RELI ABLE | NTERCONNECTI ON BACKGROUND [ 00011The fabrication of integrated
circuits (1GCs) involves the formation of features on a substrate that nake
up circuit components, such as transistors, resistors and capacitors. The

devi ces are interconnecteﬁgEEﬂgﬁhgﬁﬁ%gﬁg(kﬁkﬁﬁ(ﬁﬁbﬁprn1the desired

functions. Interconnectio are y Tormng contacts and conductive
lines in a dielectric layer usin f e ﬁgﬁke, damascene techni ques. A
damascene structure, for exanple,q$%ggggg§ ia or contact hole in a | ower
portion and a trench which is generally wider than the contact hole in an
upper [9601]i on ThEHebridation ef inésgrated eirewist(HeD) imvpleesdles/fosmatjp offeatHessh@nch
contains the conductive line for connecting the device to, for exanple,

ot her gi®virate shat HARO AP AR cwit tdrhpaientd] sehsis oRasifeR) resiurs mukcapacighs.i kg RC
del ay contri buted by back-end-of |ine (BEQOL) interconnect becones re and

nor e siitel hfARterconBedtB® RhEIRTL thé €C kO hérfsiCMcldeMRM flindlioab eTHtércsifetRinsBEOL
i nterconnect, 1aterials such as porous ultralo k (ULK) inter |evel
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is used to formpores to |lower the dielectric, constant of the film.

Addi t i %ﬁl@ﬂsm}e LERANIRICH  PATRRCHRESTUFHES ﬁ%fcqlfampkearmi‘{d?%ﬁg{ahOf&f’n‘?ﬁtehQ?% I
100031However, conventional SiCxNyFl., filnms have been found to be unstable
when dpespertion ana trepeh whishps senegallyoxidenthan thocontast hele i AHURRET PEUCRuUse t he
dielectric constant of the SiCxNyll, filmto increase, the filmstress to
converThd viosereenior egsitace td ad¢éoswhide theritkench aeikaing thefconthectivie llime figri ch
negatively inpacts performance and reliabilit. [0004] From the foregoing

di SCUS&Jna&tiﬂFtthé 8evd@stol aRleRarhplePstayt @eicesmet hod for forming a Cu barrier

with low dielectric constant and hi gh UV resi stance.
[0002] As critical dimensions (CD) continue to shrink, RC delay contributed by back-end-of
line (BEOL) interconnect becomes more and more significant. In the effort to introduce lower k
dielectrics for BEOL interconnect, materials such as porous ultra low k (ULK) inter level
dielectric (ILD) and lower k SiC,N,H, Cu barrier material have been proposed. With the use of
ULK dielectrics, UV curing is required. UV curing is used to form pores to lower the dielectric
constant of the film. Additionally, UV curing enhances the mechanical strength of the film.
[0003] However, conventional SiCxN,H, films have been found to be unstable when exposed
to UV. For example, exposure to UV has been found to cause the dielectric constant of the
SiCxNyH, film to increase, the film stress to convert from compressive to tensile, and even
cracking of the film which negatively impacts performance and reliability.

[0004] From the foregoing discussion, it is desirable to provide a method for forming a Cu

barrier with low dielectric constant and high UV resistance.



SUMMARY 100051Enbodi nents relate to a method for formng reliable

i nterconnects. The nethod conprises formng a device by prepasubstrate with
circuit conponents, form ng a doped device |ayer on the substrate, formng
an interlevel dielectric aon the doBed devi ce | ayer, and exposing the
substrate with U radiation to cur 8UMMARY edevel dielectric |ayer, wherein
properties of the doped device | ayer renmain stable when exposed to W

radi at[pees] 10GRGbdimenerstatbada netitod fohforoapedlisdv ingercoanesis. dbapritads a | ow
k dielectric |layer doped with -CH3. In one enbodi nent, the doped device

layer c%iﬁ??ﬂ(')siﬁ fRmfdg Blevibdb NibpariWsubbgatdivattegduit@ompusents domiing eslopsl DLR.

