1 | MPROVED ETCH STOP LAYER TECHNI CAL FI ELD [0001] The present invention
relates generally to sem conductor devices and nethods for manufacturing
sem conductor devices. In one aspect, the present invention relates to

i nproved nethods of formng etch stop |ayers. BACKGROUND [ 0002] A
nitrogen-free etch stop layer is currgently preferred for copper dual
damascene structures having a lowk dielectric internetal |ayer to avoid
probl enms caused by outgassing fromthe lowk dielectric (e.g., via

poi soni ng, resist scumring, via blinding). Currently a bi-layer structure
is often used for providing a nitrogen-free etch stop layer for 90 nm and
above technologies, for exanple. A SiOC layer is currently used as a
nitrogen-free etch stop for the dual damascene process. SIiOCis currently
adopted for its lowk diele j j iinter- netal dielectric
etch selectivity. A bottom %ﬁ%ggméhﬁ@ﬂlﬁ%ed as a glue layer to

i nprove sl bet ween the underlying |layer and the etch stop |ayer.
When parg‘bg?r_l\ﬁﬁgia‘r% UPI ying |layer includes copper (e.g., for netal

i nterconnects and/or contacts), the SiC |ayer also prevents the SiOC from
oxi di zi n{p00ihEe cofimapresehbinestrion rélates gdnawatly to Sefittgiductor ddviceabisicds for
additional interface adhesion concerns, due in part tqQ the current quality
of the SMe" %.H“@ ErpeRpdpgior gqicgs. Inqng agpegt, Hie Psssentinatenicliesde impreved oC as
t he et chnfieBs bfGsRhiInk RichQIpAS%rd he probl em of oxidizing copper in the
underlying layer. Thus, it would be desirable to be able to elimnate the
bi-layer _ structure for nitrogen-free etch stop layers, as well as limting
or elim RﬁQK@{éH@%se of SiIOC as an etch stop |ayer material in sone
cases (e.g., 65 nmtechnol ogy). SUMVARY OF THE | NVENTI ON [ 0003] The

pr obl ens [o0d) neesittisch fiRe dtchBRYGayRE B AHEHKIRETEEBY fop (Bt RN ismBAedde

present invention. In accordance with one aspect of the present invention,
a met hod SEtctraThaviealprrigdiglectss intermictal dayer to quqid peoblemspagsaddebutepssing net hod
i ncl udes ghhend RW-PWeNBul@RS vidt o] iof € - MLV )6 er of
silicon carbide (S Q) 18 G iz et é’gt oy gﬁmamnlﬁ%hver ‘??‘ﬁ@y |%“§§F{.I?§\

di el ect r belayenptrpcties is ofterewbed for@eeviding a nitiogerSire ¢taly stop laybefod Peheaind aboveay er

havi ng atetcﬁlpolgéfést ?OQ%Xample. A SiOC layer is currently used as a nitrogen-free etch stop for the

dual damascene process. SiOC is currently adopted for its low-k dielectric properties and inter-
metal dielectric etch selectivity. A bottom SiC layer is currently used as a glue layer to improve
the adhesion between the underlying layer and the etch stop layer. When part of the underlying
layer includes copper (e.g., for metal interconnects and/or contacts), the SiC layer also pr‘eAvents
the SiOC from oxidiiing the copper. However, a bi-layer structure often causes additional
interface adhesion concerns, due in part to the current quality of the SiOC and SiC layers. Also,
the use of and processing of the SiOC as the etch stop layer introduces the problem of oxidizing
copper in the underlying layer. Thus, it would be desirable to be able to eliminate the bi-layer
structure for nitrogen-free etch stop layers, as well as limiting or eliminating the use of SiOC as

an etch stop layer material in some cases (€.g., 65 nm technology).

SUMMARY OF THE INVENTION

[0003] The problems and needs outlined above are addressed by embodiments of the present
invention. In accordance with one aspect of the present invention, a method of manufacturing a
semiconductor device is provided. This method iﬁcludes the following steps (the order of which
may vary). A layer of silicon carbide (SiC) is formed directly on an underlying layer. A
dielectric layer is formed directly on the SiC layer. The dielectric layer having a top surface.

The dielectric layer is etched to form an opening therein with a first etch chemistry, and the SiC




The dielectric layer is etched to forman opening therein with a first etch
chem stry, and the SiC 2 | ayer acts as an etch stop layer. A conducti ng
material is deposited into the opening and on the top surface of the
dielectric. A portion of the conducting material is renoved so that a top
surface of the conducting materi al igzsubstantially planar with the top
surface of the dielectric layer. The SiC |layer may be etched at the
opening with a second etch chem stry. The first etch chemstry is
preferably sel ective against etching SiC. The SiC |ayer preferably has a

t hi ckness between about 20 angstrons and about 550 angstrons. The form ng
of the SiC layer is preferably perforned by flow ng substantially pure
trimethol silane (3M5) into a reaction chanber having a pressure of |ess

than aboueye attons art dteh stoplayéi0 004dndbNirRGARESARCRpYit 12D Al EniAs RESL, A t he
present i nven%i 0 m conductor device is provided. This sem conduct or

n..a.s

devi ce ha@P urface of the fi}"‘?"ﬁgﬁ' chPYfige of the eyndugijng materishdsiregioved sd thatartopn
under | yi ngrth@ydithe dond@dt®e ndiafissl i crr. rf di.rect.ly on
the SiC | a;er. Th?e firat e di elaglcstsﬂsszéqtggg\b E'H%rswlg‘ tk%%o%ssﬁffg%coe. eAfh?lf’?t‘é‘?
conduct orl8¥kt ERISIC Inyes msy betetched atgthe dpesirewithi T sdcaybetclactibmistiye Thiefét cBhC

| ayer. T i : . t sur top surface of the first
coxduct o:l% félls{rghsb‘&g fag%%gaﬁeﬁa‘gﬁsa %glrs Pﬁ\%lc}f‘ﬁg Fﬂlge{lggfé&)pggrgye&b?g bas adhiskusss 1 i ¢
| ayer. TrstvgieCabeutdp apgsebms ahd ybaue 550 agstomg| T foANiak ofihd SAS 198 i§t ch stop

| ayer. [ n cordance wt et anot her aspect of the présent

i nventio ?Qgégié’rﬁe%gﬂwgqygf"w‘ﬂ%W%é“‘i‘@g’d?”&?/frmdﬁﬁﬂ%(@@ﬂi iplerderstion devi ce

has a pl whahbdrhaoihg b padasirs bPless th@PsHouP? tdd@erelyf @Nsi stors havi ng a channel

|l ength of 130 nmor |ess. An oxide |ayer overlies the plurality of

transi Stﬂfnﬁl A silicon carbide (SiC) layer is formed directly on the oxide

| ayer. THe Ul el e 95cardapcspath gnother aspset fitheqireseyt igventinn, asicmidoagetor defige is

di el ect r ipeovidude Thisasmicoh@R:tSi e (RE Ras LGPARMA A &R Gl% leochiRa e 2RRTRY
'Fhe c)o Flct ng nma

within a trench formed in the dielectric |ayer. r1'al has
a top suPfebine By figlsodas p fisg dislectrisdayes fotustiditgethypancthé 81C lagers Ths fiasnt i al | y
pl anar Wdidleckdt€lay@has £ pisaisce0f i i ayer . cont act. ext ends
t hrough t he_di el %ct rlc asyer earﬁ‘jh{}ﬁce gﬁégf%{t/éen%s k}ggu%‘oth?ﬁ‘gisﬁ di ﬁ‘émfi yeher
transi st dhesfisSiCHayes oRbkfitst crpdnetomiias altop Stinface. rBiestbp bnrfite GRthe st CMRctor is
t i st . . i.t.h still another ect of the present
: :]32?] ![ ?O%%i&ztianhgl?)g@énagpwﬁ(%ﬁg {ogasﬂffgcevgf tthe d?gl’ectnc f‘ayer. hﬁle S?é Payer preferably ac?s asa

glue layer and as an etch stop layer.

[0005] In accordance with yet another aspect of the present invention, a semiconductor
device is provided. This semiconductor device has a plurality of transistors, each of the

transistors having a channel length of 130 nm or less. An oxide layer overlies the plurality of
transistors. A silicon carbide (SiC) layer is formed directly on the oxide layer. The dielectric
layer is formed directly on the SiC layer. The dielectric layer has a top surface. A conducting
material is disposed within a trench formed in the dielectric layer. The conducting material has a '
top surface. The top surface of the conducting material is substantially planar with the top

surface of the dielectric layer. A contact extends through the dielectric layer and the SiC layer to

connect one of the transistors to the conducting material. The transistors may be CMOS
transistors.

[0006] In accordance with still another aspect of the present invention, a method of
manufacturing a semiconductor device is provided. This method includes the following steps
(the order of which may vary). A silicon carbide (SiC) etch stop layer is formed on an

underlying layer in a reaction chamber with a process that includes the following parameters




manuf acturing a sem conductor device is provided. This nethod includes the
followng steps (the order of which may vary). A silicon carbide (Si C
etch stop layer is formed on an wunderlying layer in a reaction chanber
with a process that includes the follow ng paraneters 3 (these nmay be done
si nul taneous or in a varied order): a substantially pure trinetholsilane
(3M5) is flowed into and through the reaction chanber, and b) the reaction
chanber is pressurized at a pressure | ess than about 2 ton. Then, a
dielectric layer is forned over the SiC layer. [00071 I n accordance with
anot her aspect of the present invention, a sem conductor device is

provi ded. This sem conductor device has a |l ayer of silicon carbide (Si O
material formed on an wunderlying layer. The material properties of the SiC

terial t t | | | th
Sbout 1. oftieS B Be bollsublifonbi o Floda ofRP: By schttaafibe pre b PQhaoiBne  about.
2 megavol (B MS)@S’ﬂMﬂ mtmtné Ithroﬁgldhe i’ﬁeﬁidd cham®¥eiind 19 tﬁ@fe&&ﬁm%ﬁﬂﬂbér he SiC

| ayer. A ' Condu (B‘on ng | i ne, contact, or bot h) ext ends

t hrough tHESHE ﬁé‘g? Pi© S"Ff‘gg?ésr‘ t°§ d hepyadiclectmp dayetis farmed jogendhg 8iG s
pref erablyyesbout 1.5 x 10-8 anps per square centineter at .about 2 megavolts
per centineter, and preferably about 1.0 x 10"9 anps per square centineter
at aboutaé negavolts per centi neter. #0081 In accordance with still - -
anot her APt ~ ofln perergsnesswith anotes asnestef the presenbiaverttionpmsenticanduetondgvice is
(The. or dar Rt RaliEorQ &Stre Lt Ryl o BRLMERSC) b CighBUA R P
under | yi nidedyiag lager. he mageri EIOPelyles ofithe Slematbagleare eich Ithasthaphd: ayaedrial has a

structur h r a_non-He pro es i nc es the
fol | owi ng()uglg?tal?rael{ag &Ilf'%%a% a%rmtel D8 lgoﬁmp %P%ﬁﬂ‘@%&%‘l}g‘e e%‘? {iég gr der):
a) fl owi repoutrd megdvoltspdraaﬁuﬁezws)ak divlectria ei islfmh otv&&hé Sitctayan Ackabab; b)
fl ow ng "pressurizing the

t t h
react i onc(E%aI 3 : eawgl g Q‘efeﬁ?"cc laygs andjthe Sife fagpei ng

the r eaCtTlﬁl’tuﬁBﬂfIMgd\is&)beéxﬁwyﬁbﬁﬂ1165‘:@1/0 le:mﬁq&éﬁgqlﬁfe &Btuln@téﬁﬁt ab@lRQUt 100
watts. A dielectric layer is then fornmed over the Si CC |ayer.

