SELECTI VI TY FOR DOPED Sl LI CON DI OXI DE OVER UNDOPED SI LI CON DI OXI DE AND
SI LI CON Ny §Ri2fefi30PROCESSES VHI CH EMPLOY THE ETCHANT, AND SERWSHARES FOR
THEREBY TECHNI CAL FI ELD 10“T85"“The present invention relates to processes

for selectively etchi i libcon di oxi de that over]i Jiold nitride
or undoped silicon di ZIHHJ“ H@m Hﬂnﬂl MEI arly, tHe process om““ﬁmm@ M@ mt
i nvention includes an re which includes th et hane

gas having the general forfillra” C2HxFy, where x is an integets¥omtwo to

five, inclusive gpyCHART WITRIILECTIVETY FORTPUPED SAITCON DIGRDE OVER Y

equal s six. The p OPEDYATCON ] perIE ANIS 1 CAFRIDE PRORI YR E
Frefudea comoneN e TRt SN ] Rl BES RORMEP

i ncl usi ve, and x plus y equal s six. BACK RT 20 25 30 The fabrication
of nulti-layered structures upon sem conductor devices typically involves
the patterning of doped silicon dioxide |layers, including, wthout
limtation, |layers of phosphosilicat TBTHENSCAREBIL.Dborosilicate gl ass (BSG
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device structures from doped silicon di oxi de passivation |ayers. An

exenpl ary wet etch process is discl oBé@KG\RQH&]%dRﬁ ates Patent 5,300, 463
("the 463 patent") lLssued.to Vi th et _al. The wet etch process
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di mensi ons than those of the target area of the etch substrate that is
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desired patterning of the passivation layer, or etch substrate, has occurred. Silicon
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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 a passivation layer, such as a doped silicon dioxide layer, by etching

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



surfaces of sem conductor devices, etching nust be very accurate and
mai ntai ned wthin very precise tolerances in order to preserve the
al i gnnmentwefo2mbsh m nute structures and to optim ze the ebpestushpalrs
characteristics of such structures. Such precision often cannot be obtai ned
when many conventional wet etch processes gare used to define structures on
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however, have.,a SiQ2.to. Si 3 sel ect,i vVity rat,i or etch rate of SIQ2 to
etch rate of gygﬁﬁproa-c%lvgg@'d?}ygﬁ azwegﬂ‘%éff%éﬁlﬁyed States Patent 5,286, 344
("the " 344 Patent"”)In cof@ase iy doy¥tcBltethfigliessincRiding, 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



on February 15, 1994, discloses a dry etch process which has nuch better

selectivity for 25 silicon dioxide over silicon nitride than many ot her

convent i oRay o2mizliocon di oxi de dry etch techni ques. Specifi gelrtusor/Gzd2,

which is enployed as an additive to a primary etchant such as CF4 or CHF3,
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devi ce actifve sgbetfabes eSihde the dnpsteldmt ech&Rebrchktopaper adeslonet fatethad fic\dler
processes may also forma thick nitride | ayer on the back surface of the

seni conduct or etrhAubgrate theeteh siop lasier peteto pratest siruptives therebgrestiviiiem the dry
renoved, which, i,ncreases fabpication ij o] ost as well as the
potential for %1 pdg?éﬁier‘{ n%@esegctr}r‘isgo n‘tt S@sol%l é:/qn?:‘é'ﬁe uring the fabrication

thereof. Mreover, i the d@eistiecturdiof alafy sentlcdidueiol devicesschgRnasiRboaditelde i Ng
conventional dry etch processes that_ enploy plasmas non-selectively attack,

or etch, both (§eNecannselagtivitpeatween silicon dinxiie ($E0,) sndsibepraiitida éy degiagble Buch
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et ch techni quegleative agalacite dichitbehniimes, Gbwavdr Sava bl SIOStd S1,18] deleetVitytatib,igie i n
state-of the-art sem conductor devices is restricted. Accordingly, the
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silicon nitri ds BBnarg15ndopedisdodes & dfy eltipprodess atichetis ehueh beft@elec@ityl fof
whi ch the use of an etch stoE i s unnecessary. Etchant m xtures are also

needed whédei rilicen diaxide avensi nitride thangpang Hgher 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



WO 02/0339 -5 PCT/USO1/ ~ 1275 of the conponents of such etchant m xtures
may be varied in order to facilitate the use of such mxtures in a broad
range of \dgpedssh!icon dioxide etching applications. D SCh&BYRR/ &S

| NVENTI ON 5 The present invention includes a dry etch process and etchants
t hat address the foregoing needs and overcgne the di sadvantages manifested
by conventional dry etch processes. The etChants of the present invention

i nclude C2HxFy, where x is.an jnteger . from.tw to five, inclusive, y is an
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etchant m xture. \Wen enployed as a primry etchant, C2HxFy etches doped
silicon di oxi §&PALsiicen pifidewith p selegtivity of geptspthen 801 Apwt P&ﬁﬁwventmal
conventional Sili AL QX : h i . I ' y. et ches
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m xture with selectivity for doped silicon, dioxide over undoped silicon

