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WD 2005/ 013357 PCT/ US2003/ 041684 METHOD OF
MANUFACTURI NG MULTI - LEVEL CONTACTS BY SI ZI NG OF
WEINFAGBSS| ZES | N | NTEGRATED Cl RCUI TS BACKGRQRANDUS2003/041684
TECHNI CAL FIELD 5 The present invention relates
generally to integrated circuits and nore particularly
to  SANTACIS OIPMAENUFACTURING NIUE. TISOR VR, ebfkﬁfAéTs
dielectric | ayer. BACKGROUND ART Integrated circult
are B%SIZIEN(E&E CONEACTHIZESIN ENTEGRATED (BER@UI'BS S,
radios, TV's, cell phones, etc. The hearts of these
i ntegrated ci rcui ts are sem conductor devices, 0
whi ch can be transistors, diodes, capacitors, etc. The
semi conduct or devi ces BAECKSGREOUNDy f ornmed on
sem conduct or substrates and are covered by
TECHNEUABFIBGD or dielectric, materials. For exarrpl e,
rg{gsmtors are fornmed by 61 npl anti ng_spaced- apart
PEFSGRIInNentiog; relates geperally ko integrnted suemisaindgnersagticalarly to
conduct or
contagg‘g%%r%glﬁg% %g\%&%gggg g@%&égﬁ?}v&e‘%ﬁc ?aﬁgﬁ source/drain
regions. A dielectric is then deposited over the 15
BACKGROIINDART Since el ectrical connections need to be

gL B8 e S B oo Bl o WS, raios
TV’s %&4 ek, Cetb.2YBie Relrth b€ tha@p SntefratddCoir bR tafd serfidbiffucn ‘hevmes
) to .the surface of the sem conductor substrate. Since
whicly ean be frensistoxsh dioden toepacitogastes Bhrl semisordnctonalsvises atgegenerally
' at | e s.in_the
formea%'?q S %lﬁgﬁ&f) Qégtt%%éen%cagé? re(fjﬁa}{ ifélglﬁlggrﬁé, oL élele ttg: mapenals
mEbf Bxdr@ple,l trmfstcﬁ@hﬁe foamed by igpkptig Spadlapard Source/drain regions
t wo- | eve 20 contacts, As the electronics industry

into the-sapal fog sulsigt eg%ﬂéafpgmnﬁ &ﬁﬂ@?lsga& ehiheswEniganguctor substrate
i

e T

transistexsi c%ng}ﬁdﬁmmalsmnmctmhen@dzte tef madeatouthe sourCr/draie vegions and to

v oG R e S Ao G TR B B0 s o e

contrd] 9%af8 ah@ &y t&%@l’fécé’\bit the kEiBicOAIUTRri sabstike. Sﬁﬁb&%%ﬁ‘é (ﬁ’f the control

devices on a |ayer of sem conductor material which is

gates gud theasprfage @if dhe srynicendwetor substrgtendre o difarent levels in the dielectric
layer, Zﬁ'és) ?ét{gt?é‘tg are’%e?e%aq b af rﬁpuﬁg hétel! Eor%cé Qi%d e %i)%cli'ééa&llge Itélo-level

acti ayer of Sili1con Which oveé
contadtayer of sili con di oxi de insulator in a substrate
Si | iﬁi‘é 1 WD 2005/ 013%3% PCT/ US2003/ 041684 I n the SO

t A&t Sgsfronicsqindpeina secks nerseies apd erpalefu umbers (oft sremiconductor
devie S GAKE intblratel irctt fidhufacturers seek better methods to shrink the devices

by reducing device geometries or the size of features.

One new technology for shrinking device geometries is called “silicon-on-insulator”
or SOI technology. SOI technology deals with the formation of semiconductor devices on a
layer of semiconductor material which is over an insulating layer in a semiconductor
substrate. A common embodiment of the SOI structure is a single active layer of silicon

which overlies a layer of silicon dioxide insulator in a substrate silicon.
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is at a level below the tops of the control gates and
the surface of the active |ayer of silicon.

wab@seispse, SO technol ogy requires multi-| evePCT/US2003/041684
contacts, which are three-level contacts. In form ng .
mulin thel SOkteciomidgy; aédltwna‘]S@nta@s hrealegujyed tarthe mdistrate silicon, which

is atfgglggeeﬁ}sﬁ%é\g él?pzt%& é:pn %tt%fafyﬁ %g %t()% ﬁ@ active ?ayer of silicon.
Thex@fd:%le SEOY teBhr o), re 151?63 GRAS-16RE cltadits, MBS ark BHEL-1REL &ﬁ'l%acts

top of the gat riter than the aétive silicon and
muéh fommﬁg rraulitldawl mtactsemd §@éépclmohzgw anesteli pmmss is used with
the et.ch ds
contgyylioies B foubit he e BBl oJBF S1cts ety tog ficleotric layer

reacBdsSthe %h&lﬁbv%{‘s@ !’e{y%r 8# tHeltBp Dahé e ?ehrlie? \i@lnSthe ad@vd SiHU6E and much
over-etch, an underlayer or etch stop |ayer is

befops tearking thﬁ/é@epwbgiaate siliceme Singe sasuduration of the etahi praeess needs to
be s@i%%hethgf e eq{egqel%{c ev?lg;s egn]%(?anv BQ&‘J éta%/ gc!cui'ﬁ at“ﬁlé Qleaﬁlo%st levels.

