2 8 MAR 2007 METHOD OF FORM NG CONTACT PLUG ON SI LI CI DE STRUCTURE FI ELD OF
| NVENTI ON [0001] The present invention relates to nmethods of fabricating
integrated circuits, and nore particularly to nethods of form ng contact
plugs in integrated circuit structures. BACKGROUND OF THE IN\/E?IEI@I p[ﬁOOZ]
A prior art method of forming a contact plug to a gate, source Or ‘ag
region of a MOS device is provided in cdnnection with FIGS. 1-1B. A MS

device str - IS in FLG_ 1. Methods for fabricating the structure
o e 1 aMEREOD QR KRMING CONT AR T HI UG ON SILEADR S TRUABIURE | on. ac
described in, for exanple, U S. Patent No. 6,232,224 to Inoue and U. S

Patent No. 6,350,636 to Lee et al., the entirety of which are hereby

i ncorporated by reference her eFIELDrOFVNVERYION of FIG 1 is fabricated
on a subm e 2, such as a silicon substrate, and is isolated from ot her

devi ces hal | ow e Riesmt inyentien talate$To nethodéoffubsicalinglis@Erdtel Grcustsich as
an oxi de,n.d he .,substrate 2 along wth gate el ectrode 8, often
f or med f?‘é‘lrlnﬁ‘;?fé? 955%}@?)1?{ .tg ’f‘?%éh"g’g\?%é%ﬂmasgenﬁaﬁ lpgrda “&‘P@ﬁtﬁd girggpstmuatees.ons 10

and nore heavily doped source/drain regions 12. Spacers 14, usually of
silicon oxide, and netal silicide |ayers 16 are also provided. A Gayer of
silicon nitride 18, whi cBACKGROUND ORTHE INVENTION as described bel ow,

is disp jover the MOS devjce, ong with an interlayer dielectric or
i nsul atiﬁWa‘yer 2£ P"[°6663‘]“°‘E8§é%f?f}°ﬁ§1%a]opn@t nlpg toy apgabs, Gousesor draiper 22
I s patterdpich and MMOIREvieY ¢ provided it - @l ri.c.fil t 0 expose a
smal | area of the film 20 ovgr gat eﬁ8€%¢r%§%%wé§/l§?§r& ]11% A:ﬁgtsc‘%v ocess
is then Sxedueds showoparFIort aMettiodsrfor fabtidating dghstructiiv® of #YE! 1 e Rt i C

film22 ; t e etch stop | ayer abgve the selected contact region.
This etc eé“?%aﬂﬁ?&%eﬁ gL ‘Sg‘BF"& ‘é‘i‘i““s% CREPT. aydeseribedyin, ffon axarapleg UBS.ched.

After tRetenoNba6,232.200¢ Indfe afid (RS "B gms { 8. REELAr ed to
renove th i&t%ﬁt@&g | ayer 18 to expog%ﬁgﬁ'g& eé&e@%&%ﬁﬁ"sﬁ?&ﬁ“g ont act

region 1% b iscoperied by atefarenqre hemimeThe MOS rdevRet b RMIOtIOfESI St
22 and apy ey r L, {2 firomthe aforementioned etch steps. As shown
R G 1B’n ac%:{?r;;lt% %‘?JEE‘?@ gij g%cl'ﬁ 4 3 filicony é}}%ﬁa’%an I5 1solated from other devices
by shallow trench isolat_ion (STI) 4. A gate dielectric 6, such as an oxide, is formed on
- the substrate 2 alopg with gate electrode 8, often formed from polysilicon. The device
also includes lightly doped regions 10 and more heavily doped source/drain regions 12.

Spacers 14, usually of silicon oxide, and metal silicide layers 16 are also provided. A

layer of silicon njtn’de 18, which serves as an etch stop layer as described below, is
| .disposed over the MOS device, along with an interlayer dielectric or insulating layer 20.
[0003] Referring to FIG. 1A, a photoresist layer 22 is patterned and formed over
- the interlayer dielectric film 20 to expose a small area of the film 20 over gate 8 or
source/drain 12. An etch process is then executed to open contact tunnel 24 through
interlayer dielectric film 22 down to the etch stop layer 18 above the selected contact
region. This etch stop layer helps pfotcct side wall spacers 14 from being etched. After
‘the contact tunnel 24 is formed, a second etch step is performed to remove the etch stop
layer 18 to expose the desired metal silicide contact region 16. A wet etch process is alsb
performed to remove the photoresist 22 and any polymer remaining from the
aforementioned etch steps. As shown in FIG. 1B, a contact plug 26 is then deposited to

form a contact to the exposed metal silicide region 16. An additional cleaning step may



forma contact to the exposed netal silicide region 16. An additional
cleaning step may 2 8 MAR 2007 2 also be perforned to smooth the silicide
region and renove any native oxide before depositing the co tactpez%l”ug 26.
[0004] Metal silicide |ayers 16 are.usually either cobalt, t&rﬂg% or
titanium silicides. Tungsten silicide |layers are typically used for .35 m
processes, titanium silicide is used for.25 um processes, and cobalt
suicide i's usually selected for.13-.18 /Cm processes. N ckel silicide

contacts have been oposed for newer_ processes, such as .13 _mang.s Il er
- processes, | aﬁ%ﬁa é?e?{"&%ﬁ‘i SQismoeothy ghey ﬂl{‘}i‘fey regionand BRRROVERIN Bat%"&k@“g"d 3%!“&9 e
of ni ckel Sidégggigﬁgﬁéégﬂd&? or diffusion characteristics. A problem
wever , n

ari ses, howe en open contact holes to nickel silicide contact

~ regions usi n@0pdi or ar Mepdl asikcide dayerd 16SarePisualRy SRbert bk Atungstes,CorCitabinged
etchants, and it is believed that the 02, F and/or CO conponents of either

or Eot h of tHécifefor dragsten silisids dyesy ermfypieallnt nsdoior 3% wop Dregesses, Hantml
contact 1 oo ety 1y Fog:28 A ptc b SRATREN il iy pfhd b g

general Iy ngbroecsﬁmclﬂtdkem&ﬁde comatls vk bkl Broposidare néwet (188essése sushidsi. 1%d,
as described in-Inoue, because cobalt silicide is nore stable than nickel

