WD 2005/ 013357 PCT/ US2003/ 041684 METHOD OF MANUFACTURI NG MULTI - LEVEL
CONTACTS BY SI ZI NG OF CONTACT SIZES I N | NTEGRATED Cl RCUI TS BACKGROUND
TECHNI CAL FIELD 5 The present invention relates generally to integrated
circuits and nore particularly to contacts forned down to active regions
under awb mbgaBssic | ayer. BACKGROUND ART | nt egr at edp@ius2onsiogiessr e used in
nost el ectronic devices such as conputers, radios, TV's, cell phones, etc.
The hearts of these integrated circuits are sem conductor devices, 10

whi ch can be NMETHOB OF MANUFXEFURING MUL P1-EEVEI CCONTAGST conduct or

devices are generally forned on sem conductor substrates and are covered by
i nsul ating, oY OF CONFAE: SHIES IN EVFEGRATEDLCIRGUAS st ors are for nmed

by inplanting spaced-apart source/drain regions into the sem conductor
substrate and form ng control gates over the sem conductor substrate above
t he space between the source/drain regions. A dielectric is then deposited
over the 15 transistors. Sinc Q connections need to be nade to
the source/drain regions and to the control gates, netal contacts are

f or me T ECANIGAE. KIBEDdi el ectric layer to the tops of the control gates and

to., the su . . ' te. . Since the.t of the
coftrol  ghpeaahinypTiolsHHEE B o MGG o e BEHORBR. B,

di f f ercenthcts frmbddivm tohetivdirediestundea a didactiic lajele contacts are referred to as
mul ti-level contacts, and nore specifically as two-level 20 contacts. As

the el gc | Rg stry seeks greater and greater nunbers of sem conductor
devi C&A‘(?J‘%wggb@?\% JlLi ntegrated circuit, manufacturers seek better nethods

to shrink Ifiersey ceasts e tRAUAI Hekt QRéIrGEc deAEBINELSs 06mpi@s,Stadids,Of

features. One new technol ogy for shrinking device geonetries is called

"si | i dohs.owllinhengsatisy ' The Jwagy ofgheserintepratst wippuitssey semaipendBetorgdevirsal s with t he
f ofMalr9dh O GREEnSHOAY Gofls Qﬁn‘ébi‘cb‘?sé eft]) Phe Aeﬂ:\f&h@f&or %&0%9#51{6 ymateri al
which I's over an insufating I'ayer in a sem conductor subsfrate’ A common
enbodifereretl oo fericendBGbr sibstratdsaned ane soverad byghswlatiog,iov dicleatyieymatériads.| i con  whi ch

20051 01335 ERPBIR, B 5L BE Ao B BBl BB SRR e P S cont act s
ar e r gfo i @ntittor Stilhete Ahé fimidgCdtrolVidates Bver the semiconductor substrate
above the space between the source/drain regions. A dielectric is then deposited over the
15 transistors. Since electrical connections need to be made to the source/drain regions and to
the control gates, metal contacts are formed through the dielectric layer to the tops of the
control gates and to the surface of the semiconductor substrate. Since the tops of the control
gates and the surface of the semiconductor substrate are at different levels in the dielectric
layer, the contacts are referred to as multi-level contacts, and more specifically as two-level
20 contacts.

As the electronics industry secks greater and greater numbers of semiconductor
devices on a singie integrated circuit, manufacturers seek better methods to shrink the devices
by reducing device geometries or the size of features.

One new technology for shnnkmg device geomeiries is called “silicon-on-insulator”

25  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.



Is at a level below the tops of the control gates and the surface of the
active layer of silicon. Therefore, SO technology requires nulti-|evel
contacts, which are three-level contacts. In formng multi-level contacts
in SO technol ogy, an etch process is used with 5 contact hol es patterned
t o have whieoosarses7di anet er. The etch through the di ebentsiaiohmyger reaches
the shall owest |ayer or the top of the gate earlier than the active silicon
and nuch bBf the SOI ¢esxhiilogy, hdiditicdalejpstacts ateatquired tosthb sutsirate Siliome whivh dur ati on

of the.etc rocess. needs.to he.syffigient fo reach the deepest |evels,

Si gni 1 3R 1908 BFI08; (b ogt ot 16 contol ResctRd heomhette 1idbercve e araies

over - etihBrefoRé) SO URhhGRYSS refiire®nGli-18Yed BortYSivhich aRtRE-RRE BHBEs t he gates, the
10 source/drain regions, and"the substrate silicon. The underlayer is

ei ther an elrcfrmingymyltislerd toontgcts [impel teghuglagy apaetelr pricesssis [usebmithet al ) and
subst r %ﬁft@'ﬂg*e@ ; G {ovﬁav@qgé ?%netsﬁ%mgt?}ésﬁggﬁ%% n‘tl{:f:%‘"‘ﬁ%?ﬁdlec }rrlclirt yaor

sel ectivi e underTayer h™T's ares
consi deeaahdsehe shiallowest ddyet tnethe napeof thy gate iearlicetity €@ adtive silicdnomd-muchat i on