|
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conparable ra ' . . [ . do.Si 1L | Qxl y
cteh t oohni quetucefied Wil hudPrYIANERE IR with ot Efacl S SeSHY
vari ed, dependitride-ugped ighes pMdré®idt, ake fpive AowahteCa ¥dcH off Sy bithariiesi r ed

| evel of doped to undoped silicon dioxide selectivity (i.e., selectivity
ratio), the deemperenfsedigglosse insthe 3P atens arelimited tojnariowirapgesin gler to achieve
selectivity, e ' h € 0 C . The C ocess
of the pr esentwei %e\%g%{ {e%% Ogtrsr%lla%@ars\mgpc altrrllF r%é?ti@hctéﬁgg%ls&e;%tdrgé%%l ﬁ%/()é%l&én
(i.e., an et chejiirewhe sde ofvetyuspesifiCafpdthant éomtbonents e Thas, itheeprbedss daadehs of
silicon dioxide over both undoped silicon dioxide and silicon nitride.

Thus, the dry nanggopvestional daf etehhsysiamsennatroawent i on may be effectively

enpl oyed far ani sotyopi.cally etchin 0 LWL con di pxi L ay, own to
an underlying etch Aslﬁxgiplglg?d%?n[rh@r&e&%\ggdggrﬁg)??ﬁggggxgIetggisg)é rga‘r?ter&il tﬁég%e 8"

nitride. 39 Shkilided hitrafe dietdstbpib e6mbyhat wad@irablb &rohithe Blahdsoiithitand dépdsitids
dry etch process of the present invention are also within the scope of the

present i nventof sificon nitigeqpon 3-sepgond it devsenstive spitacedyHew mressegreiemisald
advantages of v%lggr e{agsslﬁ&% (I[I{WIgf f)r%rc]es\émesl Axaybaqgoo TemAPRRL Fittiad Blyer on the back

surface of the semiconductor device. Such thick nitride layers must be subsequently

removed, which increases 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 c_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



those of ordinary skill in the relevant art through a consideration of the
ensui ng description, the acconpanying drawi ngs, and the appended clains. 5
BRI EF DESERIBhsH OF THE DRAWNGS FI Gs. 1 through 4 are cpegqisepsibional
schematic representations that illustrate an enbodi nent of the process of
the present invention and an exenplary structure that nmay be forned
thereby; and FIGS. 5 through 8 are cross-sectional schematic
representations that illustrate 10 use of the process of the present

i nvention on &dierempoagts ehneh etrharfagixtisessndykea (arigd dnerdantocdaalitgledhepse he

resulting str . Tlg%ﬁ?b%% %ﬁﬁ? - NTI ON The
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15 di oxi de over both undoped silicon dioxide and silicon nitride. As those
of skill in the art are aware, "doped"” silicon dioxide typically includes a
dopant such as boron or phosphordSCLINERE OFINIGRIEIAN| i con di oxide is

' sub iakly f f . i i1ies.
oped ot Son it oyl PRBAIhRGH AR ¢ ETUGH oESe f PR Yl 4G O
(BSG, phosphdsiesbingneedsland ovérosi® theatichdbantapeh ampifasdd byciineegioasising Btch

{BPSG . The present invention also includes a dry etch process which
utilizes the ipiQeesiesve etchant) The doped silicon dioxide etchant of the

present invention, i i so referre r el S et.ch f

B rot ety i not uadtesiihan s RGetgatibhdtsh hflEe Sehabar R e e Meskfm
whi ch is al so t(eft6fikedntl@sivs ytidieh ibkipiHYorti OfP e RE, ifltludidd iy x bIRE y2quals six.
sinplicity, where x is an integer fromtw to five, incl uswe,gi;@ls an

i nteger fA8m d&ecifiealiyothe CHigIcomporent ghthe presenfdnyengin may bgisslect®pemitheal | vy,

t he C2HxFy conponent of. th S i Nt I g sel ed from
the group cong A ?1‘5‘%%%2%, 4 %PB”&%EEF&E% bﬁ%ﬁ%ﬁ@%@“ﬁ%"e@ "™ i con
di oxi de et chame uiBY aiédither b b etcHaib Rt RRHon&it of an bRbsmt intaafe. ohéR HXFy.
30 As the C2HxFy conponent of a doped silicon dioxide etchant is RF

activated, thenpeiedgen prionsy etalting (B tetchen gopedgéicon dissidest pelawtratsi t h t he

fluorine-containj.ng ions and activated fl.uorine-caontainin eci.es (e.0.,
e and Crey - PRRBUT IR RS AEe Gy COnygaigansiet Sibkie ey Hep RER SN Fut
fluorine- qent akRLMeIPREKdsWpéd GRBnNREI dvaf Andipell RficHRAiBRIdBr | or to the
occurrence of any substantial amunt of etchin an etch stop | ayer of

of
ei t her undoped si | iWben aiedxs aradiitivs tiojotlean silicon 3idﬁidettvéanty,cﬁzb@rimm bat of

the C2HxFy addit,i ves. inparts etchants incluyding the same with.speci.ficity

for doped si | iCORIGRBYRMBS °%Yi‘t¥3§éﬁ°@§|slf‘88%8‘&?‘5§i°é{8f. TudOpéd sifdionide

enbodi ment of R pdanReheink hse\éhu SHicRnidibxidRt Géaitproect AEa BoBFRMIe kAY RMtiven,

C2HxFy is a primary etchant. en used as the primary etchant, C2I—I><Féd‘1$
Yy

sel ective for tdapey conyantional doped silicon dinxiderdry pisd tedhniquen The oneuntSif4l,

anot her , C2HxFy,etches doped silicon .dioxide at hi gher, rate than it
et ches. undpedt it 118 REFDARLT mEY b A Sebhodte Bhorine oe et BB 8" dopea
silicon di oxi dg L \Red &heliésied Yevel sPoped 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 C,H,F,), 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.