| ayer. ne enbodi nent, ‘properties of the doped device |ayer that remain

tabl e, i nclude t di LC: X e |
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er-o w t h advant ages and features of the

present inventiqn herein djsclosed, will beco a rent. thr ef erence
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is to be understood that the features of the various enbodinents descri bed
her ei rprapetipoef thetapgd @e\’e@@dﬂmir%alaﬁﬁlb@awh@k?’glos?qﬁo\}é\? ir%ﬁ%“%nbi nati ons and
pernmut ations. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008]in the draw ngs, |ike
r ef er ej0o8s|c hamaoheembodimens the/daped devicolayhecaaprisep alavs kidiglenign byer daped
different views. Al so, the drawings are not necessarily to scale, enphasis

i nst eaggenat ald ohek@htRdimbRcad dopanddvideusydrabinpeiséshE€HISICINyHe sndfhet he

invention. In the follow ng description, various enbodi ments of the present
| nvent &181%ct%rcqaﬂ:? %&Eﬁjgge% | Iﬁ’]blk?a;le?. fhénd @hbRmBE, properties of the doped device
layer that remain stable include the dielectric constant and stress of the doped device layer.
[0007] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0008] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0009] Fig. 1 shows application of an embodiment of a device layer;
[0010] Figs. 2a-e show an embodiment of a process of forming a device; and

[0011] Fig. 3 shows the Fourier Transform Infrared (FTIR) spectroscopy at pre and post UV

curing condition for —CH, doped SiCxNyH,.



drawi ngs, which: 100091Fig. | shows application of an enbodi nent of a

devi ce | ayer; 100101Fi gs. 2a-e show an enbodi nent of a process of formng a
device; and [0011]Fig. 3 shows the Fourier TransformlInfrared (FTIR)
spectroscopy at pre and post WV curing condition for -CH2 doped Si C, NyH2,
DETAI LED DESCRI PTI ON LOU' EnbooEmantED geERCRIFONe| at es t o devi ces, such as
sem conduct or devices or ICs. O her types of devices, such as mcro

el ectr fbbﬁ]gh?@sr&%diﬁ%a& g@ﬁ%n(ﬂ\ﬁmes thidaviices, sigtsdsakmitionpuaysdevines onlGso
) e

usef ul can ny type of I1C, for exanple dynam c or static random

access _nenories,  signal processo C : aciMEMS) ligeid.crysee | Cs can
be i ncBsePReRal {5HES 6P BT Iege,%trgg{l]%&u%ﬁel%ge ec?ﬁgni C ﬁ)r/olguctc;y:r such as

conputers, cell phones, and personal digi assi i 9434 One
enbodi displays, erealssusedila Thedf e ean y.tyﬂ%%tt @e\f?rceé(aﬁlgﬁﬁgéﬁp@a\l}g as a
barrier or etch stop |layer. For exanple, the devi Q@ﬁ Ean serve as a copper
har ri esicdegyraembries\kignambéessurs,omsystantsr-chip geyieest i [BFdCdFa HeG¥VPEE™ ) ayer
may al so be useful. The device |ayer, in one

into, for example, consumer electronic products, such as computers, cell phones, and personal

digital assistants (PDAs).

[0013] One embodiment relates to a device layer. The device layer can serve as a barrier or
etch stop layer. For example, the device layer can serve as a copper barrier layer in ULK
applications. Other applications of the device layer may also be useful. The device layer, in one
embodiment, comprises a dielectric material. In one embodiment, the device layer comprises a
UV resistant dielectric material. Preferably, the UV resistant dielectric material comprises a low
k material. The low k dielectric material, for example, comprises a k which is <4.5. Providing a
low k dielectric material with other k values is also useful. When subjected to UV curing, the
properties of the device layer remain stable or relatively stable. In particular, the dielectric
constant of the device layer remains stable or relatively stable. Preferably, the dielectric constant
of the device layer remains at <4.5. Additionally, the stress of the device layer remains stable or
relatively stable when exposed to UV radiation.

[0014] In one embodiment, the device layer comprises doped SiCNyH,. Various types of
SiCN,H, materials can be used. The dopant in the doped SiC,N,H, stabilizes the device layer
when exposed to UV radiation, such as from UV curing. In one embodiment, the SiC,NyH is
doped with -CHj; (methyl). In one embodiment, the device layer comprises (CH3)nSiCxNyH,.