over-etches. The _required thickness.of the underlayer is determ ned by the
maxi mur g!ﬁeﬁ"*—‘ hg%thgﬁgw%@gg{aﬁq-plﬁcfg ?&cs%de“fwenaﬁ@sﬁ%m%%w@ﬁw s re?/at ed

to the pgehielohib rdach e &e%fe%ﬁ&@ls, Gightti Bt SvedrRetHiocBurdMARe sHAMGWesPNPEs, Bt ch than
a single-level contact. Unfortunately, the thickness of any underl ayer is

| i mi t edobiedgpsonvareich, ewnadelayert oropish stophlager s propided averythe rgatess the t he CMOS

t echnol_oqi ' er i Nl - dengd {1 | e active
o1 1 1o Qaalebglonsofolr il RBAAN Bl The ity BifnorBOBAR 505 plfeob
under | dayer orrpatedsatérinl (pilidos/artal)aad substeatt sili€onq(hictive endigra8Q sblestraleln t he gate
sidewal | spgcers .around th at es wher.e. t he contact . w| e formed. If the
hi ckness oRoVREr GBS periee St aiiarsaeso s i, &patsily ne
under | ay@hsidPstlé PorsioR bf the Ry &ds fdnoved duriEloSe durdiith oveREiGhan ThHaCT eased
t hi ckness of underlayer which will prevent proper etching. Unfortunately
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al so, pequirptbthigkapssrof dhg isdletegmingd b the madapm pyer-etethpnddhe stehi s above
25 1.h i -1 hj d . e

coris] aEEp ENThAGE: BUEh o RLRAIFED Gl Ml SRR S Bomp 1 4

si ngl e neredveprioh dwe a sitigledevebcpntaces nul ti pl e etches and separate patterning

for the different l.evel  contacts. For, exampl e,,where two Sseparate
ot torei g UtonBhata® e nieRRGES! iy eSS I Rinfed BOR ebRa BB e chal 1 ow
cont actihis iStespciallp e o thet OOSEREhnGRBIcA GHith ver thight e dd3ities.adikicepr OCESS

conplexity and cost, 3Q Wiile it is desirable to use a maxi mumthi ckness

under | &pHRcis; bp thes agtiyerylicop) e roffen saade hehyesn diongates dbe Sickossst ehibe process

margi n IS REGS £ uggler ed are

mat%ri a%‘fl%éﬂgxegh as g’?‘fﬁglcegsnﬁ%? {rliggaé gﬂgwsp?‘%cﬂoegw %)éysthﬁ? F%nge*ﬁ% ave 2
around the gates where the contact will be formed. If the thickness of the underlayer is

greater than one-half the space, the undetlayer portions of the two gates will “merge” and
form an increased thickness of underlayer which will prevent proper etching.
Unfortunately also, if the etch requirement for a given underlayer thickness is above
25  the maximum underlayer thickness allowed by the geometric considerations, then the multi-
level contacts cannot be formed with a single etch process. This requires multiple etches and
separate patterning for the different level contacts. For example, where two separate
patterning steps are required, it will be necessary to mask for the shallow contacts, etch, mask
for the .deep contacts, and etch. This adds process complexity and cost.
30 While it is désirable to use a maximum thickness underlayer so" as to be able to
perform etching with comfortable process margins, this presents a problem. The underlayers

usually employed are materials such as silicon nitride and silicon oxynitride, which have



WD 2005/ 013357 PCT/ US2003/ 041684 di el ectric constants higher than the
pre-netal dielectric layers. This results in increased - parasitic
capaci tance in such areas as gate-to-contact, gate-fringing, and
gate-to-first netal. In sonme SO technol ogies, no underlayer is used. In
t hese siwazms/ons;y significant over- etch occurs on pdEUS2GMIMNESHSI | | con
during the multi-level contact etch and in particular down to 5 the

subst r dietecticl constants Bigheethas e plevhétyl dicledttid 14560, | Bhid kdBulkCH inbfdhsegresul ts in
etching into the active silicon. Accurate control of the etching is

requi r BAFRTIHC cAPAGIEnCaR F‘E‘ihr?ﬁea%'t‘t’tgaﬁ@"’og’@ﬁr gate-fringing, 90d gpterie-firstmetel.r equi r es
greater pr ogasmeSONidMloldsidl, hd ElRARRHisTRRL 1n Hcke SGARAC!ARGALIGLS L he

prom ses of inproved device iIsolation, reduc region a parasi fic
capaci eigheecurs anihpaciive silicen @nhgrﬁhﬁewﬂpéﬁ\febth@chamdmbmaﬂmdDMQm prevent