To fedudd wa/-a?eh ,abn Lﬁd&l@@b&ﬁrtﬁﬂﬁ sﬁip| layeﬂ i{ pedvide anel/ the gates, the
SO substrat e) However or selectivi t%/ of . .
sourgg{grajihrsgtong, s thesubsisate ﬁ@lﬁom s <f meelayerA& cither ag gich stop dielectric

|
layeP&I?a'tQE{clgeﬁa ggf}g{v‘f%algéneér éﬁggﬁﬁg th:%@%ﬁr X lﬁl?d?@éﬁ%ubstrate)
t hHokveeers imnfubite ouseletiviy ef thesmdedayentonibe etvh it limited. As a result,

N LT L ———
requived | ttl'uclh%\é@ bf SRNRIeHaydr 96 HbteAninbE B%, HRxAEh ovbLBich RAA the etch |

a single-level contact. Unfortuna t he thickness

rate of therynderlaiesr) whish is elatediia e snlﬁc@@tyheMultclevel contacts require much
consi tion Thiss i.s .especially true for the CMOS
morg g‘é‘?{ng&‘oﬁﬁ%gs eﬁleveélp tﬁ?tgh gate densities. Since
c OUhﬁS‘rhﬁlaier iiethadkhéss@f ahy ubduilagércis dibiitd wagéeni@&idmalderauons
gates, the thickness of the 20 underl ayer needs .t

Tblsb’é qseg@alim e dpe theaCMQ3 teqhpologics Vit vae Righ gat @éﬁ@lﬂes Since
culntg\%t%j et SRIE ?ﬁl?ﬁopa%e@ﬁ Hgdng d8 et éﬂqﬁflﬁ L#?'f FS: ;Elgcny:te}ﬁ&%ness of the

be fornme ess o
undglagert aceds ta rbeoless ﬂmhforblfhalfscpi%\the spatrebetmeten Ity gate sidewall spacers

arou] dhs Gaie et e Ces Wil i ospel i o B pEnpodetayer i
greafh WREY oftl-RAIE ﬂ:ﬂ: sp'a}élé Qhd Hﬂd’érﬁkré’r porfifns bf thehRroSEAds will “merge” and

requirement for "a given underlayer thickness is above
fomrz@ inbesased thickmass nffendedgrer whichowilbprevent poapst etbl,tmgh e

2o RrbsSisT o, SR sl o 08 Bl vty gistness s above

the ﬂ&zhﬁauhﬁﬁhuemyeﬂmidch&b alleiwem b$ tlangeonstiie barisidepiohs, them the multi-
for the different |evel contacts. For exanpl e, wher e

level ¢outastsranaeicbe fosmedwith aginglegieh prasesse iy wguires myjtiple etches and
G r e o
sepalifie PRAERFA! Yo fh eegg&geaén 0l {741 ootittd, Ot RS whbeMtwo separate
pattaphing 8&ps ﬁmfﬁlpﬁwd‘; it willde meeﬁssarﬁtb Mbsk ﬁ)r ithe shalleke sbmtakts,eetch, mask
to_ use a maxi num_thickness underl ayer. so as to be abI e

for th%de@péaop@% Reieth o TP p9s JumRess comilexipy Bdeest

Szt ik hiie 2&%@%@ kS admR¥iRLE Mickkess ﬂﬁ&’&fa &Y & %s to be able to
y enployed are materials such as silicon nitride

perfemdetshilng ovith conyfoitable gpegcesshmatginsathis pi@sents a problem The underlayers

usually employed are materials such as silicon nitride and silicon oxynitride, which have
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WO 2005/ 013357 PCT/ US2003/ 041684 dielectric constants
hi gher than the pre-netal dielectric |ayers. This
WO e®alIB5T n i ncreased - parasitic capacitance POI/BEson3/041684
areas as gate-to-contact, gate-fringing, and
dielegtrice eorstdnty highep tiah. th hre-aretal Skletteic BRIrQ0iHEs r&Qlts in increased -
under| ayer i.s used. In these situatiagns, significant

paragiiie Fapagianee g supharens af gatedercpytacts gatp-didneingand gatette-first metal.
MUt do ' ty i to .
t he sﬂ%f??t';\ttegﬁ)tgl?@%% %B %gﬁﬁg%efsgll%%i i\llllctyélsgtsb ST ,ng%uﬁgant over- .
etch bienirs edl the dvtive sibicon teringnthetoruitiflgvel ndmtadthetcheaidi i @articular down to
silicon... Accyrate control of.the etching, is required
the SHSUIE Silicalo NiRGrPRIVIT o SUiStR de st iscsUin efefing into the
activeCAHEAIES MERRAE! coptrBE RFSthE CAtHiRE 8 NWqhiRQl §R398idC kting out the
SO technology offers the prom Ses of | nproved devi ceg
sourqeddpintregions. r Bais cespireegricatier prodesssantaaliani inaregsed casance,

or oL ARy BT FERRES IS i1 Plties HOBBebripBire sogion and
parasitit \e@pdcitase®, N6 WhpEVE 4ndsedlRaded %%rﬁﬁﬁ&h'bup Wes® 30 II%Q prevent

.eluded those . in the art. DI SCLOSURE OF THE | NVENT
realizptign of thegWemistyent i on provi des a method for formng an

irs ni n
A soluflof ¥ EFE el bl 454 B 1ehe el 8 s fong SlnRE Bbo8h the ar,
sem conductor device on 15 a first sem conductor
substrate and etching a second opening to a second
depth in the di SIBCLOBURIHOETHE INVENTION fir st
sem conduct or substrate. The first and second openi ngs

arkhe phiesdne irevehtiyn piovedes taomeed €oit forming & Megrted BRcuit including

gir ﬁitr and ,seconr%rd%ot hs in about the sane time due to

etchipg a firgt gpenipg o p fir depthdn g<lielpeirie matarisheveracssemi¢onductor device on
i debi i i kchidNiyS L esult s ,

o it COORE! SRS S50 o] B 5 Sl ot in e

dielegteic amdterial oyemtheifirstreemicdnductposubstra®. (The firsteamdiesondadi@nings are

