1 | MPROVED ETCH STOP LAYER TECHNI CAL FI ELD [0001] The present invention
rel ates generally to sem conductor devices and nethods for nmanufacturing
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 currently preferred for copper dual
damascene structures having a lowk dielectric internetal |ayer to avoid
probl ens caused by outgassing fromthe |owk 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 dielectric properties and inter- nmetal dielectric
etch selectivity. A bottom Siﬁwhgzyer i S currentll\; used as a glue layer to

i nprove the adhesion between QJYI@Q@WHQSTIQ% AYERd the etch stop | ayer.
When part ing |layer includes copper (e.g., for netal

i nter conneﬁ%ﬁﬁmg%ﬂo%t acts), the SiC layer also prevents the Si OC from
oxi di zing the copper. However, a bi-layer-structure often causes additional
interface [Q00Ksi orrhe@mamﬁvendu@rdmesgge'nbran9 td RRICHEEN deiead dddm@hodste Si OC
and Si C Iarxe[}rv?. Al'so, _the use of and processing of the SIOC as the etch
stop | ayer™iiscyingssmigqadustessicrisenf Ingrp aspertithe Decsp énventiont ietatas ol mprovadg
layer. Thugiethbds oMHdnd&cKlSRp 1ARLe 10 be able to elimnate the bi-layer
structure for nitrogen-free etch stop layers, as well as limting or
elimnating the use of SiOC as an etch stop |ayer material in sone cases
(e.g., 65 BPALRGRMMPogy). SUMVARY OF THE | NVENTI ON [ 0003] The probl ens and
needs outlined above are addressed by enbodi ments of the present

i nventi on.[ebe2]accy ARdesh-ibd &clPH8p "I’a?y@?ﬁtcuﬁéntfg?ﬁefgfr&ﬁt%pw QI\/&QE L 2Ras&haTet hod
of manufacturing a sem conductor device 1s ovI ded. PS et hod T hel udes
the fol | ovitgtussSdping o fewdrdielecti¢ infgrinetal layento weoig problemsaypeseddly onitdabsiign

bi d ' ' ' 3 : | vi I .. A di el ic |
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surface. bi-layer structure is often used for providing a nitrogen-free etch stop layer for 90 nm and above

technologies, for example. 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 pfévents
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

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 |ayer. A conducting
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 material is substantially planar wwth the top
surface of the dielectric layer. The S C | ayer may be etched at the
opening with a second etch chem stry. e 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 about 2 torr therein. [0004] In accordance wi th another aspect of the

pr esent m%ntaoﬂmasanewmt 1 tADE s._sem condugct or
device has,a fi Ll | coﬁpcgﬁl deoxﬂﬁ&i@%g%arl p%(%}%sq%gdm n%top)}“% Iﬁlr? n'the

under | yi ng '9P8% Pce ‘?ftt edliglschigs Aapcfrnprsoftdjg edmhlbmngmdtta[yﬂris xfeﬁronﬁtkodhit%%ﬂ y on

the Si C | ay@iface B a surface. A firs
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conduct or §¢J}b i)%}%r ‘é\# Q%EE{ anar . W t the top surface of thé tric
| ayer. The Per IYF against eiching Sig). Jthe|Si daycrprefemablylres ettitibkigs o p
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i nventi on, 1 rp conductor device is provid m con ?’ IS devi ce
has a pl ur&f Iﬂf@” Sperorgied by flovang abstantisllytvee trmue&tw@hh@mdﬁauﬂomgean&hannel

| ength of tRnberh&Ving £fssufllofiéld aéﬂ verlies the plurality of
transistors. A sili céonﬁcarbl (o>le f %g{ze{r%rﬁ&er%lr med directly on the oxide

| ayer. The(ﬂ) Lect ic layer is forrred d| rectly on the SiC |ayer. The
dielectrich 83 Cﬁorfl%‘}?es}’ﬂﬂf aother aspectrod thetpresgnt imadntioh,ad seintcod iEdist R ice is

wi thin a tperidedf ¢ h ucting material has
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transistors to th (E:g%sc# u@é%{l A tAeEWS%ﬂ’O "l“‘éﬂé ng?‘éﬂhsfh%ﬁvt dielectriodayer and
tr an5|t st or the frgGi6 ]aylen ’Blm:ﬁmsd@umdﬁctw Hab a $6p édrfa@en OFiR8bp SRBRE b AL AN GoRluER R
I nventi on, stﬂ)sggttnaq@' planar with the top surface of the dxelectnc layer. The SiC layer preferably acts as a

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 direcily 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 hasa
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. ThlS 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 may be done
simul taneous or in a varied order): a) substantially pure trinetholsil ane
(3M5) is flowed into and through the reaction chanber, and b) the reaction
chanber is pressurized at a pressure l'ess than about 2 tort. 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
material are such that the SiC material has a current |eakage of |ess than
about 1.0 - er uare centineter at an electric field of about
2 negavol t?‘h%%r‘gaeg‘%?‘f°ﬁgfﬁ?‘ﬁ&ﬂew&f & varedopdesy: a) subsiantially pvetringtieolSae:
layer. A c@3MdOyisdlowe(ents and GREEHIGHE id or.. both t ends
through the dielectric layer and %’%ga‘éﬂ‘%ﬂ?‘%}‘g‘?% ghec’%zric?lé)ﬁtc}‘?ﬁ%ésge i's

pr ef er abl y PH5SIZeq at5 pressgiedessriban ghout 2 tprarBheo,anti¢lemtie tayat is dhaiet oder the SiC
nmegavol ts r.centinmeter, and preferably about 1.0 x 10.9 anps per square
centineter at about 1 negavolts per centinmeter. [0008] In accordance wth
still another aspect of the present invention, a nethod of nanufacturing a
seni conduct®7hevi Beaccerdanaswwidtezhotiniasponbdtiincprésend itd@Sion! henfindeMbnBvat 8PS
(the order nhi 64 . . Si etch stop layer is fornmed over an
under | yi ng pﬁjg;/%g(a' ?glsg% 1c\6§5\§t<5 (1%%?8%? #agertﬁ%ﬁx&%qar@g% (169 Bigterial formed on an
struct ur e) underlyingdayri Ghe alasmiabpropéitibs 6 ROSICRatBiR GRS ich HARIhe ST hiEGS 128
fol | owi ng Q?ﬁéﬂ?taﬁ{ls (ftlhegle be dong sinultaneous or in a varied or déry :
a) flow ng trimernorsiian a(‘g‘%t 1-0,% 403 Amps par 6AHgFe eentimetsa ot dnslecttiafidddof  b)
fl owi ng COaboutanegavdltstper Sdidihcidze Al @t o rizi.ng th
reaction czan‘oer at.a gr&essure | ess t@ﬁgﬁe&gﬁgﬁt e%lgg%r;tﬂéﬁgﬂé ereﬁ‘e‘g’él{i%??fg
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watts. A diThbeGridnt aka¥8E pi I er the SiOC | ayer. The -
under | ying | ayer mgy _eg gﬂegr%ﬁfg?/%‘? 1{)5?,9 lsd(;&/naempgpﬁlésrquf“ﬁfgw.m\a‘ftﬁéatﬁpﬁ%2r ate of
the 3MB f I GHRAYPIE persicatimetshland ptederably BBOut dox110  Tikpsige®¥yuats @nBincleh s 266%: 1