Other types of dopants which stabilize the device layer when exposed to UV radiation are also

useful.



enbodi nenta dielectric material. In one enbodi nent, the device |ayer
conprises a UV resistant dielectric material. Preferably, the UV resistant
dielectric material conprises a low k nmaterial. The low k dielectric
material, for exanple, conprises a k which is < 4,5, Providing t ow k

di el ecp00il8] matBreiaatount ohdapahisratiects diaresultisg kjos dradexicgilayeppSanEalhy ék% ed t o
W curing, the properties of the device |layer remain stable or relatively
st abl epighé tRaESHceHir@lon, GRieWante &fvatitandeidecoerdaayieone emhbdisiest, abl e or
relatively stable. Preferably, the dielectric constant of the device |ayer
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stabilizes the device |ayer when p d.to UV radiatio suGh from W/
curi ng40%npl'6fﬁéaléﬁﬂb@ier’fme,Oftah%u@ogl\rgﬁﬁ“ T|th§’ a&Bﬁ@&OW?}ha{%@ﬁﬁ%?ﬁyl ). in
one enbodi nent, the device |ayer conprises (CLl13)fi Si CxNyHz. nggg tﬁpes of
dopant €CHPiSIE, S FabS I the ratps ddebow@ SVay 2 evpreferably i5ba renge9iabatisRYe-dh ar e
al so usethi. 100151The anoi of dopants affects the resulting k of the

devi cephoaydifig d6mesialdther atdvanBitgprrduthe dedocbyerwith other k valuppisatsorusefik

val ue and vice versa. |In one enbodi nent, concentration of dopants in die

devi cerdo¥pr iSopik iHeCleORE 14;Rr RAGAUEE has Keerdourd @f stabillzesthe Havionwhen
enbodlhent, the 'atom c concentration of Cin the (CH3)SICN4l1 is in the
range of about, 15%. .40% afley ci HARGE 98 ROAMIns2Q%icle®B% The
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about 25% - 50% preferably ipn the range of  about % Q2 WellnoR
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al so useful. [0016] Dopi ng the device layer with -CH3 has ng{oundf%o
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doped device layer maintains its dielectric constant after bein% subj ect ed
to UV gbuutBQ-300Rcamds enibmii 48htC. Intmotlice Fmbodiment dhasdigleetrisfconstant gb Hsd
device layer remains stable or relatively stable even after exposure to W
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the dielectric constant of the doped device |ayer remains stable or
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WV radiat) rr exanple, t ectric constant of the doped device
| ayer remains

4000 oragRmIBor Patrar iR, ooy T el o e T S RER TN e ayer
is formed by chem cal vapor deposition (CVD).
radiation.
{0017] In one embodiment, the device layer is formed by chemical vapor deposition (CVD).
Preferably, the device layer is formed by plasma enhanced CVD (PECVD). Other deposition
techniques, such as plasma enhanced atomic layer deposition CVD (PE ALD CVD) or high
density plasma CVD (HDP CVD), are also useful.
[0018] To form the device layer, the various precursors are provided into the reaction
chamber. For example, SiC,NyH, can be formed with 3-methyl-silane (CH3);SiH or 4-methyl-
silane (CH3)4Si with NH; precursors. Carrier gases may be employed in the formation of the

SiC,N,H, device layer. The precursors are injected into, for example, the CVD chamber and

reacted to form the device layer.



Preferably, the device layer is forned by plasnma enhanced CAD ( PECVD).
Q her deposition techniques, such as plasma enhanced atom c | ayer
deposition CVD (PE ALD CVD) or high density plasma CVD (I MP CVD), are also

useful. 100181To formthe device |ayer, the vaH ous pr ecug)sqgrs ane pr ovi ded
into tlAB1%eacTosope Herdsaice lpeE, adopspl Wures; iERIQyes- i‘éﬁn%%m APmER W h 3

met hyl -sil ane (CHASIEl or 4-nethylsilane (CF13)4Si with NH3 precursors,

Car derdogastesurmys pevekplioyed Othet lehhignesef pavidingtthe depaghgaurce elppaus | ayer .
The precursors are injected into, for exanple, the CVD chanber and reacted

to thryng hgo BeVicER. 17 BRE embbRkAE Tiee €pat sduecedmdopant!spye ;Clds Wopandedsour ce
is provided. In one enbodirnent the dopant source is provided in-situ.