under | yi fgegaXQisper ﬁ%{vmt?éﬂreﬁnﬁp@fﬂapléfrabw 10 Damhps per square cenhmefer @tvabpaft ke of
the 3M5 fheuhag ded cfi@lepirabl y about 100 sccm The flow rate of the C2
flowng is preferably about 350 sccm The process

[0008] In accordance with still another aspect of the present invention, a method of
manufacturing a semiconductor device is provided. This method includes the following steps
(the order of which may vary). A SiOC etch stop layer is formed over an underlying layer (é. g.,
a SiC layer in a bi-layer etch stop layer structure) in a reaction chamber with a non-He process
that includes the following parameters (these may be done simultaneous or in a varied order):
a) flowing trimetholsilane (3MS) into and through the reaction chamber; b) flowing CO2 into
and through the reaction chamber; c) pressurizing the reaction éhamber at a pressure less than
about 2 torr; and d) energizing the reaction chambér with low frequency RF power of at least
about 100 watts. A dielectric layer is then formed over the SiOC layer. The underlying layer
may be a SiC layer or some other layer. The flow rate of the 3MS flowing is preferably about
100 sccm. The flow rate of the CO, flowing is preferably about 350 sccm. The process
parameters for forming the SiOC layer may further include heating the reaction chamber to a

temperature of about 350° C and ener’gizing the reaction chamber with high frequency RF power

of at about 400 watts.



paranmeters for formng the SiOC |ayer may further include heating the
reaction chanber to a tenperature of about 350 C and energi zing the
reaction chanmber with high frequency RF power of at about 400 watts. 4

[ 0009] In accordance with yet another aspect of the present invention, a
sem conductor device is provided, whjch includes a |ayer of silicon
carbide (SIiC) material, a |layer of Si material, a dielectric |ayer, and
a conductor. The SiC layer is formed on an underlying |layer. The SiCC

| ayer is fornmed on the SiC layer. The Si OC | ayer is capable of passing an
electron mgration test having conditions of about 300 Cwth a J stress
of about 2 x 106 A/lcnR2. Also, the SiOC |ayer is capable of passing a
stress mgration test having conditions of about 175 C for about 500

hours. Th h1el eglr] is for aqn_t Si OC l.ayer.. The conduct or
ext ends @ﬁgé ughCI{l ﬁ!é&gjilag#g%fdrl' & @3%&,@%8?216855?[59%%?{13‘?!8 sf‘ﬂl?"%‘? Fayer .
Al so, thedBic€ismveded whicteihelnddslalaydras sificaricaiiads (Ji€piagaalpi ldyass Sib@n about
1.0 x 10"6ta S %?{ﬁ%giareé%snti ter at an electric field of about 2
nmegavol t sTREPHeRAEICHEC YT BRY g | PY oX¢ leyer iHermpden Mamdedpnglayeor a
nor e conplied SIOWeW: $¢ RRAEN¢h BE SIMR &{eﬁz%rsltiot:ﬁ:yy%flfs'c PablE8¥hal -ﬁ.géf@c%ﬁ‘ges

s ta

thereof, reference is now nade to tfhe follow ng description en in
conj unct i Bigrationrest havingeanditionngf abgutQ9RiCgith a J praskh ptabouf 2810] ARimjuntsos | A
and 1B prgyi j ki - L.ON: Vi bi-l.aver nitr n-free
ctch st optT Suae 2P pupeBi, RS 3kt eHBiesEha s G of bl 5 i
cr 0ss- secabionhs0pihowss. dihe dieictriyl laydr ds/formed ¢ thg SIOE izser. Eicadondictyt ckRiey

conpri si i Cal N accordanc Lth.a fir di me 0 e present

vent ont v PpE i AREAt B9 e Si0C 1 oo s et o bede L RRRTD PERErNY -

second entmsdicomait l@kagd e lesp tienabbuti 1V MO P fps per QREH enFiBier 8t ah MR HlEF a

pl ot corrp‘afr' n‘% a SiC I%{ﬂer formed using the new process with a SiC l-ayer

formed us? r"i‘bo ? BV Stimei1 5] Fi gures 8- 12 provide sinplified

cross-section views of a third enbodi nent of the present invention;
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] For a more complete understanding of the present invention, and the advantages
thereof, reference is now made to the following descriptions taken in conjunction with the

accompanying drawings, in which:

[0011] Figures 1A and 1B provide simplified cross-section views of a bi-layer nitrogen-free

etch stop layer of the prior art;

[0012] Figures 2A-5 provide simplified cross-section views of a single layer nitrogen-free

etch stop layer comprising SiC in accordance with a first embodiment of the present invention;

[0013] Figure 6 provides a simplified cross-section view of a second embodiment of the

present invention;

[0014] Figure 7 provides a plot comparing a SiC layer formed using the new process with a

SiC layer formed using an old process;

[0015] Figures 8-12 provide simplified cross-section views of a third embodiment of the

present invention;

[0016] Figures 13-17 provide cross-section views of a fourth embodiment of the present

embodiment, as a more specific embodiment;




[ 0016] Figures 13-17 provide cross-section views of a fourth enbodi nent of
the present enbodinent, as a nore specific enbodinent; 5 [0017] Figure 18
provides a sinplified cross-section view of a fifth enbodi nent of the
present. invention; [0018] Figure 19 provides a sinplified cross-section
view of a sixth embodi ment of the prgsent invention; and [00191 Figure 20
provides a sinplified cross-section view of a seventh enbodi nent of the
present invention. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0020]
The maki ng and using of the presently preferred enbodi nents are di scussed
in detail below It should be appreciated, however, that the present
i nvention provides many applicable 1inventive concepts that can be enbodi ed
in a wde variety of specific contexts. The specific enbodi nents di scussed
t he specific ways to make and

herei n ar gof®r el Yg;l : ) of of .

use the | POEFL 2 Veibink B HEHAQ & s HRR L stlin Sfviate fAshadivent poBR 11 The
present ipresamt ingention} | be described herein with respect to preferred
enbodi nents in a specific context of sem conductor devices having CMOS

t echnol og he Jd.nvention. al e applied, however, to other
situatio ng’.“l loo2 JjiBEF 3% PEY m[gg ﬁsﬁﬁﬁ&fg BrosheRstian ¥isKtof etsixpemberdime® of trened
W th a dupesedtimRatt®icandpr ocess whil e using a conventional bi-Ilayer
structure 22 for the etch stop layer. As shown in Figure 1 B, a current

ni t rogen- et st | ayer 22 nmay have a bulk |ayer of SiOC 24 fornmned
directly @ﬁfg t hi ﬁg‘ifsggf’f"d{d%éf‘ é}%lf%%wﬁsq%owm@faye\feo&mdaodmemefthe
under | yi ngredeayy@vention. The Si OC | ayer 24 is typically about 530 angstrons
thick and the SiC layer 26 is typically about 20 angstrons thick (see

Figure 1 r . [0023].. A nitrogen-free etch stop |ayer is

current|5%BT%ﬂé?$§%gE%§P QFIHBQETBéﬁggEéﬁéBOE@MENﬂBres‘having a |l owk

dielectric internetal |ayer to avoid problens caused by outgassing from

the | ow k062G ectThienakiglnd u¥ind oP e SRREME, prEBShEL &Mggﬂ ' i a blinding).

A Si CC | a%fr leél ina bi-layer str u?t ur eg”ZPZr i's cunrlﬁr:‘en )}Q%Eg}’ c‘ésge(gm e

ni trogen-T1¥E Eehaldbaapprosiatadnbowiersr, thr thesresant invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed herein are merely illustrative of some of the specific ways to make and

use the invention, and do not limit the scope of the invention.

[0021] The present invention will be described herein with respect to preferred
embodiments in a specific context of semiconductor devices having CMOS technology. The

invention may also be applied, however, to other situations.

[0022] Figures 1A and 1B show a contact opening 20 formed with a dual damascene
process while using a conventional bi-layer structure 22 for the etch stop layer. As shown in
Figure 1B, a current nitrogen-free etch stop layer 22 may have a bulk layer of SiOC 24 formed
directly on a thin layer of SiC 26, which is directly formed on the underlying layer 28. The
SiOC layer 24 is typically about 530 angstroms thick and the SiC layer 26 is typically about 20

_ angstroms thick (see Figure 1B), for example.