1o pea h t oIv t he ro ns has been
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| NVENT beilNe Tdikicopr eeairate nooatasli of ther etchite ds aeqﬂieema dveid £, fﬂﬂﬁnﬂutadﬂe' nt egr at ed
pt

circuit in udln iﬁ‘gl a first oenln to a first de in a dielectric
mat er i S3U ?mée &Qgﬁﬁgf%‘?ﬂp&‘?? ﬁ@&@lén‘*lﬂ?rﬁﬂs"%@?ﬁ conduct or substrate

and et chi nOS@ 1e@mAM0Ey BITGS HGpréMisss @qﬁlﬁﬂ)%dj c@léopatﬁ)ﬁ' edilbElBoh/ah§ materi al
over the first sem conductor substrate. The first second openi ngs are
di f f er p#egifjc sappeiganeey lp‘érsm@c iapd | ephancerth performpnee flivg ghesarpmbémsopubvmpt hs in
abqut to etch lag. The first and second openings are
flﬁ ed}%ﬂ%aﬁﬁﬁg%%é@? ve material. This nmethod results in inproved device

i sol at Acolutioethusob thiesgproblems Hasteembig saughtdnekisl@patude Hosdia\wes ari2 0

requi renents, and enhanced performance as well as | ess process control
requirenents and reduced manufacturing costs. Certain enbodinents of the

I nventi on have other ad in place of those

menti oned above. The ad%ages Wi Fa[;vt#éfg%\ﬁngagrent to those skilled in

the art frgma readln of t efoIIo detalled descriptio en taken

Wi t h refere é’r?SSnttlﬂ‘éen 95 P m}ﬁ %@Wﬁg&mm ’Eﬁ’ﬁéﬂ’rﬂ%m OF THE
’\@an% Efirst opehirEab hl&ét'fdbﬁtﬂ nﬁi BiéIé&ME thafefifl AePESdmibddlih@ordiepREGENt et chi ng

(ARDE) wi t

etchable nmaterial; FIG 2 is a view of a two-|evel etched
conf act @Etrmwp@“q% sbetesc) ank tching ¢ sasendyppeningt to B@edond depthdn. the

dielectric material over the first semiconductor substrate. The first and second openings are

differently sized to respectively etch to the first and second depths in about the same time due
to etch lag. The first and second openings are filled with conductive material. This method
results in improved device isolation, reduced region and parasitic capacitande, low powér
20  requirements, and enhanced performance as well as less process control requirements and
reduced manufacturing costs. '
Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the
25  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

30 invention;”



WD 2005/ 013357 PCT/ US2003/041684 FIG 3 is a view of a three-level etched
contact structure in accordance with the present invention; FIG 4 is a
view of an alternate enbodi nent of a three-level etched contact structure
i n accordance with the present invention; 5 FIG 5 is a viewof a

t hr ee- | av@boog0188@d contact structure as conpl eted | PCEHER03WOdG8E W th the
present invention; and FIG 6 is a flowhart showing a nethod for formng
an i nt egr at By, @ fscaliviewi of a el retchedichitadt eruiine Sie Necdrdan@e twithnthe BEST MODE
FOR CARRYI NG OQUT THE | NVENTI ON 10. During a study of the nulti-Ievel

cont acPreSEBIVERHON he i nventors discovered that an undesirabl e phenomenon
in the cont @;m@ﬁ f ArRiRgaoMenon
called ' Asp??t 4%?@5%%%%@%%%@2& ng" d(f}%%rlggfe?guéstéeﬂse@g&%%rent QSI ze

f eat ur Exaccerdancp Mt dhauesent inwnensh at different rates in a dielectric |layer.

Under sone l,l.er.openi,ngs will etch
sl m%er thanF egﬁ ggzisea%;\%’ﬁﬁgéE‘vagi;%cqeg‘r%é%tg&ggg\ﬁﬁrngs ﬁp& tﬁ‘iﬁ?e Jfkﬁlg
processmthghmeuénﬁmmﬁoﬂ aiider openings will etch slower than features
having s peni For exa | e, ing a reactive.ign etch (RIB)
ina pl asnalglﬁeaitl%ra ?ké?f%‘f"}‘ﬁn& pr%fg‘\??g%Hr% hat W@Tﬁﬁ‘erﬁfﬁgﬁdﬁh known as
"R E | g&ordaficeS¥ifithd p@seit inbenBibgUr . especially if the feature sizes
(openinhgs in a photoresist) are below 0.255. Wth RIE |lag, features with

snmal  er 20 openings etch in a dielectric material slower than features
havi ng | arge open Th| LS. . un LT e because each etch step is .
general ly mtendebggil\’é@aﬁ P8 GARR (éoigp Qs  of feature size.
Currently, those skilled in the art teach that the. etch process should be

opifmi zed bYusingy sy ﬂf{gthRInEﬂﬂl%ﬂy'el oateat problews ﬂxengveatom éism(erdd fhatgeh process

for ?tﬂﬁ V\/mch has to be
mad %e%&%&@ﬂ ect Vi ?t&ﬁl?b&eéfe%% ! pp| ng ayer 2 The term
"hori zont al A p}nsndmdn naileﬂé‘u@spemt—Raﬁchﬁependdltﬁc}m@(AR@E)&aﬁeb diffetemt t he
convent.i 0 ane sur.f,ac vvaf er oL S trat dless of its
ori ent ﬁ?‘?g %h’él atgg(ﬁ?re“%’é?t °2:‘az}t af rates gn ﬁt‘% ﬁ&‘ﬁ e@i‘ feP%ul ar to
t he hoﬁﬂoéékﬁhgboﬂﬁndlﬁsfeatdﬁi 'wﬁlﬁd;maﬁ&r dPenings el @h slowét than ﬁbteiee@ havm el ow',
"side" (as in_ "sidewall ﬂﬁ)hgr gher", "] ower ‘over", "under"
H@‘qu

" sh@l | Istger opepings gad pnder %&I"%d%mnﬁ’ laggon openings wilk eigh nslozemham pl ane.

features having smaller openings.