Q her techni f providing the dopant source or dopants nay al so be
usefula.naﬁkry géél:%gso odi nent, the dopant source or dopant specie -CH3 is

provid y an, al kyl precur.sor. 0201The d I 1 di nment,
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precursors and carrier gases. The fol]owi.ng illuystrates.t reaction to
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(CH3)3SiH + NH3+ Al kyl (CH3)"SiCxNyfl" ; or CH3)4Sill + N 13 -]

Al kyl (1€iioh, tSif@xN\he aped @0 2dellapsr inlakgordance adthswrions ABPHMEB!S: - CH3 speck can
be enpl oyed, Preferably, the alkyl precursor is selected fromthose which

arc conduci ve t o CBUPSilYer KHp#elleyladl (CHDIECAN LI, opr ecursor is sel ected from
t hose which are conducive to PECVD. For exanple, the al kyl precursor should

be small in nol ﬂISiﬁiJrZﬁH};mAlﬁ?l [ATHHZIE H,oom tenperature or have
hi gh vapor pressure’in the liquid phase at roomtenperature. In one
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precursor is selected from those which are conducive to PECVD. For example, the alkyl
precursor should be small in molecular size in the gas phase at room temperature or have high
vapor pressure in the liquid phase at room temperature. In one embodiment, the alkyl precursor
can include HoC(CH3)4.0 (n = 0 — 4), Hy(CH3)3.:C-CHy'(CH3)3.0 (n =0 -3, n’ =0-3), or RC-
CR’ alkyl. Other types of alkyl precursors may also be usetul.

[0022] In one embodiment, the doped device layer is formed as follows:

(CH3);SiH or (CH3)4Si1 : 50-1000 sccm,
NH3 : 100-2000 scem;
Alkyl precursor : 100-2000 scem;
He or N, : 300-5000 scem;
RF power : 50-1500 W; and
Pressure " 1.0-7.0 Torr.

[0023] Not wishing to be bound by theory, it is believed that the doping of SiCxN,H, with

_CHj; specie instead of other species such as —CH, or —CH species reduces decomposition of the



100- 2000 seem Al kyl precursor100-2000 seeny He or N2300-5000 scorn; RF
power 50- 1500W and PressurelL0-7.0 Tom [00231Not w shing to be bound by
theory, it is believed that the doping of SiCxNyHz with SiC NyH, |ayer
caused by UV radiation. The deconposition rel eases H which converts té?
Si-C. SiC, Maayae cieddytfVaadietet. abte dscomposition rajqasesld veehconvegs to Si-
deconposition of SiCahlyH, results in an increase in dielectric constant.
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has been found to be stable when exposed to UV radiation. [00241shows an

applic tllngl%as%f inldi8ectico ?dFth‘l‘ierrfn%fe HRYSILC al¥8 caile¥an iferés€irdisskagsect i onal
view of a portlon of devi ce, suc as an integrated circuit (1C 100. O her

types of devi e al sq us ubstrate 105. The
subst r'at¥¢Veo @’(‘éh‘fﬁ léeeng?)‘ﬂﬁﬁf ay]es‘l’vﬁ‘lg{c%@% @%? %ﬁa%rﬁer types of
substrates, such as silicon genna iur can-.oni nsyl (S are

al so uDB24l . The lsiysparePlieaion Atf hfdgl"g ?A{’ar%ﬁlﬁéﬂ?fehaf %f)?“n'&lg %I(I)()\)ﬁn‘é'ﬁ) such
as transistors, capacitors, or resistors formed thereon. her types of

Ci I cui dectiompoiesnofa partiombof deviss Futh as[pi2EpRAted @rcasl K0 aﬁq?lerlt%es y be