[0023) A nitrogen-free etch stop layer is currently preferred for copper dual damascene
structures having a low-k dielectric intermetal layer to avoid problems caused by outgassing
from the low-k dielectric (e.g., via poisoning, resist scumming, via blinding). A SiOC layer 24
in a bi-layer structure 22 is currently used as a nitrogen-free etch stop for the dual damascene
process. A SiC layer 26 in a bi-layer structure 22 is sometimes used as a glue layer to improve

the adhesion between the underlying layer 28 and the etch stop layer 24. When part of the



process. A SIClayer 26 in a bi-layer structure 22 is sonetines used as a
glue layer to inprove the adhesion between the underlying |ayer 28 and the
etch stop | ayer 24. Wien part of the 6 underlying |ayer 28 includes copper
(e.g., for netal interconnects and/or contacts), the SiC |ayer 26 also
prevents the SiOC | ayer 24 fromoxidiging the copper (i.e., due to the
oxygen contained in the SiOC formati on process). [0024] In a prior

bi -1 ayer structure 22 of SiOC 24 and Si C 26, as shown in Figure 1B, the
SiClayer 26 is typically lower quality (relative to pure SiC) due to the
chem stries used in formng the bi-layer structure 22, which typically
consists of a conbination ofltrinetholsilane (SiH CH3)3) ("3M"

herei nafter), carbon dioxide (C2), and helium (He) (or SNEVCIEIFE) Such

| ower qua caI ro |es due nor. e Ie e during

tine depe% ?'él ggb }j}? r ﬁ@eiéog)gg f‘f’%ﬁﬁ%ﬁn “EopRee ?ﬁf‘&ﬁp"f fntagipy ?r‘g rial

used for fdyer 2t aifo ;zremntsnhe/moczmyer Hcfran ekidizigg tHeSsppe@d., BR @Mhe &

i nvent ors ha%v u(ei E)%d rocess for making a higher quality C | ayer
i.e., uring TDDB tests inprove y as nuch as

(i ‘“éﬁﬁo fPH“ﬁlé’&rPé@“&S% d b h

t hree orders of magni tude. Wth this inprovenment in the resulting Si C I|ayer

(due to t[24devehapeibr pi-Ryasthctuid dTROCLAANSET bavs Shoiin W%Pé gl ri cal
properti eg*cg@g%)‘sér tive h that. of the SiOC materi'al used in the bi-layer

etch stop ff Yeteate °2‘?f qpaligpElattyefqmess SiR) dertto i ehisoystrgs used ini al
struct ur e f@nird thé Blslhyeﬁ@@ﬁ’ah@@t witi€h %l&hgn% ?ﬁise a coH,;S ngx'ﬂlnlégﬁtmnegm gsﬂ de 2A

a SiClayer 32 is formed drrectly o an yl ng
di el ect ri SIHEHD:) EBME” heseinafterlicarben fipxidn (€09, :&d(hehame(HeB@r BNS/(S(DQHH) in

g: g;lr g fg&gﬂ]g\p@ﬂ C}ulaﬂtér? ﬁa§§ %&Qtefé{:ﬁlcglz ) fertF esgﬁ]le goorgﬁ{e I%geaﬁﬁg)(g o) acrfep ertrth a
exanpl e. Hielsctsic btdabdM'HIHyB)teQQt}mn tix Si@(hﬁitéhﬂ ugddser tha¥eh stopNayensr i ng
O?ay}gr 28, and

s an o choRPEE B EhaRh Y G Eh oy Aielopsh BRows Cmains Ypeberng.

Using a’ Sqm'ajplt)eSICayﬁlr (iod., @@pute&@)lﬁﬁh dARER dikih ?Tﬂﬁlﬁte% ﬁﬁﬁ@@e& @x%;h:ﬂ%s may
be useful ,for @5 ?n)tmtech ies and snal or exa df
di el ect ri freegrdgrs 4“?%“?5 tﬁﬂl“?"‘épfﬁ’éﬁné?mmthﬁwwﬁgg§ bwerdrl@dte qic

const ant de(v{elb‘pbd(pldbﬁk)eﬁfemnﬁﬁve& Sid ﬁy@f caR ﬁﬁ\%%'léckrfcaf: B&'hg i'g)aﬁﬂ?e V%ﬂ?t%s t al K

betweenrreg | i nes: The dielectritc |aye eco any
variety offhf 81IQcmateralsedm the b1~lay¢r@rthsrquamstmm:e 22.

[0025] Figures 2A and 2B show an initial structure of a first embodiment 30 of the present
invention. In Figure 2A, a SiC layer 32 is formed directly on an underlying layer 28, and a
dielectric layer 34 is formed directly on the SiC layer 32. As shown in Figure 2B, the bi-layer
structure 22 of Figure 1B may be replaced with a single layer of SiC 32 having a thickness of
about 550 angstrom, for example. Hence, the SiC layer 32 acts as both a glue layer for ensurmg
adhesion between the dielectric layer 34 and the underlying layer 28, and as an etch stop layer
used during the formation of a contact opening. Using a single layer of SiC, in accordance with

the present invention, may be useful for 65 nm technologies and smaller, for example.

- [0026] The dielectric layer 34 is preferably a material having a low dielectric constant
(low-k dielectrics) to lower parasitic capacitance and cross-talk between metal lines. The
dielectric layer 34 may be composed of any of a variety of dielectric materials, including but not
necessarily limited to: silicon dioxide; a diamond-structured carbon (e.g., Black Diamond™ .
available from Applied Materials); SILK™ available from Dow Chemical; FLARE™ available
from Honeywell; LKD (low k dielectric) from JSR Micro; hydrogenated oxidized silicon carbon

material (SIOCH) or compounds thereof; amorphous hydrogenated silicon (a-Si:H); silicon-




necessarily limted to: silicon dioxide; a dianond-structured carbon (e.g.,
Bl ack D anond' available from Applied Materials); SILKTM available from
Dow Chem cal ; FLARETM avail able from Honeywell; LKD (low k dielectric)
fromJSR M cro; hydrogenated oxidized silicon carbon naterial (SiOCH) or
conpounds thereof; anorphous hydr ogen?t ed silicon (a-Si:H); silicon 7
oxygen-ni trogen conpounds (Si OxNy); |owk polyners; organic polyners (e.qg.,
polyi m de, parylene, polyarylether, organo-silicone, polynaphthal ene,

pol yqui nol i ne, or copolymers thereof); or conbinations thereof, for
exanple. In general, a lowk dielectric can be any dielectric with a
dielectric constant |lower than that of silicon dioxide. [0027] The
underlying | ayer 28 nmay be: another netal |ayer (e.g., dielectric with
conduct i ng mat eci al or rreuégl c8nt acts and/or lines forned therein); a
subst r at e PRETPRYTHEY APPPouREHEIOX N Ivsk pelymerse orgdnigipnlymess(eaxipdlyithateer

havi ng copimrhs hd? : ; ubstrate | gyer having
el ectri caP 1‘20 npgﬁ)eslﬁ?gaf _o?on%gﬁfﬁ%%?’magwl%aﬁ%@%@E‘F ’ ocracﬁg@y?%ﬁss,

resi st or s thegdiescombinatipns theseok feneptraple] BORBErakiadow dsdidedrit bdntstangt e t he

use of thgi.fdl : 1 { ua cene ocess for formng an
openi ng. Iglr?fellc:{r%h&?glr%&lgt%ﬁggglo &é‘%@@%‘éb@f@ﬁmgl%@% ani sot r opi cal | yg

et ched using--a first photoresist mask (not shown) to forman initial
openi ng 380EA t helhtivallestting byérdBanaydbt: anothefngul Byet (e.5h@icRi@icRl | C | ayer
34 has be i rcal Ly, et ched i second photoresist nmask (not
shown) o PaPUnRALA RN EFinelt SfedfintBt ks dormisdahirsi): amborms taviomighly

per f or meddeped mg_imrs\(sa)urdehdtmmani oRGE 13fr mg&ﬂg\@gtein&ingit&y&%u&gpg/ fl o TRY
be perfor%dmgsiag% an. eti:h chemistry that is selectivé against’e chi ng
SiC, such®REra ayphaxingslecircal compgnentpfommed thersinde @., ltapsistoBcapatiorgs  an
et ch st oprebistydy diolids, EtcJUoLeampldle Si C | ayer 32 is etched away at the
contact opening 38 using another etch chemstry with a good etch

sel ecti vi et n SiC and lowk dielectric. [0029] In a second enbodi nent
40, the Mﬁay\é\&e‘@eﬁé %E‘E“Hgé'&? uss opthe dirg kmbpdimentdlbin afdwnl damaséeng peocess
damas cenefop feadnpasindeld Fig@s 3SR WR1dcaidi Lna.sihgl 6 damascene
process, tgrg openi.ng 3 somgel'?i%nias \;\AWHC ncg%)%ggfgg%dbegf‘ ﬁnlf%@;ayésyf:ﬁﬁ{%ﬁwg( he
etch st op? TslRhotesssist sask ot shacay koyforrg ah anitial 0pBhing BE in ths diﬁfee&ictllib%r apem ng 38
is a trengpukal thd defREigh, ?' : 0(]3. t ho not shown in Figures 5
and 6, t hegdamascene pr oc%és?g4 leslnl%gefl Len%)1 g(glr ffgily ?tcbj%n‘smg a second photoresis! mask

(not.shown) to form the remainder of the contact opening 38. The etches performed to achieve

the openings 36 and 38 shown in Figures 3 and 4 may be performed using an etch chemistry that

is selective against etching SiC, such as a CsFg etch chemistry. Hence, the SiC layer 32 acts as

an etch stop layer. In Figure 5, the SiC layer 32 is etched away at the contact opening 38 using

another etch chemistry with a good etch selectivity between SiC and low-k dielectric.

[0029] In a second embodiment 40, the SiC layer 32 may be used as an etch stop layer for a
single damascene procedure as well, as shown in Figure 6. In a single damascene process, the
opening 38 sometimes will not extend all the way through the etch stop layer 32 to the

underlying layer 28, such as when the opening 38 is a trench for a conducting line.

[0030] Although not shown in Figures S and 6, the damascene process (single or dual), is
completed by filling the opening 38 with a conductor, such as copper for example. A copper
layer (not shown) typically would be deposited over the device and polished (e.g., chemical-
mechanical polishing) back to fill the opening 38. The result is that a top surface of the
conducting material will be substantially planar with a top surface 35 of the dielectric layer 34.

