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METHOD FOR FABRI CATI NG THE SAME, AND AN DEVI CE ELECTRONI C

DEVI CE- COMAMPMBNE THE SAME 10 BACKGROUND OF THE | NVENTI EfIP8UHERal Fiel d
of the Invention The present invention generally relates to a nmethod for
fabricating a dielectric material 15 that has an ultralow dielectric
constant (or ultral owk) associated therewith and an el ectroni c device
containing such a dielectric material. Mire particularly, the ent
invention relates to a nethod for fabricating a ther ‘mmmmmihml tral ow k
filmfor use as an intralevel or interlevel diel ectr

ultra-large-scale integration (" ULSI") back-end- of-the-|+tmes{ BEOL")
wiring structure and an electronic structure formed by such 20 net hod.
Descri pti50n of t h&aNVLERAMOW DIELECTARIG CONSTEANT MA HERIAL 4D AMNsi ons of

el ectroni ¢ deVINERALEVEL ORINTERLEVEL MELECTRIE IN ASEMICONDUCTOR [ esul t ed
i n increasing theDEUEC .\i"ﬂ_’”iu’ﬂc'_ BADR ’Eta;\ b THE SAMEANRAN as 25

i ncreasing the capaci tlgk RETR CEALO i SAMEer diel ectric.
This conbined effect increases si gnal deI ays I n ULSI el ectroni c devi ces.
In order to- inprove the swtching performance of future ULSI circuits,

| ow di el Hctric constant: (kBACKGROUNDOETHE PSRNTIGMNr Iy those with k
significantly | ower than silicon oxide are needed to reduce the
capacitances. Dielectric materials (i.e., dielectrics) that have | owk

val ues have been 30 conmer ci alTeghnioabFitldloF the Ifventidonst ance, one such materi al
.i's polytetrafluoroethylene ("PTFE ), which has a k value of 2.0. However,
these dielectric materials are not thermally stable when exposed to

t enper at ur e SThelpoesent 3D@AIXGEEnerdllytrelgiesitoi aonetludd forrfabyisating aalielectnid roaenial VLS|

ChiPS Tefl MR 13 MREAIBY, oRiBo bbisfnf ora&alhﬁ?ss‘lég%%m&w@mu%ﬂt ly, these

dlelectrlcs are r
electronic device containing such a d1electnc materi

invention relates to a method for fabricating a thermally stable ultralow-k film for use as
an intralevel or interlevel dielectric in an ultra-large-scale integration (“ULSI"") back-end-
of-the-line (“BEOL") wiring structure and an electronic structure formed by such

20  method.

More particularly, the present

Description of the Prior Art

The continuous shrinking in dimensions of electronic devices utilized in ULSI circuits i in
recent years has resulted in increasing the resistance of the BEOL metallization as well as

25  increasing the capacitance of the intralayer and interlayer dielectric. This combined -
effect increases signal delays in ULSI electronic devices. In order to improve the
switching performance of future ULSI circuits, low dielectric constant (k) insulators and
perticularly those with k significantly lower than silicon oxide are needed to reduce the
capacitances. Dielectric materials (i.e., dielectrics) that have low-k values have been

30 commercially available, For instance, one such meterial is pélyte_traﬂuoioethylene
(“PTFE"), which has a k value of 2.0. However, these dielectric materials are not
thermally steble when exposed to temperatures above 300~350°C. Integration of these
dielestrics in ULSI chips requires a thermal stability of at least 400°C. Consequently,
these dielectrics are rendered useless during integration. -
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*300002* 2 5 JUL 2005 WO 02/43119 PCT/US01/50830 The low -k materials
‘that have been considered for applications in ULSI devices includ@$ JyL 2005
polymers containing Si, C - 0, such as nethylsiloxane, nethylsilsesqui oxanes
., and ot NEPY2%1ni ¢ and i norganic pol ymers. For instaﬁgg),{lsylsﬂ%t’ﬂer (N.
Hacker et al. "Properties of new |low dielectric constant spin on silicon
oxi de based dielectrics.” Mat. Res. Soc. 5 Svnts .-Prot. 476 (1997): 25)
described materials that appear to satisfy the thermal stability

requi renent, oven though sone of ‘these materials propagate cracks easily
when reachi nphellbwkihetsiRbthdd 8aoder @hsill@Eclr @bli@todsin UDEI dovicey igandeect
structure when filns are @rep red by &W pRirt-on tegihni gue. Furthernore,
the precur sorPIRHRES soRtatning ’%iﬁﬁu@@éme tloxsne metbylsilepaquioypneg,ed ptherps s
production. |dredfddnd Birrs, Posinstadcel rp IePAY. @aﬁ., £ 10

very-| arge- scaFe-i nt 2’3’?%”%’%3% (" &L?ﬁf Btg%d'dgl?%élr@gh}?%g&aefg ?g i g(gj)I)OUt by

pl asma  enharfi¥dow sisiackig copstankypjnsor gilicop axide baseddielpatsies) Matchasi Sa6es. The
ability tos f ol PicR, €6 (190M: 25 daBd:BEd oYV S A\ gppneni cal  vapor
deposi ti o(n5 ("TPER PEG%- @?éicgr?\#l cz]g)e .ot Eqsliihte&élseggit% avg-?:ﬁggﬁgﬁpr ocessi ng -

equi prent  wi |Stabdjtyaapirement; evesdicugh wmes,ofi%m@rgatm){mopaaate eriaeks geslyimher ur i ng

process, red '?Q&d %‘Eﬁtﬁl : e. 15 A
co- pendi ng aggfblhglg?liﬁgﬁ ) 'thryd roggﬁg%tg &|1g%§g&%%nﬁ%§%&é§g§§%%w%€§%i al, US
Serial No. CS#PRCF by@Fpinfon teshnigie. Ryrbermore, thopeyurses mipigriels ae bighiest eishmon
assi gnee of tﬂ?@lﬁﬁ&@éﬁﬁﬁseh&ﬁ)ﬂ?%}ddﬁ&ioﬁﬂg}%&ﬁ&i QIS A SFBSblicRYor sRbEEENCE 1N

its entirety,” described an ultral ow ectric constant material,
.consi st i ng ofverysjargesealginiageation GVEFE) andbl/i-Hships e earded out by Plewwast ant not nore
than 3.6, andn@itbdhiremil ofBhyids Vo6 @Bk dzARANRE: OThoBUIRE loiifiRate 20 ANOL her

co- pendi ng application (Muf't1iphase Low Di el ectric Constant Material and

Met hod of Dep8¥ikimasgrial by aplasgesenhancegcheminabmpordeppsitipn (‘BECYR " Mgshrigse 1999)

assigned to Jshe GRS IY=Y- W if 3Ry ¥edi 13 § RGP por at ed
herein by ref ergﬁce I n iﬁ%rgnti rée)étqﬁpk}%g@glrﬁi%bed aﬂ%ﬁ%@%ﬁgﬁga%o?gx?i al ,

consi sti ng ofthemamacuing propesaefugs mapufachiring coshgndrepteess horssdous watias e
conposed rmb@g{ehd&ga@mcbﬁ@t(ﬁ 0g @B DRIGRISHGH IR M itrial, (POFeaRt Of not
e

nore than 3. I h not ed t hat conti nued reduction of the ..
dielectric cﬁ*&f) 367’%%'7’ A frge 475 19P9) mlmﬁmqwamqnﬁw%%@t{\%mm# or mance

of el ect roni danvention and iicorporated herein by reference in its entirety, described an ultralow
dielectric constant material, consisting of Si, C, O and H atoms, having a dielectric

constant not more than 3.6, and exhibiting very low crack propagation velocities.

20 | | |
Another co-pending application (Multiphase Low Dielectric Constant Material and -
Method of Deposition, U.S. Serial No. 09/320,495, filed on May 16, 1999) assigned to
the common assignee of the present invention and incorporated herein by reference in its
entirety, described a dual-phase material, consisting of a matrix composed of Si, C, O,

25 and H atoins, a phase composed of mainly C and H atoms, and having a dielectric
constant of not more than 3.2. It should be noted that continued reduction of the -
dielectric constant of such materials will further improve the performance of electronic
devices incorporating such dielectrics.

30 Inview of the foregoing, there is a continued need for developing a dielectric material
that has a dielectric constant of not more than about 2.8 and inhibits cracking,



.devices incorporating such dielectrics. 30 In view of the foregoi t here

_is a continued need for developing a dielectric material that hag?%JUL2W5
di el ectric constant of not nore than about 2.8 and inhibits cracking. 2 2 5
JUL 2005 WO ©#BU8119 PCT/ USO1/ 30830 SUMMARY OF THE | NVERAT/ERQIF839 o
therefore an object of the present invention to provide a nethod for
fabricating an wultralow dielectric constant material having a dielectric
constant of not nore than about 5 2.8. Mre preferably, the dielectric
constant for the ultralowk material is in a range of about 1.5 to about
2.5, and nost preferably, theyvhiveAREOF THEINVENTIONS i n a range of about
2.0 to about 2.25. It shoul d be noted that all dielectric constants are
relative to a vacuum unless otherw se specified. 10 It is-another object

of the presept,. I QU : ; ' ' : ul tral ow
presepty tb&xﬁ%ang@re@fa{g@y aﬁuﬁeﬁﬂ%hh&ﬂfg%a% a gagégsdHﬁgfagﬁgnggrl%nm tralow

d
dielectric constant na mgrl sing Si,"C,
of at | eastultrelowshislestrioonsiant mpleridlibaviag & flielsetrip ponstantob potimoreBaaborly f r om
nol ecul esg W | JCid L -@?ctﬁ' 1 @%h b WSQRRGRER S ARsk &8 second
pr ecur sorgi-si-gnmgg%érﬁ%ﬁwb%g@u e Q%ﬂﬁme .-&lmfn-{-he gﬁ()lgp c%nsigbsti ng of
nol ecul es wi ghout §.itp abowhPcs, emdonost pferably, the dietegiric lsenstanbip ncaragge of proubr esent
I nvention t oVl i | I hedfakr i C
conatant i 10 rEebgtEs b, PRy Rlted Gl IR cBfbimidald: RN Gl Fuci
deposi tion (UdkECoDedwiserspenifiedr . 20 It is yet a further object of the present
i nvention to provide an inproved nethod for fabricating an ultral ow
dielectric constant material by depositing a filmon a substrate in the’

. presencel®f Ioizanothemtbect efite Mesenttitisniidnto proyidee method fir fabripgting et t he
deposited fi ; ol d1 %} éu.%es 5 R bR Borh BSikiEE\P reactor.
25 It is ano‘%ll e?@%ﬁc%ﬁﬂﬁ%%#%?gﬁgnl vlé’lrcltlt:"i on to prov? de a nethod for
fabricating atheastvompsdcumons vdieesin 4 first presesonis seleptaddromumolediies yalB ing el ect roni ¢
structures ' 1Y, inPbifehls GYEA sckirlpRihisénGs dnbranic molecule
back- end- of ?%ﬁg{&fdfi%gﬁgéﬁg?&@?cfﬁ?erconn‘gc%_ st ucttires.,' 'Itgﬁ}n}sc?oet anot her
obj ect ‘of t heslested Sont the srowmeonsiping of poleculepavith HngSFARWES stable ultral ow 30
dielectrig constant material that has low internal stresses and a

dielectric constant of not higher than about 2.8. Mre preferably, t he
di el ectric clissafiherpbiectof Sepresent inygution fpprayifigs method for fabricating an

ultralow dielectric constant film in a parallel plate plasma enhanced chemical vapor
deposition (“PECVD”) reactor. -

20 Itisyet a further object of the present invention to provide an improved method for
fabricating an ultralow dielectric constant material by depositing a film on a substrate in
the presence of CO; or CO; and O, thereby improving uniformity of the deposited film
as well as stabilizing the plasma within the PECVD reactor.

25  Itisanother objectlof the present invention to provide a method for fabricating an
ultralow dielectric constant material for use in electronic structures as an intralevel or
interlevel dielectric in a back-end-of-the-line (“BEOL”) interconnect structure.

Itis yet another object of the present invention to provide a théxmally stable ultralow
30 dielectric constant material that has low internal stresges and a dielectric constant of not
higher than about 2.8. More preferably, the dielectric constant for the ultralow-k material



WO 02/ 43119 25 JUL 2005 PCT/US01/50830 is in a range of about 1.5 to about
.2.5 and, nost preferably the dielectric constant is in a range F@ﬁm
2.0 to about 2. It is still another object of the present inve

provi de al’fv%%‘@t"r onic structure .5 incorporating- |ayer SCHPIREHPati ng
materials as i ntralevel or interlevel dielectrics in. a back-
end-of-the-line ("BEOL") wring structure in which at |east tw of the

| ayers of insulating nmaterials conprise an ultralow dielectric constant
material of the present invention. 10 It is yet a further object of the
present invenﬁﬂﬁnngébmb@uilgeoam)utalsea‘d,fxmstip@afaﬁblmlwﬁaecu\imﬁdianttsaﬁal ayers of
the inventive ultyr dielectric constant material as intralevel or
interlevel Wad g ﬁ/gtq)ﬁbog %%ék-end-of-the-l ine ("BEOL " ) Wi ring
structure and which further contains at |east one dielectric cap layer as a
reactive ion_etch ("RIE"') mask,polish stop ar a diffusion barrier. 15 In

accor dance wht ﬂWH@%‘@Mtdﬂﬁ\Péﬁ%qt%mmﬁ&EW‘@e%Wﬂs%‘% hod for
fabricatigg ﬁcor%&ﬂdg%le»s &ﬁﬁ@ﬂa&lgihﬁ&eﬁéds lisfhral¥061 OF infeleVd) BlelcBtAss it aBRIKE | X

conprising Si T~ and H atons d-am-atom c | evel nanoporosity. In a

preferred enﬁ@dﬁfﬁlﬁﬂt’m(‘t‘ﬁﬁoﬁl)éﬂ@'t&w&mﬁﬁ%%m%ﬁIWOQf%iW?fi‘)f hat consists
essentially ﬂ%ula%n g dateritls ca gnga'anmow(ﬁa@cﬁ{cdoﬁb\fﬁmnm@ﬁalfowhwﬁseneo' provides
a method for fabricating the dielectric material by reacting a first
precur sor gaiél"ﬁn&i%prl& ng atonms of Si, C, 0, and H and at |east a second
precursor gas conprising atons of C, H and optlonally O, Fand Nin a

pl asma enhanced chem cal vapor deposition (" PECVD') reactor. The present

inventi off yeltlsrymﬁ@ther@bmdé@pmpntmvxmmtqn@wd?m%‘tctrsmeétmc@m wligh with
002, or nixi idy8 noff.hémmmelwﬁ&mmt&%a%mmmm&%@ 02,

thereby st abl asma i.n the PECVD react or an roving the
uniformty 041eeqhh@lﬁiﬁb$“@c@¢1°§thﬁhnﬁ{ms)mg$ﬁl The present
i nvention st édnlaink f leA@onatfi QhStEsp 1638 a@la%&ﬁﬁebxpetawmvm(pbmsmpsubst rate)
that has layers of ,insulating rra?erl als as intral evel. i nterlevel

di el ectrics Uaskffysipnbagsist -end- of -t he-1ine ("BEOL") wi r| ng structure,
wherein {gie insulating material can be the ultralowk filmof present

invention. 30 4
In accordance with the present invention, there is provided a method for fabricating a

thermally stable dielectric material that has a matrix comprising Si, C, O, and H atoms
and an atomic level nanoporosity. In a preferred embodiment, the dielectric material has
a matrix that consists essentially of 8i, C, O, and H. The present invention further
20" provides a method for fabricating the dielectric material by reacting a first precursor gas
' éomprising atoms of Si, C, O, and H and at least a second precursor gas comprising
atoms of C, H, and optidnally- O, F and N in a plasma enhanced chemical vapor
deposition (“PECVD”) reactor. The present invention yet further provides for mixing the
first precursoi‘ gas with CO,, or mixing the first and second precursor gases with €O, and
25 O, thereby stebilizing the plasma in the PECVD reactor and improving the uniformity of -
the dielectric film deposited on the substrate. The present invention still further provides
an electronic structure (i;e., substrate) that has layers of insulating materials as intralevel
or interlevel dielectrics used in a back-end-of-the-line (“BEOL") wiring structure,
wherein the insulating material can be the ultralow-k film of present invention.
30 ' '