For example, when using a reactive ion etch (RIE) in a plasma reaetor to perform a
, plasma dry etch, the phenomenon known as “RIE lag” or etch lag will occur, especially if the
feature sizes (openings in a photoresist) are-below 0.258. With RIE lag, features with smaller
20 ~ openings etch in a dielectric material slower than features having large openings. This is
undesirable because each etch step is generally intended to etch to a single depth rega;rdless
of feature size. Currently, those skilled in the art teach that the. etch process should be
optimized by minimizing RIE lag. When optimizing a plasma dry etch process for
minimized RIE lag, usually there is some trade-off, which has to be made, e.g., lower

25  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
“yertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as

“on”, “above", "below", “side” (as in “s1dewa11”), “hlgher” “lower”, “over”, “under’

30 “shallow”, and “deep”, are defined with respect to the horizontal plane.




4 WD 2005/ 013357 PCT/ US2003/ 041684 The term " ! processing"” as used herein

I ncl udes deposition of material or photoresist, patterning, exposure,
devel opnment, etching, cleaning, and/or renoval' of the material or
photoresist as required in formng a described structure. Referring nowto
FIG 1, woewedrs3i’s shown a calibration structure 10BCT/0$20080p184 - Rati o 5
Dependent Etching (ARDE). A calibration dielectric material 102 has a

phot or esi stmmﬁﬁpeasmgﬁaimﬂ tewin ildiedep dejosition of inaleidl drphbforgREsed to
forma pluralit froma m ni num

of atures over, ar e of sizes
phot ol P RSN P& P ESUER: a{f?ﬁ?lﬁﬁm?"& shchipg 14l ‘iﬁp’g‘g:o?ndt’% 1gmgyal neft Be mageripl ort he
M NI MUBhotleRERE Rlqui QLih ForBfind DiksBiBeBeuckpE range could extend upwards to a

maxi mum contact 10 di aneter of 1,000 rim For purposes of illustration,
first, secoReferriagaowii FIG. dp@mengs sma@b&auomctmdoarf@@pmmaw ng a

2 U5 okl BT R b PR i 107 358 B L e s

t hat tquaoﬁitddstheredﬂ mension 112 is smaller. than the second di nension 114,
' the third dimension

which is sngll t han e third nension. 11 .
116-i s Iarg@i‘ %eqsﬁééggdgqussaﬁﬁ%%@@,pqm gﬁ?@FPS oyer 3 mngeefdsest han t he
first % ainﬁﬂmlfaﬁoto Eﬁhi@ﬁﬁh&élsto anmtﬂ)fe Jeaat Hﬁ%ﬁ%telf‘]%igt.,vii\ﬁ iRk €Si st

establish the starting dinensions of the features t pe etched into
t he caliametgr icowld dieel (cami andrithe eaﬂgalconldzextqnd lgmauiattocanmauimm c@lﬂ&;:tphenorrenon

tc t ' n| n 08, and
11018 ﬁ@o?ﬁﬁ’%@%‘%tﬁa\s ‘E'H’ Pfﬁ'ﬁ 9"6’%’@’ S%%‘d and SR clepitizs 120, 20
and 12and nOtalmhowhihbwagaphraﬁtpbi&lﬁhénsmnmaicbasﬁhpe&ﬁ)&ﬁr&)ﬁdc&ﬁ amsmml e etch or

asmg (o] first, on andthlrdfeture 118 120
and 158 o114 16 D ichsions S8 Gfestuigh ey el quelpRbEs B 126 and
128. A%nglanwesrﬁﬁmér hall Qe bdcBRPEiInRhGGE 114, %..mstéﬁﬁuexfmﬁ WoGifiry NCT €ase in
size fromthe first dinension 112 to the thi di rension 116, the depths

i ncr eadimengioml 165 def thedhirdidiprensiap 16 ig larges ﬂlahlthmlsed@}ﬂtdlmﬁmn 114gwhich ar ger

feq% LSl RS ESE @i gsonZglzreach greater depth during the sane tine.
Whi'Te contac open| ngs can of various configurations, if the features

were for c’pliei digtensgomb of ﬂmtfeamremmahm plgdoredish estdtilishs the staetigdimensivchs tolfii r d
o e ke s AR BBl Y8 1) 6 P, O ameter for
102. 30 In ma@w hzh@xreqaeiaﬁ@ﬁmeh&he()ff&ai 145 @8ctk2 RS fifst, |s8¢WntYaddthigd z€ Wi t h
depth LQanEn%? 182 ! llogrgtd 110 will form respective first, second, and third features 118, 120,
20 and 1221in the calibration dielectric material 102. During a single etch or a single period of
‘ time, the first, second, and third features 118, 120 and 122 will have respective first, second,
and third depths 124, 126, and 128. ARDE is generally a non-linear effect. Since the
features increase in size from the first dimension 112 to the third dimension 116, the depths
increase from the first depth 124 to the third depth 128; i.e., larger features etch faster and

25  reach greater depth during the same time.