10 rate conpared to the etch rates of many conventional silicon dioxide dry
etchants. Thus, additives which will increase the etch rate may be used in
conbi nat i @iy WoblseC2HXFy. Such additives include, but are peidsoiiked to,
CF4, CHF3, and ot her hal ogenated carbon nmaterials which have been used as
primary etchants in conventional doped silicon dioxide dry etch techni ques.
15 Simlarly, additives that increase an egchant's selectivity for silicon
di oxi de over silicon nitride (i. e., reduce the rate at which silicon
nitride is etched) oy eheRshRd mﬂ;agés AR pieV&R idvRntid R A HeSoME hfrdm € ude
C2HxFy as the primary etchant. The 334 Patent disclosure of which is

her eby i ncor pshese@d ordinary skilk it the e¢lgvanyart Hireughed ennsidermtiod iof teesasng one

exenpl ary additives that nmay enhance the sel ctivi@%Jr f. 2HxFy in this
manner . 20 TheeSiRAPhAS A PMPRRNEIAVIES e thy EPREPSR % bons. i n whi ch t he
nunber of hydrogen atons is equal to or greater than the nunber of fluorine
atons, such as CH2F2 and CH3F. Ot her additives nmay al so be used with
silicon diBxide etchants thBRIERHDESCRIPPIOFNORBTHETBRAWINGS, et chant in

order to alter oth characterjstics of .such etchants, includin wi t hout
i tat on, - the. soRAGH NG EH Sheipostocpian Sohereia drmtsenptahadietialns
over undoped Siyg bk B0 ftihe vk j ped
i 11 con d oxi g o b o S R bl drbant3h SKAR B MMATE 1l milp
enbodi nent of belfernckatbereby;lahdon di oxi de et chant of the present invention,
C2HxFy i s enpl oyed additive to one or, nore primary etchants. C2HxFy
may be used as an :ﬁéﬁ'ﬁ' theoyeh 8-are qEast-seqiianal sehemati gepreseniatign étrlﬁkbsﬁrafﬁ'i nary
et chant s sﬁﬁ . : Ll d.can

di oxi de aéi 8a E‘?gﬁ?ﬁ‘e at eest aﬁe Pﬁé@f@i‘?@ﬁt@”! W%@Eﬁ?}?@?lﬁ%@fqr%gﬁ?e gt?dedt&g
sel ective for anilan example okihdeesniting seuttuoon nitride). WO 1)2/0339 g_
PCT/ US01/ ~1275 According to the 344 Patent, CF4 and CHF3 are exenplary
primary etchants with which CHxFy may be utilized as an additive. Wen

used as an additi VeBEﬂ‘M@b ?Gﬁ%@bﬁﬁiﬂﬁ{@%mEﬂVGW’ﬁmﬁﬁfEﬁﬁ F3,

C2HxFy inparts the siTicon dioxide etchant wmth selectivity for doped
silicon dioxide oveFhepreseanipeshtioh irichuies ai exchahe thalnis selepiivenfior: toped silltendoped
silicon dioxide etch to ﬁlr oceed at a substantially normal rate, The anount

of C2HxFy 1Phatdi9xde ey bpth undopsdoslisen digxdeand silican aittidee Apthpsroolakillin the a3t
ot her et chant e of I 5 - . ' i r il or the
characteristi (s:dsrélg\gmt%hgdog'?(?: h%lﬁ{onm xt(Lr 13%@ 1%{%6%%% d@@%&tsﬂgﬁ ﬁ%%rzr’lgg} et chi ng

results. The \Whobghesussvheras eidoped siiconf didtide Bisabbatitially frédioRddphits andpthee
varied by altering. 10 _the concentration of C2HxFy. in the m xture_ include,
but are not | iifmppaiies; Exemplagetypes efydoped silennedionidé inglyde,gvighauy Bmiagtign, undoped

silicon dioxi 1 i It L6 . QX4 oMar. Sl i OLLLI and
The doped of | ioaRlN BEG, YnofolifiaRe Chele) ihofontosdsflbd bfit
sel ective20or BPSE&). Thé posent diveniictealsymclube hidryretshaedcess Whivhnitiizeaxhele and

silicon nitride includes about 40% of the additive C2H2F4 15 (i.e., the
C2HxFy conpondRYotiveesiant300 of the primary etchant CHF3, and about 30% of

P 0 oyl G dlpe BREAMAS DGR B et b RUADIIYIBI,EARRA > |

for silicon dioxide over silicon ni eac er’cent ages bas
the rel ative ftodereimisem ethatefon sggiicity) irchides ae bbby componeritutthe/gdngral t he

amount s of -t heforcrrzxul_lz c 2HC ?,nwpl?igl?ir;talsgargfelprgd \t/oagsi t(lalg CSIE)IH?? icgr%)gr?eln or C,H,F, 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,H,F, component of the
present invention is desirably selected from the group consisting of C,H,F,, C,Ji,F;,
C,H,F,, and C,H;F. The doped silicon dioxide etchant may also include combinations, of
various types of C,H,F,.