25 JUL 2005 WO 02/ 43119 PCT/ US01/50830 I na preferred enbodi nent, tezlhire IS
_provided a method for fabricating a thermally stable ultral ow di dUk 1085
constant (ultralowk) filmconprising the steps of providing a plasna
enhanced $%48HP vapor deposition ("PECVD') reactor; W@i”é‘w%g an

el ectronic structure (i.e., substrate) in the reactor; flowng a first
precursor gas conprising atons of 5 Si,-C, O and Hnto-the reactor;

fl ow ng a-second precursor gas m xture conprising’ atons of C, H and
optionally O, F and Ninto the reactor; and depositing an ultralowk film

on the S”“Wm%h:%efg%éﬂ%g?@éﬂﬁ%ﬁﬂﬂh&@ iﬁgﬂgﬂ%ﬂ%dwﬁ%ﬂm@ajtﬁmmmence of

Cx2 or CO2 ‘ referably, I rst precursor is selected from
mol ecul es witlnlpw diglectsic constant @Bralasmior filwi comgprisinactios-stens of Hraviding anlesmeas 1, 3,

5 7-t etra I ] AN ETN Wy . y j 4"). The
second prec%%e@n@%éﬂaah&idre ani ce(rm ecu?%@ép%sﬁogﬁlggﬁg%ﬂt e group
consi sting odtrudtotes(iey) sabstraje) in the regrter fowinge St presussbegaa sbmprisingratoniife t han

one ring pregent i n.ihe lecul e, Especi al.l v ) s i es cont ai ni ng
lsed rirbs Sees @.aad iR BRsFets o bt hit slecha dl muflsbecnling? OIS, U1
oxygen. O téemeof G plamil eptiontlleOriband N inta tabteectors suddepestingratitelevtiude a ring
at oms. and/ oriin GrBapl $ik ocxbiihs 5 bbb el in SRl AR 5 27
?l ?;Sé of S(():Sn@mmﬂ” : khfofamba?t}mﬁhipnqpmis¢xd$§elesu¢?91iasnolmbswﬁbﬁn&ne oxi de N
or : tion h e vention
can be heat %‘W;gﬁew%ﬁm‘&g%‘?{% ﬁé}%ﬁ%’tgﬁ?g&g%seggt 5’;&%%@%@%%@%’6%% for a
‘tinme peritod ¢TMOTSP esSLHa048IL"). 0Pt secmd preciffbe mmy bb ejorganjc foleeiler conpri se
the step of oviding a parall.el ' ductive
area of a sﬁ?ﬁﬁg‘%mg‘mﬁ!‘%l’&gme”@ﬁ%‘%ﬁ@f&g%&‘%@& ggﬁgag%;t?fabggg&ncnﬂ, and a
gap between e tisanlosé i peesanidn thetnoplecelee Espedidlly rsp gentdiniggn and about
10 cm A high frequency RF r.| | I des at a
frequency be@%@ﬁggtﬁoﬁ%s pih f%%o&éﬂﬁ%%ﬁa?oﬁ%%&h 1¥ %’gﬁgﬁl_@ﬁﬁég .
addi tional | speciés; thguesteyitsbbaees thosathiséncludp p ringef & sizedhné majfarts $iguiieeatt r odes.
The heat,dreating..s aparh&IRE" s Not
hi gher t%sfan %%ns{fg@%séﬁﬁf{to |ar?e%gz?%§ggngw‘t Eg{r} at ﬁdgﬁ‘%’erature
not | ower t haemembers of360ess pixompownsts snewn aswrabinyelicsFuch Meydansaisae 94k peri od

bei ng | onger « iy rst time period. The second tinme period nmaybe at
| east about (181’?%?9,[%%)“ rst 30 tine period. 5

Optionally, the deposited film of the present invention can be heat treated at a

20 temperature of not less than about 300°C for a time period of at least about 0.25 hour.
The method may further comprise the step of providing a parallel plate reactor, which has
a conductive area of a substrate chuck between about 300 cm? and about 700 cm?, and a
gap between the substrate and a top electrode bétween about 1 cm and about 10 cm. A
high frequency RF power is applied to one of the electrodes at a frequency between about

25 12 MHZ and about 15 MHZ. Optionally, an additional low frequency power can be
abplied to one of the electrodes. The heat-treating step may furtherbe conducted at a
temperature not higher than about 300°C for & first time period and then at & temperature
not lower than about 380°C for a second time period, the second time period being longer
than the first time period. The second time period may be at least about 10 times the first

30 timeperiod. L



25 JUL 2005 WO 02/43119 PCT/US01/50830 . The deposition step for Zﬁ‘@UL 2005
ultralow dielectric constant filmof the present invention may furth
conprise the steps of. setting the substrate tenperature at between about
25C and AUMW43MBOC, setting the high frequency RF powBeT/H¥HS88Q ot

bet ween about 0.05 WcnR2 and about 2.0 W cnR; setting the first precursor
flowrate at between about 5 scan and 5 about 1-000 -seen setting-the-

fl ow rate-of the-second- precursor between about -5-scomand about 1000
scem and setting the high frequency RF power between about 15 Wand

about 500 W Tkaeh &ﬁtﬂin'slég f&ﬂhd\ll&dlé\bméleétﬁ@&ﬂﬂﬁﬁbﬁmm{ep@bht BRetRdathyt 0 the

pl asma bet about 1 Wand aboutea%‘g When t he conductlve ar ea of the
substrate chif erfemprése Brategpmperatyng at hebweep gt 2569 ed t o

the substrat goGIUHBHC; sstifg ﬁi@ ﬁ@&%y@pﬁvef@&%ﬁfat%tw\éendbﬂutwt\m%fnz preferred
enbodi nent, there i s 8I’O¥I ded a nethod for fabricating an ultralow k film

conpri sing t#e sbewgd rsetting the drstpieenrsor flow raje afthstwepmebosteiers ad vapor
deposi ti o) 13ohERRb Som! ﬂnﬁ&gﬂﬂﬁ&r@ ! {s}ﬁ \Aﬁ?ﬂmﬁi or bARBdnl b Q5 AEbnPand.

pre-processed wafer on strate as a conguet-lve area of
bet ween abougboBOH0@ pgem; mgethﬁmctorwssm a ammm@wnea ﬁanh@ laTgapndoet ween

t he wafer an&oﬁ‘t%@@m%ﬁ%fnﬁ@&ﬁn#ﬂ“ﬁgﬁ?e@ Mg&gf 238 15 WP, gm fl owi ng

a first precursor as COI’TpI’I S| ane es |n o0 the

reactor; fl| ofkiowiPORW. @pitmally, %@M@W@GM%SWWGQEEY boadded @lﬂwg’lﬂ@mganl c
| l.
nol ecul.es Wﬁeﬂwfeh@g?%%i\iénﬁ%éiﬁgﬁom gdﬂ? egﬁg&oqtﬂ% (s FRnte B

depositin ' mon t positing step may be
~per f or medP i ris phrasgediye fagtorodiX, thIRFCD@WClmHh@ZO ttiplyebsprate elawsk is afpaghdnged her
conpri se theoysgﬁ&opg sheat-treating the filmafter the deposition step at a
tenperature of not Iess than about 300C for at |east about 0.25 hour. The
process .may further conprise the step of applying'a RF power to the

waf er. The hgahsth&Palfid eﬁﬂ)edam%ﬁ, tﬁ§¥1s‘;ﬁrﬁv§c{bﬁ’én}i&m@?&%fc%§x %& goperature

of not higher than about for a eri od en at a

t enper at ur e ¥lm ¢ompsiping ﬂaﬁtepwfomwgﬂs@@qr@i}el nla@émwbemm%améﬂmaﬁoq he

second tjsre rﬁﬂdr%t%'pﬂ@mb sitxhﬁn%hin%t prbdeiRd Refet Sk subfiRtesecond tine
apout 10 tj e first, tinme period. 30 The

d | t
E)e/(r:: ?c rsr?%/oﬁg‘}eﬁéiw P@(‘e;aglzwuﬁ‘ﬁeﬂe&@ﬁl %?WB@“”‘P%W%PW WPsmoead r asi | oxane

(" TMCTS") zﬁﬁﬂtaﬁb@ a%ﬂeawsenmi@ﬁﬁasaaaaﬁ@@l&@o&%ﬁ@&mowm%o&t CPO') .

The depositign s for 5 JUL 2005
P % &mg a ﬁrst precursor gas comprising cyclic siloxane molecules into the

reactor, flowing at least a second precursor gas comprising organic molecyles with ring
20  structures including C, H and O atoms; and depositing an ultralow-k film on the watfer.

The depositing step may be pearformed in presence of COz or CO; and O,. The process
may further comprise the step of heat-treating the film after the deposition step at a
temperature of not less than about 300°C for at least about 0.25 hour. The process may
further domprisé the step of applying a RF power to the wafer, The heat-treating step

- 25  may further be conducted at a temperature of not higher than about 300°C for a first time
period and then at a temperature not lower thert about 380°C for a second time period, the
second time period being Ionger than the first time penod. The second time penod may
be atleast about 10 times the first time penod

30  The oyclio siloxane precursor utilizéd can be, tetramethylcyclotetrasiloxane (“TMCTS”)
and the organic precursor can be cyclopentene oxide (“CPO"). The deposition step for



WO 02/ 43119 PCT/ US01/ 50830 the ultralowk filmmnay further conpri S?O%Dﬁ" 205
.Steps of, setting the wafer tenperature at between about 25C and

400C; setting a RF power density at between about 0.05 Wcn2 and about 2.0
Wen2; setWnddde flow rate of the cyclic sil oxane bePGBIRVIMBAt 5 scan
and about 1000 scan; setting the flowrate of the organic precursor between
about 5 5 -scem and-about-1000 scenrr- and- setting-the-pressure,
reactor--at between-about 50-nTorr- and about 5000 nfTorr . Additionally,
-the deposition step may further conprise setting a flowratio of

cyol opent en Wﬁ' 05@% [ an%r bout 0.1
and about O. pre erz;ﬁg#%aget ween 0. gé@%ﬁ&ﬂé%ﬁ&%gﬁgon u%ﬁ]trp\gl%ﬁgbr%a of the
substrate chdmem@nutt?é%hlai"@e‘d%?@wmw powentiénsity atbetoisent about 0l¥ange i n
RF power by v Qr._X. f odi ment ,
there is prow/g%d&ge aR%LEf% @%%1 *?Bﬁ g%@wﬁé&of&?%ﬁﬁé{o °e° Sf”ga’uﬁ{gbal ow k
dielectric fistem andlahaut 3000 ctriseiting the ﬂoﬁvrataoﬁhe wgatgcprecmrmbawemmhm%d
~ chemical yap react aral te t tioning a
wafer 15 Son kel 2hout 1A s e ool ol e Pt BB hout 300
cn? and abouhnd?dwut S00@mAvA. Ardikibally, thedepodidgn stepttwé‘m'tﬁeha)mmﬁesettmgd .a top
e e o gkt o BB R e eBE RSO AT, O
reactor over aﬂd&ouwkprefachblycbbtw&nlomndam Ehbmnd&ﬂmbweeaﬂhbwbamte about room
t t d bqut , 400 f t 6 d _about 20
2000 at = t Sk O Wh o E R eBe R, Bt lekand R AERE AR BpateB0eRor  wini | o
keepi ng tlbe facka®tor pressure at between about 100 mTorr and about 5000
miorr; depositing a dielectric filmon' the wafer under a RF power density

bet ween about 0.25 WcnR2 and about 0.8 WcnR; and anneal.ing the
ul tral owk fIﬂsﬁﬂahothmtpmf@ﬁd&tnbbGth thexe id ﬂﬁﬁd&dhaﬂeth(ﬂffmﬁbrﬂﬁﬁl@d or at |east

b 0. 25 h Th f d f Ccoe

b2 a0 3 G SRRk Ao B PR e bf ot RSTRRE o

anneal i ng thenHandemcMmealvwémkluoaemﬁormﬁaphdmwatemC&mwg 806fer for a

first iy Peph Qo @dubDRR b o BodiBIRE RAL el Uholi WG Lm! B3TARG0Y 380C for
per ! erein e secon I e per

a second ti onger than the
first time pem|andmdﬁﬂa‘nbee@ambett\hrmﬂpew&fmndmsppebetrcsi@foemeeneéwauttl @bout 10

t la'[nrlertePﬁyr L%ﬁ# O%)%[f?a elpg‘)%%ﬁ £%#W%§é&gﬁ%ﬁ dof g ni gepr 22ur sor
can be cycl opweamiemelecwx mth@ re@RQY gver the wafer, which is kept at a temperature between - ,
about room temperature and about 400°C and preferably between about 60°C and about

20 200°C, at a total flow rate between about 25 scem and about 500 scom while keeping the
reactor pressure at between about 100 mTorr and about 5000 mTorr; depositing a

dielectrio film on the wafer under s RF power density between about 0.25 W/em? and
about 0.8 W/cm?; and annealing the ultralow-k film at a temperature of not less than
about 300°C for at least about 0.25 hour, The depositing may be performed in the

25 presence of CO; or CO; and O,. The inventive method may further comprise the step of

' annealing the film at a température of not higher fhan about 300°C for a first time period

“and then at a temperature not lower than about 380°C for a second time petiod, wherein '
the second time period is longer than the first time period. The second time period may
be set at least about 10 times the ﬁrst time peribd The cyclic siloxane precursor can be

30  tetramethylcyclotetrasiloxane (“TMCTS") and the eyclic organic precursorcanbe

" cyclopentene oxide (“CPO”).