flowi ng i s REefdRs 30! dndla@f 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) pressuriiing the reaction chamber 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‘gfzing the reaction chamber with high frequency RF power
of at about 400 watts,



paranmeters for formng the SiOC |ayer may further include heating the
reacti,on chanber to a tenperature of about 350 C and energi zing the
reaction chanber 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, which 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. The dielectric layer is forned on the Si OC | ayer. The conduct or

extends t h t | ectrl er, the Si | ayer, and the SiC | ayer.
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formed usi ng an gl d process 0015] Figures 12 pro
cr oss- sect I%APSHL SFRCEAYOLS neppeimetasodi ment  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 descnptlons 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 enbodi ment of the present invention; and [0019] Figure 20
provides a sinplified cross-section vi of a seventh enbodi nent of the
present invention. DETAI LED DESCRI PTI 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
herein are nerely illustrative of some of the specific ways to nake and

use the inyeutj on, FRR imt. the scope of-the invention. [0021] The
present i n&ent% on vm%l tI% %}rgglggir?%glgllhg‘f‘érfﬁ‘%qw ek peefifth empedimentrof the
enbodi ment Prasent tnvepteani;f i ¢ cont ext of semi conduct or devi ces havi ng CMOS

technol ogy. The invention may al so be applied, however, to other

si tuationssod18P22] :Ej, Qurees. LA and 1B show a contact opening 20 formed with
a dual damgsceﬂe IE)I 5‘%ggsprmfi?sea tHaPHEedcressrigetioni vievabf Diixthaydpdistentiafittis € 22
. for the et ptesgtt opentioneand As shown in  Figure 1B, a current nitrogen-free
etch stop layer 22 may have a bul k layer of SiOC 24 formed directly on a
thin |ayer i C 26 ich.s directly formed on the underlying |ayer 28.
The SiOC F‘é"fylgf 24"2‘5?6\?@&1’8‘39?55? %%hﬁe%awswqumcmm&mmﬂb@dimeﬁio@tﬁeay er
26 i s typi pekdnyimmbmitin. 20 angstroms thick (see Figure | B), for exanple.
[0023] A nitrogen-free etch stop layer is currently preferred for copper
dual damas I having a |l owk dielectric internetal layer to
avoi d pr ob?%‘%@‘é?ﬁ%ﬁ&%&%ﬁd@lgﬁ%mmmmmm ectric (e.g., via
poi soning, resist scumming, via blinding). A SiCClayer 24 in a bi-layer
Structure HB20ls culliansitig wipskinifoind bbSclf ek 28 RSl hnd BLeukllS 10434

damascene below. [ .
clow. It should be appreciated, however, that the present 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. '

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

bi -1 ayer structure 22 of SiOC 24 and SiCT 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 of trinetholsilane (SiH CH3)3) ("3M"

herei nafter), carbon dioxide (C02), and helium (He) (or 3MS/ CO2/He). Such
| ower quality SiC has poor electrical properties due to nore | eakage during

tine d kd tests than the Si OC material
use for tnaogiifl By houskIISORE oo Finmdal Gisdmots et peramieoth N SIC

i nvent or s Hayes 26 else pryeuts the[8i0CHafer DA froMRkkididing i G s ayer

(i.e., nor e, pur e Si @3 %{;I} | eakage during TDDBgt estgﬁ{r(l rL@eedggw%k§ekr}uch as
three orders S TorgRiAN PRACEss).npr overrent i n the resulting SiC |ayer
(due to the devel oped process), the inproved Si C | ayer can have el ectrl cal

properties [Ommtetlﬂna! o Billajeh 8éru gD f he Iayer
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as an etch used. during the formati on of a contact ni ng.
Using a si r%f‘)?&ég%(?esc b%%élo"\' AheiOxesiters have %Vﬁlhpedtarmo‘pﬂseﬁamahng\adngheon may
be useful fqnahtﬁ&(tlamnt eeNARkO/IES [9
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vari ety of (gl electric materials, 1nc
of the SiOC material used in the bi-layer etch stop layer structure 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 sﬂxcon (a-Si:H); silicon-



necessarily limted to: silicon dioxide; a dianond-structured carbon (e.g.,
Bl ack. Dianond M available from Applied Materials); SILKTM avail able 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 hydrogenated silicon (a-Si:H); silicon 7
oxygen-ni trogen conpounds (Si OxNy); |owk polyners; organic polyners (e.qg.,
polyi m de, parylene, polyaryl ether, 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 layer 28 nmay be: another netal layer (e.g., dielectric with
conducting material or nmetal contacts and/or lines formed therein); a
substrate i ng_-hi ghl do reqiQns (source, drain); an oxide |ayer

havi ng con {b g%g%ng%lg P ge rﬂld’?é HE’OP‘E‘E%IWQWW kpelywerssorgaibpilymes (¢.gy polylnedd,ng
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openi ng. | Widtbid RitBa dielusl Qh&GhI 1b%el tﬁg{%%{:‘%sqﬂas been ani sotropically

etched using. a first photoresist mas ﬁ%ﬁiol"é‘e-f orman initial
opening 36 in the dielectric layer 34. In Figure 4, the dielectric |ayer

34 has beeld084l sot Abprederlyingdeysn @8 mayibeg agoti el 1@)@9@9@ efésdrifBeg  (not
i ng 38.

shown) to f.gadic LERE of the contact opening. The et ches

per f or med rr:ﬂg géﬁ?%\?eég?we}qrg{%aelﬁ? Iﬁtags%& 8?@‘%@%6%@@“1); Fhuhgirats haviag Highlynay
be per f or mégpessieaignaisowte rain)e mi skidy ldydPhavideTofGhE 6L i nst et chj,n

Si C, such ’§§bsﬁa&§%:)%rﬁ;§v0h éhem' ;tr A Hence, tg?g S_%: Cg%t%(grrlgg'g{eggé‘égﬁ'agn&%f%
etch stop Fayer. n B guf &80 gempprentsfomnediberpin (ep.¢ redismm)capicitole
contact opessistys,Bodes,ichg), fanrQhkglk. et ch chemistry with a good -etch
selectivity between SiC and lowk dielectric. [0029] In a second enbodi nent