silicide and+acad smalles processes, in Arder &0 pravidapesistivityoedustionrend tasiake pdvantagee.
[ 0005] TherefqQr-a, . 1t.herke.] .8 new.net hod.of form.,ng contacts to a
devi ce. To ti@%‘aéerllé,ﬂﬁ{lﬁeeé gov?é%n%?g%gg&ﬁggbmf W‘%&F%@%@%g %ﬁ%%ﬁ’ﬁé’e"“’
contact tunmehen bpening costactchalentoasickeleglioids cofitabtregfons uei#h@! pridr! dre pdeesses.
contact regigns, when formng contact lugs to an'Integrated circuit '
devi ce. SUMVAIESE DEOCESHES (LR m%@@@qf gichants; tanddt i believed thatuthg Q Fiand/og

sem conduct AV ' W } '
oot LSRR PR ot GRSl SRR o S
- contact regimmovah echatitssteagt Wwithethef nickel silicikde saitatt elegivhst resaltidhgain, contact
i nsul ati ng Ir%g,er, I ohgrpjc} ,?ver sai d_aﬁtch stop.layer,. A portion of the etch .
stop |ayer istivity (Rc) 1ailure — essentially an open circuit. This is generally not a concern when
‘ - cobalt silicide contact regions are utilized, as described in Inoue, because cobalt siliqide
~is more stable than nickel silicide and does not suffer from the conséquent contact Rc

failure issue. |

[9005] Therefore, there is a need for a new method of forming contacts to a
device. To that end, there remains a need for a new method of opening contact tunnels to
silicide contact regions, such as nickel silicide contact regions, when forming contact

- plugs to an integrated circuit device.

| ' SUMMARY OF THE INVENTION |

[0006] A first method of manufacturing a semiconductor device is provided. A
semiconductor element is formed on a substrate. The semiconductor element has at least,
one nickel silicide contact region, an etch stop layer formed over said element, and an
insulating layer formed over said etch stop layer. A porﬁon of the etch stop layer
immediately over a selected contact region is removed using a process that does not
substantially react with the contact region, to form a. contact opening. The contact
6pening is then filled with a conductive material to form a contact.

[0007] In an alternative method of manufacturing a s‘emicondﬁctor device, a

semiconductor element is formed on a substrate including at least one nickel silicide



I mmedi ately over a selected contact region is renbved using a process that
does not substantially-react with the contact region, to forma . contact
openi ng. The contact opening is then filled with a conductive material to
forma contact. [0007] In an alternative nethod of manufacturing a
seni conduct or device, a semconductor elenment is forned on &83UBdElat e
I ncl udi ng at | east one nickel silicide 2 8 MAR 2007 3 contact region, a
first etch stop | ayer formed over the & enent, a second etch stop |ayer
formed over the first etch stop layer, and an insulating |ayer formed. over
the Secon@oﬁt{a@heg&hog A8V &Eh st-gg% dr'fOkm&d S¥erSthe RleniE a deSorideml etbpdugsr a
sel'ected contact-reyion using rocess that does not substantially react
With the domicléver eg first etch sfoprlayer, amhaminsulatipg tyegformbd overrthe secoB@élthng i s
) ], The

then filled with a conductjve terial to forma cpnfact i th.
new met hodtapr layem Fhadiisst pieh SIORs IAYPE ShERRe ‘EP@\‘}iacﬁgP i GPPAL re&’%ég?llg s

bet ween the ni (i cide . i [ O RBHNN mfodtceatacthol es
or t_unnelpgo%;g:%ﬁigt ﬁ#es é)trﬁr%)giﬁg{rllﬁgg r%ﬁt»giglﬁ p Sggﬁ%the etn(’)go%ée process
thereby resdaiag. Therdontict benir isuhesfillod withca eamlestivetmatyiigl td fofm pieentact
manuf acturing process. [0009] The above and other features of the present

i nventi on Withl be better understood fromthe followi ng detail ed

descri pti qangk: t he pref ' , : ' hisi i ded
- connectDBihi (r { R SebRpHR Y, Ffaconte Bar kARG deney e, NS
[0010]  TheeadionsMRwesAdhe niske giticide! dsntaca epipsedwing aspeginpadicvatict hoes ohe

invention, as well as other information {)erti nent to the di igl osure, in
whi ch: FI asnnds during| thetformation f icontagh Plugstthergtor TheBROFRSS IBHERY (EIU°Es o

silicide conta reqion of m Vi £66 ‘ ldddsg rate a first

exenpl ary @%ggcg??%gﬁ?(ﬁém% con gg’[\ékfgf%lggﬁ%ﬁ%g%ﬁg?ont act region; FIGS.

3-3Cill usfooang anot ree Meg&hgrathaptfmdre@foff fhenpresend invertiant wilb te bétter ci de
' understood from the following detailed description of the preferred embodiments of the

invention that is provided in connection with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS
-{0010] The accompanying drawings illustrate preferred embodiments of the

invention, as well as othier information pertinent to the disclosure, in which:
_ FIGS. 1-1B illustrate a prior art method of forming contacts to a silicide contact
region of a MOS device; |

FIGS. 2-2C illustrate a first exemplary method of forming a contact to a silicide
contact region;

FIGS. 3-3C illustrate another exemplary method of forming a contact to a silicide
contact region; and. .

" FIGS. 4A-4D are cumulative curves of measured contact resistance values of

‘contact plug regions formed according to the present method.

: DETAILED DESCRIPTION
- [0011] A new method of manufacturing an integrated circuit, including a new
ﬁlethod of opening a contact hole to a contact region of a semiconductor device, is
described hereafter ih connection with FIGS. 2-4D. For ease of illustration, the method is