While contact openings can be of various configurations, if the features were for
cylindrical contact openings, the first, second, and third dimensions 112, 114, and 116 in the
photoresist 104 would be diameters for the tops of the contact openings in the calibration
dielectric material 102. ,

30 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.




dielectric material 102 so the base of the contact holes are smaller in

di aneter than the tops. Referring nowto FIG 2, therein is shown a

two-| evel etched contact structure 200 in accordance with the present
invention. 5 WD 2005/013357 PCT/ US2003/ 041684 A first sem conduct or

subst r ateo 202018857substrate silicon is inplanted w tPCEUS@GMAEE4AI N egi oNns
204 and 206 having a gate dielectric 208 abaove a space between the

sour ce/ dr ai i fissesginisdiRbof sebsttatz262 orsubsitate Picon issimphated withaogod/drashi el ectri c

208 and i.s_suro by a gate. ,spa 12 to formthe upper portion of a
seni corf&%f@?so#ﬂ%%@%gq‘?%g aA&%ﬁ’&l?F‘%ﬁ?@% a%‘i‘ﬁ? 3 $age hetwpesthg spwes/ Rf?ﬁe first

sem CongEieAsIN49HP306. A 8ate 070 fsQbERMBE gt @cliatic 2000RA8E serbandaBylahgiegat e 210.
A pre-netal dielectric |ayer 216 is deposited over the underP’ayer 214 and a

~ phot or &bt 21D tpgorm theaipperi noetipnawfay semigendyctor detied 2131 eAweundeilayer aikis 216. The
hotor egd 55536 ] nd enj ngs 220

gn d » 18%@%(1%% tﬁgﬁ??r&?k"gﬁ@& sec o%rg {6302%@%&3 g%@‘gﬁag é@%.“ﬂ)@%‘g@kag singl e
etch pr2ddfess for a fixed period of time, a gate contact 228 and a region

contact 230 .,are f ed which ch th under | r 214 at apout .the sane
e i t - nd B ARErG P AR demhiitd oHE O et 4omd a DROHSTRtCL | oo
first, mb&sdﬁbéﬁiﬁwm&%tp?@ﬁaeﬁi(ﬁ&@&tﬁélag&z%.t ablished; e.g., the first
dianeter 224 for the gate contact 228. In practice, this value is often

det er mi ned Bhe phetorssivtiZi8 s bepngpraeessed to fum Hrhandeseeand; apohipgs 2200inded in a
; ed b 4 o BY 4 10
G oy a2 Bhvitlt St Enco il diini 00k 90 PIA8C Wi S tIE ey PRSCAe TIBIC D) 20

di aneter iIs use hal [ owest | evel ch lag of
t he et ghrigl oLtms, i gatdebntacti 228candsd regionhentact 230r aé ifermed twhich reach tht00 shown

in FIG orm.n eature openings over. a range of ;sizes_ fromthe mni num
cont actunéﬁr%ﬁg?éf}%t%o #iﬁa’[nie R Sniphghey 'Pt,"ﬁgl.t‘b?h,eufl TR fum di anet er
coul d be 10t prasticd irsthe migintfoa @itaeOdibletords SRshLIRIRE 85 tHeTirt difindigFUm cont act
di aneterﬁ%rré, 000 nm Third, a tinmed etch is perfornmed and the depths of

the red e ghle rapfai 2R A practice, thip xalue iscoftes determined by thevminimem | ag
dioBéhi L10Resolvad In 4 pHidt 4 L o= h
o g Sy ek Lok Bt

= th of the contact™ w t
e minimum contact diameter is used for the shallowest level contact.

Second, the etch lag of the etch process is determined using the calibration structure
100 shown in FIG. 1 forming feature openings over a range of sizes from the minimum
contact diameter to a multiple of this diameter; e.g., the minimum diameter could be 100 nm
20  and the range could extend upwards to a maximum contact diameter of 1,000 nm.
Third, a timed etch is performed and the depths of the resulting etched openings are
measured to calculate the etch lag according to the equation:

L=1—(Dmin/D) , (Equation
D
25 whére:
L = efch 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,

30 Fourth, an optimal etch lag is calculated for the different contact depths desired on the
final integrated circuit according to the equation:



D = depth of a contact with a different dianmeter. The etch | ag above is not
necessarily linear with dianeter and depth. 30 Fourth, an optimal etch | ag
is calculated for the different contact depths desired on the final
integrated circuit according to the equation: 6 WO 2005/013357