40, the Si ﬁ’dﬁ er §12 rra\%é)?] used as an etch stop layer for a single . .
damascene procedur e S8E° vl 11ustede Wpgimod the Arsyembodimenti3 0an s idogldamdesPBe 51088

process, t lier fompasamgpehthes QAR J i L; : t |1 the way through'the
etch stop '%3%32 tgpthegs uncFerIiitHn\éghI]%gg@%l%f ?‘Q{‘ji‘éﬁ’e%&a’w?&?ﬁ/cﬁ’éy i4ste3s
is a trench FHPPYOESHtNE (et Shpwa) to[fonB e} inklial bpenily 360k IS QWRCHD 1ot 65 5

and 6, theFiames e \GelREAE B3er $PhNAPeEn Qs r%glc?ﬂ’ly ci:tghed using a second photoresist 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 tha-t
is selective against etching SiC, such as a CsF; 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.

10029] In a second embodiment 40, the SiC layer 32 may be used as an etch stop layer fora

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 5 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 greéter 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 - nmechani cal polishing) back to fill the
opening 38. The result is that a top surface of the conducting materi al
wi ||l be substantially planar with a top surface 35 of the dielectric |ayer
34. A specific_ exanple of this procesg IS shown in greater detail in
Figures 15-17 (discussed below). 8 [0031] The process of the present
i nvention 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 with a flow rate of about 150 sccm at a tenperature of about 350
| ess than about

C, into ar I on.chanber ot shown) under pressure of

2 torr, anﬁ&ﬁﬁ)m tt—lg’a PEGHi < 3 eTI?I‘éS(?B%WQV‘tP&d’iS@atPrf%‘Hh@ﬁBSE henquedity Sife Jayer X that
about 100 \Wayrbe used &s the BicAMSH 15cPHRHHERE pSFortss B8, QF %ﬁ*}terfa be 3M5
pl asma envi rgnrrent eated wupder these conditions | rea tion c¢hamber

i nduces t h&dResiapaivilbhe Bgxt deseribede Ingypseferzed procash ef the pwe@'dt yivagfidnathe 1SiQ Buyed 32
testing, it k&qg bot 1.7 rks well for
this pr oceéss&ﬁ)?glr exg;npl e. Bﬁ%"%ﬁ“ﬁ@i’% fM@ pr VL oftagwg Igﬁéccl"hﬁé? 32
is prefer amrypmwtetof@boutésowomo aa:a@ctmn@hamwpotfsmwxgmaalaq»restsae ©OIe® Ban
single etc r n.Fi.gures 2A and 2B. However, the
Si C | ayer % Béﬁnt%&ogﬁ%@ Stl)l&fnbtu?édlg:? hig E"S“%{}?XE%? %rgwee%@‘sl’éﬂ“* ) ReWEiRfgbontr1g) Waor

gi ven appl incaxt (lomMFs(Tt’s Bledixcteﬁﬂﬂuysttﬁﬁ ﬁr- e;dithﬂé)o Mhe B pysg,al AYESnmat BRYepe
built up betﬁe g ‘ﬁ% qustrons in a bi-layer structure as the
bot t om gl ud™ 53 ‘?ﬁfc‘&?\ l%dﬁlt Bﬁ’tloﬁﬁbﬁﬂ?“éﬁd%@ the forlaatmﬁlﬂ@ SCdaysr Mo thep

| ayer), forunéeﬂisﬁiig Byer 23038 Jestin:, Gk ba&t fould ihQ{ gé}ré rfgf%&ﬁz @g)g%tﬂ?fﬁgﬁle ffa

formngaﬁiaf er structure 22(see e.g.,
with C2 a CetRniOE Fx3mRieuPuatng the praforsed R{Q@d8$,tﬂye SCaayer Bais prsfeiablszsbullt up to

desirabl e. aBb s50aHkstioR, B Exiid) (S hAM 4 AYAE 37 stoPg Telofiel erged, pracess of

the present invention has been Shown i £YrLs
di el ect ri c %% am9)2BrJbpv¢veakbeySiC lppr Bampyrde bamﬁloulembthepmm&sb &is REddel forQW

quality Si S i -1a er. str ture 22) of about t hree
orders’ of %a‘}eﬁ)é? {)JIJ‘% ﬁV\'/lrli %1' 8 Coagﬁc?ora%% ctign, I\%ﬁ% &%L‘i’? piltgp Refwrens of
magni t ude pb@lit@ﬂrmgstmmsr(mgqmem’emayM&acﬁxﬁﬁdse& lﬂittoﬂpélh@ lajer) Ml 4BourdRo. the

br eak
angstroms (e.g., a single SiC etch stop layer), for example,

[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 F igure 7, which shows leakage current (in amps per square
centimeter) versus electric field (in megavolts per centimeter). In the test used to genere.ne 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 3MS/COy/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

. . 8 : . )
centimeter is about 1.5 x 10™ amps per square centimeter for the improved SiC layer formed in



down voltage (Vvbd) at about 1 mAcnR 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 centinmeter). In the test used to generate the plot of Figure
7, a 500 angstrons thick |layer of SiC was forned using each process (old
and new) on a substrate of hi gh-conduc§ivity silicon. The plot in Figure 7
shows the old SiC layer (i.e., formed using a 3Ms/ CQO2/ He process as for
the bi-layer structure 22) conpared with the inproved SiC |ayer (i.e.,
formed 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 10-8g anps per square
centinmeter for the inproved SiC layer forned in 9 accordance with a
preferred enbodi ment, and the current |eakage at about | negavolts per

" centi met er areprdaneivith apreferret gnbodimenemdshricirendenti et about 1] ROBIpltdpegur es
8-12 show j : [ 50 of the present invention to illustrate the
use of the%gétgbs%%tlgg%&g%mﬁo Srgqsrpgrgq]ugf%cgptnaﬁgq. danmascene procedure for
formng a contact opening 38. In Figure 8, a first SiC etch stop |ayer 32a
is formed d0038¢t | yFigurear- Lnshem ajthird embagiaten5D. of tne pregeht inoMtion € BluSiedd ihe

| ayer 34a (ug ond- | i ke carbon% i {) rmed directly on the first SiC
o Gl

di
etch stop | a‘g‘/gt;thgﬁrggen IVERIOM fugng ape magerag progerure for dormies aeeniast | y on

the first openihk38li mlFigire BCa ity SIC ddRstofMayeCRA% fofMedditic-AY 66 ﬁhﬁdélﬂg)ﬁgr 34b
(e.g., di arfDnd-él{Kq,c rbon) is fornmed directly on the second Si tCh stop
| ayer 32a. W %-s Bﬁiﬁ’i‘l"%@f@e"tﬂg layercHade.Bn diamend-tikoeatborl) dsviokmeld diresty pi the

| ayer 34b wirétl®i@BicBEk bt i i hi ng ;S e..d.