P N SR e
to etchMBEITREEsE afd séddfid ioPufingd A6 AIRMSvift EGIduaEARLRERS ’Il_'lﬁ% method

addition to or in place ~of those nentioned above.
resultg dpdmpagfeed devige selobom ragyred angiongnd wsasitisk tdpacitarics, low power

. t.4f I I.n f_t followng detailed .
roquitghfenfl, and chAfd rEARCS a5 W) bF lord Brfisd Fiatrol Gavirements and
reduced acmpfaciuring cdstawi ngs. BRI EF DESCRI PTI ON OF THE

WNGS FIG 1 is . calibration structure for

a: L prabodiments oh Herinventionibaye pthroiivaniages igeddition to or in place
of mgs‘tegﬂggioﬁe@%@\;d e ddvihtages %lﬁbé’éogia@na%%m\%né ﬁptgn]lglgev §lilled in the art

contact structure-in accor
from r esadittg 08Gh¢ doldowingndetdlled description when taken with reference to the

accompanying drawings.

-,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is calibration structure for aspect-ratio dependent etching (ARDE) with an
etchable material,

FIG. 2 is a view of a two-level etched contact structure in accordance with the present

invention; -
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WO 2005/ 013357 PCT/ US2003/ 041684 FIG 3 is a view of
a three-|level etched contact structure in accordance
WOowaok/013367 present invention; FIG 4 is a vi ewwOlf/USI003/041684
al ternate enbodi nrent of a three-|evel etched contact
st FIG 3I1i€ a Viewasl e thRBtevelictdhed henREE Satturt THoftkb@Bacedwith the
FIG 5is a viewof a three-level etched contact
preseft igjonties as conpl et ed in accordance with the present
in t
t oFRPH Rk v btan Acthat ot 4 I DB THRBER sruoture

inad:lmlammﬁlmthelpnmﬂttmﬁmtloBEST MCODE FOR CARRYI NG QUT THE
cont act

ring study of the nulti-|evel )
or BB ehe A HEw GhacHtesrievel ecaisd cpuack et s Savenlsied dmpesordance
Qghelgkg contact etching process coul d be
Wlthuse E%@gﬁe%tﬁbrflggd A phenonenon cal |l ed "Aspect-Ratio
DepPEhdénis &tfidwelgit (haRbRY « amsthed dof ffemeng arsiimtegrated circuit in
featur in a otoreS|st to etch at different rates
accof‘ﬁm% etﬁlﬂéeclfrst D Under some processing
condi ti ons, feat ures vvi th smaller openings wll etch
sl ower than features havi ng 15 | arger openi ngs and
under ot TBESDPMOBPEROR CARRVING OUT THEINVIRETIONS Wil |
etch slower than features having snmaller openings.

Fopuiigainiy Sh@e rﬂﬁhﬂgvéi dofiaet g%slehp rih@hﬁ)eﬁ(o% ﬁ)scw%r&t that an

pl asnma reactor to performa sma dr
mdeph@i@p@mmehomm*thasoﬂtw Etdhag procese toild ba ysed eneficielly. ,

g‘? ’glil‘eg‘lg# 8%11&% e‘{s HiooDeig %ﬂt@ﬁhﬁﬂ > (Agpji)uqagges different

size \féa‘hh'e§ i@l ﬁfot&@sﬁﬁ@%t&g St Giﬁ‘di}edt Nrafes Gh & &i%IeH:rR: B9&ET Udlder some
sl ower than features having l.arge openings. This is

processingstondibions, Heatries avilngmpaller operings, wilk etghridveer| than features having

sy DRy hE o S oG B 538 vi c sover tan

featurexdnivingtsatallthepeningh. process shoul d be opt| m zed by
m pimzing RLE | ag. V\henoptlmz}héﬁs pl asma dry- etch
pr Besxempls, When pistheAtpapiive 108 fich @G P8 tedctafpeperform a

. plasth4 8dCst&, fihe PthERAFSKARPS “TaHGag CorSte %ﬁg‘eﬁﬂ ocdr, especially if the

sel éctivity to etch stopping Iayers
featurmmzq:SiommﬂlgS ing phetotesist) avebelow .255% With RJE dag, feaplremwith smaller
ona of a

* openfifhs Fdrtn § Jictiic FANeHRP MoBieR i RO habig iy Spentgs, This is

undekiedble bedasd édeBletchr sﬁépefssgeh@raﬁ¥ GhteREdi t0 fétdhetbrheﬁﬁglé ldi'eﬁt‘h regardless
to the horizontal as Jk:JSt defined. Terms, such

of feagye smeabG%cnﬂy', mqsgvg illedsingihe griptearty that  the eéoh) pt))cess should be
cnsif 015 g BYFT R, o B, ARADE 9 o Wi

miniiAdeRIE! lag, usually there is some trade-off, which has to be made, e.g., lower
selectivity to etch stopping layers.

The term “horizontal” as used in herein is defined as a plane parallel to the
conventional plane or surface of a wafer or substrate; regardless of its orientation. The term
“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as

“on”, "above", "below", “side” (as in “sidewallf’), “highef’, “lower”, “over”, “under”,

“shallow”, and “deep”, are defined with respect to the horizontal plane.
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WD 2005/ 013357 PCT/ US2003/ 041684 The term