.2 5 JUL 2005 WD 02/ 43119 PCT/ US01/50830 The present invention is f tUe&
.directed to an electronic structure which has layers of insulati r?gJﬁJ L2005
materials as intralevel or interlevel dielectrics in a back-end-of-the-Iine
(*BEOL") VWRO¥H&hnect structure which includes a pre- pP&d858HY830

sem -conducting substrate that has a first region of netal enbedded in a
first layer of insulating material, a 5 first region of-conductor enbedded
in a second layer-of insulating material-of the inventive ultral owk
dielectric, the ultralowk dielectric conprising Si, C, 0 and H and a

mul tiplicity 'ﬂxfeggégﬂit?%ﬁw&{oﬁ ARk BRE dito é{‘éied%ﬁic@,ﬁuc?urg&vﬁlcﬁﬁ&srlbéﬁlrsgl?”ﬂ ant of

not nore than e second | ayer of insu bei ng in
intimate continedating materipleasingalevel ¢r@}t@levdfd1¢1¢m¢mdbﬂgkﬁmg@ﬁ'thahﬂe the first

region of CoNdESOn Bkl YLRhAEMF Abindl AITNRISEAEANhiding o 111t

regi on of neta 'a secon gl on con ctrical
conmuni cat i orsubstiale thdhhasfaﬁrstu:egtmvgpfmetab&mbndddmiad‘rrstm& dfmsdgtumwmb,d in a

third |ay i nsul mat ng the.inventi.vieul tral ow k
dielectri gr %%IWH’% ? (gﬁt&“@d&ﬁ géto?lﬁﬁ ng’ LFgtng ae Xlog Pnti mat e
contact wit h ifieatiesadivalov-kaljebyctriof the nitrelbetki di¢lectiiadontpriaing Sif BeOehdHfandni
structure nay_further co rlse dleletrjcraéecgwﬁer s ed i.n 15

between the SELERHEY Y florrsie P%f’ﬁ’ g ORSHT ?‘ﬁ‘f’f‘& rF%’a‘gr of
i nsul ating nabent2a) thesaaomdlayeofmmmatmgstatedelthmgmmynfatmbﬂxtmtwubﬁmﬁrste a first

i el S0t 110, COlyol BMELRSENERl e orsPREBR T L AMEIor Bl AL, o er T2l and

the third I a I'nsu a Seco ectric cap | ayer
-on top ofl0t heommunidaticaywedth thd ﬁmtrrsgld)rmf netpl,eat e secahd regmn ofitvedwitoebeingini ¢ cap

e o1 e SRSl EREHBNAI SR Hondbf fOME b UR B 501
metal is sel ehttﬂdyﬂbfmﬂmaﬂmgn@tmmompmmangaﬁfveiikﬂlomk&bl&chmdm\ﬂﬁrcb| l'i con

car bl de, Ca" e SRR bl foinl: b i\ Gll L 00ENS bEaRTROUNS

The first an Ic cap YErs pe s omthe
sane group ofmatkriel. e€he wl@chnmbeh'ucairsmayﬁush&r|compndea)dmlecmc cambmdwathwtvgxﬂ-S

t | f
T Yt e W B
phosphorus s The gleeteonip 3&3}@“1(6 Wﬁ@hﬁf GOWPGSS Qéﬁlétdl?v entriceap dayertielireen gy f urt her

| ude a di f d t
L0 o O kbl AR YltRind R O e ieBle o Skl afifpRReCC N 2

el ectronic stdielretrigrap g onden ofdhe thighpyar ebinsulgingmaterial. ¢ on top of the second

Iayer of 30. |nsul ating material, which acts as a reactive ion etch (
"RIE') hard nd, polish, stop Iayer and.a dielectric, djffusion barrier

| ayer on 4op la?etlw&q agterig] ganghe el ptied fropp licogypeyide, silicon nitride, silicon

oxymtnde, a refractory metal silicon nitride (wherein the refractory metal is selected

from the group consisting of Ta, Zr, Hf and W) silicon carbide, carbon doped oxide or
SiCOH and their hydrogenated compounds. The first and the second dielectric cap layers
may be selected from the same group of dielectric materials. The first layer of insulating

25  material may be silicon oxide or silicon nitride or doped varietieé of these materials, such
as phosphorus silicate glass (“PSG”) or boron phosphorus silicate glass (“BPSG”). The
electronic structure may further include a diffusion barrier layer of a dielectric material
deposited on at least one of the second and third layers of insulating material. The
electronic structure may further comprise a dielectric on top of the second layer of

30.  insulating material, which acts as a reactive ion etch (“RIE") hard mask and polish stop
layer and a dielectric diffusion bartier layer on top of the dielectric RIE hard mask and



- interlevel diel ect

.2 5 JUL 2005 WO 02/43119 PCT/ USO1/ 50830 polish stop layer. The el ectronic
.structure may further conprise a first dielectric RRE hard 25 JuL 2005
mask/ pol i sh-stop | ayer on top of the second |ayer of insulating material, a
first di eWQ&?/t‘:ﬁJP R E hard mask/diffusion barrier |ayePdFPUH8Y the
first dielectric polish-stop |ayer, a second dielectric R E hard

mask/ polish -stop |layer on top of the third layer of insulating material;
--and-a-second dielectric diffusion barrier |layer on top of the-second
dielectric polish-stop layer. The electronic structure may farther conprise

a dielectri Cpoﬁs?ﬁtdlp?{ﬁ% f”ﬂfe SW%&E{&%}@%@&QQ?%@&%&& Rt ween an

.0 and an ntral evel _
di el ectric ofhadmasiybelishton laytreanttop of the seconBiklyBrofiDESERAPTRENAL,GFRITHE DRAW NGS

The foregoi ng;nhiH BF . - : ent. i nvention

wi || becone Safatppar g@?@%ﬁ‘#‘%ﬁ@‘%#ﬁﬁqﬁﬁ% %ﬁ%@%‘%ﬁ?@#ﬁﬂ@’ t he
appended dr abyeye s¢condiélediric RER Hardynesk/plishesiipdtyer odep gihe thddd lejeestt r oni ¢
structurezof ; Leyel e et he nOWE as ,a . oxabi cycl i whi,ch is a
pr ef erredscoﬁgf&hgcg/@%%ag’%&]ggee%%ﬁ %?%Ecu fpon Yepriep gy oé‘é%?@?d’se%o&f’lehat ic,

t he conpound distestrigghelishistop layien gihe electrinde sifuctuiaintdy fotiet commisandislepigen at om
The si ze of i i eterm ned by.the, nunber .of . r ti ng Jret hyl ene
groups in eag%ag%%gf%le%ageﬁaﬁﬁ@m O b@Yﬁ’ 9%;@6&&@@%@&3?&%0' opent ene
oxi de, m = Oubmbbwi-k dicle@ric 2 akiinjratevel Hialerpioasf alttatosv-lgdivlesteit, el ect roni ¢
structure of an unsaturated bicyclic ether, also known as a unsaturated
oxabicyclic, which is a preferred conpound for the second precursor. In
this genéPal schematic, BRILEDHSCRIBTION QREHEDRAWINGS, one of which
contai ns an oxygen atom The size of each ring is determnined by the nunber .

of repeating 25 nethylene groups in each cycle, 1, mand n. The position of
t he unsat ur aTbeifotagoitg plsjects) &nbwesianéd aivoytages ahitle presentinvéntion wilthpeenef 9-

oxabi cyl of 6. -4 L = . =2 Fi 3, depi ¢t.g a - '
Cross-secti o#ﬁg}e\gﬁ%ﬁl %’?Q"g.‘%"%“ a#f%?a:%%a:tﬁgg%ﬁ@éﬁ%a é%%@?%ﬁﬁ’s%?‘on 30
reactor. according to the present invention. 9 2 5 JUL 2005 WD 02/43119
PCT/ USO 1/1508§@1ue 1 depicts the general electronic structure of & bicyclic ether, also known as a
: oxabicyclic, which is a p;eferred compound for fhe second predursor. In this general
schematic, the cbmpound includes two rings, one of which contains an oxygen atom.,

The size of each ring is determined by the number of repeating methylene groups in each
cycle, mandn. Ina highly preferred case of cyclopentene oxide, m = 0 and n = 2,
20
Figure 2 depicts the general electronic structure of an unsaturated bicyclic ether, also
' known as a unsaturated oxabicyclic, which is a preferred compound for the second
precursor. In this general schematic, the compound includes two rings, one of which
containg an oxygen atom. The size of each ring is determined by the number of repeatiné
25  methylene groups in each cycle, 1, m and n. The position of the unsaturated bond is
determined by m and n. In the example of 9-oxabicylo[6.1.0Jnon-4-ene, 1 =0, m = 2 and
n=2,

~ Pigure 3 depicts a cross-sectional view of a parallel plate chemical vapor deposition
30 reactor-according to the present invention.




Figure 4 depicts a Fourier TransformlInfrared ("FTIR ") spectrum o?;jai ned
froma SiCOH filmdeposited froma mxture of JUL 2005
tetramet hyl cycl otetrasil oxane ("TMCTS") and He, Figure 5 depicts a FTIR
spectrum o‘ﬁ?ﬁ?/‘h’é&f’ fromthe inventive ultral owk nateri aPCH R8I0 ed from a
rrrixtu Figure 6 depicts an, enlarged, cross-sectional view of an

el ectronic device having an . intralevel dielectric |layer and an interl evel
dielectric layer of ultralowk material 10 according to the present
invention. Figure 7 depicts an enlarged, cross-sectional view of the

el ectroni ¢ SPigued 4dedickfa Fouls j R ﬁ‘ﬂ?@c}b | [ rier
dielectric ca gﬁﬁaye? on tdg?)%&?ﬁnﬁ%ﬂ?&fﬁ (mat e?)icyg{’d I %%gézﬁjg%ﬁgétﬁ; t he
present inve BP@PP.OS‘i@ fomymixtige efdpiramethy bevrcletetrasiloxade (‘TMESS bandiHleonal vi ew of
the electronic structure of Figure 3 having an additional RIE hard

mask/ polish-stop dielectric .cap layer and dielectric cap diffusion barrier
on top of th¥iges depictstadTIR aeetrumotsaine finan the inventiverdtmbow-k imatesialt i on. 20

Figure 9 gepiglSidFoiy AL86d,e1ale 2CT view. of the el ectronic
structure of--é%u %ﬁ%erh (ﬁm }%{aw n%f a@gl %S%%ﬁagl? e%f@%téf?eqowﬁasa&?eﬁ ] tg _esqr%isnt

dielectric |@yemtonon top of the interlevel wultralowk material film
according to the present invention. DETAI LED DESCRI PTI ON OF THE 25

PREFERRED EMBODI MENTS OF THE | NVENTI ON.The present invention discloses a
met-hod for f Bigaiedaiepioty an enltrgedyeiodsysestioatl| viewibf analeotronicdesice bdvingmnc onst ant

filminap eglfazﬁ tl)lgr,] l.cal or, deposition ("PECVD
") reactor.%ﬁ%ﬁ%@g’]@l I'sC osglg |n??%%&%§g%yg€?fgléaago%%5?%gﬁt contains a
.30  mat r & otccordingde thgpresenbihventionli zed silicon carbon material (Si COH)
conprising Si, C, 0 and Hin a covalentlybonded network and having a

dielectric constant of not nore than about 2.8, which may further contain
mol ecul ar schigerevaieplists an prdargoed, crassesestiofal Srigvoof2Be d@tranib staidr&E PR 02/ 43119

PCT/ US01/ 50 : or b (i vt i ng: {h iLelectric
constant 1o \aian Bl AR F bt bty GEUP PBS bl |
const ant f or filmhecconding 40 tbeptesent invantien.i n a range of about 1.5 to about 2.5,
and nost ypreferably the dielectric constant is in a range of about 2.0 to
about 2.25. To produce an ultralowk thermally stable film a specific
geonetry of Figgre 8 depicts an enlarged, cross-gectional view of the electronic structure of Figure 3

having an additional RIE hard mask/polish-stop dielectric cap layer and dielectric cap

diffusion barrier on top of the polish-stop layer according to the present invention.

20 Figure 9 depicfs an enlarged, cross-sectional view of the electronic structure of Figure 4
having additional RIE hard mask/polish-stop dielectric layers on top of thie interlevel
ultralow-k material film according to the present invention.

: DETAILED DESCRIPTION OF THE
25 PREFERRED EMBODIMENTS OF THE INVENTION

The present invention discloses a method for fabricating a thermally stable ultralow
dielectric constant film ina parallel plate plasma enhanced chemical vapor deposition
(“PECVD”) reactor. The material disclosed in the preferred embodiment contains a
30 . matrix ofa hydrogenated oxidized silicon carbon material (SiCOH) comprising Si, C, O
. and H in a covalently bonded network and having a dielectric constant of not more than
about 2.8, which may further contain molecular scale voids, approximately 0.5 to 20

10



. CO2 and 02. The 15

5 dep05|t|on reactor with specific growmh conditions-is-necessar-y
For-instance;-in the parallel plate reactor, a conductive area of t2t5eJUL 2005
substrate chuck should be between about 300 cm 2 and about 700 CnP , Wth
a gap bet WRAMHE substrate and a top el ectrode bet weenPCHEUS0c,  and
about 10 cm AR F power is applied to the substrate, In accordance with
the present invention, the ultralow dielectric constant filmis fornmed from
a mxture of a 10 cyclic siloxane precursor such as TMCTS. and a second
precursor, which is an organic nolecule, selected fromthe group

consi sting OhafBaleRs s @matt frthdr A ihi 46 UkleSitio okl BYambiplogRpOlione oxi de,

in a speC|f|caI |y com‘lglgdwl reacti on reactor er spe I C reactlion
o

condi tions. Mprepreiralin WGWW@PT@%MIOWMMWMQWI BSnventi on,
the ultral oy ﬂioﬁﬂ?ﬁaﬁd% Pect“ thé&bl@btﬂ@é’or@ﬁptfxé’fnfrﬁ"r%%fﬁ’cfoﬁ?f fomBl 02 or

C const ant resen invention
can further @@5h$99r0ﬁﬂ@anéﬁr&h)wlaﬂlﬂnmﬂjwnﬂoﬁh@aﬁp@mﬁcsgpmnett}mfmmut 300C for

et o7 eat notrroRigaelu b SR B Geb UnclRl By, P RARBRE | Dt cor

gas (or gas barrbelp erwtqura:cendughvnarda@ﬁﬂnambsh*ytdclmgkmcmhtbednpmuemwouy oxygen

ahi ch arb 20 00 AAEER TRGE T (P belrd ARG il SBocTbem: or

voi ds nmay ocebauti pmtahdaah‘oullr&mmw RR poyper dcappEedah tlrecsnbsa'atm binceoidhnceivithse of

th | | . d d.. . Th t

nventi on. pr oA Bhucion e pnuB RS Colelint ABLIS AR £ER ShlReR) T ol o
25 dieledfri eycmmb:txmpremer such s IMCTShand agbant p2c@sorywihicthis msorgamt able for
i ntegration fn'a}]e ?gglégr’{edﬁ\érﬁllﬁ@%;oﬁ#%ﬁgltsﬂﬁgfeofr&@&ﬁlap&ﬁﬂ gng)fmre% gg' tel iCtSrltg

constant for tive 'mis € 0
‘about 2.5 anwclqmtswnqnx@ﬁegnabﬂ'eylﬁcdlyetomﬁw&da‘eacmmmmumher spesificirencdonr ange of

about 2.0 tolc(?,tg.m& -Q;l% wift %&%&bg&@o@@@ {n%%rgqh%)y choosi ng at

| east two su ‘Precursors a |on ocessi ng
par anet er s a@hgbwd&mmwmﬁMmamfmedm Ebanestnf;@Oztohémmdﬂz flhecur sor is