C5F8), as sr:O\}vn ’icn %?gljﬁiéggkgas Arﬁeec%;ﬁa ggé ét%%\s,\ﬁg %ﬁ@é’ﬁ% g)rTﬁ‘?d’tr%cg y s(?gé‘gen@s%i C
etch stop leyddidensrq layendned scaondlowtk diblectic laytr Dibapign giadfonddikegamomyifier

etch chem : i i Xt., . a cqgn openi 52 is .etched in
et ch, ehem sbica @iy de Sl 8 Cyalih e SRS o R Bk SR e
B g g ST By 3 e e asciahtury Shoficagiiastlnid s o8 Shgw ' 1
openi ng 52 Sh%?‘hfg“ ng P Re T hgy @ Sl&%h%onsl'{ig%e l?ﬁgﬁ segpd Sigregeh SS?IC!%Y% 32bigatehied t he

contact opemiapgt (B8 firft 6plg 36 s t&mﬂlbms@&wm_ VEIC. NAE afsbdodll €t Ch
stop layer 32a o %r%hégcond etc stop layer 32b may i1 ncorporate a

materi al of’RENIE i figst Jowrk slicleotric Byar 3 withian letohwheristry selective
against etching SiC (e.g., CsFs), as shown in Figure 11. Then, as shown in Figure 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 Iayer

between the first and second dielectric layers.

b}

[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 second dielectric layers. [0035] Figures
13-17 show a fourth enbodi nent 60 of t present invention, which is a
nore specific enbodinent 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 nrent 60 nmay be wused with a CMOS process that

i ncor porates dual damascene copper netal ization with 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 sem conductor devices may al so use the present invention. 10 [0036]
Referring foosgt t i i conductor region 62 is provided, which
may i ncl ug*emi] I i_gﬁlﬁrﬁHg;ﬁB%gOF nlts)eglgygts%{f"lcf’% CloF reBian b2 inprevided; grhidkmmp| e,
the seni cotelude atightbdaped 6Rnocrpstalline bitidsh Ry&i |be3é3('am§}éb§&rs?zﬁft%o cgucfb 'r%%’ erq}r
upon (e'g'maﬁ‘ﬁcﬁx@!e%? ilcgr|1 Ig r or.a SO (silicon- o -Tnsu ator éy qn
within (e.g.” a wefr, P © 9T ¢ |aYB1 WoRde-£-» an epitexiat lkeyerar s SOI (diicaaubst r at e.
[ 0037] BeceniteulatofNa¥Br)uranitts (d 8, @i i t transistors are
illustrated. ‘An n-channel N&%r angl_ing%lg{re%wg %lrs\r@?fufe 2 SIEO /PSR duct or
regi on 62 [\gﬁﬁe ar#)-chaggg\k %/DS transistor 66 is fornmed i.n an n-well 68.
Thi's confilgut At i orP &8 PR&focesids beine dosrdbet, owo tramizicodiard Alisatad) Aght | y

doped p- r egectennel MOS8 BrafisiétyPsd & SSHRA if r.the.sem conductor region
62, then the n-c (‘;‘ﬂ‘,nel transistor GAlfh&n‘e#&gcé%?%}%@‘?%&W@PW‘Fh%BIPI PSj s

al so possitﬁ'l“@‘s't"ﬁf Jored ip ap Aoyl 68 sTlﬁﬂcmﬁgufaﬁoz?ﬁslgmﬁéH tﬁadllléi el éluEthgi ons.
0038] As bf 691s 4 I rdofvention. are useful in sma Si ze

[sem' cz)nduclﬁziego:i rtec hlrlflglglﬂg dlggés\d.ﬁ E!(%?L Ylé)?g%ﬁ)?@fp CIREIP Isdigedioe the semisonductdraggion

i ncl udes t42athen diegt-ehapacl amusiger Gwilbiee fofasdmdhd whINGS. O A g BoRdibte el By

t echnol og¥rQsisB4eA ﬁ%kla?erﬁfrﬁés(pie\g\(e?ﬁ% 65 rimtechnology). I'n ese cases,

the transi stor channel |'eng 8008-f not all of the transistors) wll
be about 0.13m for the n-channel MOS transi stors 64 and about 90 nm or

| ess for tl%"%- chéysbestts ofits: preseanBivehtinSarése fill tn &rﬁalﬁ@f&ﬂ%&rﬂ%oﬁ&%‘orenbom ment s
of the pr Q&%Hiﬂo-hi@é/.eﬁ&rie%m}‘%‘fe] N igl so be useful at

egrated circuit that includes transistors 64 and 66 can be
formed using 0j 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

0.13um 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 pm layer. The trench is fi

lled 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,
isolation, may be used.

other isolation, such as field

[0040] To form transistor 64 (66), a gate dielectric layer 74/76 and a gate layer 78/80 are

formed. 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

tfansi stor 66 by a shallow trench isolation (STI) region 70. The STI
region 70 is forned froma trench about 2500 to about 4000 gmdeep in a
6000 gm layer. The trench is filled with an insulator, such as silicon

di oxi de, for exanple. Optionally, a r€ heavily doped sem conduct or
region 72 may be forned below the STI region 70 to provide further
isolation. Alternatively, other isolation, such as field isolation, may be
used. [0040] To formtransistor 64 (66), a gate dielectric |layer 74/ 76 and
a gate layer 78/80 are fornmed. As shown in the fourth enbodi nent, a single
gate dielectric layer and a single gate |ayer are preferably used for both
transistors 64 and 66. Either of these |ayers may be a conpound |ayer. For

exanpl e, the gate | ayer .78/ includ ol s.jd.i n ,l.ayer .and a

si licide [AYHH. 1111}‘6 easdaer ?%éggéf (l!,?e F?ii]]‘écfto?fgﬁ%éxtﬁ% %’él%gt N&%‘ﬁy 610?60dr m gat es
78 and 80.;;Adhi BhkdnYfoHARERr cddhiHaBiibtol feglone RebiiiBEb REd Rfbtedt RS EBh Bat is
region. Resist may be used to protect the region that is not bei ngydoped.