"processing" as used herein includes deposition of
wWorios/01357 or phot oresi st, patterning, exposurePCT/US2003/041684

devel opnent, etching, cleanlng, and/ or renoval ' of

t hEheredray ﬂ‘;ﬂbcd@émg’pbl@tlsTHd%réh ifGudes @epsitibnl Hf fm@feRial6r Bhotoresist,
descri bed structure. Referring nowto FIG 1, therein

pattqﬂ@n&h Rit9SHECG APV aIpBImPTSn olbings goond/er rempwaltofithel waterial or

phOtére ?&q}f&qﬁas a %% %grﬁ%sn St 3{5 o 32:08; ?Iegl ?ﬁé: Iegn

ThRefmhnigmcazs tsFIGL Q4 theseip isshesmedcalibrafion stractileU08! tbﬁ Kspect-Ratio

of feature a range qQf si froma_mnimnm
Dep@HgrioFichmegHiEL o aderafion diclectrin mafirial 492 i @ photoresist 104
depogﬁ%g&[, e.g., the m ni mum di ameter could be 100 rim

and the range coul d extend upwards to a maxi mum '

cofbaphotoRsish Hiveiserocesset, 1000 mphﬁahtymfrfpamm ooér a range of sizes

AR R P L i

d1am@tei‘%ﬁld°8§ muc[hnaasldr ﬁx‘épﬁﬁ%é \seultil &¥nd 8HFRA8 1o q{]glag(ﬁhﬁrg contact
di nrensi ons 112 and he di nensi ons of

diamptes pfi1 690 ame For p@vom of llmmatmna &irstj sesond, dndythisi Qpenmgs 106, 108,

and L B S bt R S BdERE R B Fepost s, Sppe. g i

dlmedsmmislzgrll&,lﬁnd $16.amge dith@ionk of tise fatiglestira®iet @acH fitht the first
15 1is Iarger than the first dinension 112.

The
dﬂneﬁﬁlﬁg idedp smalle fhanstheseeond dimepsien djhdt whishiis smaller than the third
dineffb 168 gk 05A B TRELORS OB, o 085 ARBERSon 114, which

is largatthan thie fit§Aimemsiai 112at i ons where the phenomsnon of

£ ignnes of s i 11 e oot s RBbE Sireting digpensions of
the f@a@.ﬁemmt #HIPbd fibhcd ihRahd blfbratiod. dléla&m kAL 22 i n

the calibration dielectric material 10 During a
si hgslbla@m@hvvb(preath@ phepraangpen | of etalf laguqmursx the fiist, segond, and third

* openE 06 A0SR Sl 54725208, M8 e helgirns, o

~ and E220in {RS caldridfoni diclgeiric madtérial 4 0.0 Muringingé bRAitor aSingle penod of

the features increase in size fromthe first

time,fherfisd; ssrondh and ghixdqteaturgs 1d 8¢ 1 2band W2 willhave mespgedierfirst, second,
o Q588 15TTSod 5, ARBY 2 St D5 g POESD S

argér features
featurpsdnadreasedr pizk fdmn bregfitsh dinsemsion tlil Beo th&‘mhird dimodsi@i 116, the depths

increplzco dio gt opty 24451 R dird droeh IR 5pion ogres e aster and

reac}fgrée%pde%ﬁ:?&i}ﬁa HROhhdiifd, di nensions 112, 114, and 116
photore3| st 104 woul d be di arreters for t he

t oWbllgfcomaet ommmst canpbm ohgeriows condiguetiobs, df itbe features were for
i.electric materi 2. 30, In t etch esses, .
oytinfiE E68aeHondBingh S tieesit it BRSLeiiefoBiich TH spd 16 n the
photdiadistOroat weild v¥ @hmeterd forffﬁé edpsDf t&@ Zostact! GjRnliRs qn Qﬁe calibration
the contact holes are smaller in dianeter than t
dielegtgig snaterial 102. 4
In most etch processes, the features taper slightly in size with depth in the calibration -
dielectric material 102 so the base of the contact holes are smaller in diameter than the tops.
Referring now to FIG. 2, therein is shown a two-level etched contact structure 200 in

accordance with the present invention.
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Referring nowto FIG 2, therein is showmn a two-Ievel

et ched contact structure 200 in accordance with the
w@e@sen3si nvention. 5 WO 2005/ 013357 PCT/ US2008¢ 0438831041684

A first sem conductor substrate 202 or substrate

si |A Giest serpiconguctortsabistiwitd P02Sarsubsitate silicon isegipBincedAfith source/drain

.and a gate djelectr 08 above a space
Tegigey %é‘g ﬁn‘? %é 3’%&“&6’7 atgi ‘i\e legtag &9% sa%QMaéRacezb@WSw ¢he gource/drain
i6d e g
regif 20 €07 L R0 900 % MR T B GRSRI0S B L LRHALE by o gte
spa®e 22 b ot the uppvn pmtlﬁn of aAnmmmdémdtmy@w@mm sAh underlayer 214 is
ose rst em ¢ ctor bstrate 202 t
cisnsgEve fhs Sk s eI Y R BB Spdeet 212 hd tho gt
210pre-netal dielectric layer 216 is deposited over the
underlayer 214 and a photoresist 218 is deposited
oveékx pmetp} dicleetrigllayer 81 ¢ éx depesitedyower the @nderlayer 214 and a photoresist

18 has to formfirst and
218§e§e8§a1?e ﬁlﬁgr%%tagﬁge%%o%%%ﬁgw ng first and
Seqlhﬁ%lﬂtoﬁtm 138 128 beaf rovdbsed W5 iforen FrstiangdlsecdtidChpenings 220 and
process for a fixed eriod of tinme, a gate contact

222 Jpging fastandsgrond Eametgrs 2200:d:326. 1Uving @ sigle pich @aesess for a fixed

perlw1 of ear tﬁé’ Con IE& ?% a?? g:lulteﬁ‘f o%w? 2%{1?13 }%rﬂkdn\%m%fl reach the

m ni ma -etc TAVer
und@tagyet Ibbat abouts:he sanirectine Mt (n'tmihjmztl odblaﬁeh fitto e underlayer 214.
es abl i she the first dianete §4for t he . -
PeAsHiEs irstol mhipymig.sopfactdiapgies i estoblished; g, dhe first diameter

224 qut ﬁferga‘?@ %&Xcttm nh%ﬁk’t‘i@e s QRRB '1{: thElﬂ Abtetrtthed By the minimum:

reltably resolved in phofore3|st

opeighg that mmb@rehplbly rmql)wgs a photrresist b?rthe photolithogmply peikcess in use.