A specific example of this process is shown in gréater detail in Figures 15-17 (discussed below).



conpleted by filling the opening 38 with a conductor, such as copper for
exanpl e. A copper |ayer (not shown) typically would be deposited over the
devi ce and polished (e.g., chem cal - mechani cal polishing) back to fill the
opening 38. The result is that a top surface of the conducting nmateri al

wi ||l be substantially planar with a tgp surface 35 of the dielectric |ayer
34. A specific exanple of this proceSs is shown in greater detail in
Figures 15-17 (discussed below). 8 [00311 The process of the present
invention used to formthe higher quality SiC layer 32 that may be used as
the etch stop layer while also performng the duty of inproving interface
adhesion, will be next described. In a preferred process of the present
invention, the SiC layer 32 is deposited using a flow of substantially

pure 3MS QW rate scc t a era t 350
C, into ampégctr on PRAF? % F“Efmr‘f) 1% t°3°‘b‘r%'§iltﬁh &eﬁg *Pﬁé th‘ébout
2 torn, amgdy satmwhmdeton skopdhyek ivdile R6 Yerfrhig the aqupr@biﬁgﬁitemwer of .
about 100 War ANVAT' s Producer SE system for exanple). The 3MS
pl asma en¥dhed nﬁ bg P@ﬁtdéﬁf“b% dar Rrefeded prgpRss Pf ba §f gsgnt t“FYén'ri%éler SR laykedber

I nduces tﬁ%e%d%ftg@ﬁélﬁgh f?&wbhalb%aﬁhal@we ﬁas%%ht w HROSH doghiGols@yela 28. 10

testing, 1t 'has been found that a pressure o out 1.7 torr worKs well for
thi s proctemperafugs ofeabaniiSe” Coutd anrgaqtt\pg Cbarabtm(midhwm)omésranrhssursloﬁdsaghen 32

is prefer t

si ngl e et%ﬁh% F‘Iédéebr%"%t?edég@)g% It %s% 9(?“} h?%g'm?ﬁpgn %féboﬁe&/é&ee?f
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gi ven appli i on. r se nduct ct| the Si C | ayer be

built up fr\ﬁ‘ &5 co g‘ﬁﬁ?s '? 'PP(‘J'}?@’“‘E) 'Qﬁcesl foratiqngfthe IEQ‘?{ a? 8“ t he

bott om gl wRleHPiNng layera8] Iﬂb&;’t{h ,G0KAs bBAOBUROEL { Sre@ure oF aBb1A | ProR Workd wélI £k OP

| ayer), ft%r exarrpl e. [0032] I.n contrast, prior used processing nethods for
a

form ng a"HiPPEYe °r§f‘?‘HEIFu ripg the paeferred pocesgitha $i€ layemp2 isprefeily tudlhii teed
wth CO2 &, hat

desi r abl e%'?'the raggéﬁ%ng{r%?%ﬁ@tg cttﬁ h?f’lo% éalg/géréﬂ%dob ¥ Pé tngfa&gr %fsgb‘r%re %urgsess of
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di el ectri A i Qve (tover rior |ow
qual ity X:ér+ %@eur:a %Bgéi dﬁg&{ﬁr%@eﬁ ‘?1% ggrcl n i gﬁ beg’f’lﬂ%‘f? fr ee
order s of abery] angsteondi@rs. tmes tbeﬂayatstmbmwt as2hd\bitom gndlayed)emn abbub6ooor der s of

B?gth gdemi%gt;gngsr {mgn%esrﬁg?gér% Sy srgop layer fgrees)(gglgleat about 1 M/ecm Also, the 4

[0032] In contrast, prior used processing methods for forming a bi-layer structure 22 (see
e.g., Figure 1B) used 3MS combined with CO, and He, which produced the lower quality SiC
that is less desirable. The resulting SiC etch stop layer 32 from a preferred process of the present
invention has been shown in testing to have an inter-metal dielectric (IMD) TDDB leakage
performance improvement (over the prior low quality SiC layer 26 used in the bi-layer
structures 22) of about three orders of magnitude when tested at about 2 MV/cm and about 1.5
orders of magnitude performance improvement when tested at about 1 MV/cm. Also, the break
down voltage (Vbd) at about 1 mA/cm? is improved by about three orders of magnitude. A plot
from one of such tests is shown in Figure 7, which shows leakage current (in amps per square
centimeter) versus electric field (in megavolts per centimeter). In the test used to generate the
plot of Figure 7, a 500 angstroms thick layer of SiC was formed using each process (old and
new) on a substrate of hi gh-conductivity silicon. The plot in Figure 7 shows the old SiC layer
(i.e., formed using a 3SMS/CO,/He process as for the bi-layer structure 22) compared with the
improved SiC layer (i.e., formed using a process of the present invention; in this case, pure 3MS
at about 1.7 torr). Note on the plot in Figure 7 that the current leakage at about 2 megavolts per

centimeter is about 1.5 x 10 amps per square centimeter for the improved SiC layer formed in



down voltage (Vvbd) at about | mAdcm is inproved by about three orders of
magni tude. A plot fromone of such tests is shown in Figure 7, which shows
| eakage current (in anps per square centineter) versus electric field (in
megavol ts per centineter). In the test used to generate the plot of Figure
7, a 500 angstrons thick |ayer of SiCywas forned using each process (old
and new) on a substrate of high-condtctivity silicon. The plot in Figure 7
shows the old SiC layer (i.e., formed using a 3Ms/ CO2/ He process as for
the bi-layer structure 22) conpared with the inproved SiC |ayer (i.e.,
fonned using a process of the present invention; in this case, pure 3M5 at
about 1.7 torr). Note on the plot in Figure 7 that the current | eakage at
about 2 negavolts per centineter is about 1.5 x 10-8 anps per square
centinmeter for the inproved SiC layer formed in 9 accordance with a

pr ef er r edaenblaukermitit 3 prfedretl kmbodimertyand tha Immt kokageatitbolt neggwywallts pepper

centineter bou er s e centineter. [00331 Figures
8-12 shOV\fceémf"ﬁFjl ﬁ‘%}ldoﬁéé?a‘gaségs ‘%efﬁ"g “invention to illustrate the
use of the present invention during another dual damascene procedure for
form ng a[0883} actFigapesil2gh®8a third elﬁlt@drmnSSO of the prekenbirvertichtosih@patedyer 32a

i's forned d|r ctI on an..un a 28. Afirst lowk dielectric

| ayer 34a“FE gh atrfBYﬁTt'f’? 'ér"t%ar“ﬂg’ﬁs ‘f% S‘I“B‘?Sﬁ“é’(? papGedie for forminga contagtst s C
et ch st opoperipr383 3@ FighreE aaned S thﬁfsfbb 1%9@24 1§~Y(ﬁfne§ ai}edtﬁj Jn%%qerwlﬁgect ly on
the first lowk dielectric |ayer 3 second lowk direlectric layer 34b

(e.g., di¥edd: 1A st losrkdislects 13313694?9@ gelidiamandylike satbhe) is feroed deaciyendhe st op
| ayer 3zaﬁrs‘P‘Sifd && st@tpﬁ%rrﬁasﬁ s'eéonﬁts(f@ efnistpifiRr SAFR, ed%él)g&n(e&\g fikdi C

| ayer 34b with an etch”chem stry "sel &Ctiveragal nst e
C5F8), “aslowshdisfeciris Ifyegita @SﬂCiihfébW-thekhtmdayen 34 Gig,ehdrﬁondldecﬁdmhd Sl

etch stop a i eni S anot h

ot ch_ chenf S Bty ot o Eol Y Blder 320, A iy SPERE T 5 %) BB

the first Iolw\ekvdieledtrmllw B4Ewithymétcﬁdhbnthbhsew@tleé a:daxr&haahlﬁg BiC &8 8CFLY &

agai nst etchln Si C in Fi ure 11. Then, as shown in
Flggur e 125 hot“ﬂ‘é fgugeté E?ee %%%g‘ﬂwéf‘b‘gig}%g@ thSE%{’OPg lﬁﬁtﬁ]é‘é“’a%é(ﬁr%ztb 1§ fighedecond
openi ng Sawaisit g AeNspasing 86 Gking Bhdt etk chéhidtry Wat bvnﬁéteths@ Qudxe, LR_BRUdet € the
contact opening _38. 0341 I n ot her enbodiments (not shown), the first etch.

stop | ayePPoRYg s etekeddn thsrfirsidpwik diglegfic Iaygicidadth aresich hemissorsaleetive
material i ctthANSR! (g, ROF,) SAAABWE in FiBfreTh CTHEL, 85 Slwd TFidie 12, the first

SiC etch stop layer 32a is etched away at the second opening 52 using another etch chemistry

that will etch SiC to complete the contact opening 38.

[0034]  In other embodiments (not shown), the first etch stop layer 32a or the second etch
stop layer 32b may incorporate a material other than SiC. For example, the SiC material may be
more needed for use between the underlying layer 28 and the first dielectric layer 34a (depending
on the materials present in the underlying layer 28 and depending on the first dielectric layer
material) for purposes of better adhesion among these layers, than for the second etch stop layer

between the first and second dielectric layers.

A

[0035] Figures 13-17 show a fourth embodiment 60 of the present invention, which is a
more specific embodiment to illustrate use of the present invention in the production of a
semiconductor device. In particular, Figures 13-17 show that the fourth embodiment 60 may be
used with a CMOS process that incorporates dual damascene copper metalization with low-k
inter-metal insulation, which is a diamond-like carbon material in this example. This
embodiment describes just one example, and many other processes for forming other

semiconductor devices may also use the present invention.