30 As the C,H,F, 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



20 Etchants that include any anount of an additive of the general fornmula
C2HxFy, where x is an integer fromtwo to five, inclusive, where y is an
i nteger fWom/es to four, inclusive, and where x plus y equalsi8i20s are

wi thin the scope of the present invention. Exenplary etchants may include
five percent, ten percent, twenty percent, 7srxty five percent, or ninety
percent of the C2HxFy additive or any conbi nati on of CZHxFy 25 additives.

Simlarly, it,is.also foreseen d as_an additive
Do i 11 con i BAGTE-REERE s FORhr Sutaey sf Meditecuos 1 Bt SEEBIERT & For
exanpl e, C2Hx§ibsaftil AnRBnUSERICHMOnE st 1a9éCdFRthertuddbpd d il dod foxide dier
CF4 or CHF3, or both of themas primary etchants and a carrier gas, such as
argon or ni tr sieam nittide e Thahjdreen cankent Bﬂtl@ﬂﬁ@ addititved inipags dtctxan@s mhladmgrray

i ncl ude one or, nore ot her .addi es .t the v racteristics
_of the dry et BNARRC WithSped] C‘Whtigré fq 'é%‘ 0385?‘5@ ‘? E%qne‘ﬁ’f‘ 'ty, and
the type of selectiy gt exﬁ%drﬁéﬁm'tﬁe d%gd‘iih%@ﬁ gosie elkhbtof tRAdeSAt ent, the

use of WD 02/0339 -9 PCIT/USOL/ ~127~ 2F2 as an additive enhances the
selectivity oﬁtveandCﬁé‘t tsraammafmrewbaﬂtr Méirendised asitbe pimansétthant i€, HiH,$ de.

Combi nati ons of t.he ad t.he ener al a al so be
enpl oyed as cﬁei]rer?&‘ﬁ‘éfﬁr ﬁF%‘rf{é‘amg?P T HRdeR e&ﬁqﬁ GW%%FATar}/Q‘EﬁP@P’erred
embodi ment of ¢f ercuesed 'ad BliEGESSxia at mgﬁérqﬁe%ad if V\ﬁﬁés‘ RidofdHNiR%A S an
et chant of the pr &sent ventr on (1. e., an et i ncl udes C2HxFy},
and is sel ect dwmdbon&sdhqapmmmyletcdnm €Lld X, dmhen/(hlpedrsﬂlbomahdmﬂedt sidatively slow

di oxide and silicon ni he dr etch rocess.| ncl ude sing the
%‘iﬂtosﬁ £i er%% ﬂ

etchant t® et B GOTHRASS N ﬁatGFB gtioga) sificop dip tehanty Thugy o
of either U”dQ&H?@vegWﬁ&%tllq?&éésg?hé)ﬁcﬁfalté 2 bé‘hée? lﬂeomwﬂtm Wi egigre or

| ayer may formor be part of an etch sto Referring to F

the etch proc8sch mj‘dtttvleeumhnledjm a'remmrlltmtmd to,wtH ,cGHH;, iahd Dﬂter hzhlegenatedrcarbm

etchant, is illust ate p| ct.s an enpl -l ayer. structure
10, which i's Episgals Clrlaye selh%se 2 BRI GReR r@lﬁwtﬁwgmthat ey
be fabricatedgy I in accordance with the process of the
present inventi %fr?eﬁgchlt% r structure 10 includes a sem conduct or
substratelsl2 (e.g. Singlasly) adchiwewdfaemcrelaseaai dtcleantis se‘ledtnﬁyl Fatsdicoh Siokide over
silicon-on-sap hrre silicon-on-

f
|l ayer 14 di spé‘ trldags%tctqdr}%e ar%taete ﬁaﬁ&ew fsdérﬁ %shedﬂgtaalaﬁgg’ﬁ%'r %
and an active,qen &6, %?cﬂbﬁ@wh@hlﬁthﬂdat 1 ﬁ@grnﬂ LfohatthiBR 45

referred to herern as a contact es conductively dope

sem conduct or diseibsure af whizhds herebyl mcmpc)rated 1f1 @t etdtetyrbyahis referedesy diselosesgi on 16
and is continuous vvrth active surface 3 Cond ctrvequ | Lnes .18, which are
for med f 1 om aSeTBmERARIYE adiliues Tt reaycs a%certaﬁf ecarl% «Fi 18 hjs mgpper.