PCT/ US20802@4088%y LO = 1 - (CDShal | ow Deep) (2) wheP€T/URMOsHI@EH Lop
,al=optimal etch lag; 5 CDShall ow= shall owest contact depth; CDDeep =
deepest CcONL@Gda UEP(@ODsunbf ChpecliSi Ng the smal | est feature dHqnatjont he
calibrzéion structure 100 is used to select feature opening sizes based on
the defPred etch depths where the feature etch lag is closest to the
optimal etchpdr@dg. A dianeter is selected to be a dianeter that gives an
etch lag closest to io the. optimal etch lag. Wth such a selection of the
cont act di amet eoptaSOplBH efphdagess with reach the bottons of both the

shal,l ow and deepygont ack . sane tinme. Referring nowto FIG 3,
the?ei nis shom&%‘”ﬁl‘i’i’r ee_ﬁl]log%/eg g‘tﬂ%ﬁg@ﬁ’cont act structure 300 in accordance

wi th the presentChpayededpest.coftactdeptind sem conduct or substrate 302 or
substrate silicon has an insulator 304 15 deposited thereon containing
first sem cpifilesing the ymallesa featudd fize) theacdlibratios structire 100 euskd e belect |

sem conduct or substrate, 30 as | ant.ed sougce/ drai egi Qns 308 and 310
i npl an ‘_'éam" pRFEmE S es basest en g‘ﬁge%'\?égﬁi‘ ﬁ@ o‘fh’“&“eélﬁ cgfute ?t&b{ag%sﬁ%sﬁ§%%nd 310 is
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having a gate spacer 316 therearound to formthe 20 upper portion of a
b

seniPcotfwuaptionnal etely fage Wit such a palectipn off the(vantagiadiamaterc the fidhmrecesshwith nsul at or

304 an ' ' or 304, the first
e conaibiy PRI Bbn ARG id fh buBSER b AL 0L 0T 515 T
pre- et al dRefeiag now td BYE B, heRiniissidenathibetbve\etohed bmtachstactuss 300 i820. A

phot oresi sf 324 itg dqe?go?j ted. over the pre-netal dielectric |ayer 322 and
pr oc es &erqrdagee-with the,presenf pentiole cond, and third contact openings 326, 328,

and 330. Thg {debdndt senfi®@m@idlor AibSrdtd 302 or substrate silicon has an insulator 304
15  deposited thereon containing first semiconductor substrate 306 or active silicon. The first
semiconductor substrate 306 has implanted source/drain regions 308 and 310 implanted
therein.
Above and over the source/drain regions 308 and 310 is a gate dielectric 312. Formed
over the gate dielectric 312 is a gate 314 having a gate spacer 316 therearound to form the
20  upper portion of a semiconductor device 317. A trench 318 has been etched into the insulatdr
304 and an underléyer 320 deposited to cover the insulator 304, the first semiconductor
substrate 306, the gate spacer 316, and the gate 314. '
A pre-metal dielectric layer 322 is deposited over the underlayer 320.
A photoresist 324 is deposited over the pre-metal dielectric layer 322 and processed to
25  form first, second, and third contact opehings 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
30  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.



contact openings 326, 328, and 330 have respective first, second, and third
di aneters 332, 334, and 336. The first dianeter 332 is smaller than the
second di aneter 334 and the second dianeter 334 is smaller than the third
di aneter 336. The three-level etched contact structure 300 has the optinal
etch | agvards/@iesstvact 30 di aneter cal cul at ed separ arc@ys200n4iisie very deep
and the nedi um deep contact. The resultant contact sizing will allow the
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cont adid e DBFRIRS357 PCT/ US2003/ 041684 Thus the amount of
over-etch R%wge&w ® MCNUMHeREh isWhowad Ritduvitd ediSiBiert b8 2RI d
under | ayer thickness at a m ni num Referri ng now to FIG 4, thereinis
s hovvn ebhed cons#oh sirestusprA innasperdaice aviththepreseatiavention.c Flianestsnwhich aset r uct ur e

[ tion. Elenments, which are 5 the
sarre %@%ﬁﬁém\gﬁ&a %gﬁégl%ngﬁe M‘S nunbers. The three-level etched
cont act st Mhetthreelef€lOcttimd ¢ontast striwtire r460 has dirdth secdnd; camidaibird copiacti ngs 402,

404, and ,406, _hayi.n ective fi.rs ec third diameters 408, 410,
and APSuingy 9 ¥0|r4 g“dcﬂ%gﬁ@f]%é yeam' ‘éﬁ*ﬁfétt 5 %ﬁe%‘gﬂ@ p’éW:?fe@‘%lﬁ’l‘g%hWZ t he sanme
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r emai ﬁ?eﬁ‘aﬁﬁ%@ %ﬁ‘%‘?ﬁ‘@%’?ﬁ‘%‘% t%ﬁqgaaé’?‘ﬁgﬁt Fﬁad%e ﬁtg er340 and 342, the
openi ngs ' aRefefridg|nod tvFIGh SQﬂiaﬂaﬂﬁ'&bMﬁvnrmhﬁé-ﬂ@blétéheﬁ@émdtb@ciu:ésmas second

and third, contacts, 502, .504, and, 506. The fi rs{ secoHl and thjrd contacts
502, ggglpletedmaccordance with the present invention. The same elements, which are shown in

20 FIG. 3, have the same element numbers.

After a selective etch to remove the remaining underlayer 320 from the contact
openings 338, 340, and 342, the openings are filled with conductive material to form the first,
second, and third contacts 502, 504, and 506. The first, second, and third contacts 502, 504,
and 506 are respectively in contact with the gate 314, the first semiconductor substrate 306,

25 and the second semiconductor substrate 302, The first, second, and third contacts 502, 504,
and 506 have respective first, second, and third contact diameters 508, 510, and 512.