~ described using enlarged views of contact regions of a semiconductor element without



contact region; and. FIGS. 4A-4D are cunul ative curves of neasured contact
resi stance values of contact plug regions formed according to the present
met hod. DETAI LED DESCRI PTI ON [ 0011] A new nethod of manufacturing an
integrated circuit, including a new nethod of opening a con;ﬁfg &ﬂhf to a
contact region of a sem conductor device, is described here p
connection with FIGS. 2-4D. For ease of ﬂllustration, the method is

ws of contact regions of a sem conductor

descri bed;jsi arged. vi
el ement wi : g%ﬁ“é% ‘1{9%??(115{9 cnent; tugre, Andniy shopdd be mpdessteod thatrthese views
st ruct ur eareasidly phrtRid & a | are onl arti al
vi ews of grecorr{:) ete $ﬁv§c%g§}ﬂ u%ﬁggtl%‘%b&f\%g? ﬁ%&%ﬂﬁﬁe&f%éﬁgm and
~ descri bedand deserihes: imrconnedtionl Githl FIG. QOB OGMOS Qlevite C AP&4pabitdr gf ddrer
sem condu [ epent. [0012] FIGS. 2-2Cillustrate a first exenplary :
Srbof T Ceme

met hod of Wet to a netal silicide region, preferably a
. ni ckel sifggage regi b Al | st to FLG 2, a al, silicide
cont act rtegi olzg 102 |§I§Sor@m§a§ lglrllﬂ%t%élq CSRETRIGY raqthed pljogmingp cantegh tag a

silicon, mgtal siivideregions pieferably amiéies uﬂ@wm?ﬁ% Refhing fikt gymﬂl% el
silicide I‘.ﬁ%l on 102 typically is formed over a source or drain'Teqgl or

gate el ectPgigs conaciregipnsiQgis ffarmad om @ semicondnetemsubstente 100; stk & a ilitbg;i de

regi on, agg;nﬁﬁi' J - di Che g | r.106.is forned thereover. A

' phgt oresi st | afé@sdlijog\ithlcggpéa}l{ tu%'rui;ag% ?ﬁ%ﬁf 8%t°a36§‘ﬁo%ﬁ‘3féﬂ§k%§®%ﬂ 108gi on

- for develypicallyas éomicatoveral souede drudiag rdgior BE glﬁ'i@te?éctrﬁﬂé | gird lﬁlg@bqg 02
Sl such a

[ 0013] Asldlrfntégone , _region 102 includes a net I'i ci de,
t ungst en, "Vt 1StIRAPEOVER thegpetrl silicide eegion, amst an selbtingibt dicleenit Fager X0BRds! er

si ze techiaghed s g. : ow._regi.on..102 includes a nickel
silicide layer. 'T?\oe"%gt ﬁ)pﬁx(%térecﬁﬁfllgggraﬁg lscﬁaétf’g’%firaf‘é formped,as shewa (R, cxRpsp 8

sel ect ed sgion fohdeveloping napniacyivle dOinhdisoahs sl klicRABon I@er etch rate
relative @@ 351 etchgnt than the dielectric layer 106, consistent with cost,
process r 13 ness dmepiensaaragion 402 deslndest amietal silidide, tshols @s af tuagdémar y

_skill. '| Nit@hk8m, or cobalt silicide. More preferabiy, and for smaller size technologies, e.g., .13
‘p,m and below, region 102 includes a nickel silicide layer. The stop layer 104 and
dielectric layer 106 should be selected such that the stop layer 104 has a significantly
lower etch rate relative to an etchant than the dielectric layer 106, consistent with cost,

- process robustness and integration -concerns familiar to those of ordinary skill. In one -

~embodiment, the dielectric layer 106 is a silicon oxide such as SiO; and etch stop layer

- 104 is formed from silicon nitride (SiN) or silicon oxy-nitride (SiON) and has a thickness
T; between approximately 100-500 A, and more preferably, between approximately 250-
300 A. In another example, a low K material may be selected for dielectric layer 106. In

~ such an embodiment, a Si0; layer may be used as the stop layer 104.

[0014] Referring now to FIG. 2A, a first etch process is employed to open a
contact tunnel or hole 112' through dielectric layer 106 to at least the etch stop layer 104,
‘and preferably to at least partially through etch stop layer 104 without exposing metal
silicide region 102. The etch process can utilize known etch process techniques for
opening up contact holes through the interlayer dielectric 106 and for removing the etch .
stop layer 104, as described, for example, in the “Background of the Invention” section
and U.S. Patent No. 6,232,224 to Inoue. A two stage etch process is typically employed,

with the dielectric layer 106 being removed in a selected region over a selected contact



enbodi nent, the dielectric layer 106 is a silicon oxide such as Si2 and
etch stop layer 104 is fornmed fromsilicon nitride (SiN) or silicon
oxy-nitride (SiON) and has a thickness Ti between approxi mately 100-500 A,
and nore preferably, between approximately 250- 300 A In another exana)l e,
a low K material may be selected for di %Itectri c layer 106. In $@JdHRAAT
enbodi nent, a Si 02 layer may be used as“the stop |ayer 104. [0014]

Referri nq{ynog tto |G 2A, a first etch process is enployed to open a
contact tUrEt ichapesss.1 At is prefomaiile Y esect ettle methodrin Wifick an @thiheass of he

tch st bly t t. | t lally th h etch
ctop | ayan WEE 100K LRGN M kB i@ e T8t 18] il mlin rheproecsmis
process dypically ddcomplishedusihg b CF b4:e8 ary S&h’ﬂﬂ%? > é8ﬁven88§e{;l§r}€ H‘Leépsgf%%w act

hol esthr?tigh the interlayer dielectric 106 ‘and-for renovi stop
| ayer 10£t°8agR dhe iately stopolayerxisriber complatbly ét&mdkraugh cusitfg 4 b&ohd\egel i on”
section lﬁftﬁ . e No.., 6,232,224 to Lhoue. A two stage etch process
is typica yO&e’an %‘52’%‘, &Ewl{lﬁh?%és chg‘l"r@Wr"f e gich1that theiatchingerate; ol then a

- sel ect ed layeyi 104 isv@eater Sdnehial Sf RNt 00%. 5 by, a_first. etch
~process. 11 is preferable to use an etféghn?crrg?% Olg’nomfgﬂaéhe 8?°8H}Pf‘|'aﬁf¥§te of
t he | aye®SH8e6lor §Xappleep GHA hasedetobtprbéasy, rate of the |ayer 104. This main

etch pro i s typically, acconplished using a CF based dry etch process.

~ Conventi gﬁgfﬂ/ in t 80%‘?%%?8‘110 %‘Pr% RIEessge are paplayed, awgyet, dhe processeshean

- conpl et elryacetwitted mbfaRidfitidesSt QR e8t; hpd ere _an etch yethod
is preferably sel ected such tdhég%@t e etchi nléhtrhgt aSngPHI\é@O?%FEE"VfBEQ‘PS
greater ©FEHON: HAtthe Preseat ekample.t partculadye with0nickHli- 1By rédord éssbed

usi ng, -f SRR F pased etch process. [0015] If conventional etch
process egfear e enpl oy (%5 %498%3\75 F?mi’f?édg thyough the el Sgopéém 104 thexpose the

met al - si-imetaldsdlicidgiregions10es ¢ isP@Hetstodd) that t he | nventign"
section. In the present exanpl e, paert I cu aart:%g(é%[\ng?ﬁl@lﬂn}ﬁ hd&g o hf’ilé?(fé‘g‘

regi on, PHRECH Bredadtly stapepaséaily tirbugh s dayer. t Therefore! b ételirploptiayer 10y ough
the etch th | silicide : [ 102. It i
under st b oo W suf Bl AnkRRE So o3 o 4L5fiBleopmlyt Rorial ol Grsegh thesamict |y
stop par (04l [Betwesroapgrorithalgr50-J00eAr06tEh stopaFecToStsRefetbfy cd@dmed

leaving a thickness T of etch stop layer remaining as shown in FIG. 2A.