Cuch s 1o 5, Do Sl e of e St iR AR Bl coTPOnent S

t et r amet hy| cifepgrareneslepssharnboyt 3907CTS ap feastabpug @&Sihm)r teyredege the dislectric
ctamet hyl oy clbil Bk oA reifMFliE Ghol chif der AP EE ARNELA V. Lhe

first precursor is of a cl ass of cyc oxanes conprising a ring
structure i nPEREOR ges4PF 98 XaE)Sh F'P’ﬁ%ﬁlﬂféf 061‘5“ ydmen and optionally oxygen

atoms may thermally decompose and may be converted into smaller molecules which are

20  released from the film. Optionally, further development of voids may occur in the film
by the process of conversion and release of the molecule fragments. The film density is
thus decreased,

The present invention provides a method for preparing a material that has an ultralow
25  dielectric constant, i.e., lower than about 2.8, which is suitable for integration in a BEOL
wiring structure More preferably, the dielectric constant for the inventive ultralow-k
film isin 2 range of about 1.5 to about 2.5 and, most preferably, the dielectric constant is
in a range of about 2.0 to about 2.25. The inventive films can be prepared by choosing at
_ least twq suitable precursors and a specific combination of processing parameters as -
30  described herein below. Prefersbly, the first precursor is selected from molecules with
ring structures comprising SiCOH components such as 1,3,5,7-

11



‘atons bonded in an alternating fashion to which aIkyI groups (such 25 U1 2005
‘et hyl , ethyl 5 propyl -or-higher or branched

analogs asy s-cyclic-hydrocarbons such as cycl opro opentyl,
cyclohexyl % 1ﬂlgher anal ogs) are coval ently bonded t§¥24mwgééw one of

t he SI|ICOﬂ atons, including the cases where all the silicon atons have
two al kyl groups attached. Such al kyl groups may be simlar or dissimlar.
"Additionally, the silicon atons of such cyclic siloxanes may be bonded to
hydr ogen, in which case these conpounds 10 nmay be considered partially

al kyl at ed hydmmdhgpcymsmsﬂmﬁe (smwormﬂﬁwﬁﬁgror sRMhEhyIdeR R adfibRdHe OF gani c
nol ecul es, ?B&&ng glplg Ié g 0 OnE and cont ai ni ng at | east one ring,
that have sui #OpiYy CL I i P’ﬁ'ﬁ?s%éw faglasspdardia to the
deposi tion rQﬂ(?Isﬂéxaﬁ&c@mjéﬁﬁﬂg'a sﬁﬁélhr@kﬂ m{:&aipﬁh@&eklsﬁslaﬁuﬂoﬁ
pressure. Add naIIy, ot her ,atons such as ,SIt hal ogwﬂs may be

cont ai ned i n"'f"ﬁ@ mm%m%tomwmm(sum@eﬂw athghe ring
maybe pre$en&9rdp5116rjh§ghﬁf&%ﬁ{n§l% andmgs%waﬁas @a&%&a&b&: odd%@ci:‘zlé] egﬁaf‘oﬁpem es

cont ai ni ng fuséd riTgs:; l'-east one—-of which “contalnrs—a-

preferenti al [ %@@bﬁ}’d@e"ﬂkﬁé‘é@%ﬁéﬁ@l%) arg Gevelptly banded taist leashpme Oftthﬁose t hat
| nclude a i alictH atdind: ik fadtld ¥ ilP dhird ot 11 IChE Abths v é&xﬁﬂgﬂa&@m'y rings

of .3 or 20 4 atons and/ o or.nore I ve, are

menbers of a2tichak %ﬁhﬂ&ﬂmﬁmy W&%WWCMmWﬁYM@OMQMeadl ly
avail abl e eX%ﬂRicEiycﬁ?sﬁd&%mC%?bon GCP% &rﬁg&'ll %[ éhb Jﬁ%@rﬂu}f 0

cycl opentene’” oxi O heptane or
-cycl ohexdfe B%VGQGFBHNEQQQEﬂHt b@dhuﬁv ﬁﬁﬁ59 oxabi cycl o[ 6. 1. 0] nonane or
cycl ooctene  oxide (bp = 55C at 5 nmHg);. and 25 7-oxabi cycl o[ 2. 2. 1] hept ane
or 1, 4-epoxycycl ohexane (bp =119C at 713 nn1kq Mre generally, species
that fit the TRe¥eRendoresHsarmayPerchepan fom opapyicieolecales cordainiae S i andiC

Addltlonallyatomaanmafanﬁh fe%é%ﬁélﬁngﬁ%ﬁ&@é’ﬁuﬁﬁ%olﬂﬁﬂiﬁﬁh&fattﬁéﬁﬁ QAtion as
in 9-oxabicylo -4-ene =195C at .760 mm Hg) or conpounds of

“the general E‘ECF%& gﬁmechr%werwmm@mvﬁﬂp@mm al;%‘écond

pr ecur sor 5 Mayrelaee mmowgnahm{omaaﬁm@w StS@&halbg&EHﬁyBéle Rited RPfhe! 1 M ted
to: ketones, al deh am de I mdes 2 5 JUL 2005 WO 02/ 43119.

PCT/ US01/ SOBQW%M“"]@ &Bonaghm éfeqne ringminy b present inhegqrecumson oet her s
and the |ikemoksule, mwhﬂmhbm%ﬁﬁe&écﬂ%ﬂMT&E raﬂe&sb&aenf%{éhat 15 nmmHg)

and  3- oxabi Gonfainy L [a?he'}eroo orlltf)f)? ?eren%ally oqclyge%e
those that include 2 nng of a size that unparts significant ring strain, namely nngs of3 or
20 4 atoms and/or 7 or more atoms. Particularly attractive, are members of a class of

Jge species, the most tab e)are

compounds known as oxabicyclics. Among the readily avmlable examples of thcse, are
6-oxabicyclof3. 1 .OJhexane or cyclopentene oxide (bp = 102°C at 760 mm Hg);
7-oxabicyclo{4.1.0]heptane or cyclohexene oxide (bp = 129°C at 760 mm Hg);
9-oxabicyclo[6.1.0]nonané or cyclooctene oxide (bp = 55°C at 5 mm Hg); and

25 7-okabicyclo[2.2.1]heptane or 1,4-epoxycyclohexane (bp = 119°C at 713 mm Hg). More
generally, species that fit the formula shown in Figure 1 may be considered suitable.
Additionally, the second precursor may have some degree of ungaturation s in

, 9-oxebicylo[6.1.0lnon-4-ene (bp = 195°C at 760 mm Hg) or compounds of the general

30  structure shown in Figure 2. Furthermore, the second precursor may have additional
functionalities including, but not limited to: ketones, aldehydes, amines, amides, imides,

12



JFurthernore, the first precursor may further be m xed with C02 as PS%[’ZB[]?V
rgas or the 5 ft- and second precursor -gases-nmaybe m xed-with CO2-- or-a

m xt ure of %C@ - 02 in the PECVD reactor. The additio to the
first precavrs F“ggg a carrier gas, or the addition of COBC%&F&E%WXture of
CO2 and 02 to the first and second precursors in the PECVD reactor
provides a stabilizing effect on plasma in the PECVD reactor and

i nprovesthe wuniformty of the fil mdeposited on the substrate. \Wen CO2
is adm xed 10 with the first and second precursors, the anount of CO2 rmay

be from aboutetgés’g&&@mﬁﬂﬁd&b%om_%%momﬁmﬁﬂw@figr ably from about
& : . s :

50 scan to about 500 scan. When a mxture of CO2 and 02 is admixed with

the first and’-exsbisheodrldduaptanrlsone(bn— 76 ghtS mmHgEE adni xed may be from
about 25 sccm_ Qs L MnBf 02 adm xed may be from
about 0.5 sc?niﬁgﬁg@b%éﬁg&wge%ﬁ glrogi%fgrl}me gm?nt of CO2 i:hﬁ15 from
about 50 scarfuthetaivos,the PERCUIROT Y ived wif a§ & carrieyigasadin 1 sccm
to about 30.. AS in Fiaune rakkel plate nlasmp, anhanced
cheni cal vsz-po%&gggéﬁﬁ %ﬁéw?raw%ﬁnﬁéﬁﬁé J?é&’?gmi’fﬁ e &y%%g’ﬁdséﬁgf or
processi ng 20be FBCVRTeckr. Theadditiowof O, td thwifiett precursor a9h cartier gugacther 10 i s
appr oxi matel y, I n S.. wWhile i height .. Y. s, approximately 8.5 inches.
The di anet er %%h%gﬂgg{j@%ﬁrél TR ,?Ofﬁ)ziaga gﬁgr Wgﬁveﬁkrﬁcuqﬁ%ﬁdﬂ ¢ React ant
gases are i ntREGVD edctongrovidesacstabilizih@ effért onipihsna ig dse RECSD ichetbriand pl at e
("GDP") 16 that i aced om substrate . .chyckyl?2 a of about
L inoh, and  EpmvisRRRGRERRER ho bl EafetaTof B SysGHE Whe OB B8 0 port
:18.  RF ptwerwifthe firsPimdcedone pieeutsdrs) tielaMoiift of G, aday bs fremabbut 26 sdebnto | nsul at ed
pur poses. - al 10UB0E el Sl ARy A eoapL MBeE e 0 B e e
enmbodi rre,nt, REixpoaeTCRGnd Op isndmbed with thedirdt and sebatdrpréctrsots thé ard Gt
transmtted tQ.substrate.22. In thi.S case; substr acquis.es a
negative bi as%dwglbﬁﬁoﬁagaggg%@ﬁf%%%&F@Oé) S%ﬂﬁgﬁ%%@gﬁ@ and plasm
paranet ers. |admiediaybe BOmabbuidiSseeh to 50zcen.t Mare peferablycthe amast offldyds suppl y
can be us For_ | t r | i C e sane RF

{r equenoy’s ot hORE Y E5n 4 B J00 6 G iR BB GES ot >

PCT/ US01/ 5083boidt3@geremcy and one at a high frequency. The two power
supplies may be connected both to the sane electrode or to separate

el ectrodes. I n another ‘enbodi nent, the RF power
As shown in Figure 3, parallel plate plasma enhanced chemical vapor deposition

(“PECVD) reactor 10 is the type used for processing 200 mm wafers. The inner
20 diameter, X, of the reactor-10 is approximately 13 inches, while its height, Y, is
approximately 8.5 inches. The diameter of substrate chuck 12 is approximately 10.8

—
-

inches. Reactant gases are introduced into reactor 10 through a gas distribution plate
(“GDP”) 16 that is spaced apart from substrate 6huck 12 by a gap Z of aboyt 1 inch, and
are exhausted out of reactor 10 through a 3-inch exhaust port 18, RF power 20 is

' 25  connected to GDP 16, which is electrically insulated from reactor 10, and substrate chuck
12 i3 grounded. For practical purposes, all other parts of the reactor are grounded. Ina
different embodiment, RF power 20 can be comected to sﬁbéirate chuck 12 and
transmitted to substrate 22. In this case, the substrate acquires énegative bias, whose
value is dependent on the reactor geométry and plasma parameters. In another

30 embodiment, more than one electrical power supply can be used. For instance, two

power supplies can operate at the same RF frequency, or one may operate at a low
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.supply can be pul sed on and off during deposition. Process variables
-controlled during deposition of the lowk filns are RF power, precu?éoszm5
m xture a | ow rate, pressure in. 5 reactor; and subs 1e- erature.
Sur f aces SﬂD%VgFQactor 10 may be coated with an insulat%ﬁg%gggﬁﬁﬁg
material. For instance, one specific type of coating is applied on reactor
walls 24 to a thickness of several mls. Another type of coating naterial
that ‘may be used on substrate chuck 12 is a thin coating of alumna or
other insulator resistant to etching with an oxygen plasma. 10 The

tenperature EEquEﬁlﬁ aﬁ@@ﬂﬁﬂa}ﬁﬁégﬁgﬁ&gﬁﬁ “I’lneﬁfﬁz;ﬁoc{@k ?ulp?iéb? rﬁad#%'é%xﬁ{e@te& sutiper ature.

I n accordance the"present , Sul and second precursors
and speci fi cto thossimieizetiasia onio sppesrteeledtradesp by anatheambodimsst, tHodF noseri n above
are enpl oyed lgb%xg | i LAl [ d
preferably c%‘%g&ir&?;es: e %gﬁb‘ﬁ%{l@'g@gﬁﬁ Srgl;%ﬁe&l%bg actaécl)h_r'noq%ggg{rn ent of Si;
bet ween aboudepbsitionhfitied ow-k48ma ao MFoper preevrsop fnixtire ped fleveratpressuet inbout 50
atom c. pegcent .of O lﬁ@rgt %ﬂa__about .10 and. about 55 atom ¢ percent of

H The rra#n %?%@Ié%ng-sgarl glg controll ed during a deposition process for a
film are theSRfices2d ofteactor, 10tthay Yelcosted withean infulating cqating metetials Forf | ow rat e of

02, fl f . | bstrat
Cemper at ur o. BRiSe A8 e bR 35 g AR Y Bl IR 245 ARRGIRL 007 | oot
filns utilizsemealanils, rsibther typasfoosting traterialrtbdt maly by vied be subalsate chualn &2 is( TMCTS)

and a second_ precursor 0 en oxide (" ) | eposi tion
of films in® %Pecggwfﬁﬁy%ﬁgﬁ%@%%aﬁgﬁnétgc(:;gcgrl%W]tg%{]\(gjﬂgﬁ%ﬁ %‘?Ig%ent ;
‘inventiohl |Theteepedurexfitiphesed iafé chidveontidSTtke pibemty temperstaggor s wer e
transported into the reactor by using He' as a carrier gas, while in the

exanpl es 3, the TMCTS was transported by a liquid delivery systm In the
exanpl es 5- 7in apdoedaidd3iSpresentinyention, veifsble firsandsecondpeasansore and speaific he react or

02 A e ;

T anspor t ea o uod SonaRing Yalebieb RelAed MRS Foro LIS e |

treated at 409@tinéelirlowdomaetabpiepiretprefarably dowprises: betavesn poutid andelost WO

02/ 43119, PCT, y ' : ARG A | t hod
15 CTAd Rl Bﬁ%é’hﬁ?ofél SO G 5 GHEBBE : %%%zﬁlgﬁéercegt‘&lg,i%p?dzegﬁ% 'on metho

according to esent 1hvention |5 {)osm ﬁ% |
deposi tion redabar 5@ pamidnsreent of B anditietregrahont 10andiabgyt Shatepnricipgreetef i ned

growt h condifji ons. Wien a reactor of different geonetry is used under the

The main process variables controlled during a deposition process for a film are the RF
20 power, the flow rates of the precursors, flow rate of CO, or flow rates of COz and Oy, the

reactor preséure and the substrate temperature. Provided herein below are several
examples of deposition of films utilizing a first precursor tetramethylcyclotetrasiloxane
(TMCTS) and a second precursor cyclopentene oxide'(“CPO”), as well as deposition of -
films in presence of COz or CO; and O, according to the present invention. In the

25  examples. 1-2, the TMCTS precursor vapors were transported into the reactor by using He'
as g carrier gas, while in the examples 3, the TMCTS was transported by a liquid delivery
systm. In the examples 5-7, the TMCTS precursor vaporé were transported into the
reactor using CO; as & carrier gas, while in the example 8, the TMCTS was transported .
by a liquid delivery system. Optionally, the films were heat treated at 400°C after