di sposed a f y
Cepar at edyr ot Mifs\obfe 344 PRt HEofHLER: hiRgHiaNint fumBlidibiRen
posi tioned | atmnalil yquatijocentate thhn theanmbegoffiuotirie afdinthewethlas QH%Eﬁztrﬁi CH,F.
whi ch are positioned on each side of the cglnductrve | ines 18, and

i nt Sr nedi atle str ucgﬁlﬂe&:a digiyes may alpg\agwsed iwth sligon dioxide efcheatsdhas jagludes
conductive |i S,eﬁ L3 H% ﬁn%ir%gﬁbirﬁ inh Ot %t a?te? BQQFfl-Ifa'ré’c‘?er{sh Elgh etgtﬂlgé’";e 4

spacers 20 and“caps Abi'i cated From siTicon nrtride or un
silicon dioxi deludidg), tvithbaylemitasion ht welectitty af suzhietuhiand der cmppaahcmadmmdel ayer
24 di sposed over each of .the_ foregoing el e Passivation |layer 24 is

fabri cat ed f r Ostamdepedsiliqoaglioxdesnddhe feéecgvﬂy %Psettalpsmeap f eyl siligon F| g 2
depi cts maski g of. d{;ﬁ%ﬁ&gﬁggﬁggﬁhgé&ﬁ ﬁrr or to defining a structure

t hrough passivation [ayer is also referred to as a
protective |ayer, isahcheareatbodintenpaf therdopel i didddd etelianoof thapssset4. Mask
26 may be forned froma_ WO 02/0339 PCT/US01/~1275
invention, C,H,F, is employed as an additive to one or more primary etchants. C,H.F,
may be used as an additive to etchants which include a fluorocarbon primary etchant,
30  such as 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).



-10 material such as a photoresist or other photoi mageable material.
Exenpl ary positive photoresists that are useful as nmask 26 rnay include a
novol ac rg@ ¢3e3@edi azonapht haqui none, and a sol vent, suchpa$/useiukys
acetate or xylene. Exenplary negative photoresists that are useful as mask
26 may include a cyclized synthetic rubber 5 resin, bis-arylazide, and an
aromatic solvent. Such a nask 26 may be applied to, or coated onto,

mul ti-layer structure 1 n atterned echni ques that are kno to

those in the AHCOrdingclo the %s‘lgil’r%t%éﬁﬂﬁgd ﬁ%ﬁtsaﬁeo@@ﬂ’&fw awae'@st'éﬁ\%@tsaﬂ which

patterning tec@ﬂilqqg@.be@t{{igémgstgnvagld}f%,enask 26 may conprise an aerosol spray
st at I

pattern of el ectfd Ically chargeable hardenable liquid material, such as
a pol ynmer, which i ¥hatustd aehrhdiikivertoiasiliebn ditidetetchant) sbchsds @&k or CRIFg, t han

B T T e—
et er o e, SRR il L OB R Pt R

di scl osure of sabstatiallgniveratate.i Thoamour o€ C,H|F, tas isansed neinyetdhynt dixsure,

reference. Both photoresist majerials (positive and 15 negatiyve) and
non- phot oi magdaBlive tedhepmaunis gaotheietehayispd any sarpgigaspmay Be yaiediyardeetan ¢ h

the ~658 Pat er}%ifor-{%%}ﬁuclte%rﬁﬁ& @Pﬁ%tcﬁ%% kil J‘np% aGRORthe ﬁes%%g chitn

nonphot oi nageabl e erirals an processes tor applylng pa gerning

them are al so ragultBi Thé hericig @hsractbritice ofiitic Rethattf mixhige fHae BN be viarieltyl abdringd he
patterni ngi of mask 26 defines openings 28, which are also referred to as
apertures 18r dbneancentggiiontof y Intheiiaxgreinslyden but aremghmited top selectivity for

pr edet er m ned Ul e i i i . lVEDQ: ivat i
| ayer 24 duri ndéﬁjg&lgﬂt} sne(g(ﬁ%% B‘é‘{?gﬁg@éggﬁg%gf?%’ %%&ﬁlt%qgg glélearrg 1(I(a))rillﬁélog%}hat
is resistant tslicoheaiteds;aadtheafoped siligurediexide etekienti on (i, e., the etchant

does not etch mask 26 or etches the mask at a relatively slow rate conpared
to the rate at whi ¥ exsennlarg Hryseiphant thabisiseleetiverfaidoped silison digxidg ouerdbosh
passi vation | . ts. ynder i . : 26 ,

et chant duri ng}ﬁt(ah%gdgsﬁl ch6 gc(]i ﬁ%wn% &dé ﬁlcg? g%tl&fﬁlglklgeﬁéa%ﬂgé\;v&{o/gSf:ﬁ.%ahélfa%gﬁg’ﬁéh i's
depi ct ed, 1\5/her(ﬁé. Nthe T, BCH, | conipefert), abautt3080of thb ipfithatySetélfaht OHBG @dd bbb 38% et ch
chanber (not shown) either with or without a carrier gas, attacks the areas
of passi vat i orfiGEr. apadditize which inppaysetheseledivhi obphenitinpsy swhatts fossikicos

Dry etch proce hat...ar e .Kr 0 0 of skill .in.t rte.dncluding,
30" w thout 11 a0 S SHPGFoRI Tach b iIRTo-Blashi bsed PR lTR0BY o iiehihg
(RTE), nagnetidgch g4 igfochié B@ghéM E), magnetical |y enhanced reactive ion
etching (MERIE), plasma etching (PEz, poi nt plasma etching, plasma enhanced
reactive ion etchi nytqratively) theamouatsed thedrH.Fyconmopentoraytgovaried considerabbl / ~

1275 oyol ol Ot EHAACRALE Rl anlifs BErEITRl QKT il Al B S RERER Clndic

present invention and are W e scope process o present

i nvention. Weparintdgénfromh twoltofivalindlsivelitere ¢RERNKERS fdneiddoyomont ai ni ng
etchant of the present invention, etches a contact opening 32, or an
aperture, thrdogesiyeagad whetearplugy equassiy, greawihip shessoparpf the progenttinvsation.