In various embodiments, the first, second, and third contacts 502, 504, and 506 are of
refractory materials such as tantalum (Ta), titanium (Ti), tungsten (W), alloys thereof, and
compounds thereof. If the contacts are of highly conductive materials such as copper (Cu),

30  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
(SiOy), tetracthylorthosilicate (TEOS), borophosphosilicate (BPSG)-glass, etc. with dielectric



and 506 are respectively in contact with the gate 314, the first
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WO 2005/ 013357 PCT/ US2003/ 041684 THE | NVENTION CLAIMED I'S: 1. A net hod
[600] for formng an integrated circuit conprising: etching a first opening
[228] [338] [402] to a first depth in a dielectric material [216] [322]
over a sem conductor device [213] [317] on a first sem conductor 5

subst r atwo®3213357et chi ng a second openi ng [ 230] [ 340¢T/d0d3041684 a second
depth in the dielectric material [216] [322] over the first sem conductor
subst r IFEE [NVENTIONCEAIMEDASd second openings [228] [338] [402] [230]
[340] [404] differently sized to respectively etch to the first and second
depths in about Ahetlsde0d] fordomhing dmintepated kgt compridifie:f i 1 | i ng the first and

o3 i el ol kb A
conpri si ng: depﬂ%hﬁ]i Ber ) seifidGduatse Getice! 913] ﬁ% oﬁVEVﬁrét%nﬁéoPgl%céﬂr [317]

sem conductor substrate [202] and the sem¢ ctor device
and 515 wherei n: wheirald04lhe first and second openings [228] [338] [402]

230] [340 ] I 41, [ 320]. .. The.met hod
%600} gs c} gt%l?irggl f%&g (gq%flr&% [%%ﬁ H@Eﬂgﬂtéxg%’ﬂ%‘fﬁ}?}hn'éﬁhes‘%@?c F PRE%econd
open: ng [2|30] [la[am]d[pzm]vemem séihicet quetpﬁmbﬁ@té é!bﬁ], 368 etngékgj%% 20] 2?482]
non | i near related t SEec, enin
25 30 to anyet cWﬂeﬁﬂﬁg%ﬁzgﬂé%]ﬁggiﬂg?gH@gfﬁo@%&;{%&]‘m{dﬁﬂ@"cﬁlﬁ’eﬁhe met hod
[600] as cl ai medetdtivo eheiriPahd 86bdhd EpiRlid boGOAD SR thSE duedSttsd Bl a9 et ch | ags
of a plurality of openings by: etc mg a plurality of openings 1n the
di efect ri c FBipgrthe first1gW] secprd openings d Zﬁial%f»&]r EO2b 1236 3401 g4p41L 8ithsi zed to

be the sane as t ks ning [228] [338] [402], measuring the
plurality of depétaﬁ%l{c ?%%at?’ﬁ% etching of the plurality of openings, and

calcul ating, a pl,3hddoh (850184 kB4 B by dofphitRg 31 0 Of the

calibration
. depositing an underlayer [214] [320] over the first semiconductor substtate [202] and

the semiconductor device [213] [317]; and

15  wherein:
etching the first and second openings [228] [338] [402] [230] [340] [404] etches to the
underlayer [214] [320].

3. The method [600] as claimed in claim 1 additionally comprising:
sizing the second opening [230] [340] [404] to the first opening [228] [338] [402] to
20 be non-linearly related to an etch lag of the second 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
25 calibration opening [118] sized fo 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
30 opening [118] depth to the plurality of depths subtracted from one; and
determining an optimal etch lag by:

10



opening [118] depth to the plurality of depths subtracted from one; and
determ ning an optinmal etch lag by: 10 WO 2005/ 013357 PCT/ US2003/ 041684 10
15 calculating the ratio of the first depth to the second depth subtracted
fromone, and sizing the second opening [230] [340] [404] based on the
size of wheowspsasing having the closest etch |ag torcheswgdsmad etch | ag.
5. The method [600] as clainmed in claim1 additionally conprising: etching

a third opening [c3l6alhtifeABGiatio of the fitst deptivioghdsepcud Sppth sdfhctedfromendi el ectric
material [322] over arﬂ?aecond sem conductor substrate [202] [302] [306]
[202] [302] [306] u r the first sem conductor substrate [306],