[0016] The remaining portion of the etch stop layer 104, or alternatively the entire
-etch stop layer 104, is then removed using a process that does not substantially react with
‘the metal silicide layer 102. In one cxemplafy embodiment, the silicide layer 102

~ includes a nickel silicide and the layer 104, or that remaining part thereof, is physically

removed using an argon sputter process, with plasma power between approximately 100-

~ 800 Watts (W), bias power between approximately 100-800W at a pressure of between
approximately 0.1-5 mTorr. An argon sputter process is sometimes referred to as “pré-
metal clean” and is sometimes employed to remove the native oxide that forms as
vacuum breaks when a silicon or silicide surface reacts with the atmoéphere after the etch
stop layer is removed by an etch process described above in the Background section.

However, in the present method, the sputter process is expanded and employed to remove
the etch stop layer 104 itself. Other inert gas sputtering processes may also be used, such
as a helium sputter process. v |
[0017] Although it is preferable to use a purely physical removal process such as
sputtering so that the silicide layer 102 does not react with CF, F, O; or CO radicals, a



preferably has sufficient thickness so as to facilitate only a partial etch
through the layer 104. Between approximately 50-200 A of etch stop | ayer
104 is preferably consuned, |eaving a thickness T2 of etch stop |ayer
remai ning as shown in FIG 2A [0016] The remaining portion Pg Aﬁﬁﬂgtch
stop layer 104, or alternatively the entjre etch stop |ayer g , 1's then
renoved using a process that does not s@ostantially react wwth the netal
silicide |ayer 102. In one exenplary enbodinment, the silicide. 1ayer 102
i ncl udes Y sicdwprocess| utlliziieg andnethegab,agueh d0drgom for tHafhim! SHFY AlichhtiR ?’tbe

t hereof, i.cal l T ved usi ng an .argon sputter process, with plasma-
power bete@é%r%ég@bﬁ flﬁﬁﬁee‘?‘%g{)ai‘g selutiom QWWW%W?C%D&&M@ theamethlotikigidmlayer
appr oxi mgioe| YFot @Rarftf) e _af 1be . Pr oxi .0.1-5 niorr.
An argon sputter pr og’\e/%ghiggn%qrr%?%rlegg A er;?gtgﬂtub&g ngé,ﬂg?ltﬂ%%étﬂ_pjf M@an and
“i's somet iPOEST ebgiwoste dapiproxiemately  10@-800W VimdObigle polRt BQEEn 38)-5003¢ UM

br eaks V\ngog .zsli !‘f con or, siljcide surface reacts with the atnosphere after
the et ch “PRICBPaed9btemaving a Nl prisjiORhlagers H4ever agicked siticidedelyeai62.e Low t he
Backgr ourgné&eathiion:: | esent. et hod he sputter process is
expanded and enp?}%y%fdh?%@%lcgfﬁ%\%&n{toﬂg "@@‘eﬁ‘%‘?‘&‘gﬁﬁﬂv.é‘?e %ﬁﬁf'i gmptivery, agy

inert gagrgapuen keliung gar pasma eschrinelalisg 00 - LB HE pRyDE! UM Squt t er
hough it is preferable to use a purely pﬁlysica renoval

process. [0017 .
process §£’1‘&tﬁ té&s 8t 3 Bot phoseherigacid reamoval prosessanaypheemilogedioes not react

W th CF, 160182 or ' S 2 MAR 2007 r t.ch process utilizing
an inert 23;;1583 s ijch(]?lzggli ﬁ@&gﬁérodresﬁ%?ﬁd?ﬁgovﬁaﬁlc%@“é?ﬂ% ﬁ?glﬁl opened dhiongly the wi t h
a di | ut e dedestdnlaysol06 and ctoh stopilajer d04 QB ' | sk b i Gl de

layer 19\%F Fo exanB{ ,..an ar 1gn@gr hel i umgggcs) p% gxsé?ée%?%ﬁtﬁlsﬁ%%édﬁk%

" 0.01- 109% Wt SPPYR My <§ r Ap Ehouee in BKp128%iancondutiveanatehdl)¥uehds hingstepower
bet ween Z0heh V¥ | for ving .a Si . S | ayer 104 over a
ni ckel silici d“éi“%si“;‘é?“i%%?“ cg\t}v?zc%nfc‘?é‘ﬁggﬁh”gﬂé‘giwlN Srlegﬁ\%%aqce i wi t h

't he ni ck¥singgaicogyentionalaocesiot ensthér depbsitionfechigaen or hel i um gas pl asna

etch inc idig 0.01-10% HE nay be enployed. It is also contenplated that a
hot "phostmc aci h&gn%\?’g illysisale 28 altarnative aethaslefforming a contact plugtoa

metal silicide contact region. Like references are used to indicate like structure shown in

- FIGS. 2-2C. Referring first to FIG. 3, a semiconductor structure is provided on a
substrate 100, including metal silicide layer 102, silicon nitride or silicon oxy-nitride etch

- stop layer 104, interlayer di¢lectric 106 and patterned photoresist layer 108. In addition
to- this structure, which is described above, a relatively thin oxide layer (SiO,) 114 is
provided over the metal silicide layer 102 and before formation of etch stop layer 104.
This oxide laygr 114 preferably has a thickness between approximatély 50-100 A, and
may be formed using a chemical vapor deposition (CVD) or N,O treatment, for example,
or using a furnace tube. This oxide layer 114 serves as an additional etch stop layer as
described below. .
[0020]  Referring now to FIG. 3A, a tunnel 116'is opened through dielectric layer
106 and etch stop layer 104. These layers 106, 104 may be removed by conventional CF
based dry etch process without adversely affecting the metal silicide layer 102, which is
protected by oxide layer 114. Regardless of how tunnel 116' is formed, the oxide layer
114 is then removed in the manner described above for etch stop layer 104 using a

process that does not substantially react with the metal silicide layer 102, which is
preferably a nickel silicide layer.