St uct ur ol 1 ay SFn BT gichbls b HEMHC Bve pBFEPH 58 gl RERBD B TBaNE  ©
di oxi de or si | pezedit, Wrinfretlepereemt 61 e @Hg‘;'fadﬁiti% BParyafibinalibhof C{Ehant 30
etches internediate structural layer 22°at a slower rate than the rate at

whi ch pas@dvatdddiivesiyer 24 is etched. After the exposed areas of

passi vation | ayer aye.b tch e, I eppved . pr.ocesses
10 that are known ?%"@?‘l%ﬁétrl? ?ﬂgg%rﬁseggt%%%%teﬁ}o% ?m acgjﬁlt“%rtf})

t echni ques. Fldiicofl didxidesdryy @icBantanitinésahit iRGHEDY dtﬁer%%n@bn@ﬁﬁrwre&aﬁaﬁx@,t has
been fornmed through passivation |ayer 24 by the etch process of the present

i nvention. CoreAkl, eplhbanped along srithpanseteliadkthet ingludes eithen CRyrar Gilhsersnth af | y
_vertical rel att'kve to.acti \{e}éa%gsrfg%e 13 of se?réﬂ conduct or. substrate |2 ok

oriented substBRTEPTARCFEIARE,; 40d 2 FATIoL BAY SUY! 45 gONATAIogs. fHfernatively, the
sem condugyor SEIBLEcH:Ainihg dryCRBRaRE maP RIS Bhe 3P mBke Sther diMdltives taY Blfer the

structure 10 expose o
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



at least a portion of the intermediate structural |layer 22 that |ies above
each of conductive lines 18. Internediate structural |ayer 22 defines a cap
3 6 over @askypesnductive line 18. Thus, cap 36 nmay be fabmricxatsedsfrom
ei t her undoped silicon dioxide or silicon nitride. 20 Internedi ate
structural layer 22 may then be renoved frgﬂ1above diffusion region 17 to
expose same by known processes, such as by “masking nulti-layer structure 10

d tt d t t 2 d hant
Shi chpr of or AT E A PP HsrelerfT s Afe gt ol o agde 850 ¢
sel ectivity ov@icohRfrig@t e&mahamnsdifiﬁetaauﬁﬂeg @ﬁh@gerk?al fEr'rHutlefléz I AL AR By of

_multi-layer structure 10 25 may then be conducted as known in the art
(e.g., to formmploeddscompenetyinatdoped sihcanahorade dayietdhaki. f f usi on region 17).

Anot h | f h f. th t f t
I ent on RaP 1 oA etk Sptdifent of gy BRAPRR Fted prat € idmploys
exenpl ary Bul i @AY ofShé il Andftion i el Wikl WiRCIRRAREST AR htaRy esent

i nvention may be enpl oyed. Milti-layer 30 structure 10, is also
referred to hewelechvesfor dop@lmtlwndmderowdebwtb@nédmedcsﬂme dioixideland eificen nitride.

duct bst 12' . d d 4 t
surf ace 19" of MY eBhauties induetsinedts Shardineush s doped dichaiodls Bifron 16
adj acent V\D PR3 strubbar® gfam/e“tﬁé’rﬁd%ﬂ ShicP¥ 'dﬂﬁude%%%ﬂxcéﬁlmm& which

conductively doped diffusion region is also referred to herein
as a cont act stmcfunenelaycrnnagdbnn@rhepantefmegcbstopﬁ of seni conduct or

substrat e adj a acti C Cond ive lines 18 i ch may
be formed ! rom pol %qr@gﬁOﬁG%ﬁ % &ee@éfthrl?fe%ﬁSF QP@GW&?EW igyention, é’Y}P‘%n
known in the 3 eOmetd Maﬁmyga@er oy I ke 13
are separ at edal¥ h%?sgt ror};)é t?/&etvéay 8 lgaté o>?| gq 19"1,&9&S are %Xl?lnﬁ{%g\%

| ateral | y adj astewturell®, fwisclors aisegeﬁanedf’d as Cenucontdicter déviesstri8lureg tlat imeybleat ed
by sidewall spacers 20 Eosltloned adj acent. each side_ thereof, as. well as a

cap 22" cover i ABIGHRS, piJEashin Atk in acsAEAzRES With fheprogess of the geaset inveRtiQlr s 20
and caps 22 nmltpﬁﬁr%%bﬁ?é flinbhae ééelnh&ﬂl'au&& §d(§)gﬁat9r12‘(é‘ OR&fHhicon WafePn