Si dewal | gphbeing deeda Sideswllspecersidrang $A peather formpdever Yatheates BoWRA Y BPréror e
heavily dc | ol i . i £laaR!.y. use
arsenic aﬁl(%% ‘%}}l é-{%-e &ml %’ﬁ%‘ggﬁg&?@gt ggﬂ)t%hg‘hﬁ{eéwgﬁﬁgﬁ)réﬁ%@ggiﬁgng{)r on for the
p- channel glewptoeustfor fhe mrohiriveel devicccaddoaimfor the gi-aasned Bevagedo E8mahe sdusce/drain

transi stors 64 d 6 spectively. in, resist my be used t ro t

t he regi ongNat &?%ndn& OfE}E‘? ﬁﬂlsﬁboﬁ%yaﬂ‘%ﬁsb%‘véﬁs AyBaY 193154 o :t?e UQc‘gd ?’sp k tg‘rg’tmed
over the O@¥idpson thitiis nbtteilgadoped | ayer 90 typically conprises an oxide,
such as silicon dioxide, or a doped glass, such as phosphosilicate glass

PSG or borophosphosilj cat | ass.(BPSG) . Vias.are,for int .

i(ns ul) at i ngﬁ)ﬁ’gﬁer R isuleting lnagt S0 fﬂg’“&gﬂ%&“dé’?‘? %@‘cﬁaﬁgpilgﬁ%ﬁ%fﬁg &3?{2?)&3%%1 S
(or pl ugs) cReprisbSarbdki@ 30H £ siliche AR U6 dPedBlasy, htth as PROSpRBilicargsdsen. The
two contacts 92 are jllustrated as_being connected to two arbitraril

chosen r egfFS or berophospherilicatcoziess (?\5$GhDgY’és pigonmsgdn the dpyylalipg ?YEBSEF ‘H%/dlfgled

used and couhdokRRliAChate¥ 6 Wéonfa%age%ﬁu@gz.pwah extniie, #R5doEBudtRE Hatdil
[0043] Referring nowto Figure 14, a SIC etch stop layer 32a is_formed over
the insul amapge tungsten. The tirecontints 92 ase Mipstralideas Seigevetecisd dptworbitraghia may
be deposit gﬁjosg:r? re%iotng.I ftl‘ig Sr?dsers?god that more (or fewer) contacts could be used and could contact

whichever regions the particular 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

nin, 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. [0044] A |lowk
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 deposited to a thickness of between about 200
nm and about 800 nm preferably about 380 rim 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
usi ng a second etch chem stry that will etch the SiC. [0046] Referring now
to Figure 16, a dual danmascene interconnect structure is shown in Figure
16. The il [ ' ne Jj.nel t i 4a,
al t hough i {'&q%és&% ﬂ%u r?g{g E?‘};@ﬁ‘{?ﬁ{&&%ﬁé{ﬁ‘goﬁﬂﬁéﬁ?a idgﬁggcgrgerﬁ %‘%&ﬁg ilalgﬁ E&ﬁ‘?’l e -
a dual danasheidboumiestad thatiothen ptacedsesisuch ias sisgleo ddrdasoenclon dentadt eadotnimion

ot her processes such,as single d scepe or, contact via formation

t echni ques™f ‘?ﬁZﬁﬁm?%??'B%Tgf?gggﬁfyﬁﬁ9“ﬂe used. [00471 In the dua
damascene process, trenches are-forned within the dielectric |layer 34a and
contact ho[od7]ar e Inahdwhechl darhincend grocdss, @RatRSs atedomdtvaigtin deldatdcait 1p@r BipHns
beneath the , diel ec ric'hﬁégr 34a. The trenches and contact vias can then

be filled #RApNGetchs forfedatibin the trenchestogonRrt selegisd aprtionsy beneath fhe ¢ he

conduct i NgdRRE®CIBler 64. OThe Bddhesiafd d6RAGBLah P bL hﬁed)mgiz BRIuctRfy rﬁmﬁﬁ,nt 0
e

a top surface (e.g., 35a) of the dielectric layer (e.g a). Then,
Fﬁﬁq(t%,w e

conduct i ngpre qgipen JEynieallyothe sorducting matstali(has 94)tingepositeaete tempenings he
conducti ng ' At ' | t o) ce 35a
of the di ng%E(ﬁdé@% g%er §§1%(,e%’?% éﬁ%%@?#ﬁ*ﬁ?igﬂﬁf (e\%’ ?gﬁ'hﬁgka@%?%{{dméﬁrzt her
det ai | s onmatesipl Hansipalished proksedise 8 topharfaca@Iaunfthd condicting elaerinl 942 ik ayer s

ner i n by FisbBuly e w0y RBITY 555 oFR5 bl 45 & RFRDR o 17 for
f abri cat i ngxdmpie.i Burthedbasiloom dual dawaskerdipedbedes that indladé fow-R dRlec&RAPREs can be

damascene process; " .S Patent ..6,319,809 entitled "Method to reduce
Ui ot son FRA T B eting R R s aRI e MO IoRprERas by Taistpnes: I PRSI

No. 6,211, Q16,841,444 &flitleBMethod of fabricating barrier adhesion to low-k dielectric layers in a
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 ﬁm 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, 32d, 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.” [00481 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 conductor device of the preferred enbodinent could include nore (or
fewer) than five layers of netalizationgFor 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 may 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. [00491 Figure 18 shows a fifth enbodi ment 100 of the present
invention to illustrate the use of an inproved SiC layer in accordance

ith the present inventi.o ithin a,bi-la etch stop. | I r [
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plasma environment created under these conditions in the reaction 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/cm? 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 process, for exanple. One of the keys to
this preferred process of formng an i oved SiOC | 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. [0052] 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
preferred process of the present invention provides inproved el ectron
migration (@8] andFiguresikshoiwgnatvanth (ridddimerstl20 ofthe piesent Atventivarto ibdtrsie G

| ayer forned i ng a preferred cess (,non rocess) of, the . present
i nvention MS%° ﬁ&é@gﬁ)v%fiétl@’eﬁgéfﬁﬁ‘dc% &‘H“’Fl E&}é Rresspgayentign with Wl*’ttﬂﬁ%}’eﬂ
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about 175 C for about 500 hours to see RC shift (wt via size of

about 0. 13 U8 2 PFRICTFURIPCGSF e5%aPEesent iyentionges. ,tai'ﬂsmv MS/CQZ at lgps thaql about 2
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[ 0053] Flgure 20 shows a seventh e d%l sent |nvent|on to
i |1 ustrat e emibedimgsel 69. Emthe spventhesintOid@a@it 9@ 1thdAC layer aécsd‘bdmlo.smglmhrt he

pr esent |n\{§é§l[‘ddgn within a bi-layer etch stop |ayer structure 122. In the
sevent h enbodi nent 120, the SiOC |layer 124 is fornmed wusing a preferred
process of the present invention (e.g., a flow of 3M5/CO2 at |ess than
about -2 t[6054] wi t Rome loFf¥fe adivardiges thal Ay V¢ achi¢ved esing s pdjessaroifﬂeq»rabﬁtve in

relation tq_th SIXth- enb .the.seventh od nt 120, the
SiC layer 2B9%s o i Hsipe Ay OSF‘IP?#[ °}€§*8Pﬁ?§8‘§ inyegemugre gé‘ﬁ‘éggb @194y ant ages

t hat may. benﬂmmmad)mlsd pStgseat wm&ﬁh@f m&lb@e $onRSe Al oftmy&dﬂvhﬁﬂge@%d%ﬂ{eﬂg an -
enbodi nent ?@H t he E‘?‘Fﬁ i nventl on are listed below. Various _ enbodi ments

of the pre nt3egy Wf%ﬂ‘%de some or all of these-advantages, and .
~other advantages not |isted may al so exist: .