30  depositiontoreducek. - |
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_defined growth conditions, the filnms produced may not achieve the ultral ow
.dielectric 5 constant. For instance,the parallel plate reactor accdbdiypdigo
the present invention should have an area of the substrate chuck of

bet ween ab¥Q0%438¥ cn2 and about 700 cn®?, and pref er abl PCBABSNEIB0about 500
crag , and about 600 cnR. The gap between the substrate and the gas

di stri bution plate (br top electrode) is between about 1 cm and about 10
cm and preferably between about 1.5 an and about 7 cm A RP power is
applied to one of the 10 el ectrodes at a frequency between about 12 MHZ and

about 15 MHZ, 1 %dldﬂfe@in?h@ﬁkd’th@ttthe fbaHor Bethl d¥bifdingtd tﬁ&‘bnfeieﬁﬂﬂﬁéﬂﬁé(n is 2 bel ow 1
MHz, power can_opti,on plied at the sane €l ectrode as

power, or to QoRePasHple g}’t‘%h %d@?@&@na@w@r&maa@ﬁﬁpg«;ommymﬂxtumqgelﬁ W cnP.
15 The_deposidebiil & flcbrdRithy. b € Rctdl it aftetels fibinbly Blusditna el © 2

successf ul enent ati on eposition p according to the
pr esent |nve%ﬁmgﬂlﬂﬁhWnﬁiﬂtmé@ﬁlmsmﬂmedmaﬁnmphmﬂheniﬁalbwﬂmncabout 25C

d about 432 '
T Foed, a REREEER RIS eaiifo Bt AR RBiing o, M ISR 3,
and prefer ablh}"?)@tﬂmﬂé}f ﬂl&lﬁb‘?ﬁgfﬂ@ chgloof betwepnabent 30bam’ apd abcmt HoRm%sand 0

1000 ~scan, &1 ﬁ%ﬁg?’%Jbb@??%%ﬁ“%“@‘?ﬁf%?%n‘%w% R sB5RR AL, 7o

utilized. A éﬁtnbu@mlmwomleetr@ie)@mahwd carbandtab&ut 46 em andd about
1000 scan, t aaBS’u%i 0 0.5can is
utilized. A tot al ?géat?fmanynabmggs ra Z¢ ijr'1’ %Bﬁ%nto %&e I s used

_as a carrlfer el;pastdes atfarfcmu@bxobntwm @cﬁrlﬁbeZaﬁadeuthm&n&mfnrablyfak ow rat es
for CO2 and r scan
for CO2 and r%drﬂlg SIM 'gloscc%ﬁgntg&\;t%@&tf%g]sp%g@ﬁ&flégh%%%p’f}%& rate for

CO2 from abdtfsams GEMMQBBMPWQYOMO theopposite ¢lestradle atagowantdensitrof 0 ow r at e
of TMCTS- CQ2 40 o842 CO is used as -a carrier gas is preferably from about

50 seemto 500 scorn , flow rates for CO2 and 02 mixture are preferably
respectively from about 50 scorn to about 500 30 sccmfor CO2 and from

about | 960r mht QerR B corditis b jﬁﬁﬁem rably is
f rom about SOE%geep% to %1 o&t&?gg se%%soR@%géﬁﬁlgggﬁf% uring q{%&tn& 25 JUL

2005 WO 02/ 481t demesitiomproresparsording sothe present iy entien sFas instesesna wBtt 50 niorr
and about SO%MEMWE&B%@@'MJ&%%% aBPRXeferabbralivkn ABE about

3000 mrorr 1 odlt Lnd'sB S 200°C is utilized. A RF power desity betweea about 0,05 Wiez? and
about 1.0 W/em?, and preferably between about 0,25 W/em? and about 0.8 W/em? is
20  utilized. A reactant gas flow rate of TMICT'S between about 5 scem and about 1000
scem, and preferably between about 25 scom and about 200 scom is utilized. A reactant
gas flow rate of CPO between about 5 scem and ebout 1000 scem, and preferably '
between about 10 scom and about 120 scom is utilized. A total reactant gas flow rate of
. TMCTS-CO3, where CO, is used as a carrier gas is from about 25 scem to about 1000
25 scom, flow rates for CO; and O, mixture are respectively from about 25 scem to 1000
scem for CO; and from about-0.5 scem to about 50 scom for 0, and flow rate for CO,
from about 15 scom to about 1000 sccm. A total reactant gas flow rate of TMCTS-COs,
where CO; is used as a carrier gas is preferably from about 50 scem to 500 seem , flow
rates for CO; and O, mixture are preferably respectively from about 50 scem to about 500
30 scom for CO, and from about 1 scem tp about 30 scom for Oy, and flow rate for CO,
" preferably is from about 50 scom to about 500 scem. Reactor pressure during the

[e:]
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dt shoul d be noted that a change in the area of the substrate chucgé }ULaZUUS
-factor, X, . i.e., a5 -change-froma val ue-in-the-range between-ab

300-cne andabout 700 cne,-will change the RF power by X, from

t hat pr ew‘%‘agt/‘!? 1s9peC| fi ed Simlarly, a change in the g?@ﬁ%&'ﬂtsﬂe
substrate chuck by a factor, Y, and a change in the gap between the gas
distribution plate and the substrate chuck by a factor, Z, fromthat
previously specified, wll be associated with a change by a factor, YZ, in
the gas flowrates fromthat 10 previously specified. If a nmultistation
deposition r 6sﬁ{onp§océs§B&weétfwow5©&ﬂbfxr dnB @boat/S000 meltogr, aridgi«férablyo each

i ndi vi dual bstrate chuck and .t %)q% at es of the gases refer to one

i ndi vi dual g’dWPWQS’H A Fogrand O}Tm’é@i flow rates and total

power input to the reactor are nulti plled by a total nunber of. deposition
stations inside the reactor. 15 The deposited films are stabilized before

under goi ng f Ut shewld bp petedifhatis changs intbe aten pfhe sthetratesshugk by afagoreR, isk.dcess can
. be perforned dh&t\éﬁfoﬁr %ﬁx@ngtﬂgﬁﬁg ‘3’901%90@3?&"&%@&9@760%’%@6] 0C for a
t urs an

time period be en a out out 4 hours t+4 zation

process can @heRF pewesby # Srotend. iflerethatppiviously eperified. o¥imdady, aghaseoindhs at
tenperatures a?é&%‘t‘gleﬂﬁﬂé}&e ﬁﬂx@fby A e e(i:?ﬁx%tgﬁﬂ‘ﬁe?vrv%t fielfas f 11 M8

obt ai ned 20 acco esent |nvent|on are t han about 2. 8.

y
The ther mal @wmm atgﬁndthes&ﬁwwudbbsam@ar, acleom dietigetensiyspeqificds ent
| nvention in Fﬁgb&'dt&ivﬁ% @;ﬁgdﬁct&tpyzqn%gatmtataﬁtoﬁmrature of

about 400C. The ctroni c devi formed according to the present

.i nvent i ontOar d’r@ltRbe spesified.glfie awlidstatipg depositien wgartny isrspd thegireadf the sebsirpte devi ces
shown in Figyces t@ea\%t] Rl RHRGS nxte'chtat%aateaqw@aaeafm 1@§49688 Ny to the

present invention e countl ess ot her devices. can also be forned
accor di ng t o indieidynl depesition siafient Aeserdinglydotal flowdetes anddotalipewetrinmmt & Bevi ce 30

that is buil trea{bramwtfp%mf%ﬂ ﬁtﬁﬁﬁa'gﬁdr%&h&gﬂu&fs tfid fedcfp Substrate

32, insulating material layer 34 is forned with a first region of nmetal 36
embedded therein. After a chemical mechani cal polishing ("CWMP') process is

conduct ed 516 T%e%epbblked%%aﬂ!@aﬂﬁé!eﬁ%@e& LY H%)Mtﬁ Qc{bnfpkdc&{smrg,e%en of

nmetal 36, a film'such as anutra kfl m 38 n top of
first |ayer SEPUZHIORPECTS GRRARSH] eﬁvma@mfctmng@nsgﬁpﬁﬁi 39@%&9 36. First

llayer of insigbaitisdgrc fGﬁit&ﬁéﬁHﬂo@ﬂetW%h alB&lt@LﬂHoﬁ:l@'aﬂd avtiEbuad Tee! i con oxi de,
nsul at i ng. mHeBHEHIOB P o A8 DETTRES 5 4 P e gl ookt o7 ©
' temperatures above about 300°C. The chelectnc constants ofthe ﬂlms obtained
20  according to the present invention are lower than about 2.8. ‘The thermal stability of the
films obtained according to the present invention in non-oxidizing ambient is up to at
leasta teﬁxperature of about 400°C.

The electronic devices formed according to the present invention are shown in Figures 6-

25 9. Tt should be noted that the devices shown in Figures 6-9, are merely illustrated as
examples according to the present invention, while countless other devices can alsq be
formed accordihg to the present invention. ' |

Figure 6 depic;ts electronic device 30 that is built on a silicon substrate 32. On top of

30 silicon substrate 32, insulating mate_rial layer 34 is formed with a first region of metal 36
embedded therein. After a chemical mechanical polishing (“CMF”) process is conducted
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-5 -b-y-aphotol ftho Waphy- process- and- conduct or
"l ayer-40-is-deposited-therein.- After a -CMP process on first codduddlo?ils

| ayer 40 is carried out, second layer of Itralowk filma4 i deposi ted
by a pl as®®I¥3H3nced chenical vapor deposition (" PBC\RS‘}T?”%F%@é s
overlying first ultralowk film38 and first conductor |ayer 40. Conductor

| ayer 40 may be deposited of a nmetallic conductive material or a
non-net-al | i ¢ conductive material. For 10 instance, a netallic conductive"
mat erial of al um num or copper, or a non-netallic material such as nitride
or pol YSi | | CofYirirbeiBifotthd 36 A lmiduttids off BREIGHORILAIR ib Sepoftef bf flplo Bk
communi cation wth first leglion of nmetal 36. A second’region oOf conductor
50 1's. T or medavepfispuletingmutasibl 408 Fusbiosion pf welekl6. Firstdmocatdusulatiog { ral ow k
filmlayer | : : otk £ t he second
conduct or nﬁgmﬁg%géﬁagg@ ugwl%n%uaggé}??g%@&%g%&é?%gf&g f either a
metal | i c netheseimnterigls, ar anpotherstitdble insutetingmiatetials. diltralbwik film 38 iepattemed! i n

deposi ti t i  SE | O f duct or 50
o n ol ooy riVGatoleBiaolRt bt a kot lpref 47 is TR hih ARG VP01 01

i s enbedded firocessom fistwomtiiclonlager 401s carred out] senerid ljyesof wirabow-R film 29isThe. second
| ayer of ultyal i L8 1.0y L0t t By LIrst |ayer -of

i nsul ating Jé%s@ﬁ%aw?ﬁ%&&%&[ﬁf% oas%%'gﬁpﬁgwﬁ?gsetsgl ayer of

i nsul ating rmlbéyihaéﬁrseﬂtralmﬂ«ﬁhﬂ%_aad]ﬁrsmondtwmm}ayh40rrﬁ1_ondﬂcmkla§mq40mﬁyng_ to the
Dresent | e eA et SRS lh YL bRl bl Gl g Lo L0
as bot h Hh iindtenat,enedtalinchnductiveinetetis v £4lumihing| oe cdppércor aBms-abtallic t he | ow
‘dielectric 25 th & 1 al il mo. [ or i l,ati.ng property
can be achi %@*{e{%{%}‘?% 1§1§n [ r?g_ﬁ(flggtﬂlioﬁgnﬁq%éé}tﬁmgg]Félﬁtg‘%%ﬁe%%ﬁéb g?itgﬁl?%ll g | ayer
44. Figure Fotepniationevigciistopgion ofenatat 86.60 accordi ng to the present

i nvention, simlar to-that of electronic device 30 shown in Figure 6, but

with additional dielectric cap |ayer 62 30 deposited between first
i nsul ati ng rRsesendaegipngfeond®tan A0l isfemmsdcitermpliotolithographic provesd inlsesped 44,

i 11 con Bxi QRGP Him3ger 80y Byid Mk Y DRoBlonbrlRy s ol selll 15 | o
silicon oxyrfonductpemateripl Seepnd gerdneter S0umayielsobe denopited ok vither a pgpllic) , nodi fi ed
o S oot ORIyt oLt ] LS ot
consi sting d#yer 4@ Thesecopg regiga@f gynductor 507is in electrical communication with the first
-+ - reglon of conductor 40 and is embedded in the second layer of ultralow-k insulator 44.
20 Thesecond l.ayer of ultralow-k film is in intimate contact with the first layer of insulating
- material 38. In this specific example, the first layer of insulating material 38, which is an
ultralow-k material according to the presént invention, serves 28 an intralevel dielectric
material, while the second layer of insulating material, i.e., the ultralow-k film 44, serves
as both an intralevel and an interlevel dielectric. Based on the low dielectric constant of
25  theultralow-k film, superior insulating property can be achieved by first insulating layer
- 38 and second insulating layer 44.

Figure 7 depicts electronic device 60 according to the present invention, similar to that of
electronic device 30 shown in Figure 6, but with additional dielectric cap layer 62 '

30  deposited between first insulating material layer 38 and second insulating material layer
44. Dielectric cap layer 62 can be suitably formed of a material such as silicon oidde,

17



_Additional dielectric cap layer 62 functions as a diffusion barrier |ayer
for preventing -5 diffusion. of first-conductor-layer 40 -into secq@rydjyL 2005

i nsul atin ri.al layer 44 or into the |ower |ayers, lally into

| ayers 34%gﬁgh§fb Figure 8 depicts another alternate enﬁggﬁﬁ@ﬂ%&%f

el ectronic device 70 according to the present invention. In electronic
device 70, two additional dielectric cap layers 72 and 74 10 that act as an
RI E mask and CVMP (chem cal - mechani cal polishing) polish stop |ayer are
used. First dielectric cap layer 72 is deposited on top of first insulating
mat eri al | ay eflicaSnitridb)licotl Byinitel e, 6flicsH @ttide £ﬂi&nb&§@bxiﬂ€¥5'i§0}, hoBjfieli de an
end point for _the ‘£rocess utilized jn planarjzing first conductor

| ayer 40. PolUtEipvek g theipRydrogsnat Opridis, 38 el as 1gkraciory metahsilicon niffig ect ri ¢
mat eri-al  sucRyageirth § | Bh iq sSehtt hib FdrdiShineSdf 1 hirride, '
silicon car bih‘tlzle,. 15%#??%‘2#%%%@%%%2% @Orﬁ?mnrfg?gi?l gﬁ }g{(a%ﬁ[rix,'ow -k and

thei r hydr ogesiditional distasisigsenslayes 62 funstionsas a diffusiomhaoriey layer far prevantiepn nitri de,

wherei n t ke eELAGLPEN Bhldtorts eS8 Biolstdnd [reMttidSnatddal ilhhg of Ta,
2 bt "ang: e pEfkt dhiorteye S EfisEitnd LTl il BBRERIACD ©] T
as first condewedayerssppaciallpintoNayers dhenddiel ectric | ayer 74 can be added on

top of second insulating material |ayer 44 for the same purposes. 20
Figure 9 depicts still another alternate enbodi ment of electronic device 80
accor di ng t o Figures dapictsanethenliemete gmbodiment of decironie devdeed Ocatssdingriode  an

addi tional | ay&L.: afveftiod! L6niB devi ; el cond

I nsul ati ns rrgt erial | zg eﬁég@nﬁg ge‘{lﬁeomgg@grﬁ%lbg&} g;!/lg(#sx@%h} lﬁj}’géﬁ g%d Iad

I ntral evdP aftft agheeen RiGanask aideCME (ehiemidabmpechanien] pelishing)pobistedon layeFagur e 8, i s
therefore 2 i i ' | f.er i j . : ' | evel
dielectric | gség.r ‘g%%%%%@ﬁ;ﬁj&?i@%g?ﬁéﬁ% Et@%onnecgwgéwgé
i nt er connect Toafungtionof dicleeteid layer 72 igtorpsovdde anvend podutifer the\@MPdirdepssaitibzedbar r i er
| ayer 96 is £ ; i ted : [ | 74. The
addi ti onal b%ﬁ%%@@%ﬁ@&i@ %Fltsﬁegra%al%%p Zjn%ag&gh nt ﬁ%f‘g"f? E‘g@{eect ronic
struct ure 80diekectrisanateriplsueh as|silicon peide, silieen wiride eilisorsaxyaitnRiersikion rarbidap .
pr ovi di nid 55 UBHEAaRR R QTONAGE A IMPAS-E 3 thak by dlbedat BblpodRf5s VO
02/ 43119 PCT/ U301 /50830 The foll owi ng exanpl es dare presented to 1llustrate
the fabri cat M§H 2 tefragiery gnetal sijican nitdde;whersiny the refractorymersl i selestesfFrmthgi th t he
present i nvegfou BorRftiNgedf] T Zr, HF aH& W0 "Reltéy Rrfad @Y difeRtH 6 fuybBlis AR be

bt ai ned t her ef '
obtalne ©Same level as first conductor layer 40. A second dielectric layer 74 can be added on top

of second insulating material layer 44 for the same purposes.