The SRS Cobirdiiondh v TR R b AR o or m ned

US iSe€bridl) eheCeddti ragaifltn@ efehpi6de B deldRirfedQdhgl fhe %hﬁ%ra&on structure
form ng feature openings over a range of SI zes from

100 tshewniin FHFm] @mmcfeaamﬁémg& Vel mﬁngpm fesizes fromsthe minimum

contggqg%&%%toea Igultigiéq&‘ E?efj' m dﬁ&e}g Hﬂ be 100 nm

e rang cou end 0O a nmaxi num
and dmmagetcodldaemndmmardls tﬁﬁﬁnmﬁnufﬂ‘nohﬂwt diatnieter df B000nins

rmed and the depths. of. the sultlng et.ched
@{ﬂf Gsp ctahos et iBmeh ancie gieatha of e Being gighed openings are

meaﬁﬁs@fodda!&l&t@mte%hqgg a&do%ngto thé eqlgaggnz’ / D) (Equation
1) wher e: h lag; " Dm,, "= depth of the

COL_a_t_ th he mnlrrumdiarreter; D = depth of a )
co%t agt %’f‘(] di fferent dianeter. (Equation
1)
where:
L =etch lag;

Duin = depth of the contact with the minimum diameter;

D = depth of a contact with a different diameter.
The etch lag above is not necessarily linear with diameter and depth.

Fourth, an optimal etch lag is calculated for the different contact depths desired on the
final integrated circuit according to the equation:
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The etch | ag above is not necessarily linear with
di aneter and depth. 30 Fourth, an optimal etch lag is
waealsoissed for the different contact depths deCT/USTHOZOM1684
the final integrated circuit according to the
e UG 0R 1 -GONRARMGDALI357 PCT/ US2003/ 041684  Lopt i niquation
=1- (CDs ow CDree,) Equation (2) where: Loptinai
@ =optimal etch lag; 5 Cbhshall ow = shal |l owest contact
dept . CDDeep= deepest contact depth. Fifth, using
the smal |l est feature size, the calibration structure
100 i s Lges teptemdletch lag;eat ure openi ng sizes based on

the desjred etch .depths e the feature etch lag is
cl osesté{)@ﬂlovﬁéﬂ?}g}"?%?mgggaeﬂ%g. A diameter is
sel ect Qg)ﬁegp=b&eﬁegicgﬁ@§tqe})ﬂ]hat gives an etch lag
cl osest to 10 the. optimal etch lag. Wth such a .
sehaat | ' Laget ef1 b
ot TR 180 Mo WARIEPALREL oplol | ElbtiR sEREIREIAPRRed to sclect
featuccoopieningsizs basedudn thh desicedeetdhi dopthsReliese therfgatnevettlolagliGelosest to
3,. therejn is _show .a threge-level, et ched, cont act
the oBfimal i 1985 b ARG S SHIFFAER U4 fialiiet Hiob GAT 2 elch lag closest to

thed.gﬁ]!fﬁmaﬂ'cﬁ Nag. AWHEE Q0h £ SELATRIACICHE lcotadiSdihbRr, 386 eRh process with
ubstrate silicon has an insulator 304 15 deposited

reach the beltomg ofhadh Hiershallow snd deepicontadis @t ahous thesamattime306

or tive siligGan he.first semcon t.,or, supst r.at .

SR SHRin el s hiRinisBomm  RELERAE S bRt fRlofire 300 in
accotdaideasitiethe prdyehitdnentidhove and over the source/drain

regions 308 and 310 is agate dielectric 312. Forned

ovlrseeond gemisopdusterc sybistratg 1302 er subsiiete” siligom 4 g fnsulator 304
depolfHI-nERAE Ebueiibing AEK SARURGuGL SBLGE NG of heltfSlligon. The first

semibarlubior Bulstatee 806 o itplantedssduateddraBOrbgiomd 308 and 310 implanted

under| ayer 320 deposited to cover the insulator 304,
Ci¢the first sem conductor substrate 306, the gate

SPRGSe and SvePld sbilSe/@RiPredibhs 3608 REE3 1Rk A ga@éc%‘%l@gﬁ&'& g2, Formed

| ayer 322 is deposited over the underl ayer .
over gheogate dislestri@?IR issa gatp 344 theviing \aegate bpacpr 2lavtherdaround to form the

diel.ectric |laye 22, and ogessed 5 fq I ISk, . ‘
uppeE B oF & emiPingt JePE 2 P B IRAGE > Lt Bhon Uelfbd Sl imsutator
304 dME ah ivh@érlayRf G0 tepaditbdt toi dotber @RNingtlhtod 30A] S fig® Gemiconductor
328, and 330 have respective first, second, and third

substgpte At dhasgatgspacerF g, ande 86 31%he first diameter 332
| Sp SRR dfelldfid 1BFer$98 9 aepdbiMiFeF i3 ifiadfef 850, S€cond

A photoresist 324 is deposited over the pre-metal dielectric layer 322 and processed to
form first, second, and third contact openings 326, 328, and 330. The first, second, and third
contact openings 326, 328, and 330 have respective first, éecond, and third diameters 332,
334, and 336. The first diameter 332 is smaller than the second diameter 334 and the second
diameter 334 is smaller than the third diameter 336.