[0055] 1. Improving 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 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 less steps for formng an etch stop |layer (for
single SiC layer etch stop layer), as qg@wared 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. 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; [00611 7. Providing less or no concern of the etch stop
| ayer oxidizing copper that may be present in the underlying |ayer (such
oxidation would likely cause worse RC delay) (for single SiC |ayer etch

stop | ayer) (003 1@@&&vﬁmgﬁﬁgm dkngelwt@h?bfﬁmﬁtwﬁh@ét tothé YielebtriBlageielah)
respect to the dielectric |a

i Bl ack Di anond(r) materi a(lﬂe:

singl e Si C BligkPiasiqud®mapriplh (far 515%16 §8?r‘&é{?fe¢éthSBJPSle)as gerapares &9 b&!@«w a -
carbon di ffgi60C8moh BffR3dc; Providing better etch selectivity than a SiCC
etch stop Ia)%er wth respect to lowk SiOC (for single SiClayer etch stop
| ayer), which is sonmetines used as the dielectric layer; [00641 10.

Avoi di ng an(®63) t i chaltrovidingrbetter selt selestiviey tpn #SIQE etchsiop ilayerwislespachiedpw-k

adhesi on  copge(s 311(&1%16?!5@1? chsﬁ&% ?ééﬁgvh%h {%Hnésa&égda eSQiEB???aSIePO

bi -1 ayer structur I'ng nolsture resistance Single
Si C layer etch stop layer); [00661 12. Inproved filmaquality for SiC |ayer
and/ or Si OCl004§kr ; {an’@vp)ldmg an paditionat ygrdntetfacedn ebnmnateahﬂsahb asqimm% adhesion

gingx:[ i)g%grl ig[cg%?ng%ow g r(g‘ll%ygt)&?h% ﬁ?eﬂ%%g%b%ggltog%g%g |ng gﬁ :%(ra(r)ved

Si OC | ayer and/or SiC layer in accordance with the present invention..
[00701 Al t hi0ghl t hel lpr@@temdmmemmr@ nesatmice tfcsr smglaﬁtC‘a@eer duanﬁ@ptiem
described in detail, it

[0066] 12. Improved film 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 ments of the processes, materials, and steps described in the
specification. As one of ordinary skil{gin 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
subst anti atl xiMge same function or achieve substantially the sanme result as
the correspondi ng enbodi nents described herein may be utilized according
to the present invention. Accordingly, the appended clains are intended to

compos t1 ofis. of MRS BB £ SRER0 ey 855 SomelBRFLS: 1. A et hod
of manuf act ur i NErAirEEISIRORWAEEIAE (SIEY bOR stop UNRE b kil GaddrIyinp 1ageransi | i con

carbide (SiC), etch stop, layer on an underlying layer in a reaction chanber
with a procadionchamberswitlya PrQcsss SIS anti al |y pure trinethol silane (3VB)

chanbor at & pr ossur iV RS RAGIE RN ol e e oy R O

chanber at a pressure le an a electric

| ayer over the Saionashamber?andhe net hod of claim 1, wherein the flow rate
of the 3M5 flowing is about 150 sccm, and wherein the process_of formng
the SiC layer furthePre¥YHpREessreaghing rambgratauesswigdess Hbaorand hi gh

frequency RF pogehidfa @blet$R3ived B the $R91 ts; and heating the reaction
chanber to a tenpe%rfaétaureeotﬁ a%yout SSOeC. S.a A met hod of manufacturing a

sem conductor device, conprising: formng a |layer of silicon carbide (SiC
directly on an der|vying |ayer, wherei form f.the SiC |aye
conprises 1 ow hg flgﬂf]iaﬁ{\{ﬁywb?ﬁﬁgl t?‘? irt]lf?&irﬁﬁ%i%? S(fp%?g lsiah?f%t O eaction
chanber haytctg afd WhSHIMNE pRicetsSTTofnliap a9 layer f@tKer HRDALLR:
energizing the reaction chamber with high frequency RF power of at least about
100 watts; and

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

3. A method of manufacturing a semiconductor device, comprising;:

forming a layer of silicon carbide (SiC) directly on an underlying layer, wherein
forming of the SiC layer comprises flowing substantially pure trimetholsilane (3MS)
into a reaction chamber having a pressure of less than about 2 torr therein;

forming a dielectric layer directly on the SiC layer, the dielectric layer having a
top surface;

etching the dielectric layer to form an opening therein with a first etch chemistry,
wherein the SiC layer acts as an etch stop layer and etching the SiC layer at the opening
with a second etch chemistry;

depositing a conducting material into the opening and on the top surface of the
dielectric; and

removing a portion of the conducting material so that a top surface of the

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



formng a dielectric layer directly on the SiC layer, the dielectric |ayer
having a top surface; etching the dielectric layer to form an opening
therein with a first etch chemstry, wherein the SiC layer acts as an etch
stop layer and etching the SiC |layer at the opening with a second etch
chem stry; depositing a conducting nmaterial into the opening and on the top
surface of the dielectric;, and renovingya portion of the conducting
material so that a top surface of the conducting material is substantially
planar with the top surface of the dielectric layer. 17 4. The nethod of
claim3, whereimdhenhsd ehtatn of Wha@incﬁléE@ﬁhg'o?tﬁeadiééctﬁ@Tdy!éfjﬁféhﬂ_eéj&'&hal
damascene process for formng the opening. 5. The nethod of claim3 or 4,
wherein t dseane peeeshs ton derimang thejopesisgect i ve agai nst etching SiC. 6. The
met hod of any one of clainms 3-5, wherein the renoving of the conducting
material portion is by polishing. 7. The method of any one of the preceding

clai ms, wher ei NTIY fethodl OF clafs 3ar 4] Whelehrhs e whRRedlR@lis diectiRgagdiags and
about 550 angstroms, wherein the underlying |layer is an oxide |layer forned

over a pl uftelng $if CMOS transistors, and wherein the dielectric layer is
conposed of a dielectric material including a dianond-structured carbon
material. 8. The nethod of any one of clains 3-7, wherein the fl ow ng of

the 3M5 ockurs Hie methbl ofayabse sffclahe Bt5, hitbreia ¢y resioeingioff thehw@ndeaitigi on
chanber has a tenperatuyre of about 350C therein, and wherein high
frequency1Rﬁ£ﬁéb%¥“@ﬁ‘%hyH&i§§9gabout 100 watts is applied in the reaction
chanber to induce the formation of the SiC layer on the wunderlying |ayer.
9. The nethod of claim8, wherein the pressure within the reaction chanber
is about 1.7 tarr. The method of any one of the preceding claims, wherein SiC layer has a

thickness between about 20 angstroms and about 550 angstroms, wherein the underlying
layer is an oxide layer formed over a plurality of CMOS transistors, and wherein the
dielectric layer is composed of a dielectric material including a diamond-structured

carbon material.