[0018] In the manner described above, a contact hole 112" is opened through
the dielectric layer 106 and etch stop | ayer 104 through to the exposed
metal silicide |layer 102, as shown in FIG 2B. As shown in FIG 2C a
conductive material, such as tungsten, is then deposited to fill tunnel
112" to formcontact plug 110. This nay.ye acconpl i shed usi @g MR 2007
conventional process or another deposition technique. [0019] FIGS. 3-3C

i1l ustrat@mzi alternative net qo'd of formng a contact plug to a -netal
silicide PNRCt ¢ esﬁ" Are exeumplarys @pbofiment rexide dayer d 14 risliphydieallyi femoved

struct urey§ ' = i first to FIG 3, a,.sem caonductor
struct ur 'ewgggoﬁﬂf%negﬁ lg%ra& Oéeg ’s?ﬁé’ﬁ’g&f?ﬂ%m?"ﬁ%m% apprpgmalgly i?ré%)'@QOWayer
102, sili power batw prlok 3O : j :

sili cen appiokimatelAVOrEOOW Ge a%éle,?urc%ﬁg,;}e; ?ﬁ%ﬁl_]’%%ly odss .

i nterl ayer di-el ?’%t ric.106 and patterned photoresi st
to this strQBt ufs MEAtiened aboyes othesdacr igas esputtening atdcessky; subh s X helgurh ayer

(Si 02) 1lghukter pREays! %9|b%%rplﬁ%§_t5@%'ﬁ{ngesé§!éi#§ %,leeékig er 102 and before

formati von[ of ;ech stop’l aye 114 preferably has a

t hi ckness[0822heen. AprnuexiveBt @l dryRQ o . r sing a
chem cal vapor depositi on_é D%&gr ?\I% %ﬁsa%ﬁ?wéﬁeﬁeé%hg&g‘,% %rlggﬁffng a
furnace tlifgig“. 0, 1 epigyedewith yedilute 4tohentveniution sonrwittize RAcHonewER (5 Rt ayer
as descryg; oo [ Referring now to FIG_ 3A a_ tunnel 116" is
opened th%l%ﬁg%pﬁlkg ot rg%gltaé@?’ a“lﬂggléﬂﬁ ghivp gas plgsma gich induding AdelQ%yer s

106, 104 NBymhy beansed aeith plae08 el rogess Wt hout
adversel y a?/f eg%_%gt he mgt afﬂasi | g?ﬁ?ﬁegagpn’?%?%c%?bﬁ@%ﬂﬁ?ﬁfa&ﬁo%rbyu

oxi de | ayR§itweety W-dpdtsmagivelyoen argonelr hitlitin gas planieich inbﬁxdﬁi%' derdogyer

114 is ”ﬁﬁxﬁzﬁm&v&] ' he manner described above for etch stop 1ayer 104
using a procéss tg%lw%dcies not substantially react with the netal silicide

| ayer 1040028] ch i SIn Meahsihd¥sclibBd & i doh G r.. 7.2 8 MAR, 2007

[0021] In,aqne ,eéenpl ary enbodi nent, owgéalégblgrng%éq?? iﬁ‘hcipg?% Wgthe ved

usi ng an déolg‘btﬁc PUrrtlO6. pich stopslayen k04 auidarstive stopiayeb ¢ 1AVEEBugiRI R RBIsel Y

- 100- 800Wmedi &% € roxi mat el y 100-800W at_a pressure between
appr oxi mat el y Oc%é\é\ﬁ&%él)'gérﬁr\e &%%gg - VFBW , shopmein Fi(a, Cgasondngtiver i ng

~pr ocessegnatetialhsuch & thegstet)is then deposited to fill tunnel 112" to form contact plug 110.

- [0024] - Because, as described above, the etch stop layer 104 or 114, as the case

. may be, immediately above the metal silicide layer is removed using a process that does
- not substantially react with the metal silicide layer, the contact resistivity prdblem
- described above is addressed and good contact is facilitated between the contact plug 110
- and metal silicide regions 102. These results were confirmed (as described below) in
tests using the first approach described above in connection with FIGS. 2-2C for nickel
silicide contact regions.
[0025]. As mentioned, the method of forming contact plugs described above was
tested. The contact resistance values of different dies were plotted together in cumulative
curves. Speéi_ﬁcally, the contact resistances were measured and plottcd for contact plugs
having diameters of 0.10, 0.11, 0.12, 0.13 and 0.16 um for the following contact regions:
contact to N+ active region (FIG. 4A) contact to P+ active region (FIG. 4B); contact to
N+ polysilicon region (FIG. 4C); and contact to P+ polysilicon region.
[0026] The aforementioned cumulative curves show yields for the fabrication
process for contact areas of various sizes. The X-axis shows contact resistance values.

Conventional process techniques would result in all measured contacts being open (i.e.,



sputter process, may be enployed to renove oxide |ayer 114. [0022]
Alternatively, a dry etch process utilizing an inert gas, such as argon or
helium is enployed with a dilute etchant solution to mnimze reaction
with the nmetal silicide layer 102. For exanple, an argon or7feli ME? gas
pl asma etch including 0.01-10% NF3 may Je used with plasnma power between
approxi mately 100- 800W and bi as power tween 20-500W Alternatively, an

argon or i Jncludin -10% HF nay be enpl oyed.