The three-level etched contact structure 300 has the optimal etch lag and contact
diameter calculated separately for the very deep and the medium deep contact. The resultant
contact sizing will allow the etch process for first, second, and third contact openings 338,
340, and 342 to reach the underlayer 320 at about the same time for all three contact depths.
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dianmeter 334 is snmaller than the third di anmeter 336.
The three-level etched contact structure 300 has the
wopisoe3set ch | ag and contact 30 di anmeter cal PCI/ES®03/041684

separately for the very deep and the_nedi um deep

Thus che taandunt Bfeovessteht gtired dnmamitnizadz iwlgchwiih [tual keapstthe required
tch process for .first, second, and third contact

und Qﬁitﬁ‘ﬁ @égﬁamﬂ’éﬁ“mand 342 to reach the underl ayer
3a&fﬁ'ﬁn§ BOWE tol 14€3, SETRerkin T8 shé¥im 8h laltbiNaRCerfSHiBERt of a three-level
depths.~ 7 WD 2005/ 013357 PCT/ US2003/ 041684 Thus tahe

etchedwontact stfuchwe A0Q irc hccoatpnie withithe peséntiimefionnifdéments, which are
turn:kﬁas t@f requi req u derlba er thickness at a

the same s FIO R have g SAMR PO PBMDHS. | horein is shown an

alther ihideSleRIDaShIE Bbntadt Srdchir€ H00ENA! firsg! §R0Hd,Camd MGtd contact

structure 400 in accordance with the present

openings/40%; 481, and| 49hdaving rodpeetivedirel, seontheand dhied diameters-Q8, 410, and

hay h a n T, - l 4
412. o, B AFASOIR SR FRDeo BRIy 116 Ve 3fe WBHE diameters. The
seconkiidisifletep 1 ALt smalRe tHanghe 40ed didfdter 412l 266 finst\veindGecond diameters
respective first, second, and thi fg/ di angé ers 408, .
408 and 410 areqmaderthe saprdiameter sgpRiR:sLBPLFRErCRH dpvionkandmatkgeneration.

Attt GEE, it Eid BEBRE o ATRLPER R ARR ARG,
THWith itiesdistanck betweerd thei fastedrdr ecoml KOEs bethgahiimaleasnamigpared to
e S SR S S BRpSbp Fentie

the uAdAEEES209 AthiBis PomtSik Zfto RTexpdifed thatHE Hrf And tiifd\bdntact openings
Wth the di stanCe between the first and second | evel s

402 4vdi40¢ wilhslightlyaevec-etebdntedthe smdertayer B20 @s lindiested biiefirst and third

h rchy | ' ~ .
over 0, 4583 UL B g B8 085 5005l g b
benefR® bPhaving the Fir§tanl eecn @idntsers HO8 add 10 offthé sane diatnetosl.
contact openi ntlgs 15 402 and 406 wil |l sli %gal y -
oRsferaing Rowie §1Gny thereiads shown sthieelevel ctahed carfaghstructure 500 as

. i s 4 . : _
comfif, Aoy e EheS 1 THE it Bep B AR, o
FIG. Bdnwé ithessanfe dhanémt guinbersf i r st and second di aneters 408

and. 410 of the s di aneter. Referrin ow El G

© R SPectei e J,FRBRS |60 SPmUP RGBT S £20 fom thé contact
openiﬁgg 394, 846, adB842Sthe %g.-, £ 86 fillBd A26 LoHdiEive Yhdidtial BSform the first,

present invention. The Sane el enents, which are shown

secondnandthirdGntagts 303y 504, laad $86re The Erstrrecondyipad thirdgantsctss502, 504,
and PF gt tospecthb do cOnlsERIR g Gu 3% 6 B HBEFnMGYr siShate 305,

and tRPS8tbAd SerdicBnductdr &tbstialtd 3N MUkke fidsy, Setride ahd thifdcdntdcts 502, 504,
the first, second, and third contacts 502, 504, and

and 586 Baveeapertive first, seeandgandihird comtaet diamsters 593 571, anh312.

R SRR Bl R BBl a5 0 s o
refrag@gonateslsisachn ds) eintelum u[Ta), rtidrdwB (1), Tngstenr(3V), aeywothdreof, and

and_third_ contacts 502, 504, . .
compounds thereof. If the contacts are ofo lfighly conductive materials such as copper (Cu),

gold (Au), silver (Ag), alloys thereof, and compounds thereof with one or more of the above
elements, the previously mentioned refractory materials will surround the highly conductive
materials. The pre-metal dielectric layer 322 is of a dielectric material such as silicon oxide

(Si0y), tetraethylorthosilicate (TEOS), borophosphosilicate (BPSG)-glass, etc. with dielectric
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and 506 have respective first, second, and third
contact dianeters 508, 510, and 512. In various
wepwsdizent s, the first, second, and third conPEDUS2003/041684
502, 504, and 506 are of refractory materials such as
constaartfadmm.Z T@B,9 o1 loandietectrd Janstanhdisteettic( Mhterials| s as fluorinated

B e TR (IR B AER N
tetraltﬂﬁﬂh? h@eéﬂlc blver dffdg), al | OM&aﬁQ@gﬁg&mﬁ@éﬁé&é{tﬁg@ound%OMCTS),

one or noré of the a t he

hexamethyldisibixgnere (HMDS)d diatetaxydstestiambuboiyailanen (IDADBS) etc. with

i S FuR S LT i L g o

silicdBri@1de {5i, Nyt sflfoof okl i@ideqBioN). (Si O ),
' tettae?hyl orthosili cglfge ( EOS) bor ophosphosi licate

( Brdaying| noys to UG, Gwthereitiie skasyn acflovechan shoesig) a388Hod 600 for
fomam?én“?q% P R o RSB R B i PR mthod 00

inclufibsy @rstepa60Xiof échina et yenti@stold fist &eﬂﬂ'f}ﬂf@@leledﬁﬂéih&%ﬁl over a

si | sesqui oxane (HSQ , henzocycl obutene 6)
semi¢endpetae dYice onns 4irst searieondwsipspubstrate; a step 04 of etching a second

opem x ane%@ﬁld?ég{q%%é &%{e%%?ﬂeAMe first semiconductor substrate, the

oxane
first ﬁldmeemm(gfphningstdlﬁ‘emﬂm sixgdsiol raspecti RNDEGH to ﬂid:ﬁrsvmﬁdlse’éond depths

ectric, co st ant el ow 3. 9. derla 320
in ab(’%‘g? gampe dpe due tgretch Log @ arfteR Qg Bﬁﬂm& the Sets aﬁfitSP‘PQH'é contact -
openﬁ@k%@'ﬂhcbn@&ctﬁblrﬂd{é}moxym tride (SiON). Referring now