di sposed on the substrate. The dielectric |ayer, For exanple, serves as an

I Nt er QRS ardil) etifli ThelpoBjonl iaylades asubbiratt 10t Thearstatesfoaesamened. The
i nterconnects provide the desired interconnections for the different
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| CD | ayer ower etch stop layer, in one enbodinent, conprises a W
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useful.
[0025] A dielectric layer 130 may be disposed on the substrate. The dielectric layer, for
example, serves as an interconnect dielectric (ICD) layer in which interconnects are formed. The
interconnects provide the desired interconnections for the different circuit components. A lower
etch stop layer 120 can be provided beneath the ICD layer. The lower etch stop layer, in one
embodiment, comprises a UV resistant device layer. For example, the lower etch stop layer
comprises a -CH; doped device layer. In one embodiment, the device layer comprises a -CHj3
doped layer, such as (CH3),SiCxNyH,. The thickness of the lower etch stop layer can be about
250 - 500A. Other thicknesses are also useful.
[0026] The dielectric layer, in one embodiment, comprises a low k or ultra low k dielectric
material. Various types of low k or ultra low k materials, such as SICOH or porous SiCOH (e.g.,
Black Diamond) or organo-silicate glass (OSG), can be employed. Other types of dielectric
materials are also useful.
[0027] In one embodiment, the ICD includes lower and upper portions. The lower portion

serves as an inter-level dielectric (ILD) layer while the upper portion serves as an intra-metal



[ 00261The dielectric layer, in one enbodi nent, conprises a lowk or ultra
low k dielectric material. Various types of low k or ultra low k materi al s,
such as Si COH or porous SiCOH (e. Black D anond) or organo-silicate glass
(GSC;), can be enployed. O her types of dielectric materials arg %I SO
usef ul dielb@82 {IMD) tayer. eTilxodileemnic, layen ean BDa smgledares or sweti-layseediHsEr "Borti ons.
The | ower portion serves as an inter-level dielectric (11,D) layer while

t he uppgHHROLLI AL BHEMAR bRSis@Ntol sefvenBbath thdlEDeati TMD ¢1f depyratcdypars Tuvebe
dielectric l'ayer can be a single layer or multi-layered stack. For exanple,
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| ayers use or thel tviD. For nulti-layered ICD, the ILD
and [ MD can conprjse the sane or_different |l : E@R2ES theN
etch stifprenbipatenalsodn SHBRATSCE AN BL TP ggre%lgggel}%&‘}er&%&? Réeaﬁsﬁ%lggr?d I'ND. The
etch stop layer, for exanple, can be a UV resjstant et top layer. In one
enbodi FEhand IMB. (e ctabi ssamlayerefasigxampls: R 2 pynﬁ??‘?@%%‘&gh 5@?3-‘/8% plg "€t ch
stop layer, for exanple, (Cl-13)nSIC NyE7. The ICD | ayer can repgesent any
i nt er canbh@iinehte el UGfred st eohi sten lafercopaisps @;CHhdopeddiqhien laggnioBe M, M,
etc. [00281An interconnect 150 may be fornmed in the 1CD | ayer. The I C can

i ncl udg P TOHS), 51, REEQMIRSICD ldybr @merepresa ang ittercotreci levaod gredsyice.
conprises a conductive line 156 in the upper portion or [MD while a contact

154 i SF(?F%Q&%Fedtﬁe%d ﬁ\é)ﬁ{caﬂq;etl\i’lp,rMQ!etb.LD- The interconnect conpriluctive
mat er i al . For “exanpl e, e conductive material can be any netal or alloy. In

one emaghienay LS ILA GAMNEFR. flel AIRLIED IGARPahe 181cHT il dutitgnisen,

0 (0] €o i's unders that the contacts and

conductive line can conprjse the same or different terj <4k t
connectéereqmaeetsn fuetg Fabadimenty eAniereraet CPREIEH va W&l\}ﬁgfrn §el>%é1-nrr§ihg?l%éc

depending on the [CD | evel or desiimthe contact region c be, anot her
net al portien or M Daehilcecorgaat H 54 s ¢ispiised Usihe AoW & qIosHOTHRT ‘EnggﬁE 1gferepnnee

transistor or a plate of a capacitor. 100291A battier 158 can be provided
t o | i ngohhieses h@den@lctise anteriabt Fanaxafnpld)éhd cundngemederial The bp angEetas gt ves t o
protect the conductive line fromdiffusing into the dielectric |ayer. The

barri e5lior%(ﬂ1 o 3HBb &im SRS RIREbERCH dah @ ipis o téppet alrinn, tudigbten, thgipes of
barrier terials such as TaN, tantalum rutheniumor a conbi nation

ther eOLIlO)js,n (():rl augoim nzﬂol}ll’ th&eSr. aIIt ?Sourfd%l%iégd' that the contacts and conductive line can
comprise the same or different materials. The contact connects the conductive line to a contact
region below. For example, depending on the ICD level or design, the contact region can be

another metal line or a device, such as a diffusion region or a gate of a transistor or a plate of a

capacitor.