[0023] I né‘{jfgyfﬁﬁ%‘ﬁ%@ﬁfﬁéﬁﬁgwm by 20t b oo FIS. oo s 4Bhr ough
t he di elisdicated 004y giclds) Gvitlehé i I . ' | ayer..114
through tq th ?gfdd@rreltt al" mﬁglglg?jgﬁ ixg%rl&&%o%ggKg@cgpfégm%ﬁ%ﬁﬁﬁw%nd as
shown in H(i?'é %iéé gcc%‘ﬁ‘d‘ﬂé texhibit vasty impioved yidid acsulty 096t fide gt@eis&e, Ryith
deposite fal 112" t o) cont ac |l ug 110. 0024] Because, as
ple’gc'ri be%‘g%g\?g{,ahlt #ée{-e%ﬁlé ~ 868}? Qéé'eéﬁéﬂa&léﬂpp C%gaqtrregi_ggasia FI]ﬁay‘:Oomd

- i mredi at €.16 ﬂﬁmmtéoh?egi&isaihdﬁ:hﬁb@ﬁt éei%neﬁg'al s renoved using a process that

does not_substantially react w | silicide |ayer, the contact
resi sti vil0)2pk obl endlthiewsglr ithedingbiaion ihas axs%heaé&ﬁb?@%g cgptegg,:é%ﬂ S
facili tate%ﬁogga[{tﬁ\gﬁgn t he clg)*g%a t plug 110 and netal silicide reéegi §102.
These resl 1L 5Qty e‘fﬁ@fe@%sgﬂﬂbédhbepmmﬂcd olaithesionldibs cupstalngl fi rst
appr oach westty t | Pl t ith F ... 2-2C for nickel silicide
contact regi oyn;sm[élé%%(&eﬂm mﬁ{l\ﬁ gﬁ?&%@%% %dﬂ%‘?ﬂupamtﬂgayd@rmmbym ugs
descri bedhessskilledin the est withodhepating &ajm HRSIBHEREE & lb?%gﬁi},algﬁ:%f Fagnt

di es werein‘pé tted together in cunulative curves. Specific Y, fe "ont act
resi stances Wefe measured and plotted for contact plugs having dianmeters
of 0.10, 0.11, 0.12, 0.13 and 0.16 ,umfor the follow ng contact regions:
contact to N+ active region (FIG 4A) contact to P+ active region (FIG
4B); contact to N+ polysilicon region (FIG 4C); and contact to P+

pol ysilicon region. [0026] The aforenentioned cumul ative curves show yi el ds
for the fabrication process for contact areas of various sizes. The X-axis

shows contact resistance values. Conventional process techniques woul d
result in all nmeasured contacts being open (i.e., 2 8 MAR 2007




8 contact Rc failure) and cunul ative curves could not be generated. FIG. 4A
~and 4B indicate 100%yields, with no nmeasured open circuits as i s evident
fromthe curmul ative plots. FIGS. 4C and 4D exhibit vastly inproved yield
results over prior processes, with only a small percentage ofg F’i)ﬂfﬂ]@} 12,
0.13 and 0.16 Icmcontact regions in #1G 4c and 0.16,um contac regi ons

i ndicating open circuits. [0027] Al though the invention has been descri bed
in terms of exenplary enbodi nentsCLAINMS not linited thereto. Rather, -the :
appende Ite%i e sgou_l d be construed broadly to include other variants and
enbodi nentd BHFME Fnvention that may be made by those skilled in the art
Wi t hout 1depar meholdrFmdnifacafRiRe: RAHcIRINe: 8dviQg bbMaHaNE theQlepsit® 1 nvention
9 2 8 MAR 2007 CLAIMS What is claimed is: 1. A nethod of manufacturing a
seni conduct ofadevifewning aspmicsndectonelemertpm afubstrate saidaemicngpdacteeni conduct or

el enment on a rate. said,sem conductor .elene avin t least one

i ckel - <imdh BaBb Ay opEhRT AT resih B ERh LRl DG

el ement sajdctléferit A6 b idsiBitih@ ¥er foRmeB dveraaid sl doglagbr;st op | ayer; (b)
renmoving a portion of said etch stpc{) | ayer imediately over a selected
contact regi dB) usiragodingrdaesien efifaid eelestop dayesinpsedintelynveyaseaeted wi t h sai d
contact regi . to.far 0 i ng,. sal rocess | [ a non-CF
based recg%@gfﬂ%%}oggglsng;a ﬂfﬂ%s%% ? %SI I}Oﬁg&sbé 3aﬁ orne?] %tgwﬂ%)gaéiféllgg%Hgé%gg’onducti ve
mat er i alto férnf & tontact ©peiiag,tsaid procebd endliiif®& nod-OF takdd tbmovhigsrotdss;sdndp (b)

i ncludes the step of renmoving said insulating |layer to forman opening
over said sel(€tt edillingsaig contagfiopgning vathysendstive material 40 form 2 egdactat | east
to said etch stop |layer wi thout exposing said contact region. 3. The mnethod
of claim2, wherein said insulating | ayer renoval step includes the step
of formg sdilt memod oficlpiat 1) whdryint Stepo®y inchalesithetsedp cftremoliagsaid 4. The

nmet hod of c¢laim3, erein sajd etch stop |layer has . an_.initial, thickness of
1nsu(iat?ng layer to form an opening over sala selgctec?l gontact region througth said

insulating layer at least to said etch stop layer without exposing said contact region.

3 The method of claim 2, wherein said insulating layer removal step includes the

step of forming said opening partially through said etch stop layer.

4. The method of claim 3, wherein said etch stop layer has an initial thickness of
between about 100-500 A and a portion of the etch stop layer having a thickness of
between about 50-200 A is removed when said opening is formed partially through said
etch stop layer.

5. The method of claim 1, wherein said portion of said etch stop layer is removed

using a sputtering process utilizing an inert gas.

6. The method of claim 5, wherein said sputtering process is an argon sputter

process or a helium sputter process.

7. The method of claim 1, wherein said portion of said etch stop layer is removed

using a dry etch process utilizing an inert gas.



bet ween about 100-500 A and a portion of the etch stop layer having a
‘thickness of between about 50-200 A is renoved when said opening is fornmed
partially through said etch stop layer. The nmethod of claim1, wherein
said portion of said etch stop layer is renoved using a sputlgmapprocess
utilizing an inert gas. 6. The nethodl®f claim5, wherein said sputtering
process is an argon sputter process or a heliumsputter process. 7. The
nmet hod of claim 1, wherein said portion of said etch stop |layer is renoved:

[ d h utplizi ' . .10 2 8 MAR 2007 8. Th
et a8 1 TSGRt LR S ot 42 bR i g
ni t r ogeRitfdoR udBdAaRt RlUnYHR fRbof@eN M x. 9. The nethod of claim 8,

wherein said mx is approxi matély 0.01-10% nitrogen fluoride. 10. The
met hod of clam 7, wherein said dry etch process is a plasnma etch using a

hydrogen fluqride an l.i u r argon mx. 11. .Th t f..claiml0,

Wher o s d T EaEotprto Sratierh 859 ass el St OeP Ped ™ A ret hod
of manufgeligsi ng a sem conductor device, conprising the steps of: (a)
form ng a sem conductor elenment on a substrate, said sem conductor el enent
having at | east one nickel silicide contact region, a first etch stop |ayer
f or med ver .sai d el t econd.et.ch stop |ayer forned,over said first
etch st&@‘ I a}i‘F r’é‘?ﬁocg?g?a?l;t}sﬁlwz‘ﬁeﬁbsqliggret?‘bpﬁgﬁss&%Pfaglgﬁgggeu\églﬁ(f etch stop
layer; (ERirdg8iBMbAGe S& Kbl 6 ar@biehixet op | ayer over a sel ected contact

region uSing a process that does not substantially react with said contact
region, to forma contact opening, said process including a non-CF based

mat or 2l o TORRARE R dabt 10 oMb R oS oo BRI 9 R BPAERL 0F )

i ncl udegdoigest ep of form ng an opening

12. A method of manufacturing a semiconductor device, comprising the steps of:

(a) forming a semiconductor element on a substrate, said semiconductor
element having at least one nickel silicide contact region, a first etch stop layer formed
over said element, a second etch stop layer formed over said first etch stop layer and an
insulating layer formed over said second etch stop layer;

b) removing said first etch stop layer over a selected contact region using a
process that does not substantially react with said contact region, to form a contact
opening, said process including a non-CF based removal process; and

(c) filling said contact opening with conductive material to form a contact.

13.  The method of claim 12, wherein step (b) includes the step of forming an opening
over said selected contact-region to said first etch stop layer without exposing said

selected contact region.

14.  The method of claim 12, wherein said first etch stop layer is removed using a

sputtering process utilizing an inert gas.



over said selected contact region to said first etch stop | ayer w thout
exposing said selected contact region. 14. The nethod of claim 12, wherein
'said first etch stop layer is renoved using a sputtering process utilizing
an inert gas. 11 2 8 MAR 2007 15. The nethod of cl aim 14, V\Ag%r@iﬁgmai d
sputtering process is an argon or helilum sputter process. 16. met hod
of claim12, wherein said first etch stop layer is renoved using a dry -
et ch pr dsess The methoidrod cheimi e mtherpdus said SputiEhiag prichsds ah argoaiomhdliym wher ei n
said dry etch process is a plasma etch using a nitrogen fluoride and
hel i um SPUtF BEASeHi x. 18. The nethod of claim 17, wherein said nix is
approximately 0.01-10% nitrogen fluoride. 19. The nethod of claim 16,
wherein said dry etch process is a plasna etch using a hydrogen fluoride
and hel itém oThampthodnafclai@0l 2, Wherae sdid firss fetohl stipniagd, is wineoved msingiadiryn x i s
appr oxi maéel 0.0Il: 10% hg]gro en fluoride. 21. The method of claim 12,
wher ei n SEQiPEOGeRs WHIZRE I Hpgg“F'ayer is an oxide. 22. The method of claim 21,
wherein said first etch stop |layer has a thickness of Iess than or equal
to approximately 100 A 23. A nethod of manufacturing a sem conductor
devi ce, 1@onpflhsneghdadnef ddaiepks, ovhereif adid doy etich grogessda phasthactdruséigearent on a
substrat e, sakld sem ¢ cluctor el enent having at | east one nickel silicide
,uogﬁe cﬁﬂe

cont act HFEQECH PR HRP FEORM™For med over said el ement and an

insulating |ayer forned over said etch stop layer; (b) etching an opening
over a selected contact region through said insulatin | ayer at |east to
sai d et d§. st dfheinzgtleod ofsilaign &7,fwhesein Saidsrigds WWW&UW@)’(S@%?W giioger el ect ed
cont act du%%idgn; 12 2 8 MAR 2007

19.  The method of claim 16, wherein said dry etch process is a plasma etch using a

hydrogen fluoride and helium or argon mix.

20.  The method of claim 19, wherein said mix is approximately 0.01-10% hydrogen

fluoride.
21.  The method of claim 12, wherein said first etch stop layer is an oxide.

22.  The method of claim 21, wherein said first etch stop layer has a thickness of less
than or equal to approximately 100 A.

23. A method of manufacturing a semiconductor device, comprising the steps of:

(@ forming a semiconductor element on a substrate, said semiconductor
element having at least one nickel silicide contact region, an etch stop layer formed over
said element and an insulating layer formed over said etch stop layer;

(b) etching an opening over a selected contact region through said insulating
layer at least to said etch stop layer using a first process without exposing said selected

contact region;



(c) renoving a portion of said etch stop |layer imediately over said
sel ected contact region using a second process that does not substantially
react with said contact region, said second process including a non-CF
based renmoval process, whereby a contact opening is formed; apdatdiy
filling said contact opening with cod@uctive material to forma contact.
24. The nethod of claim 23, wherein said etch stop | ayer has a thickness of
between appicpXi NRhRNhglPPorBOR ofsAaddichet r dapeliaklPovdQaid sekcte@noved at
step (b). ZE(.W'_I’he met hégd of claim 23 V\hdgflgji&n sai d seﬁc)ond efch process is a
sput t er¢omipcpregiansusing a sacond prpcass thatedoes gatssubsigntialty seack WiBdaigrcontagi m 25,
wherein _said sputteri r. i N ' , process. 27.
The merFEBTof Bra R paReRHBrEARe S CERRY hap phasdl, SRATS  OCTEh
pr ocesScontddt bpaiingisdormetsahd gas. 28. The nethod of claim 27, wherein said
dry etch process Is a plasma etch usi _ng{ﬁa ni.t rogen fI L%Ol’i de. and helium or
argon mix, wiBr ei fillingisaidrontacsopgmineowithaerdugtive matenigbto TR A 5GRACY | yor i de.
29. The nmethod of claim 27, wherein said dry etch process is a plasm etch
using a hydrogen fluoride and heliumor argon ink, wherein said mx is
appr oxi pat el Yh®nRiholQfecldiynd3padsreid suid eidk stoplayel hes arthfidkmdssadf betvadem 23,
wherein said etch st08 l.ayer includes siljcan nit r{segg or BI icon
oxy- ni t aprreximataly 489-800 Ay and betwesnsabouhe /P8 i Tespo @c?tecﬂ’r@ -etch process.
31. A nethod of manufacturing a sem conductor device, conprising the steps
of: 13 2 8 MAR 2007 (a) formng a sem conductor elenent on a substrate,
sai d sepdcondue hthedl dEokiiin 23awhegeimbaill eecond eteh praxesd is sispirtérdeg proeesact
region, a first etch stop layer including an oxide formed over said
el enent UtikziBgap HETeda6h stop | ayer fornmed over said first etch stop |ayer
and an insulating layer formed over said second etch stop layer; (b)
etching an opening over a selected contact region to said first etch stop
26.  The method of claim 25, wherein said sputtering process is an argon or helium

sputter process.

