comprises disposing a non-photoimageable material.

5. - The method of claim 1, further comprising providing an etch stop under
the doped silicon dioxide and etching said exposed selected regions down to said etch
stop.

25

6. The method of claim 5, wherein said providing said etch stop comprises
providing an etch stop comprising undoped silicon dioxide.

7. The method of claim 5, wherein said providing said etch stop comprises
30 providing an etch stop comprising silicon nitride.

8. The method of claim 1, wherein said dry etching is effected using a
technique selected from the group comprising reactive ion etching, plasma etching,
high- density plasma etching, point plasma etching, magnetic ion etching, magnetically

35  enhanced reactive ion etching, plasma enhanced reactive ion etching, and electron

cyclotron resonance.



15 12. The process of claim 11, wherein act of exposing is effected through
a mask. 13. The process of claim1l, further conprising: 20 providing an
etch stop adjacent to the doped silicon dioxide structure. 14. The process
of claim 13, wherein the act of etching_pybstantially terqhqghg 3ho ¢
particul ar | ocation upon exposure of the etch stop at the particufar

| ocation. 25 15. The process of claim 13, wherein the act of providing
conprises provi d.ng arheanethodobgaionhprheseingaidaliryctahidgpechpasdsireastiveliomxi de
structure. ¥@ﬂﬁi£e process of claim 13, wherein the act of providing
conprises 30 providing an etch stop conprising a silicon nitride
structure. 17. The process of claim1l, wherein the act of exposing

conprises dry eti@hi ngrhe3Rethéd ofﬂ_ﬂ@irrp[,Qﬁl@&&n@ﬁidféi'rﬁbt@hi%?co%ﬁﬁ@'ﬂi‘gﬁ pesAgt of
dry etchlngﬁﬁ rises reactive ion etching, plasma etching, high-density
pl asma etchi 8?5boint pl asma etching, magnetic ion etching,
magneti cal | y-enhanced reactive ion etching, plasnma-enhanced reactive ion

etching, and el ecfy on &Y)%C%EJ 3 s&&%&z@%%?&ﬁng a doped silicon dioxide structure,
comprising;:
exposing the doped silicon dioxide structure and at least a portion of an adjacent
10 undoped silicon dioxide structure to an etchant comprising C,H,F,, where x is
an integer from three to five, inclusive, y is an integer from one to three,
inclusive, and x plus y equals six; and
etching the doped silicon dioxide structure with said etchant without substantially
etching said adjacent undoped silicon dioxide structure.
15

12. The process of claim 11, wherein act of exposing is effected through a
mask.

13.  The process of claim 11, further comprising:
20  providing an etch stop adjacent to the doped silicon dioxide structure.

14.  The process of claim 13, wherein the act of etching substantially

terminates at a particular location upon exposure of the etch stop at the particular
location.

25
15.  The process of claim 13, wherein the act of providing comprises

providing an etch stop comprising said undoped silicon dioxide structure.

16.  The process of claim 13, wherein the act of providing comprises
30  providing an etch stop comprising a silicon nitride structure.

17.  The process of claim 11, wherein the act of exposing comprises dry
etching.

35 18.  The process of claim 17, wherein the act of dry etching comprises
reactive ion etching, plasma etching, high-density plasma etching, point plasma
etching, magnetic ion etching, magnetically-enhanced reactive ion etching,

plasma-enhanced reactive ion etching, and electron cyclotron resonance.