nore needed for use between the underlying layer 28 and the first
dielectric layer 34a (depending on the materials present in the underlying
| ayer 28 and depending on the first dielectric layer material) for

pur poses of better adhesion anong these |ayers, than for the second etch
stop layer between the first and secRﬂd dielectric layers. [00351 Figures
13-17 show a fourth enbodi nent 60 of the present invention, which is a
nore specific enbodinment to illustrate use of the present invention in the
production of a sem conductor device. In particular, Figures 13-17 show
that the fourth enbodi nent 60 nmay be wused with a CMOS process that

i ncor porates dual damascene copper netalization wwth lowk inter-netal
insulation, which is a dianond-like carbon material in this exanple. This
enbodi ment descri bes just one exanple, and many ot her processes for form ng

ot her sqfasg@ndu . i . | sQ use.the present invention. 10 [0036]
Ref erri ngﬁ?:ﬁ?st '([R g%%ﬂgi:@?@gé(égn@‘s BHEAYLS rreign Bhisgpovidedpwhigharsy, whi ch
may i ncliodedes lighghidbyeddopedrysaiinersjlizbaldybn & s kdre th@géﬂ{iconﬁggm%gggg,
the sem %leﬂéiﬁ&ra rﬂe‘%lnonb(}_{(2992 may include a siljicon substrate or a tay

upon (e. g BAMEH YAPAHOTRIFr adpyes upgn (e(gsianiepitaxial dayer oS Qlk @ilipon-ayer ) or
wi t hi n ( @ngnsulao tr) o Withind8.g2 a twell : a'-si.licon substrate.
[ 0037] Becausue a%opr oclgés(sgi 2 be?gnugh\giékcnrpi? %)g%?g v?gl)r‘fl)raasﬁféﬁogtsg stratgy o

iIIustrat&gﬂ An n-chanﬂﬁ/}& transistor 64 is formed in the-sem conduct or
regi on 63 GHI | e BeusA RIS f5bsing; desasibed gwio gransistomdrd iflusirated- wai | 68.
Thi s confkduiirel MOB 24816600 $4 57 We or, - region 62 is a lightly
doped p-regi.on. |f _an n-type rgaié&oﬁt?ﬁggygggdgﬂp%r” ‘{eﬁ‘gn?gﬁﬁ%@SﬁMé?W%(g? on
62, t hen TRTESIOEGo s faswed in dns el 68. Bhiswonfigumiohasswetts iat tHQetMRbadBRy |t i S
al so possédidistibat; apsihst 64 and. 66 are fornmed in well regions.
[0038] As ?Et s of l§ﬁ? ‘Ebpgééﬁrtgﬁ%)ﬁ-vg%?% QBN uYsef fordhesemicondpoterregion
seni cond@éttben the echamebiginsistor B wik ba fiped irtthe well &g mi@gs&i,(;sgmettg%wh

g nm

i ncl “destrﬁﬁm§39ﬁ§666§¥f:2$1%(e§%%%{1‘ be formed using 0.13 gm or

technol ogy or even sna E#P%5 nmtechnology). I'n these cases,
the transi stor channel lengths (of nost if not all of the transistors) wll
be about [0088k 3m Aspects éthe-podsemtristentibifart gsTsli is bRARS sBd Mc%ﬁ@ﬁ&r A
| ess for i1 &h transi stors 66. It is expected that enbodi nents
of the pres en{b{sh ?/ggﬂ 101 '\éﬁ?ﬁa? fnt%qr%tﬁ‘? pEculldlat igclyges transistors 64 and 66 can be

formed using 0.13 pm or 90 nm technology or even smaller (e.g., sub-65 nm technology). In

these cases, the transistor channel lengths (of most if not all of the transistors) will be about

0.13pum for the n-channel MOS transistors 64 and about 90 nm or less for the p-channel MOS

transistors 66. It is expected that embodiments of the present invention will also be useful at

smaller dimensions, e.g., for a physical gate length of 45 nm or less.

_ [0039] The n-channel transistor 64 is isolated from the p-channel transistor 66 by a shallow
trench isolation (STI) region 70. The STI region 70 is formed from a trench about 2500 to about
4000 pm deep in a 6000 um layer. The trench is filled with an insulator, such as silicon dioxide,
for example. Optionally, a more heavily doped semiconductor region 72 may be formed below

the STI region 70 to provide further isolation. Alternatively, other isolation, such as field
isolation, may be used.

[0040] To form transistor.64 (66), a gate dielectric layer 74/76 and a gate layer 78/80 are
formecL As shown in the fourth embodiment, a single gate dielectric layer and a single gate layer-
are preferably used for both transistors 64 and 66. Either of these layers may be a compound

layer. For example, the gate layer 78/80 may include a polysilicon layer and a silicide layer.



smal | er dinensions, e.g., for a physical gate length of 45 nmor |ess.

[ 0039] The n-channel transistor 64 is isolated fromthe p-channel

transi stor 66 by a shallow trench isolation (STI) region 70. The ST

region 70 is forned froma trench about 2500 to about 4000 mdeep in a
6000 mlayer. The trench is filled w an insulator, such as silicon

di oxide, for exanple. Optionally, a nore heavily doped sem conduct or
region 72 may be forned below the STl region 70 to provide further
isolation. Alternatively, other isolation, such as field isolation, may be
used. [0040] To formtransistor. 64 (66), a gate dielectric |ayer 74/76 and
a gate layer 78/80 are fornmed. As shown in the fourth enbodinent, a single
gate dielectric layer and a single gate |ayer are preferably used for both

exampl o, IR gat Beieaydaser b BA it eRORLBIOR Py i #00, F EpRY Woped 2" 7"
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78 and 8 Ilg doped inplant 1s then_ formed |stor
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Si dewal | H%%gg%ﬁed AR Geadl] RashR. MREATRPAUE prétabbly s gseriokidyed: by mor e

heavi |y or eac ransi stor. These implants preferably use
arsenic Fmpkmus for thpmechpiuel deviéeadttoeomfor tha prebannsh devies taferbibe sopreeidrainn o

p-channel device the source 8 8kd tdSrotect
transi st 6‘?%"“838 éﬁ%g%%ﬁh%g'ﬁésﬁrf g‘é J&)r ?éspem(’glgsggg lnm§1§§ga)ﬁ§eed t o&gg ot ect
the regi %rggaﬁthbﬁsﬂ@gbeb@dbgedjoped [00421 An insulating layer 90 is forned
over the device. This insulati ng I ayer 90 typically conprises an oxide,

ch as sjli | h il :

Cpad o Toebonoan fsuiive By SR helpliiie GYES. R MRRRRIG ! SR Ficly oS
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or ugs an exa e, e conductiv mat.eri.a e

(o0 Pondheq apompboiphrabpodia (GRSED: Vigs i forBien st dnse e et SRS ke

chosen r %&1% 3{& duchbe hﬁmﬁ&ﬂsrf&w&ﬁtdcﬁ%r PIRES 96.0As hie winpl€, and c&ﬁlﬁﬁctﬁeu{ackriab

used and ¢ contact whi chever ions the particul ar demg quires. .
[ 0043] Ret[\ayrheltmg;swow'l“h@t\m epntagts P2, af% Iy@t@@ﬁe@g@gnqeagﬁg@% 1§rafx rmed over

h | c
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ness
whichever regions the partlcular design requires. .

[0043] Referring now to Figure 14, a SiC etch stop layer 32a is formed over the insulating
layer 90 and contacts 92. The SiC etch stop layer 32a may be deposited to a thickness of
between about 10 nm (100 angstrom) and about 60 nm (600 angstroms), and preferably about 55

nm (550 angstroms), for example.

[0044] A low-k dielectric layer 34a (e.g., diamond-structured carbon, such as Black
Diamond™) is deposited over the SiC etch stop layer 32a. The low-k dielectric layer 34a may
be deposited to a thickness of between about 200 nm and about 800 nm, preferably about 500

nm, for example.

[0045] Referring now to Figure 15, a contact opening is formed in the dielectric layer 34a
using a dual damascene process etching down to the etch stop layer 32a using a first etch
chemistry that is selective against etching SiC. The etch stop layer 32a at the contact opening is

then etched away using a second etch chemistry that will etch the SiC.

[0046] Referring now to Figure 16, a dual damascene interconnect structure is shown in

Figure 16. The illustration of this structure includes two contacts and lines 94a, although it is




bet ween about 10 nm (100 angstrom and about 60 nm (600 angstrons), and
preferably about 55 nm (550 angstrons), for exanple. [00441 A | owk
dielectric layer 34a (e.g., dianond-structured carbon, such as Bl ack

D anondTM is deposited over the SiC etch stop |layer 32a. The | owk
dielectric layer 34a may be depositq to a thickness of between about 200
nm and about 800 nm preferably about 500 m, for exanple. [00451
Referring now to Figure 15, a contact opening is formed in the dielectric
| ayer 34a using a dual danmascene process etching down to the etch stop

| ayer 32a using a first etch chemstry that is selective against etching
Si C.- The etch stop |ayer 32a at the contact opening is then etched away

using a second etch chem stry that will etch the SiC. [00461 Referring now
to Figure 16, a i egh.st rigt j s j.gur e
6. The. RPN BOREREARA BhHERRRTGnISH dlfl dheckfe AR i Rl T

al t hough ii ghoiild b Andursiesdthaiadhdr padceseharch as sihlg dambscomsorcantaliiadedationhi | e a
dual damascene progess jis ill ated, it should be understood that other
pr ocesseée‘é&'BHeSe{%S éPWé‘I%“E?é’f?ﬁg%éSﬁg‘aB ¢ut act via formation techniques (as
shown for contacts 92).nmay be-used. [0047] In the dual damascene process,

trenches [gg47] f or Ietle didlamasddage shoedss,atentlteslatyformarhaithiatice dicladtacayérgidas ar e
formed within the trenches to contact .sel ect'ed portions, be ea%tg t he

di el ect r i2ad pepfest halgsare-fpraned wathinytbe trspehes i gontact sfested PORionRBepepB thS | | ed with

a Conductda&tmfagéris%g ThOk&IREARoMABRRs cad WRh B8 KilIYd with@ cERivetitd inBi@rial,
mat eri al ee.g., 4a) is dePosMed into the openings 38 and onto a top

surface (peeferablyzspierofl ypipalydiheicerducting malpspl (€&., §4a) igdepositerhiate the ppenings
conduct i i i i . u of the
conductiﬁgaﬁg?@§ﬁéﬁéﬁ'a%FQéggﬁ%éﬁﬂﬁ?F%ﬁ%ﬁ“ﬁ?ﬁ%g?ém??%apﬁé’?%gggﬂggg%e 35a
of the dimdtetd Pdxisipalished Bdck sodkat shoysurfane Fhapfitee daddaing nestarapP4n is Fur t her
details on, dual ,,darascene ocesse h i pgl ude, | ow,k di el ect rd.c | rs
can be . ABbTRRAY PRES RO BRiR Ao e et put s & o iy 11 %r
her ei n byexagpler Eatiksr detafls oPadat Bimasdene fodsts MhBinehide 1dver diddetrivdelyedd can be
fabricating barrier adhesion to |owk dielectric |layers in a er
danmascen do _ oo dhesfolloyng patentsgach RipWhigh ?1‘9?‘89?”@% PF"F%&H’ r"#@é"c“ﬁ% dﬁgg B?té’éfu ce
via poi SQfy,lei342l4a8vkdkitfed “Aidodd TR RN KiYrid/MdhdsRALIRIW-k dickfticUayers fal ent
No. 6,211,061 entitled "Dual ) L
copper damascene process;” U.S. Patent No. 6,319,809 entitled “Method to reduce via poison in
low-k Cu dual damascene by UV-treatment;” and U.S. Patent No. 6,211,061 entitled “Dual

damascene process for carbon-based low-K materials.”