di oxi de. Multi-layer 10 structure 10" also includes a pasSivation |ayer
24', forndd f rslinodamedsidatbr (SOT),dilwonda-sapplre, (SBBSG;thfBGn-ngs BEW)Y), eta/pra

di f f usi on region 17', conductive |ines 18 ers 20', and c
22 In FIG dlelhgrids lay layer, b dispased op AR acktye SP%’a%elavc@'ﬁ%dsea‘gcqnﬁwtamw@traeﬁa k
26', or protec d 0

be fornmed by t dé/?gé g%‘ﬁ%‘”ﬁ %égES&XI |sc€g%keoglafa7lb%neéh\?\n¥?% rerreerdet%E tahe
fabrication ofconegk tR4 intyndes comthuctivdly Goped. seidcokdutbor matetialdes,, elpecm)mgs 28'

whi ch are al so ref rred t apertures, or contact apertures, forne
t her et hr ough, WHRCcHig ‘g‘ﬁ”"ﬁr @58’@ 4P And\isFortinypus wibactye uriges H%fpﬁ't‘H‘CPYF t he

under|lyi ngzopasmem'mcﬁ Formel froHal cBdeR:u%ﬁ HiH h &4 @Qtaﬁ&#%oly&(ﬁ:%ﬁ @8’
conprises a material that is resistant to t ant o esent’

invention (i. edxspdsbréoﬂﬂct%csbﬁ'ane meacmtdeetcelnegmslé 2kctrivallyedephatedifashk 26'
at a relatively slow_rat npar ed to({;he rate at which paglglfvatlon Layer

24' is etched)act%éuréﬂceég asfwaaégfga%xa 5 1Pcandraropositiqnsd laterall adjaceptask 26
1 ted { |
o ot or Fa ©o i Rl O bt spRthed F HAREEUEZHoMITA BUPAde dfifie BTOVE

7. An etchant c?mﬂuct!Mellmbs 18 mdimen:mdmeb stnl‘cmrairla}et ohmahaattﬁeeiapi IDdisgdsedoyer
either 25 with or wthout a Garner gas, attacks the areas of passi vati on

| ayer 24' %hat Coé‘ldBCtéﬁ@é'@%bﬁ electsically Bedste vgadustive res 8 Ridewrall spasstar?Ocng et ch
processes, su C&%)QZZ Tnﬂg Hr&ﬁ@ﬁ g%%gé’ih%?ﬁ%lg@ oF hdbpth §flcdPAicLia0 RrliRiaBe Use

of et chant 30 a epl
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



used with the inventive etchant in the process of the present invention.
Et chant 30, which conprises a C2HxFy contai ning etchant of the present

i nventionyogbghgs an 30 aperture 32' through passivation payekoi2d27sin a
substantia?l y vertical fashion until diffusion region 17' is exposed, as
shown in FIG 8. As passivation layer 24' js etched through aperture 28
down to diffusion region 17", sidewall spal(pérs 20', which are WO

112/ 03. 139 -13 PCT USC]/.lﬁZ?S formed of sili co% di oxi.de._or silicon.
nitride, are SWfsebchias AiPROOBSIheT othgphofoimagenble materialy Exemplgry positive
substant i al |y pebcRgtls e £ Gchll G056 af LRI ofRhGlal RAM, hhe rate at which
passi vation Igyer IS et cshed. After the exposed areas Of passivation

| ayer 24" havdisheeaphthaglinche, ambk saGint,reayh hen-betybacethtdyr plaee Bemplanat ar e
known in the art, such as, 5 washi ng cir etchin tg_(é‘rni ues, tchgnt Bg al so
preferably et 8pgaiiveghagresiststbymrensil ae mask #0 Tay audg acyclizsd symBri b el v

doped siligon C . | . Si [ ' r
pr ocessi ng§of r%’ t% {gq‘\@%ﬁé@ ‘?l%ltl: l?rngdfuigblt’%%y St8 E%%lﬁl%ggg%%%agf ggﬂgghé’n%rm in
the art (e.g. coited baonmaltclapetsauives Bl andopattemed by cevhhigaes that dre #nddnso on

region 17'). 10 Al though the faqregoing deﬁcri ption contains many specifics,
these shoul d Hse Bethe 3Hssuchag SR cPatieand phetomasgle prasessingand Patterals:

i nvention, bu r ol ' | ]osgpﬂ,g; EofPr esent |y
preferred emg%ﬁ%%.ﬂgﬁlr%tﬁébi ?Q&o%iégféﬁﬁ%%?@ﬁtg {:OS?)f t altt%{}e%t i on may be
devi sed whi ch eltetrogiticdity alidrgdablerhat depatsdp liquid materiat; opeh a3fa pdiymerr ehiehtis not