27.  The method of claim 23, wherein said second etch process is a dry etch process

utilizing an inert gas.

28.  The method of claim 27, wherein said dry etch process is a plasma etch using a
nitrogen fluoride and helium or argon mix, wherein said mix is approximately 0.01-10%

nitrogen fluoride.

29.  The method of claim 27, wherein said dry etch process is a plasma etch using a
hydrogen fluoride and helium or argon ink, wherein said mix is approximately 0.01-10%

hydrogen fluoride.

30.  The method of claim 23, wherein said etch stop layer includes silicon nitride or

silicon oxy-nitride, and said first process includes a CF based dry etch process.

31. A method of manufacturing a semiconductor device, comprising the steps of:



| ayer using a first process w thout exposing said selected contact region;
(c) renmoving said first etch stop | ayer over said sel ected contact region
using a second process that does not substantially react with said contact
region, said second process includi nlgsaa non- CF based renoval 7 pMag es3,
whereby a contact opening is formned; nd (d) filling said contact opening
wi th conductive material to forma contact. 32. The method of claim 31,
wher ei n sai d(ajet afforgiing 8 isetpiconduciatelgmeyiton a subsiratd, stidisemigiondudtete cont act
region. 33. The.nethod of claim.32, wherein sai nd process 4S a

oot ¢ or PRBiepr BRATEM 165 Phe it BiSin oPREEGRoR sk SR RPR BB PR BT s,
wher ei Naf gkide FRiddeIvieNShi D ERERAE alsScctd ARG RiyeihedTbves RIHREt dddtocess.  35.
The net hod of claim 32, wherein said second process a dry etch process

utilizi sigp layer pndan ingulating yerfosmad pHerdaist seeond eirlBgop ldyefei n said dry etch
rocess is a,pl as etch usi I Is i
lr?‘ix, V\/nelr ei n( i d° hwgia%l(ySlf)dr}%xo%’ﬁ’ragI(Sa#l)é/&gc?g%{t%cg%gllﬂﬁofsggeﬁr}g{"%tgtg%tl%ear ggn The

net hod @fyeflidhgnh 3ost prbREEWithGRietpoVivg Sid Belgdtel esitact feggory asna et ch using a
hydrogen fluoride and helium or ar%on m x, wherein said mx is
appr oxi mat el ¥€)0. 0 removing gid fzgetchf §top lay ercovep sgd pelpetod pontact 2egign UK et hod

of claim32 i i : r.L.ncl i{d nitride
or 5i 11 ASHCBSPIRYE) et e ERGuRNAL LRI BELob A HIGE i B T 17T
pr ocess procdss indhidinge! MECBbasddatmoddl, prudess, evtierebsi adcontacsdpeningis Sormped, ayer

has a thickness of less O than or equal to approximately 100 A 40. A

net hod @hdmanuf act uri ng a sem conductor device, conprising the steps of:

(d) filling said contact opening with conductive material to form a contact.

32.  The method of claim 31, wherein said metal silicide contact region is a nickel

silicide contact region.

33.  The method of claim 32, wherein said second process is a sputtering process

utilizing an inert gas.

34.  The method of claim 33, wherein said sputtering process is an argon or helium

sputter process.

35.  The method of claim 32, wherein said second process a dry etch process utilizing

an inert gas.

36.  The method of claim 35, wherein said dry etch process is a plasma etch using a
nitrogen fluoride and helium or argon mix, wherein said mix is approximately 0.01-10%

nitrogen fluoride.

37.  The method of claim 35, wherein said dry etch process is a plasma etch using a
hydrogen fluoride and helium or argon mix, wherein said mix is approximately 0.01-10%

hydrogen fluoride.



(a) form ng a sem conductor elenent on a substrate, said sem conductor
‘element having at |east one netal silicide contact region, an etch stop
llayer forned over said elenment and an insulating |ayer forned @MQngaid
etch stop layer; (b) etching an opening over a selected,contac@ reglon
partially through said etch stop laykk with a first process without
exposi ng said selected contact region; (c) renoving a portion of said etch
stop layer inmediately over said selected contact region using a second

process _t hat _.does not hstantially react with said contact .region, said
second ééocegge F‘P?éh@o‘?fs 131 ﬁemheﬁl%%gae% (?glsmg?rlaeéé%", uq%ﬁélrh&B a contact
openi Ng 4} . d..: b4 4k ' ' | tive

ot or | APde PETRCn A hikdte, bid S e e KRR FOF DGR N HED BRRENET
second process is a sputtering process utilizing an inert gas. 42. The

met hod claim 40, wherein said, .second process, is.a plasm etch using a
ni t rogeggf | u F@twtﬁéqlm’&heéﬁ“b%g &"@@%‘%f?é‘ﬂb]faﬁershéﬁ 8“???51916?%0&653 °
appr oxi @i?atn.edé)éggal%‘aﬂ%%%hﬁﬁtélgf99653\.fl uoride. 43. The nethod of clam 40,

wher ei n sai econ rocess’is a plasma etch using a hydrogen fluoride and
hel i um or argon mx, wherein said mx is approxinmately 001-10% hydrogen
f1 uorl d(?1'(). A method of manufacturing a semiconductor device, comprising the steps of:
(a) forming a semiconductor element on a substrate, said semiconductor
element having at least one metal silicide contact region, an etch stop layer formed over
said element and an insulating layer formed over said etch stop layer;
(b) etching an opening over a selected contact region partially through said
etch stop layer with a first process without exposing said selected contact region;
(c) removing a portion of said etch stop layer immediately over said selected
contact region using a second process that does not substantially react with said contact
region, said second process including a non-CF based removal process, whereby a
contact opening is formed; and

@ filling said contact opening with conductive material to form a contact.

41.  The method of claim 40, wherein said second process is a sputtering process

utilizing an inert gas.

42.  The method of claim 40, wherein said, second process is a plasma etch using a
nitrogen fluoride and helium or argon mix, wherein said mix is approximately 0.01-10%

nitrogen fluoride.

43.  The method of clam 40, wherein said second process is a plasma etch using a
hydrogen fluoride and helium or argon mix, wherein said mix is approximately 001-10%

hydrogen fluoride.