the, first, $BGEARe sRBH opehiing (h30PBAOTEIB4 afs&%@mels& of #B8dpdiing BaRRCt i vel y
etch to the fFlr%st Ssecoonﬂe %ﬁz P?ﬁl]:m th [128] f128]s |ng:31bout t he sane

time; and filli n@ephéestﬁchbgwbﬁmgm[lst&h agf 406] with conductive material .
6. The nmethod [600] as clainmed in claim5 additionally conprising: sizing
the 5t hird ofeni n@he{mqihqd[[ﬁﬁ@i@]sclannqdheclaim tadtbmny\@nﬁmﬁbg [338] [402] to be

ot oh ag PR B, ByE LE0f Raded s o ek Moy 9960 e bR 4P L o6
as clained in claaris (32 lotmrambdnyl semicpndlﬁtongubstrste[mmmzp[goe]t[abml ags of a
aterial [ 102] i ROPLEPGIgnder tecimpmicPitonp sHbge (D05 bodmateseart B8 t he same.
as the first opegifGpdfings Zﬁﬁ‘éreﬂ ed[tGQé’sk:ecﬁaﬁsétEh'tﬂghé Rt Rbddnd! dday of

dept hs, and cal cul at| n | uralit l'ags being equal to the ratio
of the cal i bratithid [ilzﬁ [198]8_81@9@@%83!31?111&%6191 urality of depths

cal curat | ng T8 g Ailng FE T Bl e e BB 7 S TG Gepi n Cubt r act ed
fromone, d ter nm gm@@?é‘]oa@%ﬁm%?e%im”&' gc@dmongﬁygo\én (%l%%ncul ating the ratio
ep

of the firs
31z1ng the third opening [342] [406] to the first opening [228] [338] [402] to be non-
linearly related to an etch lag.of the third opening [342] [406] to an etch lag of

15 the first opening [228] [338] [402].

7. The method [600] as claimed in claim S 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
20 [228] [338] [402],
measuring the plurality of depths, and
calculating a 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
25 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
30 sizing the third opening [342] [406] based on the size of the opening having the
closest etch lag to the third optimal etch lag. ‘
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third depth [128] [128] subtracted fromone, 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 30 sizing the third opening [342]

[ 406] based on the size of the opening having the closest etch lag to the
third opvones/oesith | ag. 11 WD 2005/ 013357 PCT/ US200BC00sH8048:384 A net hod
[600] for formng an integrated circuit conprising: etching a first opening
[ 228] [ 338] 8] 402\ method [600] $dr fompnhan integratdid elrat comprisiag:er i al [ 322] over a
sem conduct gr, .devi 317 iy semd cqnduct or. sybstrat.e [ 306];
etching a sgtc?lﬂ)’ﬂ%a&%sgr?i’?fﬂn% ngh ﬁf@%‘ﬁf{hﬁ S?B@qgmsae@‘@%ﬁnﬁ@ﬁ eﬁgli [%Igﬁhe

di el ectric mat eréwat a BenfidahdlictoNdick [m7]‘d>ﬂ@ﬁrs§&ﬂﬁébﬁ&\i&tﬁkﬁﬁstr§tbl[ﬁf6§at e [306];
etchings a third opening [ 342 E406Q to a third depth [128] [128] in the

di el ectric ©ishingpsepond egepmg 305 E0Ha a second depth iatha dieleqide matedal[ 202)

30 306 20 : do i Sem conduct or substrate
{30%} , [the]fi[ rSﬁgﬂﬁﬁgﬁp%ﬁﬁﬁﬁg%%e[fdﬁs] [402] [230] [340] [404]
si zed E_he lsetnbn 'tgﬁnﬁhirdkweni?@ |[314J[21(D4Q6Mmigrtbir@:ddiﬁ]1d h[_ﬂZqu]Njiihftha_s dielebtyicfi zteg to
respectively etch to irst, secon an r : e
Sanb Lo and (P G oV sepond SRR e OB LA ol
conductive mat erf3ed].[365] uhlig theefilspsmi®adcta Sulistraie T80, the ShsBad® Beopddi ti onal 'y
conprising: depositing an under|ayer £214i .d&Z@l]O@over the first and
second semi condRieRRes 238k (358} H&@ﬁtzéﬁ BAo] BO4) s p sapel anf dhesthiirconduct or

oot i : 504 . e . . ond
el b s | npEL2lR iocThitRIath kD8 fosbipbotiRty ol o tPRER LR, COF
[340] [404] et chend thind dephs imabent thysmeftiadesdnd 320] . 10. The nethod [ 600] as

(3a2] | 06) St Bedndciehons BRmie GEBaL e Sngfetndomio e non 1 | hearl y
L 0 g Q05 DB il © o 1N o0 o
depositing an underlayer [214].[320] over the first and second semiconductor
15 substrate [202] [302] [306] and the semiconductor device [317]; and
wherein:
etching j‘he first and third openings etches into the underlayer [214] [320], and
etching the second opening [230] [340] [404] etches to the underlayer [214] [320].

o

10.  The method [600] as claimed in claim 8 additionally comprising: )
20 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 secoﬁd opening [230] [340] [404]. '
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