I nvention. The scope of this invention is, therefore, indicated and 1

, 5
linited ohy isichedher issirhedate angh sigwenite than thejungenlyingpassisation layer 24¢ day
than by the fqreqqi I RLI | L] - '
modi fi cati ons® %,9@ h&%%@%?\ﬁrg&ﬂag%agééd&ggsg%&ﬁg@faﬁlg@\,lﬁégh%%gw?Hi/gmrdte ﬁb}\e t he
nmeani ng and S@iﬁﬁa idteridieis desribed ArEnited NgecPRERCSELED56 B[k 1638 Patemvpe. VO
02/ U339 -14 CLAIMS Wiat is clainmed is: ' 1. A sem conductor device,
conpri sing: a vaueh iswad te {amesJupbyanandDeqsatbau? 1§92+ the disrloaurs of phich:is hereby
PCT/ USQOL/ ~127s_5_at | east on Lhj.C ' ; V. kd
sem conduct or ngcaggc{r?tgﬁzl} lltsa%néﬁ%ﬁ %?gggﬁf%h%éedgﬁ&ggé@q rﬁ%ﬂé{ﬁl%t%ﬁﬁdg (@c{sﬁ&'g? Ezrie
posi ti onedsat pegalk) falidnaptoyoifdgdabRahic@dls nepbé epleyetaanst 2% ihiaceurdanck de
structure and including at |east one sidewall oriented substantially
per pendi cul ar With the fi58Ratest. The ytikizatien phmasks 24ithpt LompeEsesetheinons| dewal |

i nat | i d | . d idi di 0Xi . i d
hotfve 10" Sur PR @iaithe StoraRa i RS sS tol Rl R Pt Bl fe 488 1
at |east one sjifigyelscopd of TREmEMIGH ©OTHEGERNt ideantion. The phtedrfiing of wlask 26 n sai d

at | east one sidewall conprises a sidewall of an aperture. 15 3. The
sem conduct or dgfinesopeningeliwhich argplee esfprrediosapentarasor edack RRRIWEES, at

| east par thal ltxergt%;ci)u%%,s th?gug%%ve}[iéhuﬁr%déthrn%H@stfgu%{ugesa\ifﬂllb%ad%hné%ﬂg thé)ﬁ)rﬁﬂrl?ihgi con

oxi de

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



structure. 20 4. The sem conductor device of claim1l, wherein said at |east
one doped silicon oxide structure conprises borophosphosilicate gl ass,
phosphosik&g@%ﬁlﬁlass, or borosilicate glass. 5. The sem ¢eiqisei/pp7devi ce
of claiml1, erein said at | east one undoped 25 silicon oxide structure
conprises an insulative cap over a conductiyve line. 6. The sem conduct or
device of claim5, wherein said at |east ohk undoped silicon oxide
structure conprises a side spacer adjacent, said condyctive line. 30 7.
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at least a portion of the intermediate structural layer 22 that lies above each of

conductive lines 18. Intermediate structural layer 22 defines a cap 36 over each
conductive line 18. Thus, cap 36 may be fabricated from either undoped silicon dioxide
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 muiti-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
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10% u&' () 250% wigh ¢ 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
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illustrations of some of the presently preferred embodtments Smularly, other

embodiments of the invention may be devised which do not depart from the spirit or
scope of the present invention. The scope of this invention is, therefore, indicated and
15  limited only by the appended claims 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.
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2. The semiconductor device of claim 1, wherein said at least one sidewall

comprises a sidewall of an aperture.

15
3. The semiconductor device of claim 1, wherein said at least one sidewall
at least partially defines an aperture through said at least one doped silicon oxide
structure.
20 4. The semiconductor device of claim 1, wherein said at least one doped

silicon oxide structure comprises borophosphosilicate glass, phosphosilicate glass, or

borosilicate glass.

5. The semiconductor device of claim 1, wherein said at least one undoped

25  silicon oxide structure comprises an insulative cap over a conductive line.

6. The semiconductor device of claim 5, wherein said at least one undoped

silicon oxide structure comprises a sidewall spacer adjacent said conductive line.

30 7. The semiconductor device of claim 6, wherein at least a portion of said
sidewall spacer is exposed through an aperture of said at least one doped silicon oxide

structure defined by said at least one sidewall.
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comprises disposing a photoimageable material.

10.  The method of claim 9, wherein said patterning comprises
photolithography.
15
11.  The method of claim 8, wherein said disposing said mask material

comprises disposing a non-photoimageable material.

12.  The method of claim 8, further comprising providing an etch stop under
20  the doped silicon dioxide and etching said exposed selected regions down to said etch

stop.

13.  The method of claim 12, wherein said providing said etch stop comprises
providing an etch stop comprising undoped silicon dioxide.
25
14.  The method of claim 12, wherein said providing said etch stop comprises

providing an etch stop comprising silicon nitride.

15.  The method of claim 8, wherein said dry etching is effected using a
30  technique selected from the group comprising reactive ion etching, plasma etching, high-

density plasma etching, point plasma etching, magnetic ion etching, magnetically
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10 18. A process for selectively etching a doped silicon dioxide structure,
comprising:

exposing the doped silicon dioxide structure and at least a portion of an adjacent
undoped silicon dioxide structure to an etchant comprising C,HF,, where x is an
integer from three to five, inclusive, y is an integer from one to three, inclusive,
15 and x plus y equals six; and
etching the doped silicon dioxide layer with said etchant without substantially etching

said adjacent undoped silicon dioxide structure.

19. A dry etchant for etching doped silicon dioxide with selectivity over
20  undoped silicon dioxide and silicon nitride, comprising;
a component having the general formula C,H,F,;
where x is an integer from three to five, inclusive;
where y is an integer from one to three, inclusive; and
where x + y equals six.
25