[0048] As illustrated in Figure 17, more than one layer of metalization may be included. In
this device five levels of metal 94a, 94b, 94c¢, 94d, and 94e are shown. While the illustrated
embodiment shows five layers, it is understood that a semiconductor device of the preferred
embodiment could include more (or fewer) than five layers of metalization. For example, a chip
might include up to eight layers or more in 0.13 um technology. Each of these layers may be
processed using the steps described herein. In other embodiments (not shown), SiC may be used
for only some of the etch stop layers 32a, 32b, 32c¢, 324, and 32e, depending on the needs of the

design and the materials used.

[0049] Figure 18 shows a fifth embodiment 100 of the present invention to illustrate the use
of an improved SiC layer in accordance with the 'present invention within a bi-layer etch stop
layer structure 122. In the fifth embodiment 100, the SiC layer 32 is formed using a preferred
process of the present invention (e.g., pure 3MS at about 1.7 torr, as described above in relation
to FIG. 7). In the fifth embodiment 100, the SiOC layer 24 is formed using prior methods.



damascene process for carbon-based lowK materials.” [0048] As illustrated
in Figure 17, nore than one |ayer of netalization may be included. In this
device five levels of netal 94a, 94b, 94c, 94d, and 94e are shown. Wile
the illustrated enbodi ment shows five |layers, it is understood that a

sem conduct or device of the preferreq enbodi nent coul d include nore (or
fewer) than five |ayers of netallzatlon For exanple, a chip mght include
up to eight layers or nore in 0.13 mtechnol ogy. Each of these |ayers may
be processed using the steps described herein. In other enbodi nents (not
shown), SiC nmay be used for only sone of the etch stop |ayers 32a, 32b,
32c, 32d, and 32e, depending on the needs of the design and the materials
used. [0049] Figure 18 shows a fifth enbodi nent 100 of the presenf

invention to illustrate the us f an i ved Si C |

with the [Qﬂﬁelsent Fignrpd Atshows W’Fﬁl W%Qdﬁ‘imnf gﬁf (?ft & WRSQt ngrﬁ Ay tg}lﬁlg umgg
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pr ef erred’ cess

t He present invention
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100, the S 24 1 08 probass F@RGkesehigur € 19
- shows a sﬁl(i%%' %%%g?‘?r%xf%ﬁ(gﬁgﬁdltm% f:brgrtr-:-lé)%{rl]ét?ﬁ| n efr‘}tl ogrto SI | lustrate the use
of an i nypRMEsh @l XpuladMds aﬂﬂ)@uahatmasdpsnnb@chbm@mralyé?n ®FIGhDaccor dance’
with the present invention within a bi-layer etch stop |ayer structure

122. As in the f tGuded Reli
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| ayer 124 esent invention. In this preferre n) a?
| ayer 124ar1dsafw@p@fﬁ@e‘dﬂhsﬂﬁyT@Fepfﬁwubﬁosifﬁ’é‘t’é’m?‘ﬁ?tﬂ?“ﬁ{?} ?‘ﬁ 277 ow

rate of %r%?éra&]ge £ a%gﬁtr?ﬁor?g Ay Hé} Wsfe cﬁ@ss Wah Bbéut 2! tom d’rﬂts&btﬁfttcdhﬂhigh 350

sccm int reac 1 on shown), at a tenp erature of about 350
C, under ﬁeqmﬁa@sudle fiefjudney éHFHhE)rpoamogf abput 499 Wand aé% REeEgeagY Fagifregency

frequency radio fre Bostt AR YaRdmleh. oThd IMSIamICY
radio fre of abopt @W?Qﬁ%gﬁ%%? (f)dur%mr e {in AMAT' s Pr zducer SE
system f glasx@Vibhent thatedMbd&s@iese conditions in the reacuon chamber induces the

formation of the improved SiOC layer 124 on the SiC layer 32. This preferred process provides

a non-helium (non-He) method of forming an improved SiOC layer 124. In testing, it has been

found that a pressure of about 1.7 torr works well for this process, for example. One of the keys
to this preferred process of forming an improved SiOC layer 124 is the use of 100 W or more

LFRF power. In one use of the preferred process, it has been found that a LFRF of about 200 W

works well.

[0052] For example, as compared to prior processes for forming a SiOC layer using a
pressure of greater than 2 torr, using a flow of He in combination with a 3MS and CO; flow,
and/or not using LFRF, the improved SiOC layer formed using the preferred process of the
present invention provides improved electron migration (EM) and stress migration (SM) test
results. An improved SiOC layer formed using a preferred process (non-He process) of the
present invention has passed EM tests having conditions of about 300° C with a J stress of about
2 x 10° A/em? and has passed SM tests having conditions of about 175° C for about 500 hours to
see RC shift (with a RC via size of about 0.13 pm). The lower pressure (i.e., less than about 2
torr) also improves film quality in the SiOC layer 124 and the SiC layer 32.



pl asma environnment created under these conditions in the reaction chanber

i nduces the formation of the inproved Si OC | ayer 124 on the SiC | ayer 32.
This preferred process provides a non-helium (non-He) nmethod of form ng an
inproved Si OC | ayer 124. In testing, it has been found that a pressure of
about 1.7 ton works well for this pr oggss, for exanple. One of the keys to
this preferred process of formng an I nproved Si OC | ayer 124 is the use of
100 Wor nore LFRF power. In one use of the preferred process, it has been
found that a LFRF of about 200 W works well. [00521 For exanple, as
conpared to prior processes for formng a SiOC | ayer using a pressure of
greater than 2 ton, using a flow of He in conbination with a 3M5 and CO2
flow, and/or not using LFRF, the inproved Si OC | ayer forned using the

pr ef er r edjops3jces Figire 20 &omrmeemth émb@timbmrizp bﬁﬂieqbeaexitmenﬁmdtoéllwﬂatecthe

mgration (EM and str results. An
Iager :‘orH‘?(éd’MﬁfM“FPéo‘édeﬁéiéWe (]j?{) é‘?%ﬁ W’?Fg‘ég‘é{?mm Vli” na%‘r g¥‘§nt
i nventi on.hpgoPrsGetubive B3t Snfh@\éé\fbﬂt}ﬁéhﬁlﬂidim&?v@fth@@% lay? Q2€isTotred® J

stress of about 2 x 106 A/cn? and has passed SM'tests having conditions of

about 175us@gfacnrefaaé®prosw of B\gipsesed inveaoR(S S flew p{RMB/GOREISHS thag pbaut 3f

about O. on) . al so

i nproves Tl I m qauIé Iibfﬁk‘i%ﬁ%g h@f'@ﬁo@%ﬁ(ﬁaggﬁﬁmﬂé@ﬁ% %Eﬁ@]gﬁ%?fbtat?%?m 2. 14 [0053]
Fi gur e 20erstualiveerd 13@v dnthie sevdntitiemisoitimdrz 026, the Bi€ lpyee 26 1m¢ formedwdingpridro
illustrate i\(? use of an inproved SiOC | ayer 124 in accordance with the
pr esent i AT on within a bi -layer etch stop layer structure 122. In the
sevent h enbodi nent 120, the SiOC layer 124 is forned using a preferred
process of0054]je prﬂmmntf thenadyanthgos tl(asbngy be acHitved usihg 3 lpBicessbfalte presat t han
about 2 torr.wit f,.abqut. .100 W ar scri hed. above in

POPut i on eitioahd wind St tetRaner tgyesh by dtBoS s TR B, el “150 "t he

Si C layer erﬁlﬁ)dhrﬁerft%ﬂﬁdptésmmleﬁﬁﬁ&fmamblhﬂd&me[&Qﬁﬂfﬂﬁ@é@v@ﬁtag&eaxﬂﬂ%ﬁdﬁ ages-
t hat may be achi eved using a process of the present invention and using an

enbodi ment Vé‘Ptagqiié‘ob“%%Wﬁyf‘lﬁ‘?/?Hﬁtr on are listed bel ow. Various embodinents
of the present invention may include sone or all of these advantages, and

ot her advpossiges INAmprdvihEélediBival topertRx fovlthe SiC layer with respect to TDDB tests;

[0056] 2. Ability to have a single-layer nitrogen-free etch stop layer that performs at least

as well as a nitrogen-free etch stop layer having a bi-layer structure of SiOC and SiC;

[0057] 3. Ability to have a simpler process with less steps for forming an etch stop layer
(for single SiC layer etch stop layer), as compared to bi-layer structure;

[0058] 4. Ability to have dual functions of the SiC layer acting as an etch stop layer and as

a glue layer

[0059] 5. Improving interface adhesion (for single SiC layer etch stop layer), as compared .

to bi-layer structure;
[0060] 6. Ability to provide a low-dielectric-constant etch stop layer to improve RC delay;

[0061] 7. Providing 'less or no concern of the etch stop layer oxidizing coppef that may be
present in the underlying layer (such oxidation would likely cause worse RC delay) (for single

SiC layer etch stop layer);



[0055] 1. Inproving electrical properties for the SiC layer with respect to
TDDB tests; [0056] 2. Ability to have a single-layer nitrogen-free etch
stop layer that perforns at least as well as a nitrogen-free etch stop

| ayer having a bi-layer structure of SiOC and SiC, [0057] 3. Ability to
have a sinpler process with |ess step'ssfor formng an etch stop layer (for
single SiC layer etch stop layer), as conpared to bi-layer structure;

[0058] 4. Ability to have dual functions of the SiC |layer acting as an etch
stop layer and as a glue layer [00591 5. Inproving interface adhesion (for
single SiC layer etch stop layer), as conpared to bi-layer structure;
[0060] 6. Ability to provide a |lowdielectric-constant etch stop layer to

i nprove RC delay; [0061] 7. Providing |ess or no concern of the etch stop

| ayer oxidizing copper that may be present in the underlying |ayer (such
oxi dati on d | g kBloyidaUs 18 vEtS bR ¥IC Witk Fespddh e @ie ditleGtricadRE (£.ch
stop Iayer‘ﬁ“;wi 5 [%'02}203618. P??‘(l)é\f/\?{g;ﬁﬁesﬁvgzergg%h se edg'?% vity of S?k%wi(ﬁ’
respect t dladkidnend® meiegal) fpesingle SiC layemjtelestorTazeren ¢pmparadtoe¥iPAD fuq ogr -
single SiC.layer, et p layer as conpared to SiOC) due to a higher
carbon di ?‘i‘%\%c 5%0;%@{%8' 9. Providing better etch selectivity than "a Si CC
etch stop layer with respect to lowk SiOC:(for stngle Si C-layer etch stop
| ayer), whio@is]i s Sohmividimsbettsedclasslactivityifheh e Si1QC etch atppriayef 9B a4spawy to low-k