20 .
Figure 9 depicts still another alternate embodiment of electronic device 80 according to
the present invention. In this alternate embodiment, an additional layer of dielectric 82 is

- deposited and thus divides second insulating material layer 44 into two separate layers 84

and 86, Intralevel and interlevel dielectric layer 44, as depicted in Figure 8, is therefore

25  divided into interlayer dielectric layer 84 and intralevel dielectric layer 86 at the
boundary between interconnect 92 and interconnect 94, as depicted in Figure 9. An
additional diffusion barrier layer 96 is further deposited on top of the upper dielectric
layer 74. The additional benefits provided by this alternate embodiment of the electronic
structure 80 is that the dielectric layer 82 acts as a RIE etch stop providing superior

30  interconnect depth control. :
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.3 .1 Exanple-1, In this exanple, according to Figure 3, a wafer is first
prepared by introducing the wafer into reactor 10 through a slit valMe %400
and pre-etccg' ng. the wafer by argon gas. In this wafer preparation process,
the wafer ¥ Wg}lature is set at about 180C and the ar goﬁcrf’ﬁ%ﬂﬁ“ﬁ’%te Is set
at about 25 scan, to achieve a pressure of about 100 mforr. A RF power is
10 then turned on to about 125 Wfor abaut 60 seconds. The RF power and the
argon gas flow are then turned off. The TMCTS precursor is carried into
the reactor reactor using He as a carrier gas; He is at a pressure of

about S P! Orilfofldbing Blaftbiek frolpienteh Vo ha bbfibatiod PEndtitigh gy K f111m 15
according to the presSent”invention can be deposite y T1rst establishing
gas flows ofdielgrmTiminaceondsncngtlthe presshtinventivros welltae b demdnytrtsssure, i.e.,

at about 20 TJ}(EI!I @E?ut 6 scan of CPO and about 100 mforr.
A RF power i@gﬁgaéggtthﬁtr ne §°%f€1{ﬁ%dta[ﬂ% outf” 15 Wfor a tinme period of about 50 -
m nutes. The RF power and the gas flow are then turned off. The wafer is

t hen renl%\/ech}gaégﬂ_{eact ion reactor 10. 20 To reduce the dielectric constant
of the depo |l ms and to further inprove their thermal stability,

i .e., to make thihemmpleadrcerdip té Bigwe 8 54 wafeds grsepeptreditydntrod0ass the wefef i | N5 are
post anneal ed, to gv rate the volatile contepts and to di sj.onal ly
stabilize tH&© rﬁqcﬁ)ﬁzl_?ﬁzﬁlgﬁBglihvagﬁhgﬁqq%?je%@%@ﬂm%ﬁy %gm’(:gé‘?rﬁg‘éié‘sout in an
?nnealbi ng fmafa@eeplagaﬁbﬁm&sﬁfthn}\%fﬁwtmml @ﬁ.set'Ehﬂ)oﬁTmﬂozmmdiﬂSe eir@dn&lo“pﬁr ged

or about 5 min Wi the fil.msanples zin lon), Wt

ntr oo at el Sb bt oS scolitto s SiRaFR o e B0 mIRE. ApoRbisl be ar e
;then tralsf ehengumedomtotahent 125 Whiacsbonisidct@ndd. AThe REpowersad e atgoapmeal i ng

cycle of heating hhe fil to about 280C at a heating rate of about
5C/ m nut e, ﬁfé’lwa‘?%%mgmegggft 280C for about 5 mnutes, heating at a second

heating rate of about 5C/ m.nute to about 400C, 30 - hol ding at about 400C

for about 4 fhouhs.rdurning. the furnace of f and allowing the film sanples
to cool to éll%t%enpergaﬁﬁ?uésogpcggleé)wmgg%{??&(irdﬁaé%rﬂs‘%ﬁ? ] g?thﬁ’é’l di ng. 19
2 5 JUL 2005t y@reg@redd pdicnt PESig kiShi ink0B 30 TMODE cattaitee. Tisulidovbkifilen about

280C and, sabqut

bet veen Hnodrosdieis e ibabiarbhEaapheaty sl e iad iR den o e now
di scussed i TMETEHannd GPO thdesined Sowradesdndprefiguives at dbout 20 scem of .
br esent s- a- AAETHie dob B B5¢8in drEptARE b B0 E0H. RRroktl A rulegOrt F11 m
" on at about 15 W for a time period of about 50 minutes. The RF power and the gas flow
~ are then turned off. The wafer is then removed from reaction reactor 10. '
20 |
To reduce the dielectric constant of the deposited films and to further improve their
thermal stability, i.e., to make them stable at temperatures greater than 300°C, the films

are post annealed to evaporate the volatile contents and to dimensionally stabilize the

films. The post anneaiing process can be carried out in an annealing furnace by the

25  following steps. The furnace is first purged for about 5 minutes (with the film samplesin
a load station) with nitrogen at a flow rate of about 10 liters/minute. The film samples
are then transferred into the furnace reactor to start the post annealing c};cle of heating the
films to about 280°C at a heating rate of about 5°C/minute, holding at about 280°C for
gbout 5 minutes, heating at a second heating rate of about 5°C/minute to about 400°C,

30 - holding at about 400°C for about 4 hours, tuming the furace off and allowing the film
samples to cool to a temperature of below about 100°C. A suitable first holding
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.spectrum di spl ays a strong Si-0O absorption band at about 1000-1100 %% 6;1
+Si - CH3 absorption peak at about 1275 cm, a Si-H absorption band alz 400
2150- 2250 smal | C-H absorption peaks at abou - 0 cni’

The rel at |‘€‘£b%/4rjqf@n3|tles of the CH, SiH and Si CH3 peak% 9‘@8@8& ed to t he
Si O peak of the SICOH filmare presented in 10 Table 1 herein bel ow.
Figure 5 presents the FTIR spectrumobtained froman ultralowk film
prepared froma mxture of (TMCTS +He)+CPO i n accordance with the present
invention. The spectrum displays the.. 5i-0O Si-CH3,, and G H absorption
peaks, as i ntdipgratuze ey bichebveen abdub280S8C-ad sbbutdOedC, whiled sudiablg séchid | Nt ensi ty

of the GH a i on band at out 30 J much stronger for
the ultral ov\/gslal'nlgft TRRAHES 2R °tteﬁ‘%°ene\§°@%%)°r@ﬁﬁ*ﬂo@ﬂ%9°@ Figure 4. The
relative intensities of the CH, and SiCH3 peaks as conpared to the Si O
peak for thig fil ar.e, al s hownln Table 1. As particularly illustrated
in Table 1, %ﬁ%ﬁtf’ %%5@&%@0 %?n@dlﬁf’“ﬂ@g?é“@femé‘??etolﬂ&qf@l d‘Rﬁlﬁ Figweg i s 40%
of .the Si 5C|‘|3pfb@aifsaﬂdihhbﬁmh§foﬁn§mﬂﬁxle&(m{)s Bitanebf 2 1%1@@1@'.&1111"*1‘]5&”‘9 Si. COH

film This is a-cl |nd|cat|ontﬁarreultralow rpcontalnsa

si gni fi cant 51??8‘6?1'{13’6?1&55 @Mﬂ@smm’(WéP%@FB%lWﬁ 4 ¥-GHdition to
the Si COH paﬂ;sﬁm B@boﬁthm%ﬁéra'ml bs u&:"[ﬁ%ﬁﬁ hibdut §P5002250159n%n4 he

ultralowk fil pI|tt|n Into two peaks at about

1139 cni  and*8¥bht EPG‘*EB ah%%h%ﬂ‘)?@mﬂaﬁmyT%Prqlmptﬂé%meMthﬁ%re 5. 25
Tabl e 1 Rel BiH @ SiCH AR ta@@omﬁh&é%l%'tﬂe@@?éhicofiﬁgbi@(ﬁbﬁﬁﬁ%g&@eﬂ%% MfIRL

U tral owk

i SiB/SIO (% "~ SICBISIO
-1004 20 gé Eéb{%bb eipPPleWs 43119  PCT/ US01/ 50830 Exanple 2 In this exanple,
a wafer is prepared as described in Exanple 1, but the wafer tenperature

Figure 5 presents the FTIR spectrum obtained from an ultralow-k film prepared froma

" mixture of (‘IMC'I‘S+He)+CPO in accordance with the present invention. The spectrum
displays the Si-O, Si~CHj, and C-H absotption peaks, as in Figure 4, However, the Si-H

- 15 peak is missing, the intensity of the C-H absorption band at about 2900-3000 cm™ is
much stronger for the ultralow-k film than for the SiCOH film shown in Figure 4. The
relative intensities of the CH, and $iCH; peaks as compared to the SiO peak for this film
are also shown in Table 1. As particularly illustrated in Table 1, the integrated area of C-
H peak of the ultralow-k film is 40% of the Si-~CHj; peak, while it is only 2% of the Si-
20  CHs peak in the SiCOH film. This is a clear indication that the ultralow-k film contains a

significant amount of a secondary CH,, (hydrocarbon) phase in addition to the SiCOH
phase, Another characteristic of the FTIR sﬁectrum of the-ultralow-k film is the splitting-
of the Si-O peak into two peaks at about 1139 cm™ and about 1056 cm’?, as particularly

iTlustrated in Figure 5.
25 - '
~ Table 1, Relative integrated intensities of FTIR absorption peak
mmm S cHsio o) SIF/SIO (%) SICHUSIO (%)
SiCOH 2. 7. 5
Ultralow-k 1l 10 0 4
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.Is set at about 300C. The TMCTS precursor is then carried into the reactor
.using He as a carrier gas; He is at a pressure of about 5 psig at thk Jyuhl2e0
tothe T ai ner. The wultralow -k-film according - resent
inventioﬁ‘iﬂff%gb-deposi ted-by first-establishing gas F’%ﬁ(’r}tssp@’&?wmsme
and CPO to desired flow rates and pressure, i.e., at about 150 scorn of
TMCTStHe and about 50 sccm of CPO and about 2000 mTorr. A Ri X power is

then turned on at about 150 Wfor a time period of about 10 m nutes. The RP
power and the gas flow are then turned off. The wafer is then renoved from

t he reaction E@@]ﬁ 10 10 and anneal ed as described in Exanple 1. Exanple
3 In this exanple, a reactor containing 6 Qegosition stations is used. The
tenperature &% amples e aferrie prrpared as descrbeddn Bxammden but thewalfENERSTgnRec ur sor

is carried i gMﬁﬁ* I+ Ol s fl ow
rate of at aggo%% ét%%%g?%bgvrg% t hgrb%sérég O&%ﬁ%itlﬂt%gﬁ' errg%@?g{&é%%u 900
scorn and t hé cpriesgagy ke is ot apressine pfabgutsft psiged tite iS00 theTMCETS odntaimbia | THRP  power

of about »001—;}%?&%1--- W f£ equl ) ~Ahout 300, \Ware ied to the
reactor. ~--§I"he u tra“g\/\]'t/13 E&%{%%@pgéf%?%ﬁ%hghﬁfgﬁ%?%g%o W&‘%ﬁfga each
station wi t hgesowsdTCTReagd €PO todesirmdbflovaintat amprasture d.eaatpbes 850 t i ne
Interval. Th cc\‘}f(; j cti react qr. aft er. passi ng
t he | ast. depgm |W@%ﬁ%?{ggoﬁggggr%égfggﬁgég%@gtﬁagﬁgvhx@%ﬂ%’f@ 1. In

t he foregoi nthengumgs anst atohtel 561V $ora tvepeadgbofabed 10 mimtesoThé Rifipaveer emtle. | |
Example 4 h ' o | L, a .pul sed node.. 25
Exanple 4 | nﬁ¥°ﬁ’%a§s]ﬂ§§gﬂrf\ﬁ% %ﬂ“‘?@%ﬁgs‘*{ﬂﬁ %ﬁﬂln?&gg‘fefl o%lpﬁ!etge ﬁ%‘%@?m@ ?fd%qzi ons
;simlar 8 Eredwenealed asidescribedrie Epingpdeh i s operated in a pul'sed node, i.e.,
with a duty cycle of about 50% and . a plasma-on tinme of about 50 nsec to

about 100 nmsec. After renoval of the wafer from 30 reactor 10, the wafer
with the depBXamplg3fi|lmis anneal ed as described in Exanple 1. 21' 2 5 JUL

2005 O 02 a1 AN SR M OSSR LA
about 2.0 towalsbehuckiszg at ghoahdH0RC.5The TMCTS precursor is carried into the reactor
15 wusing aliquid delivery system at a flow rate of at about 5 ml/min and the CPO is flown at
arate of about 900 scom and the pressure is stebilized at about 3000 mTorr. A total RF N
power of about 600 W and a low frequency power of about 300 W are applied to the
reactor. The ultralow-k film deposition is performed on the wafer at each station with the
wafer moving to the next station after a preset time interval. The wafer is removed from

20  thereaction reactor after passing the last deposition station, and annealed as described in
Example 1. '

In the foregoing examples, the plasma was operated in a continuous mode. In Example 4 -
herein below, the plasma is operated in a pulsed mode.