6, therein is shown a flowhart show ng a
néﬂhdd%(mwﬁmon has)bmm@s‘arbednm egregionl mihra:speclﬁmbest mode itisto

e Wt rese ihventi.on.. The t.hod
b ufd R AR i o SR ER oS Pon Aol oy thpatent to those

skillddiih te Aei liphit Bf thedif@besihg descHPliG. | Abcoddifiglyait I intended to embrace

seni conductor device on a first sen conductor

all m@h @%f@matlzées anagificatigny apd vatiatigng gvhicl @aibwethnbﬁbé (#PHY angd scope of

the u?cl I'rs sem conducjEEEQXIS Iﬂﬁh%lt(?{)%&tée{ f#ﬁ%}%ﬁ'& héEn bidS, Tati anying

[ Oor su £ ANd s econ

drawinge arertg de ditbfpestedin an ilustentive and saphmitingedeyiseet ch to the
.first and second depths in about the sane tinme due to
etch lag; and a step 606 of filling the first and
second contact openings with conductive material. 15-
VWil e the invention has been described in conregion
with a specific best node, it is to be understood
that many alternatives, nodifications, and variations
will be apparent to those skilled in the art in |ight
of the aforegoi ng description. Accordingly, it is
intended to enbrace all such alternatives,
nodi fications, and variations which fall within the
spirit and scope of the included clains. All matters
hithertofore set forth herein or shown in the
acconpanying 20 drawings are to be interpreted in an
illustrative and non-limting sense. 9 WO 2005/ 013357
PCT/ US2003/ 041684
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THE I NVENTION CLAIMED IS: 1. A nmethod [600] for
formng an integrated circuit conprising: etching a

WO 200sH133pENI Ng [228] [338] [402] to a first deptTUs2003041684

dielectric material [216] [322] over a sem conductor

THEENVENTIONCIHAMEDAS: a first sem conductor 5

substrate [202]; etching a second opening [230] [340]

[404] t @ methed psmb] ﬁﬁﬁbhmmg ahmegaeueﬁbmt ﬁorﬂ%ﬁshlig al
[216]. [322] ove rst _sem conductor substr

L S gshint priaist opeginecAgs LBIBhHOS L st dopthanp deloyic material [216]
402 f t

Eesp%ec% ve # Jv%é‘%] c é[#%é%%l%h{rl ‘?égvt?&ah%siégo dblgeptﬁlﬁsst fegconductor
about thﬂ:stmmfzmme due to etch lag; and 10 filling

[ rgi%a?o REiRE A DS R0d1e mafond stothi it ric materil

[600] a | s
5001 3P4 b eSO eSO 9 sona

sem conopenings [328]1488 8k [FORP3D] EB340] [404¢ deffarerslynsizedt torespectively

o <ech Tkt BSSa SeEE s 00 S} 8 o and
[4ﬁ14ﬂn§eﬂféhﬁﬁst tedt éb%on(u mil)@ﬁ;hgy ¢224)2f3R) [[364)] [236] (318 [404] with
met hod [600] as clainmed’in claim1 additional

conpr i stonguctivespaigrithe second openi ng [ 230] [340]

[404] to the first opening [228] [338] [402] to 20 be
nod- | i n€he tgthod|[6A0] ds chimed mtaldim hadditfiortally cemprisidg:

gg ?nﬂ' %g %230 d%rgaérg% %lﬁS@ZO] gver%ﬁg%ﬁszﬁﬁrl&g:%fl%ﬁrhsgg;&artg 202] and

cl ai medthieResicdhddcloraitsidei[218/[3y71camPr | Si ng:

deternmning etch lags of a pl ura1|ty of openi ngs by:

wherging hj ng a plurality of openings in the dielectric

o5 5Pl A B P 2P s

[ 338] [¥tdeHayerd2B4]{B2G]. t he plurality of dept hs from
the etching of the plurality of openings, and

cad.cul arhéhetho [6009lab tMirféd @lctdiml PaRiRRalY cf: ﬁém 0
the ratio of the calibration 30 openi n? 118

t osieing thy secand openéne 301 FA40L (A4 se thecfis mzzgﬁﬁssl [402] to
det er m g ndh AP LR 66 btdhAdg BY thelSecond opening [230] [340] [404]

to an etch lag of the first opening [228] [338] [402].

4. The method [600] as claimed in claim 1 additionally comprising:
determining etch lags of a plurality of openings by: .
etching a plurality of openings in the dielectric material [102] including a
calibration opening [118] sized to be the same as the first opening
[228] [338] [402],
measuring the plurality of depths from the etching of the plurality of openings,
and '
calculating a plurality of etch lags being equal to the ratio of the calibration
opening [118] depth to the plurality of depths subtracted from one; and
determining an optimal etch lag by:

10
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WD 2005/ 013357 PCT/ US2003/ 041684 cal cul ating the
ratio of the first depth to the second depth

waeisnassed fromone; and sizing the second OPETURLPO3/041684

[230] [340] [404] based on the size of the opening

havi ng  ¢alRilating ¥esiatioof thel firgt deptit fodhegichndillerth slibttaatyd from one;
5 5. The method [600] as claimed in claim1
addl t| onal I yaE nprising: etching a third opening [342]

e 58 ek . e s o
[202] [ﬂﬂ?r}hie%eﬁc}h[agwmeoﬂ)ﬁﬁm]e@nw] under the first

sem conduct or substrate [306], the,first, second, and
thisr d omgentgifod {600 Eiseidimyd &i dleith 1 adéhﬁsmgzt dovigrisingt

to the first d, and 10 third depth [128
| o ethioe 2 hed onang (M9) 4G 0 pitking denl LSH dToRLH: &1@ dielectric
[ 342] [ 404 %%al‘fﬂi[mi(}] %%dﬁécg}{g %%%Sﬁdlﬁkor sﬁbsujé'ike 2'69;5 [wi] [306] [202]