Avoi di ng iti L ayer .interf t. | m hat e ssi bl iddi 1 j.onal
adhesi on asggﬁgg’f ﬁ‘é‘g‘?ﬁb‘?k |’hed?lbsq‘§? %y%gt&éhrl&e 3#’1[{%‘{ op qsgcggsfthggﬁéeg%é%}{gg to

bi -l ayer structure); [0065] 11. CQutstandi ng noisture resistance' (for

singl e Si Qoéayer @6.cAvsitling ah agditiynal ldyei66}fadto elimmate/pabsiblel additiond! iadlyesfoor
Si C |l ayer and/or,  Si I r: [0067],.13. | nprov rfor ce..in EM and SM
tests for cgp@grﬁ(gg;gﬁge%%’gj Ltiﬁ.smé’}ags’i FiRgP reﬁg%&a%ye Fﬁ%&f%f form ng Si OC
| ayer; and [0069] 15. Inproving reliability of a device incorporating an

i nproved 306%5]1 ayét. Gnefanding BioGtirayesistanoe gocunglafcelayertdicht dtap lpyer) ent
invention. [0070] Although the present invention and its advantages have

been desc r[hﬁ)(%(]i 'n lg.ein%l)rlow:d élm quality for SiC layer and/or S10C layer;
[0067] 13. Improved performance in EM and SM tests for SiOC layer;
[0068] 14. Providing a non-He method of forming SiOC layer; and

[0069] 15. 'Improving reliability of a device incorporating an improved SiOC layer and/or

SiC layer in accordance with the present invention.

[0070] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the particular

“embodiments of the processes, materials, and steps described in the specification. As one of
ordinary skill in the art will readily appreciate from the disclosure of the present invention,
processes, materials, or steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to the present invention. Accordingly,
the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.



shoul d be understood that various changes, substitutions and alterations
can be nmade herein wthout departing fromthe spirit and scope of the

i nvention as defined by the appended clains. Moreover, the scope of the
present application is not intended to be limted to the particul ar

enbodi nents of the processes, materi a{$ and steps described in the
specification. As one of ordinary skilTl in the art will readily appreciate
fromthe disclosure of the present invention, processes, materials, or
steps, presently existing or later to be devel oped, that perform
substantially the same function or achieve substantially the sanme result as
t he correspondi ng enbodi ments descri bed herein may be utilized according
to the present invention. Accordingly, the appended clains are intended to
include within their scope such processes, machines, manufacture,

conposi t i BVEEABAS FRAIMEDd84ans, nethods, or steps. 16 WHAT IS CLAIMED IS: 1
1. A nethod of manufacturing a sem conductor device, conprising: 2 formng
a layer of silicon carbide (SiC) directly on an underlying layer; 3 formng
a di elgectt.ic |myethodiof manifactoring & scngc@dugipedeviceheomfirisinget ri ¢ | ayer having a

top 4 surface; 5 etching. the diel [ ACy. | ( f ening therein
with &first gt’%‘r‘?n%ﬁg%elé?frsf/lfcowglﬁéﬁg : %ﬁ%yy%@q%gggéﬁhagggags an etch stop
| ayer ;3 7 deposfoiming a dictatrituadr directivt @i thaliC hyer, thhdicdgaitilagr Aadngatdphe t op
surface of the dielectric; 8 and 9 renobving a portion of the conducting
mat eri‘l 96P%%Hat a top surface of the conducting 10 material is ,

subst Sglt Pally duraiiehe Weldatrfch8ydr @Pfobiabapénid thbfedh Witkeh @itk E{cR chetyiStry, wherein The
met hod of claim1l1, etching the SiC |ayer at the opening with a second etch
2 cheng st thy SiQ lager atlseas gpeisbatopflaseai m 1, wherein the etching of the
dieleciric |ay . . 2 i : ‘e
openi n. 1 4 EResfiE ¢ Bk iRierid iR IRREAR PLAGPRS S gRAE R Brc,
sel ect8 veamigai nst etching SiC. 1 5. The nethod of claim1, wherein SiC

| ayer 3 as a thr'e:%%@‘ﬁ%% pp)?t}o\{\{e()%r&le%%g lgcti%g nat Sa{ srootﬂz'tstatop surface of the conducting

10  material is substantially planar with the top surface of the dielectric layer.

[

2. The method of claim 1, etching the SiC layer at the opening with a second etch
2 chemistry.

1 3. The method of claim 1, wherein the etching of the dielectric layer includes a dual

2 damascene process for forming the opening;:

1 4. The method of claim 1, wherein the first etch chemistry is selective against etching SiC.

1 s The method of claim 1, wherein SiC layer has a thickness between about 20 angstroms

2 and about 550 angstroms, wherein the underlying layer is an oxide layer formed over a plurality
3 of CMOS transistors, and wherein the dielectric layer is composed of a dielectric material

4  including a diamond-structured carbon material.

6. The method of claim 1, wherein the relﬁoving of the conducting material portion is by

—

2 polishing.

I 7 The method of claim 1, wherein the forming of the SiC layer further comprises:
2 flowing substantially pure trimetholsilane (3MS) into a reaction chamber having a

pressure of less than about 2 torr therein.



2 and about 550 angstrons, wherein the underlying layer is an oxide |ayer
formed over a plurality 3 of CMOS transistors, and wherein the dielectric
| ayer is conposed of a dielectric material 4 including a dianond-structured
carbon material. 1 6. The nethod of claim1, wherein the renoving of the

conducting material portionis by 2 fplishing. 1 7. The nethod of claima1,
wherein the formng of the SiC |ayer further conprises: 2 flow ng
substantially pure trimetholsilane (3M5) into a reaction chanber having a
3 pressure of |ess than about 2 torr therein. 17 1 8. The nethod of claim
7, wherein the flowing of the 3M5 occurs at a flow rate of about 2 150
sccm -wherein the reaction chanber has a- tenperature of about 350 C
therein, and wherein 3 high frequency RF power of at |east about 100 watts

is applied in the reaction chanber .t q,induc h i -SiC
| ayer lon & he Jh%ié‘ﬁhgaﬁéd?%zr"f’ efeip theFlowWine ¢ %%% ng“é{??nr%ﬁbﬁﬂaé?éﬁ?ate he

pressure 1‘%@ (0 WhBRin (88 dabiSh (HARBEENas b Sempbr@t@of abouf 35@TC thetkin @nd wherein
seni conductor device conprising: 2 a first s

r ilicon arbigeéhSigl Layer

f or mea digickdauensy REpRef pyFEalouy 10 waitsS poniey inhe reakbyh ShaEgesp 1t o
direct| n.the. Si B i i tric | havi 4 t
S:Jrfaé‘e?/ t %@“ggtg)%:‘q?rtﬂseféigéﬁghgﬁg{ellég(%%ﬂéﬁfiﬁg&i Llr gugﬁySLe ?:“r 2'? gi el ec'?lroi c

| ayer and the first-SiC |layer, the .6 first conductor, havi a top surface,
and wher e9.n t He trethodwf tlaine 8owhareia tie I?f§%5“¥9d’r‘féi%§bﬁr‘°4°§°‘}’g}?&lr:}’gf Bntially

pl anar V\ntbghthi top surface of the dielectric layer. 1 11. The device of

cl ai m40,2 e EI%the siC | ayer' has a thickness of about 550 angstrons. 1
12. The device of claim 10, wherein the SiC |ayer acts as a glue |ayer and
as an et cio. st opsenficomiyetor devickIomphisingtevi ce of claim 10, wherein the first.

conductor is couposed of , a ' Ldilon 2R uhfiglyidgelesdes copper. 1
14. The devicé %gt silrcgpﬁ?rf&ec(% ?&ehﬂ%ﬁg@?% S 0giael ect ryi1 c.éll iz(iyer i's conposed
of a dj el ect rifirst dielectric layer formed directly on the SiC layer, the first dielectric layer having a

4 top surface; and

5 a first conductor extending through the first dielectric layer and the first SiC layer, the
6 first conductor having a top surfacé, and wherein the top surface of the first conductor is
7

substantially planar with the top surface pf the dielectric layer.
1 11.  The device of claim 10, wherein the SiC layef has a thickness of about 550 angstroms.

1 12.  The device of claim 10, wherein the SiC layer acts as a glue layer and as an etch stop

2 layer.

1 13. The device of claim 10, wherein the first conductor is composed of a conducting material

2  that includes copper.

1 14.  The device of claim 10, wherein the first dielectric layer is composed of a dielectric -

2 material including a diamond-structured carbon material.

1 15. The device of claim 10, wherein the first dielectric layer is composed of a dielectric

2  material including a SIOCH material.
1 16. The device of claim 10, wherein the first dielectric layer is composed of SiOC.

1 17.  The device of claim 10, wherein the underlying layer is an oxide layer.