25
Example 4 .
In this example, the deposition is performed under conditions similer to Example 1, but
the plasma is operated in a pulsed mode, i.e., with a duty cycle of about 50% and a
plasma-on time of about 50 msec to about 100 msec. After removal of the wafer from

30 reactor 10, the wafer with the deposited film is annealed as described in Example 1.
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.5 J Inthis- exanple;-according to Figure- ; a wafer is first prepar g

« -byi ntrbduci ng-the wafer into reactor 10 through a slit valve 14 JUL 2005
pre-etchi the wafer by argon gas. In this wafer preparatl on process, the
waf er tenﬁ'g W4H¥ is set at about 180C and the argon flBGHY §rg{5ggops set at
about 25 scorn, to achieve a pressure of about 100 mforr. A RF power is
then tamed onto about 125 Wfor about 60 seconds. The RF power and the
argon gas 10 flow are then turned of The TMCTS precursor is carried into
the reactor reactor using CO2 as a carrier gas; is at a pressure of

about 5psig I wk film
according to é%ﬁ%dslg%ffntﬁgmﬂ? on-can qﬁ@%%?%@pegﬁgw Pa]tegggt abl i shi ng
gas flows of cﬂzﬁﬂtdﬁwﬁﬁ'&erdﬁ@ofa}mutmﬁ)abmtdem red flow rates and pressure,
i.e., at about 20 sccmof TMCTS+ CO 2 and about -10 sccm of CPO and .

about 100 mTorr. A RF power is then turned on at about 15 Wfor a tine
period of abdixampledm nutes. The RF power and the gas flow are t hen turned

of f. The waf IS then re reatld react 0 T uce the
di el ectri \éyacgﬂg‘fsaf’ﬁ?m .af‘f?é %J‘Ié eﬁ[‘ﬁ'ﬂ‘%@ﬁu "OW % heir
t her mal st abiihtb tefctor 10ehrougicn stidklvd fmugfeadﬁhﬁag&hewmﬁédﬂrg@ﬁ Igggat er than

300C, the fil are post anneal ed to evapqrate the oI tiile contents and
to di mensi onéﬁrg??l’ SIRHORPIRTEYS DS WEfer tmpergy 1?)?%?“% QC?P@ Begrondlopan be

]?f”‘”' ed OUtdlr?teﬁmetaﬂib@aﬂZSQ@mﬁubﬁﬂﬂ@( ebarekdﬁﬁeoffalﬁédtq)m:ﬂ?orﬁtﬁmfom?fU(rj hace is
i rst purged for ahout [ es in a | oa
station) wt rtlheﬁlnlrf‘%d’é‘ﬁo arwh&%tﬁ? r"g‘lf‘ﬁ e"ﬁ%{? frmiglgl’ ‘F‘E’P@‘}Wﬁr@f”eg”The film

. sanpl es dole toerrdtharadmed sf8d i nto the furnace reactor to start the post
"annealing cycle of heating the filns to about 280C at a heating rate of

about 5C/ minute, holding at about 280C for about 5 ninutes, heating at a
second heat i Mhe TMOTS@lecalaoris canédthioiiearedctor 8dactiot ushdpCS; as a clrdbrch @Cﬁt about

camp o5 o obut Aprorosl Rppe Brnlel ol BETD oed kl?esta{r‘ﬁ%% BTt

hol di ng 22 2 a&oriflg t@ 00 predét Bertidh beh TEEp Mﬁ&u}sﬂ@%atabmm@rgadﬂm orray be

b 0 hl hol

fempor at dbe. AR et P APt at s St Ao se BRI EROs | ¢ i
exarnpl e, a WRMEISHCOpnégouetDd @em ofERO midabdut 100 bXEop | ACRF porer tdthennal er
tenperature nh&@%ﬁ%@éﬁ%%%&%%peﬁﬁ&f a%’EEE%O Rl %ﬁng%ovtveQ%Rd 8"’ ied into

the r eact or usin
gas ﬂow are then tumed off. The wafer is then removed from reaction reactor 10.

20  To reduce the dielectric constant of the deposited films and to fiirther improve their
thermal stability, i.e., to make them stable at temperatures greater than 300°C, the films
are post annealed to evaporate the volatile contents and to dimensionally stabilize the
films. The post annealing process can be carried out in an annealing furnace by the
following steps. The furnace is first purged for about 5 minutes (with the film samples in

25  aload station) with nitrogen at a flow rate of about 10 litem/mixﬁte. The film samples
are then transferred into the furnace reactor to start the post annealing cycle of heating the
films to about 280°C at & heating rate of about 5°C/minute, holding at about 280°C for
about 5 minutes, heating at a second heating rate of about 5°C/minute to about 400°C, .
holding at about 400°C for about 4 houts, tummg the furnace off and allowing the film

30  samples to cool to a temperature of below about 100°C, A suitable first holding

22



.a carrier gas; CO2 is at a pressure of about 5 psig at the inlet tﬁ) @ﬂh?UUS
-TMCTS container. The ultralowk filmaccording to the present invg rJ

can be deposited by first establishing gas flows of TMCIS+ CO2 and CPO
to desiredV®P¥t¥¥at es and pressure, i.e., 10 at about 1BETAEWHPOTNCTSH

CO2 and about 75 scan of CPO and about 2000 nfTorr. A RF power is then
turned on at about 150 Wfor a tinme period of about 10 m nutes. The RF
power and the gas flow are then turned off. The wafer is then renoved from
the 'reaction reactor 10 and anneal ed as described in Exanple 5. 15 In the

f or egoi ng ex I ' it | . In

Beampl e 3 - netsie iaf bt AIe eI RPE N aioul g%, SR HOMR SRS L1 i 7
| n this exanpbldingtt¢repethiyyemiay beobetweaen peaut 3007€dndistbet 400G di ti ons similar to
Exanple 5, but 20 the plasma is operated in a pulsed node, i.e., with a

duty cycle of about 50% and a plasma-on tine of about. 50 nmsec to about
100 . nsec. Afxampleioval of the wafer from reactor 10, the wafer with the
ut-

deposited. filmis anneal ed as described.in.Exanple, ! ample 8 25 In this
exanpl e, 2 ri’bn%%eﬂ‘fpﬂﬂ’l ﬁg.%%&g?@%@gﬁ%ﬁ%&gg @8@’ HREEMEer at ur e
of the waf eissehat@bout 3005€t The TMODE prediyiicis thérecaiddd o fie@eddtos Gaing SOLAr r i ed
i, the. SEOTBRAG G ke pieete STt Spfiet B En S SR AR preosurc
bgi) gg st abi | irhedlgarouabﬁxml acé&ﬂlﬁgtortﬁ'@ﬁrésgntﬁhﬁan' timno baﬁe;@sifddgwﬁm'(tﬂ e38f ab(r)]ut )
5 scorn an at a flow of, .abo S.C are adm xe with the
gas nixture 8 ST R or Batiag o Bt loR e arSmrS Lo and
5%2 hm;‘ xt uoe atta%biéﬂ 1i25zg&ntudfﬂ'é\4(;)¢1émrwozgmdalbdﬁpgmsgec%oﬁggo;ahdt ggmiggommohy. %A tgt alt
ig requengy. - PO of abou
000 W and 5 PR B SRR AR LD R TaoReq SFROUOPRBRS e he
react or. TheRBlpowvad anditie das flow ahe pea turhedroff, STheevafed isthah ranoted drompther at each
station with_ the wafer.nmovin %o he..next..sta ié)n after a preset tine
interval'. Théeaﬁ%qné'?ac}% 1?8’%%%%1“ ﬁ%%mﬁ?gmr%’éﬁpiﬁ ‘after passing the |ast
deposition station, and the wafer may farther be optionallyarnealed as
particul agly [l (T - iy : i )
el 1 ng> (” IERE fotaofiliog e E PR s boB R BTE QB B80Y I ERERITS 11 s

The films obberkinddlowctho plsmais bperatékinppelsedmodeanvent i on, are characterized by

Example 7
In this example, the deposition is performed under conditions similar to Example 5, but

20 theplasmais operatedina puléed-m_ode, i.e., with a duty cycle of about 50% and a
plasma-on time of about. 50 msec to about 100 msec. After removal of the wafer from
reactor 10, the wafer with the deposited film is annealed ag described in Bxample 5.

Example 8

25  Inthis example, a reactor including'G debosition stations is used. The temperature of the
wafer chuck is set at about 350°C. The TMCTS precursor is carried into the reactor
using a liquid delivery system at a flow rate of about 5§ ml/min, the CPO being flown at a
rate of about 250 scom and the pressure being stabilized at about 4000 mTorr. The CO,
at a flow rate of about 5000 scom and O; at & flow rate of about 250 scem are admixed

30  with the gas mixture of TMCTS and CPO in the reactor. The addition of the CO, and O,
mixtute stabilizes the plasma and improves the film uniformity, A total high frequency
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.dielectric constants k | ess than about 2.8, and are thermally stzslﬁgiﬂﬂ
.integration in a 10 back-end-of-the-line ("BEOL ") interconnect rvet 5e,
which is normally processed at tenperatures of up to about 400C. The

t eachi ngs Y@ 9%4&%r esent invention can therefore be eaSfTYSUEPed in
producing filnms as intealevel and interlevel dielectrics in back -end-

of -the-line processes for |logic and nenory devices. 15 The nethod and

el ectronic structures forned according to the present invention have

t herefore been thoroughly denonstrated in the above descriptions and in the

appended dr g fondd @,sam 3 b Rhrd Rfied 3
exanpl es of ?#gﬁgﬁreogtal?d;drt]?%tf S g‘&?%*r”%%‘%ﬁﬁ#?ﬁr igurgg qug %?ge&rrprel y used
to ill ustr at éetréagtor. nTendtralew-kdidm deposition is perfavmisd om e Waker af eachrstesion ki cat i on
of countless el ectroni ¢c,deyi . 20 i esf i QI as been
descri bed i nﬂg,ﬁﬁrmﬁnﬁg I Sggxﬁrgtﬁtﬁénra#%ﬂrgsﬁ%@ﬁ%%e 'Binhtfe%\é%c%gga{}ﬁegt_ t he
t erm nol ogy fismdhé eadtortafiadaskiigthdlastidepositiomstation, aid theowafer nody faldiwcbé pt i on
rather than of,.limtatian. 25 Eurther.hor.e. whi.e.the present. i nvention has
been par t PcuPBioRgllys %P?'éﬁam%@%fh % %%’P._’i“!i?%!sgé%{g‘%‘g“g' preferred
enbodi mrent and several alternate enbodinents, it is to be appreciated that
those skilled in,the art I, Ly apply these achi,.ngs ' qt her
possi bl e var gﬁﬁléﬁ’%ﬂ?%@%ﬁ%@% p?o%sgﬁl[aygiﬁo%?ﬁﬁ}s%@g%gpﬁlﬁgﬂ? romthe
spirit and sdfibpe Thé filhdubtghned aeidingto drtpresent irBentivh, &8 childicteABdDy- 25 1. An
el ectronic struct.ure ving l.ayers i l,at i . P i.ntral evel or
I nterl evel gﬁegftggmsggts?cﬁ&gw??%bfétapﬁir? m@%@’%@#eﬁ&n@eg §§0F1)1r glpr ocessed .
- sem conduot i bgkenbsithaline IBEQLY) intefdonstt stregivewhith ismbeallg ploestskeddt i N a
first layer of insulatin terial ; flkS l.on edded in
a second | ay g’?npgﬁﬁlfﬁggil% i“ﬁé“‘%@@ri ?te?%'?nﬁéaf%gmﬁm?&v%ﬁgﬁﬁf%&?é{ggri al,
sai d ul tral obe tusitppddaptediin produping silmeps Sitrale@] a0d tutileit] dietedtrias inbyadktangt i ci ty of
nanonet er - si z ores, said . ul. I ' srial having a dielectric
const ant of ﬂgg&ﬁﬁ%@o?ﬁ%%eﬁf%l%é@:%%&@.n%,%g’a&g&gécond | ayer - of ‘i nsul ating
material being in intimate contact with said first layer of insulating
mat eri al 155 a‘l’ﬂe Iglét{lg& anld SRCRShi® Jtru%ﬁlch e according to the present invention have

' therefore been thoroughly demonstrated in the above descriptions and in the appended

drawings of Figures 1-9. It should be emphasized that the examples of the electronic
structures shown in Figures 6-9 are merely used to illustrate the inventive method that

can be applied in the fabrication of countless electronic devices.

20
‘While the present invention has been described in an illustrative manner, it should be ‘
understood that the terminology used is intended to be in a nature of words of description
rather than of limitation.

. 25  Furthermore, while the present invention has been patticularly shown and desbribed with
respect to a preferred embodiment and several alternate embodiments, it is to be
apprecieted that those skilled in the art may readily apply these teﬁchings to other
possible variations of the present invention without departing from the spirit and scope of
the present invention, -

30
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- The electronic strucfure acco

.being in electrical comunication with said first region of netal; and a
second region of conductor being in electrical comunication with S?5qUL2W5
first region of conductor and being enbedded in a third |ayer of
insulating material conprising said ult2a8owk material, said third |ayer
of insulating material being in intinmate contact with said second | ayer of

i nsul atin erjal. .2. The electronic structure according to claim1,
further cg H&glehaérodnl&?gqxcglérp?)@gngéader apsu %Hﬂgﬁéﬁt‘%}?ﬁ?%t ekoy igte5lgednd

| ayer of ingigltriddn FRfighd atuchid cd@pdsiadi rd layer of insulating material.
3. The electronic structure according to claim2, wherein said dielectric
cap | ayer i§prq-brpﬁ@s@e@enacmemngasubsteateba\e@gaﬁmtrr%gml @ﬁ'l;)gqal oobsidsd lmslg of
silicon oxi i) L& P ...Silicon oxynitride, refractory neta
silicon ni tﬁﬁééﬁ’e}s?’f‘%“o‘%“%’?‘%ﬁa@ silicon czlr bo- oxi de, and carbon doped
oxi des and & ffiestregdiyrdo bgmiuaondrabeddedincospontldger of inshiieing In@téri Torenedtorust ur e

according to ered"ggsai r ef r,aﬁé ory, metal _silicon nitride

claim3,
i ncl udes a p]érral%-g]&a};er 13314 Wiplawrlematerig Qm{é“sﬁ%%pccgﬁélflﬁaiaﬁ@aof Ta, Zr,
H and W 5muﬁﬁﬁicﬁ%'@Phé&ﬂie@er?sﬁieﬂ%bkbrs,esaﬁ?ﬁ%ﬁkvnlgnfafbn_%l Bivihga gfe. chiter
conprising: a first dielectric-cap |ayer between said second [ayer of
i nsul ati ng #eRsEwf af noimepre Hag abewti 2B, spigdpecondflayen efiinaulating matesie] bding ind a

second di el ggtric.c : t . Sad [ er. gf _i.nsulatin

macor i al ooty kAt 2 8L nk elipd Melshel, W hresiOF AL R,
first diel eb¢ing m deqritaygemnamitatisaivith seiddirst reljien efineial; aap | ayer are formed
of a material se ectedtfro th roup, consisting of silicon oxide, SI!ICOH
nitride, sifPEOREEM? rqoag‘],m‘?rgﬁﬂ%‘?&}%‘?t% comuapiipgion wishssad first gegionsed j con
carbi de, si tdr@Qbtof &dDBeiRXbflBeddeRIPOMidAPRY o PG ARELHALE I WEH LGN

cont ai ni ng conpounds. 2 JUL 2005 7. The electronic structure according

to claim 6, UiiREMek maderiah saigrthisd fayesofinyudating materdal beimigtin intamate conieks svith

refractory gBd &cos@l86t SdnfifRothge@ioup consisting of Ta, Zr, H and W 8.
[ [rﬂgingto' claim1l, wherein said first |ayer of

insulating material is one selected fromthe group consisting of silicon

o1 s (Bpse Tl s BReRNG e Slind: APfel SRy SR IRER Ghgayef  °
el ectroni c situatedtbetveceaceaidrsééond liyer of Misilatlng mufetibleindGeidnhirg 1448 of insulating

material.