8. The method of any one of claims 3-7, wherein the flowing of the 3MS occurs at a
flow rate of about 150 sccm, wherein the reaction chamber has a temperature of about
350°C therein, and wherein high frequency RF power of at least about 100 watts is
applied in the reaction chamber to induce the formation of the SiC layer on the

underlying layer.

9. The method of claim 8, wherein the pressure within the reaction chamber is about

1.7 torr.

10. A semiconductor device manufactured according to any one of method claims 1-
9.

11.  The device of claim 10, wherein the SiC layer has a thickness of about 550

angstroms.

12.  The device of claim 10 or 11, wherein the SiC layer acts as a glue layer and as an



10. A sem conductor device manufactured according to any one of nethod
clainms 1- 9. 11. The device of claim 10, wherein the SiC |ayer has a

t hi ckness of about 550 angstroms. 12. The device of claim 10 or 11,
wherein the SiC layer acts as a glue |ayer and as an 18 etch stop |ayer.
13. The device of any one of clains 10-12, wherein the conducting materi al
i ncludes copper. 14. The device of anyjgne of clains 10-13, wherein the
dielectric_layer.is conposed of a dielectric material including a
diannnd-stﬁgﬁﬁﬁpgﬁeﬁarbon material . 15. The device of any one of clains
10-13, wherein the dielectric layer is conposed of a dielectric materi al
including a SiOCH material. 16. The device of any one of clainms 10-13,
wher ei n t h8.di elkeadevies ofzapeong of elaimpol iR, vifergh G@. condctingineaterialinadudss any
one of cla&) o 0- 16, wherein the underlying layer is an oxide |ayer. 18.

The devi ce %Iain117, further conprising a plurality of CMOS transistors

being covered by the oxide |layer. 19. The device of any one of clains
10-18, further conprising: a second silicon carbide (SiC) |ayer formed
directly oltt helhs devigeofng oae of fleimsulst3, wherein therdiclgrtaic daer Isccomppsad f or med
directly o e YTt .endi ng t hrough the
second di e&e%@?%egﬁﬁﬁﬁﬁégn lﬁzﬁgé % econog.1 %ﬁ&&?égéﬁﬁog{f&g%%%hecti ng to the
(first) conductor. 20. The device of claim19, further conprising: a third
silicon carpide (Si.C). layer forned directly on the second dielectric |ayer;
athird di Lf-ect Té%dqvasﬁe%ywr%ef glfractQ-J3.ovhereia thedielgctgicdayesjresompesedyi 1 g

conduct or g4 GRRLRR hittRHIR1hiife hiRiGEHdhakAg! 11 ¢ ayer and the third SiC

16.  The device of any one of claims 10-13, wherein the dielectric layer is composed
of SiOC.

17.  The device of any one of claims 10-16, wherein the underlying layer is an oxide

layer.

18.  The device of claim 17, further comprising a plurality of CMOS transistors being

covered by the oxide layer.

19.  The device of any one of claims 10-18, further comprising:
a second silicon carbide (SiC) layer formed directly on the (first) dielectric layer;
a second dielectric layer formed directly on the second SiC layer;
a second conductor extending through the second dielectric layer and the second

SiC layer and connecting to the (first) conductor.

20.  The device of claim 19, further comprising:
a third silicon carbide (SiC) layer formed directly on the second dielectric layer;
a third dielectric layer formed directly on the third SiC layer;
a third conductor extending through the third dielectric layer and the third SiC
layer and connecting to the second conductor;

a fourth silicon carbide (SiC) layer formed directly on the third dielectric layer;



| ayer and connecting to the second conductor; a fourth silicon carbide
(SIC) layer formed directly on the third dielectric layer; 19 a fourth
dielectric layer formed directly on the fourth SiC layer; and a fourth
conductor extending through the fourth dielectric layer and the fourth SiC
| ayer and connecting to the third conductor. 21. The device of claim 20,
wherein each of the first, second, thirgg and fourth conductors are

conposed of a copduct . material that includes c r,_and wherein each
of the first, sf%god‘ﬁrg‘,d“%lg‘ftpﬁ,iay%ﬁ’r@%alrﬁ"tg'i(g}'gﬁ??qng‘pﬁg)}@fe& qnd conposed of a
lowk  di el ect rj gt @hilwtors@eiRAhfJug iR HuAK ik 1aydragdd &e fobfH and

di anond-structured carbon. 22. A sem conductor device conprising: a

plurality ®C leyerpdsopnesting socthe dltird ¢andpetansi st ors havi ng a channel length
of 130 nmor |ess; an oxide |ayer overlying the plurality of transistors;
a silicon carbide (SiC) layer formed directly on the oxide |layer; a

di el ectri c21.ayeThd esviecofldiRCa0, wheitin Shfthd € kscohdl@hield,en@ gburtlc | ayer
having a top surface; a conducting material disposed within a trench

formed in ¢mduetors ase composed ok p condusting madrstal thatinekdes Goppety and whergin op
surface, I C . i i LS,

subst ant i %[Q%EF}?;%S“ \%m&?ﬁ&’ﬁh%aﬁiglgqéﬂ%l?g?g&%g Li? %éépgicé)@%ﬁ%@allggeﬁ; and a
cont act exdiekdiriegnithrigiuglectet €roth & beuprooasibtingeof SAOOHt dnd dBiniordagtrictitred connect
one of the f}ransistors to the conducting material; wherein the silicon

car bi de | a§8P°}s forned according to any one of the method clainms 1-9. 23.
The device of claim?22, wherein the transistors are CMOS transistors. 24.
The device of claim22 or 23, wherein the SiC |ayer has a thickness between
about 20 ad¥st r Arssmigrohda¢sondevib@Ccompysingons.

a plurality of transistors, each of the transistors having a channel length of 130
nm or less;

an oxide layer overlying the plurality of transistors;

a silicon carbide (SiC) layer formed directly on the oxide layer;

a dielectric layer formed directly on the SiC layer, the dielectric layer having a
top surface;

a conducting material disposed within a trench formed in the dielectric layer, the
conducting material having a top surface, wherein the top surface of the conducting
material is substantially planar with the top surface of the dielectric layer; and

a contact extending through the dielectric layer and the SiC layer to connect one
of the transistors to the conducting material;

wherein the silicon carbide layer is formed according to any one of the method

claims 1-9.
23. The device of claim 22, wherein the transistors are CMOS transistors.