2 material including a dianond-structured carbon material. 1 - 15. The
device of claim 10, wherein the first dielectric layer is conposed of a
dielectric 2 material including a SiOCH material. 1 16. The devi ce of
claim 10, wherein the first dielectric layer is conposed of SIOC. 1 17. The
device of claim 10, wherein the under{ging layer is an oxide layer. 18 1
18. The device of claim 17, further conprising a plurality of CMOS

transi stors being covered 2 by the oxide layer. 1 19. The device of claim
10, further conprising: 2 a second silicon carbide (SiC) |ayer forned
directly on the first dielectric layer; 3 a second dielectric |ayer forned
directly on the.'second SiC layer; 4 a second conductor extendi ng through
the second dielectric layer and the second SiC 5 |ayer and connecting to

the first _conguctor. Vi . | . isFo B SLRGreq 2 @
thirdlsiﬂ?conqﬁ%bﬁwﬁg%fé%&fIﬁﬁgggw?gﬁﬁg gg#ﬁ%%kﬁgfggﬂ¥%gﬁégcdﬂ%£%$%ﬁg%gric
| ayery Pyahdduidedagtirel ectric layer formed directly on the third SiC layer;
4 a third conductor extending through the third dielectric |ayer and the

third Si C |ayer and onnect i to the second conductor; 6 a fourth

silicdn .d8rbi 3@6?%i*‘iffsff%v&ggf@ﬂﬁ%&"mpf‘é‘eﬁ y on the-third dielectric |ayer;
7 a feurth di glsehd kificbrayuebidé BiOPRyel fordd direedly ére figs dielecBicdayeryer ; and 8
- a fourth conductor_extendi ngqt hrough the fourth dielectric |ayer and the

fourtB Si C | apéecond dighgtricdnyes &rmeg dirsctyf theseconcyda¥®or . 1 21. The device

of clgi m20, whEHLRH BoRkRERr SfteddiSy thtduth theS@EMAielddhid ﬂ%'erféﬂd tHeQUéDnA SiC
conductors are 2. conposed of a conducting material that includes copper,

and wher dayer exbéonpécting éo thie figst corduetond, 3 third, -and fourth dielectric
| ayers is conposed of a lowk dielectric material selected froma 4 group

consi gti ng of Tﬁgggi%@g@gg}nq@omggmfn d carbon. 1 22. A sem conductor

devi ce conprisin urality of transSistors, each of the transistors
havi n@ a chanmnghird ghepnradfidel($EC)Iayes formed directly on the second dielectric layer;

3 a third dielectric layer formed directly on the third SiC layer;
4 a third conductor extending through the third dielectric layer and the third SiC layer and
5  connecting to the second conductor; -
6 a fourth silicon carbide (SiC) layer formed directly on the third dielectric layer;
L7 a fourth dielectric layer formed directly on the fourth SiC layer; and
8 a fourth conductor extending through the fourth dielectric layer and the fourth SiC layer
9  and connecting to the third conductor.
1 2L The device of claim 20, wherein each of the first, second, third, and fourth conductors are
2 . composed of a conducting material that includes copper, and wherein each of the first, second,
3 third, and fourth dielectric layers is composed of a low-k dielectric material selected from a
4  group consisting of SICOH and diamond—struétured carbon.
1 22. A semiconductor device comprising:
2 a plurality of transistors, each of the transistors having a channel length of 130 nm or
3 less;
4 an oxide layer overlying the plurality of transistors;
5 a silicon carbide (SiC) layer formed directly on the oxide layer;
6 a dielectric layer formed directly on the SiC layer, the dielectric layer having a top
7  surface;
8 a conducting material disposed within a trench formed in the dielectric layer, the
9  conducting material having a top surface, wherein the top surface of the conducting material is



3 less; 4 an oxide layer overlying the plurality of transistors; 5 a
silicon carbide (SiC) layer fornmed directly on the oxide |layer; 6 a
dielectric layer formed directly on the SiC layer, the dielectric |ayer
having a top 7 surface; 8 a conducting material disposed within a trench
formed in the dielectric layer, the 9ygonducting material having a top
surface, wherein the top surface of tLe conducting material is 19 10
substantially planar with the top surface of the dielectric layer; and a
contact extending through the dielectric layer and the SiC |ayer to connect
one of the 11 12 transistors to the conducting material. 1 23. The device
of claim 22, wherein the transistors are CMOS transistors. 1 24. The device
of claim 22, wherein the SiC |ayer has a thickness between about 20 2

angstrons and about 600 angstrops. 25. met hod of manufacturing a
seni tdndsrbstentiaizplagar W%ﬁﬁ??%?“ﬁgs ‘?Jl}‘%aﬂe%l RAE Iaflgon carbide (SiC) etch
stop * ayer or, ?ﬁta‘df‘%ﬂdﬁg“tﬂm’u?}y e didlecltid 187G ah@ the SIC R fatonmict bneofthocess

conp sing: 4 flow ng substan |y pure trinetholsilane (3M5) into and
t hroggh triwsisteatotthoepndsctingamaiertal. and 6 pressurizing the reaction chamber at

a pressure less than about 2 tort; and 7 formng a dielectric |ayer over

t he SkC h8Yer The de %a@%%lli?ﬁzmﬂé%% tahaitis 25 CMIO @imisord.| ow rate of the

3Ms flowng i s about 0 sccm and wherein the process of forming the

Si C layer further conprises: 3 ener |2|ng the reaction chanQﬁ i th high
fr equénc@4.RF Plrmsvicef glain é%»ﬂheéﬁé'bme Si¢] laygphageythiskness Betiast e reaction

chambgr 1.0 Boi§ IRFIBLLER Mbsaut 350 C.

1 25. A method of manufacturing a semicondugtor device, comprising:

2 forming a silicon carbide (SiC) etch stop layer on an underlying layer in a reaction

3 chamber with a process comprising:

4 flowing substantially pure trimetholsilane (3MS) into and through the reaction

5  chamber, and

6 pressurizing the reaction chamber at a preséure Jess than about 2 torr; and

7 ~ forming a dielectric layer over the SiC layer. ‘

1 26. The method of claim 25, wherein a'ﬂow rate of the 3MS flowing is about 150 sccm, and
2 wherein the process of forming the SiC layer further comprises:

3 energizing the reaction chamber with high frequency RF power of at least about
4 100 watts; and

5 heating the reaction chamber to a temperature of about 350°C.

1 27. A semiconductor device comprising:
2 a layer of silicon carbide (SiC) material formed on an underlying layer, wherein the SiC
3 material has a current leakage of less than about 1 0 X 1045 amps per square centimeter at an

.4 electric field of about 2 megavolts per centimeter;
5 a dielectric layer formed over the SiC layer; and
6 a conductor extending through the dielectric layer and the SiC layer.

i

28.  The semiconductor device of claim 27, wherein the current leakage at about 2 megavolts

2 per centimeter is about 1.5 x 10 amps per square centimeter.




1 27. A sem conductor device conprising: 2 a layer of silicon carbide (SiC
material fornmed on an underlying | ayer, wherein the SIC 3 material has a
current | eakage of |less than about 1.0 x 10-6 anps per square centineter at
an 4 electric field of about 2 megavolts per centineter; 5 a dielectric

| ayer fornmed over the SiC |ayer; and a conductor extending through the
dielectric layer and the SiC layer. 1 28. The sem conductor device of claim
27, wherein the current | eakage at about 2 negavolts 2 per centinmeter is
about 1.5 x 10-3 anps per square centineter. 20 1 29. The sem conduct or
device of claim27, wherein the current | eakage at about | negavolts 2 per
centineter is about 1.0 x 10-9 anps per square centinmeter. 1 30. A nethod
of manufacturing a sem conductor device, conprising: 2 formng a Si OC etch
stop |l ay ov . ' I [ [ ' ocess
compr o) 1g: TP b i e e L e e Bl
chanmber, pebeehtimelieniy 2B 1itht 0" hardps 1her oQugke ¢ehtimetemct i on chamber, 6

pressuri zing the reaction chanber at a pressure |less than about 2 torr, and
7 energgi zi,ng th I . M : -RE power of at- | east
about 152000 (AP hER hERAABII oo ab Rl LB EARNIRE, DS ayer. 1 1.
The mgt hod of fadnga SIOC ettlestep aytdvepamweisdyiof layer imangactibe clBin®€r eithla st op
layer is a 2 non-He process. 1 32. The nethod of claim 30, wherein the
under Byi RPEHFEMPISME: SiC layer. 1 33. The nethod of claim 30, wherein a
flow yate of the - 3Swing@MinBlolsBarR{IMS) EiPareBugh the3éactidhehamichod of clai m
30, wherein a flowrate of the CO2 flowing is about 350 sccm 1 35. The

nmet hod of cl ai m 30flowmePrintorpad Hrraeahthe actionchamber he Si OC | ayer furt her

é_ an rises: 3 heapjgbing thfiRedioR RnahTRES peQuRt 1ESTRAT bl Liof] aPout 350

7 energizing the reaction chamber with low frequency RF power of at least about
8 100 watts;
9 forming a dielectric layer over the SiOC layer.

31.  The method of claim 30, wherein the process of forming the SiOC etch stop layer is a

2  non-He process.
1 32,  The method of claim 30, wherein the underlying layer is a SiC layer.
1 33,  The method of claim 30, wherein a flow rate of the 3MS flowing is about 100 sccm.

1 34, The method of claim 30, wherein a flow rate of the CO, flowing is about 350 sccm.

1 35. The method of claim 30, wherein the process of forming the SiOC layer further

2 comprises: ‘

3 heating the reaction chamber to a temperature of about 350° C; and

4 energizing the reaction chamber with high frequency RF power of at about 400 watts.
-1 36. A semiconductor device comprising:

2 a layer of silicon carbide (SiC) material formed on an underlying layer;

3 a layer of SiOC material formed on the SiC layer, wherein the SiOC layer is capable of

4  passing an electron migration test having conditions of about 300° C with a J stress of about

5  2x10°Afem? aﬁd capable of passing a stress migration test having conditions of about 175° C

6  for about 500 hours;



4 energizing the reaction chanmber with high frequency RF power of at about
400 watts. 1 36. A sem conductor device conprising: 2 a |ayer of silicon
carbide (SiC) material formed on an underlying layer; 3 a |layer of SiOC
material formed on the SiC |layer, wherein the SiOC | ayer is capable of 4
passing an electron migration test hgﬁing conditions of about 300 Cwth a
J stress of about 5 2 x 106 A/cn2 and capabl e of passing a stress mgration
test having conditions of about 175 C 6 for about 500 hours; 21 7 8 a
dielectric layer formed on the Si OC | ayer; and a conductor extending
through the dielectric layer, the SiOC | ayer, and the SiC layer. 1 37. The
sem conductor device of claim 36, wherein the -SiC material has a current

| eakage of 2 less than about 1.0 x 10-6 anps per square centineter at an
electric field of about 2 negavolts per 3 centineter. '

7 a dielectric layer formed on the SiOC layer; and
a conductor extending through the dielectric layer, the SiOC layer, and the SiC layer.

P

37.  The semiconductor device of claim 36, wherein the SiC material has a current leakage of
. 2 less than about 1.0 x 10°® amps per square centimeter at an electric field of about 2 megavolts per

centimeter.

w