[600] as ¢ inc I'tional
si zi ng 1[31!2]1[30&] dndgrdhe ficpt E@mﬁmc{uéﬁﬁbuhsuatd{é%]l, ﬂmtﬁrst second, and

8 8 - d
O Shif phrgiage difepY SO0 S APRE s pioh 49 §he beggeond, and
etch | agniff de tzﬁT[leB‘]s%aB&ﬁ'%hé"&n{@t%ﬁé Jna38] [402] .

7. The netho l'aimed in claimb5 additionally
coififlirigsthe third anmgr[%ﬁ]r[@ﬂfdtmﬁl ¢angyctirie matgtialr al i ty of

openi ngs by: etching a plurality of openings in the
di él ect fTihe nnsticel [I680] a[slﬂ)aix]ned ic¢laith H gdditionadly domgtrisong:

op ettt Jng omestn 48] EDebby R S diening Taoh 13h8Htgond i be non
of dept hgearfidifci t%%%ttdhfl % of ﬂielﬂiﬁ‘dl bpohity [3ALT Hdé?ﬂﬁ%n etch lag of

bei ng equal to the ratio o he cal i ratlon opehi n

[ 118] d@mﬁmstqpenh@[ﬂﬂﬂr[éw]t[fm%ﬂf dept hs subtracted from

one; and determning a first optinmal etch | ags by

cal7cul afTihegnethel [690] a3 abdimed én ¢lains § addifioallyconipeising

second depth subtr d.fromone; determning a second

op@f e fich lags oty ]g“é‘?l%?’ggf g??f@ ratio of the

first d%m]mgt g pthhsh o blsénﬁ@@tlh 1hé 28Hedthid Fhatetidlt [I[lez} gftluding a
from one; sizing the second opening [230] [340] [404

based on t he calitwatiesf op¢ning pbk§i riizedatpi bry the spane a@éla;fsﬁrst opening
etch lag to timal etch lag; and 30 sizing

the third opi%%é%géig%ﬁ{ 406] based on the size of the

openi ng nheaviritg the plurditp6Ladptiey, ad | ag to the third

optimal etch la
P calculating % plurality of etch lags being equal to the ratio of the cahbratlon

opening [118] depth to the plurality of depths subtracted from one; and
determining a first optimal etch lags by calculating the ratio of the first depth to the
second depth subtracted from one;

- determining a second optimal etch lags by calculating the ratio of the first depth to the
third depth [128] [128] subtracted from one; |

sizing the second opening [230] [340] [404] based on the size of the opening having

the closest etch lag to the first optimal etch lag; and

sizing the third opening [342] [406] based on the size of the opening having the

closest etch lag to the third optimal etch lag. \

11
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for formng an integrated circuit conprising: etching

W@ 2005/08335Dpeni ng [ 228] [338] [402] to a first PepUB20031041684

a dielectric material [322] over a sem conductor
de8i ce A3hethod f60D] forrfetmmgranmtagfateﬂmrcmubmnp :[ 306] ;

Geehoi s SRCommUor] BIshAER) o g g 1h g el g Toaterial (322

fir st S§
o S ASAICT 7Bk £ B itk 30

t hachlmglaesccondoopemgéz.’o(& (3408 1404]1d0 e rseczondeicpﬂhdn the dielectric material
sem con "J

[306] kit 8{"?¥ ?gl’gl@{’ﬁ‘g‘(‘#?&%&o%}’“ﬁég rE';ltz 22][ 30%5]302]

th 3
S o 4 1 e

[ 342] [webriak[322%eeena gﬁcgn(iz gamicendustop suhstratsl [0 BA2T [306] [202]
E |hreref r fﬁéﬁ’ﬂgd?r ﬁx %tﬁgglgcg (g’subﬁr ?ﬁbﬁﬁﬁhweeﬁ%§%‘d second

openi ngSpemﬁga [czaapmey Y402T€R30] [340] P104T RizetiBhd 8diné, 644d] the third
as clained.in claim8 additjonal]

deposi t PPRIRE IR A0} difFerprs 4ﬁlzed[ 92090eB\ ey £ith to thesfirst, second,
and sec&gfiﬂ,ﬁg pelpgy %Ethejs e [202] [302]
n

[ 306] a the s mcon uct or eV| cé 17]; and wherein:

et fillinggh¢ first, fsecaid, ambthirtiopehingrewith gendatctivematerialo t he

under | ayer [214] [320], and etching the second

opeNni NgThe et 360]] af éDikthedinciiaim § sddifinall R@embeyias:

[214] ‘J[ISZO] %O The net hod [ 600] as cl al msd in_cla
dengsitinghan | updedaysr i [214 132 everi thg firsk and; F?P%%e??ﬂﬁ@md“cmf

7] S T S0 i Gl

whereipeni ng [ 342] [406] to an etch lag of the second

° pést&iﬁﬂg tliezﬁrgt], a.l‘ld?iﬂ-l(l?& o{)gfn%és' etc]h%s into the underlayer [214] [320], and

etching the second opening [230] [340] [404] etches to the underlayer [214] [320].

10.  The method [600] as claimed in claim 8 additionally comprising: :

sizing the third opening [342] [406] to the second opening [230] [340] [404] to be
non-linearly related to an etch lag of the third opening [342] [406] to an etch
lag of the second opening [230] [340] [404]. '
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