24.  The device of claim 22 or 23, wherein the SiC layer has a thickness between

about 20 angstroms and about 600 angstroms.

25. A semiconductor device comprising:



25. A sem conductor device conprising: 20 a layer of silicon carbide (SiC
material fornmed on an underlying | ayer, wherein the SIiC material is forned
according to any one of nmethod clainms 1-9 and the SIC material has a
current | eakage of |ess than about 1.0 x 10-6 anps per square centineter at
an electric field of about 2 negavolts pgr centineter; a dielectric |ayer
formed over the SiC layer; and a conductor extending through the dielectric
| ayer and the SilaybnyfsilicoaGarbide(Sé€)inateridlfoined o amleplyingl 18yet) Whereinher ei n

the current | eakage, at about 2 pegavolts per centinmeter is abgut 1.5 x
108" anps. BESTCaAAl sehmbispdia 0 s ons BHmsIkaBs LB SIC ci ai m 27
or 28, whepgieRial i SCtilehleak 38 KAREs fHan 3BGMH1.0 % é@%ﬁﬁ%@gﬁ% cefithBEder 1S

about 1.0 x 10-9 anps per square centineter. manuf act uri ng
a sem condarctloctrid dieldce, aboothmeegavolfs péocemtingten; Si OC et ch stop | ayer over a

Si C underlying lgyer in a reactjon ¢h r wth a process conprising:

f 1 ow ng subst_an?ﬁéchff“fglﬁyg W‘?de‘f‘f%ﬁﬁ%ﬁ@'e(re%) into and through the
reaction chanbej coddueith RetehliRg iitbeatPihd didM MOy RdRASIC BferChanber,
pressurizing the reaction chanber at a pressuré |less than about 2 torr, and

energi zing the reaction chanber with | ow frequency RF power of at |east
about 100 ttsqewand form a.dielectri |.ayver over t Si OC |.a ,
mhorei notnibs T SnicPadteR dBvich 6t fRih 5 BRYEh SR Giienbifpieg i abOtE2
trimet hol sinegi@lts pMantinidted ifatbut hseum)? érﬁﬁsﬂe@@@ﬁdr@@erﬁihﬁ@.ef and

pressurizing the reaction chanber at a pressure |less than about 2 torr in
a step separate fromthe Si OC form ng step. 29. The nmethod of claim 28,

wherein t h%7 Progge §en?1fcmfxcﬁlrc{gr 'agviug &6f §51%?5§: E‘S,%k?e?eih ﬁ}éecrurrektsleﬁca'ég "} mut

process. 2
1 megavolts per centimeter is about 1.0 x 10 amps per square centimeter.

28. A method of manufacturing a semiconductor device, comprising:
forming a SiOC etch stop layer over a SiC underlying layer in a reaction chamber
with a process comprising:
flowing substantially pure trimetholsilane (3MS) into and through the
reaction chamber,
flowing CO; into and through the reaction chamber,
pressurizing the reaction chamber at a pressure less than about 2 torr, and
energizing the reaction chamber with low frequency RF power of at least
about 100 watts; and
forming a dielectric layer over the SiOC layer,
wherein the SiC layer is formed by flowing a substantially pure trimetholsilane
(3MS) into and through the reaction chamber and pressurizing the reaction chamber at a

pressure less than about 2 torr in a step separate from the SiOC forming step.

29.  The method of claim 28, wherein the process of forming the SiOC etch stop layer

is a non-He process.



30. The nethod of claim 28 or 29, wherein the flowrate of the 3M5 fl ow ng
is about 100 sccm 31. The nethod of any one of clains 28-30, wherein the
flowrate of the CO2 flowing is about 350 sccm 32. The nethod of any one
of clainms 28-3 1, wherein the process of formng the SiOC |ayer further
conprises: heating the reaction chanberpto a tenperature of about 350C, and
energi zing the reaction chanber with high frequency RF power of at about
400 wat t s30.33. Tk metiiod oficlaion 28 oti2%;i vdeerema thif fow wate of the 3MSiflogingds abopt one  of
met hod cl fﬁF 28-32. 34. A sem conductor device conprising: a |ayer of
silicon ca ﬁﬁ@n(SiC) material fornmed on an underlying | ayer according to
any one of nethod clains 1-9; a layer of SiOC material formed on the SIiC

| ayer, wherein the SiOC |ayer is formed according to any one of method
clains 28-32, whesmethod hbasi @€ ofwlaimss 3B-30ewbersitsthe Boiv rate of thecCOpfowingr at i on
t est havingaggqggbions of about 300C with a J stress of about 2 x 106

Al cn2 and 1capa‘f)l S?C%'assi ng a stress mgration test having conditions of

about 175C for about 500 hours; a dielectric layer fornmed on the SiOC

. layer; and_a conductor extending through the dielectric |ayer, the S OC

| ayer, and%he Bpaamethagd of anyzone wéalmé%gcﬁnam@memthqémce@ ert%/mag theFHOC
wherein thg if&rtﬂ@rtc%fﬂ ?ils Jjas a current | eakage of |ess than about 1.0 x
10. 6 anps per square Centi meter at an electric field of about 2 megavol ts
per centi met er . heating the reaction chamber to a temperature of about 350°C; and

energizing the reaction chamber with high frequency RF power of at about 400

watts.

33. A semiconductor device manufactured according to any one of method claims
28-32.

34. A semiconductor device comprising:

a layer of silicon carbide (SiC) material formed on an underlying layer according
to any one of method claims 1-9;

a layer of SiOC material formed on the SiC layer, wherein the SiOC layer is
formed according to any one of method claims 28-32, wherein the SiOC material
exceeds both an electron migration test having conditions of about 300°C with a J stress
of about 2 x 10° A/cm?2 and capable of passing a stress migration test having conditions
of about 175°C for about 500 hours;

a dielectric layer formed on the SiOC layer; and

a conductor extending through the dielectric layer, the SiOC layer, and the SiC

layer.

35. The semiconductor device of claim 34, wherein the SiC material has a current
leakage of less than about 1.0 x 10 amps per square centimeter at an electric field of

about 2 megavolts per centimeter.,