3. The electronic structure according to claim 2, wherein said dielectric cap layer is
formed of a material selected from the group consisting of silicon oxide, silicon nitride,
silicon oxynitride, refractory metal silicon nitride, silicon carbide, silicon carbo-oxide,

and carbon doped oxides and their hydrogen-containing compounds.

4. The electronic structure according to claim 3, wherein said refractory metal silicon

nitride includes a refractory metal selected from the group consisting of Ta, Zr, Hf and W.

5. The electronic structure according to claim 1, further comprising:
a first dielectric-cap layer between said second layer of insulating material and said third
layer of insulating material; and

a second dielectric cap layer on top of said third layer of insulating material.

6. The electronic structure according to claim 5, wherein said first dielectric cap layer and
said second dielectric cap layer are formed of a material selected from the group

consisting of silicon oxide, silicon nitride, silicon oxynitride, refractory metal silicon
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a diffusion barrier layer of a dielectric material deposited on at |east

one of said second |ayer of insulating material and said third | ayer of
insulating material. 10. The electronic structure according to Clain}%UULZWS
further conprising: a dielectric reactivR6on etching (RIE) hard

mask/ pol i sh stop | ayer on top of said second |I|ayer of insulating material,
and a dielectr.ic |ffu5|0 rrier |ay top o RI E .hard

mask/ pol i sh&tige s §QBFMb¥% %ﬁﬁlﬁvwbgﬂgﬁﬁ@r E?L?@gﬁﬁ%@ﬁBWHBY¢Bg%¥aln11
further conp&mgm%¥c¢h&ﬁm§; dielectric R E hard nmask/polish stop | ayer on
top of said second layer of insulating material; a first dielectric

di ffusion barrier Iayer on top of said first dlelectrlc RI E hard

mask/ pol i sh 0 a.second,.di ctric R E hard k/ pol i.sh. st op

| ayer on top’ o#‘ ggﬂr 5tqr5§°°r°r%?gﬁ)°§ é Wrel?rﬁqlgf?garﬂc% fftal's télbc%nd
dielectric ditﬁﬂ&lﬁichﬂebﬁfdﬂaeforﬂf aieell sélectédRomfths ghotp 8&Mﬂg®f Gl CZ#, HfGndRWE
hard mask/polish stop layer. 12. The electronic structure accor di ng to
claim11l, further conprising: a dielectric cap |ayer between an interlevel
dielectric gf Tﬁé‘el@ét?cfn%! Qﬁfcﬁlrmc%fdlﬁ’%toadmnﬁp wHeRlif Ezh@‘f’?ét lge?t)?ﬁltsﬁ]flﬁné)f an
ultralow-k materi al An el ectronic stricture having l'ayers

i nsul ating matesial i 0D&§el|€ﬁtf>d &oevbe genupiconsistingyafisilicp ogile dilic@@00Fiddi el ectri cs

inawring ducting ,substrate
naving a 1 PleoHElte BRERPSE) WhrooBiRsicRE RF RSl SRTOUE! 1o ARG
mat eri al ; anfithete lme@sblsone first regi on of conductor enbedded in at |east
one second |l ayer of insulating material forned of an ultralowk material,
said ultralowk nmaterial consisting essentially of Si, C, 0 and H, and a
mul tiplicity Pﬁeél@dif&ﬁ?&s%rcﬁir@ﬁ‘&oﬂﬁ’ﬁgﬁﬁ)cla'iﬁ‘x'ﬁfﬁ’r‘tﬁé’r%ﬁ}ﬁhiﬁn terial having a
diel ectric constant of not nore than about 2.8, one of Said at |east one
second | ayadif@fsignbantiertlpyry ofraﬁmlqca‘nc aterigl depositetliomat keastomead saidisedondai d
first layer la(}%r 6ﬂﬁ§{hﬁ§ ér}ﬂatelq?ltaﬁfi'sﬁh thifll 'fas é)rfofﬁl?ﬂuﬂui%% nlla% ~one Fi rst region
of conductor "being 1n ectrical o conmmunt cat first region of
nmetal. 14. The electronic structure according to clai m 13, further

conpri si ng:

10. The electronic structure according to claim 1, further comprising:
a dielectric reactive ion etching (RIE) hard mask/polish stop layer on top of said second
layer of insulating material, and

a dielectric diffusion barrier layer on top of said RIE hard mask/polish stop layer.

11. The electronic structure according to claim 1, further comprising:

a first dielectric RIE hard mask/polish stop layer on top of said second layer of insulating
material;

a first dielectric diffusion barrier layer on top of said first dielectric RIE hard mask/polish
stop layer;

a second dielectric RIE hard mask/polish stop layer on top of said third layer of insulating
material; and

a second dielectric diffusion barrier layer on top of said second dielectric RIE hard

mask/polish stop layer.
12. The electronic structure according to claim 11, further comprising:
a dielectric cap layer between an interlevel dielectric of an ultralow-k material and an

intralevel dielectric of an ultralow-k material.

13. An electronic structure having layers of insulating material as intralevel or interlevel



.a dielectric cap layer situated between each said at |east one second | ayer
of insulating material. 15. The electronic structure according to claim
14, wherein said dielectric cap layer is formed of a material sel ect qu_ 2005
fromthe group consisting of silicon oxi-@&; silicon nitride, silicon
oxynitride, refractory metal silicon nitride, silicon carbide, silicon

carbo-oxi de, . ~carban daoped oxides and .their hydrogen-containing conpounds.
16. The el eBiAlGSHIGS 18 @ A JERG PIENCAHE SPMPHYNE 0 cl ai m 15, wherein said refractory

metal sili ca;arefp;otegsg&senﬂeé&&agﬁn@sdb%atgﬁé@ﬁ%am% iSEbERERe Bé’dﬁeﬁgk?agr oup

consisting o | ectron structure according to
claim 13, flﬁr&th@ﬁr @@mla@wigateaalt pndt dielectric cap |ayer between each of
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material . 1fatcFiaef@edor mmul@raﬁiw-ld Pidiértal 2l 94166 -k Matekial éﬁn%%tmg\@ﬁéﬁl dllysai d
first diel ecgé\’tc ﬁ%ﬁ | ayer and said second dielectric ca ayer are forned
- g ait&i

of an ultraP rlil-and apgultiphetyafaanemeipicsized pasesy sad @‘(shkr‘igatlebalcl aim
17, wherei nh%hgafdierl&h'l éﬁ%ﬁﬁ%f‘ t 1P !%{%out@@do @6%@?&% gielgsid i c cap

Iayer are formed tra materl’a ec ronic
structure hiayenef lha-g)@trr@ odterial dgingtin rngumie ecmtait V\a&l saitt firat kayeﬂ ofansuilatingr | evel
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pre- processeq ?egea?hog%ﬁ?éar@ tslﬁéséug%r{?sgafeg a‘(flcﬂ'é qubreg’tg 1?889‘38‘%’5‘& net al
enbedded i ncammbihicatiod witkkaidffirstnegibnbs metaiat erial ; a first region of

conductor enbedded in a second |ayer of insulating material, said second
| ayer of insulating nmaterial being in intinmate contact with said first

llayer of insyl el diéttrofRisEhb@te act&idth tbrcﬁﬁmrlggfu?ﬂﬂepéonﬁfbﬂ’fgct or being in
el ectrical comunication with said first region of tal, a second region

of conduct of disdgctiir ¢ap layes sitwdtechbetwermenah eaid ableaskiont sesand ldyier ef inswdgfingn of
conduct or apd.h&jng enbedded in a third layer of insulating material, said
third | ayer o]; I'nsul ating material being in intimte contact with said
second | ayer .of insulati ng material; a first dielectric cap | ayer bet ween

sai d second i ns n teria idthir | ayer
i nsul ati ng F‘élalztﬁe eTCtmg]ﬁc‘fFrH& cagﬁ‘éf giedp & lplqg Wg?fellnaﬂ‘? ‘gﬁlﬁcmﬁﬁalb aYgHiSd t hird
llayer of i nfuinadd on@ niedrRl sadctodh@éithe S8l consisting of silicon oxide, silicon nitride,

silicon oxynitride, refractory metal silicon nitride, silicon carbide, silicon carbo-oxide,

carbon doped oxides and their hydrogen-containing compounds.

16. The electronic structure according to claim 15, wherein said refractory metal silicon

nitride includes a refractory metal selected from the group consisting of Ta, Zr, Hf and W.

17. The electronic structure according to claim 13, further comprising:
a first dielectric cap layer between each of said at least one second layer of insulating
material; and

a second dielectric cap layer on top of said topmost second layer of insulating material.

18. The electronic structure according to claim 17, wherein said first dielectric cap layer

and said second dielectric cap layer are formed of an ultralow-k material.

19. The electronic structure according to claim 17, wherein said first dielectric cap layer

and said second dielectric cap layer are formed of a modified ultralow-k material.

20. An electronic structure having layers of insulating material as intralevel or interlevel




. first and said second dielectric cap |ayers are fornmed of an ultral 2%5%2005
dielectric material, said ultralowk material conprising Si, :
and a multiplicity of nanonmeter-sized pores, said ultralowk materi al
having a dielectric constant of not nore-48ian about 2.8. 21. An electronic
structure having layers of insulating material as intralevel or interlevel

dielectrics | W.ring structure conprising: a pre-processed
sem conduct idr'mege ﬂ‘bss’f‘raa‘?‘émﬁﬁt;}lﬁﬁreefompgg‘flgr egion of metal enbedded in a

first layer aGfreipRstdbsll isérdlicBR:REh@kubsafeinading aGH1ABgieh of ARENEHPEdRARSIded in
a second layer of insulating material, said second |ayer of i1nsulating

mat eri al beiffi§f 1pyerohtsiiatiog eteriabt with said first layer of insulating
material, sai L i f r i Ln-electrical .c ni cation
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el ectrical dammufiinselbiinmmatetial sdnglinfintimbtercogiactrwitt said and Wseosf iandathgi ng
enbedded in a thilrd.AO@/er of insu| ati ng. material, said third layer_ of

i nsul ati ng MRA'EIALFGIESHEEIoR of sPRdnstar bEg R electiicplcomumynication th sdfirsh

i nsul ating n@died behetal;and a diffusion barrier layer formed of a materi al
conprising an ultralowk dielectric material deposited on at |east one of
sai d second 2|sg§aad ragign ehrenduptor beingjre¢ledtical gemmamioatjommithrshid first regiod of

ul tral ow k L al .S i . - tipligk of
nanomet or - st ot and BORE el Biedin a dirdla O br et Trathndy Gld Bl of
const ant of imoiatimgmeat¢rivd beiapdmintitnaBe codPact Aith ehid cteomdilgyes bf inshldtieg havriay

| ayers of insulating.material, as intralevel or interlevel 25 JUL 2005 -29
di el ectrics aisfﬁStéhW‘gpﬁﬁa%(aV el eensaifnerdiay eerB}SE{aBP%E@%@Han‘J_S*“‘? third

sem conduct if@r sfisilaaiEmbRYiaNgnd® first region of netal enbedded in a

first layer of insulating material; a first region of conductor enbedded in -
a second | apéreand qiglesiriaramigysreandep af saidthirg layez ehtnsulatipmatstial wheret saity
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insulating material being in intimate contact with said second | ayer of
I nsul ating %t &h ie:falelctf'ronic structure having layers of insulating material as intralevel or interlevel
dielectrics in a wiring structure comprising;
a pre-processed semiconducting substrate having a first region of metal embedded in a
first layer of insulating material;
a first region of conductor embedded in a second layer of insulating material, said second
layer of insulating material being in intimate contact with said first layer of insulating
material, said first region of conductor being in electrical communication with said first
region of metal,
a second region of conductor being in electrical communication with said first region of
conductor and being embedded in a third layer of insulating material, said third layer of
insulating material being in intimate contact with said second layer of insulating material;
and
a diffusion barrier layer formed of a material comprising an ultralow-k dielectric material
deposited on at least one of said second layer and said third layer of insulating material,
said ultralow-k material comprising Si, C, O and H, and a multiplicity of nanometer-sized

pores, said ultralow-k material having a dielectric constant of not more than about 2.8.

22. An electronic structure having layers of insulating material as intralevel or interlevel



.a reactive ion etching (RIE) hard mask/polish stop |layer on top of said
second layer of insulating material, and a diffusion barrier |ayer 2én/ilo}i0h
of said RIE hard mask/polish stop | ayer, wherein said RIE hard mask/polish
stop layer and said diffusion barrier | a8 are formmed of a an ultral owk
dielectric material, said ultralowk material conprising Si, C, 0 and H,

and a multiplicity . of .nanometer-sized pores, said ultralowk material .
havi ng a di }eé‘??ttrll%d“G%QP%lﬁtfucé‘Fre%’F‘pnﬂﬁ ‘e than about 2.8. 23. An electronic
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enbedded in a third | ayer of i nsulating material, said third layer of
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23. An electronic structure having layers of insulating material as intralevel or interlevel
dielectrics in a wiring structure comprising:

a pre-processed: semiconducting substrate having a first region of metal embedded in a
first layer of insulating material,

a first region of conductor embedded in a second layer of insulating material, said second
layer of insulating material being in intimate contact with said first layer of insulating
material, said first region of conductor being in electrical communication with said first
region of metal;

a second region of conductor being in electrical communication with said first region of
conductor and being embedded in a third layer of insulating material, said third layer of
insulating material being in intimate contact with said second layer of insulating material;
a first RIE hard mask/polish stop layer on top of said second layer of insulating material;
a first diffusion barrier layer on top of said first RIE hard mask/polish stop layer;

a second RIE hard mask/polish stop layer on top of said third layer of insulating material;
and

a second diffusion barrier layer on top of said second RIE hard mask/polish stop layer,

wherein said RIE hard mask/polish stop layers and said diffusion barrier layers are



.25. An ultralowk dielectric material for use in an electronic device, said
ultralow dielectric material conprising Si, C, 0 and H, and a gl jiji@0@city
of nanoneter-sized pores, said ultralowk material having a dielectric
constant of not nore than about 2.8. -30-

formed of a ultralow-k dielectric material comprising Si, C, O and H, and a multiplicity of
nanometer-sized pores, said ultralow-k material having a dielectric constant of not more

than about 2.8.

24. The electronic structure according to claim 23, further comprising a dielectric cap
layer formed of a material comprising said ultralow-k dielectric material situated between

an interlevel dielectric layer and an intralevel dielectric layer.

25. An ultralow-k dielectric material for use in an electronic device, said ultralow-
dielectric material comprising Si, C, O and H, and a multiplicity of nanometer-sized pores,

said ultralow-k material having a dielectric constant of not more than about 2.8.