[0029] A barrier 158 can be provided to line the sidewalls and bottom of the interconnect.
The barrier serves to protect the conductive line from ditfusing into the dielectric layer. The
barrier, for example, can comprise titanium nitride (TiN). Other types of barrier materials, such
as TaN, tantalum, ruthenium or a combination thereof, including TiN, are also useful.

[0030] The conductive lines and/or contacts can be provided with slanted sidewalls. The

slanted sidewall profile provides better sidewall barrier and seed coverage during processing.



[ 00301The conductive lines and/or contacts can be provided with slanted
sidetvalls. The slanted sidewall profile provides better sidewall barrier
and seed coverage during processing. The slanted side.walls, for exanple,
conprise an angl e of about 85-90'. Providing conductive |ines and/ar
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an upper barrier layer 170 is disposed on the surface of the I1CD | ayer and
t he i ntes aadypecdntacihwithppesslanadrsidewallajsealscesefidl so serve as an etch stop or
cappi ng layer, in one enbodi ment, the upper barrier |ayer conprises a W

resi stiggdy]l ayf onel dbddmERS he hftr bhieeTayeP I isisposeddrlBe dofia dfalyeiCD For
exanpl'e, the LEV resistant |ayer conprises (Cl113)"Si CxNyli The thickness of

t he upper barri.er |la 3 - j i@ e al so
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device, such as an C in accordance wth one enbodinent.. ferri o Fig.
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conprises a p-type silicon substrate. O her types of subg%&ates, such as
ager mansistantdags gomgaises aitadepad laeer. iF!?bﬁxaé‘?PlP,ﬁg%pé’t wis(esEsy LS Hhi r e
substrate, are also useful. The substrate can be prepared with circuit
CONMPONER: % S(OOL, Hs h@hahickGiessoofi the vppep daeivt faycaenni eoibode200- 00 ax &ipte,

transi stors, capacitors and/or resistors. Qher types of circuit conmponents
are alipRkhs8éWre alk0A33hiThe substrate is further prepared with a dielectric
| ayer 230. The dielectric layer, for exanple, serves as an [CD Layer. A

| over 51{8%‘?] St @Ryl Y ELhAEY r?g%spﬁ)r REMhE 8 BoRRASAD B b RvicERRubRyein ITHe | over

etch | ayer5 'In one e Iment, conprises a UV resistant device |aver.

F I he | .ch I ' ] [
[ ayer Sepdgies ‘Sib0M RERCITEN oraE ) Lerrbnar e 20 B AE TN, T,

The thickness of the |ower etch stop |ayer can be a t 150-500, A . O her
t hi ckriohgeate,an engprpodigwnt; |09mraé?§&1H-M’8ﬁglceﬁﬁﬁ%ﬁtﬁ?@n?(?tﬂﬁ%tépﬁﬁ ‘23%82%‘?%“%?’ | ayer

i ncl udes an upper or IMD portion and a |ower or FLD portion. The dielectric
| ayer soelnabe gemsinighdasely galliom arsdnide, piligen-earizpulasor, (SPA) or saprpire subgtraeng| e
| ayer can be used to serve as both the ILD and MD or separate |ayers can
be usege ilgs utdtel. Mhebsttd®car be prepRred asbs:ircait cempbnesto(mot shoem)( Rocuis hown)

can be di sposed between the |ILD
components can include, for example, transistors, capacitors and/or resistors. Other types of
circuit components are also useful.
[0033] The substrate is further prepared with a dielectric layer 230. The dielectric layer, for
example, serves as an ICD layer. A lower etch stop layer 220 can be provided beneath the ICD
layer. The lower etch stop layer, in one embodiment, comprises a UV resistant device layer. For
example, the lower etch stop layer comprises a -CH; doped device layer. In one embodiment,
the device layer comprises (CH3),SiCxNyH,. The thickness of the lower etch stop layer can be
about 150-500 A. Other thicknesses are also useful.
[0034] In one embodiment, the dielectric layer includes an upper or IMD portion and a lower
or ILD portion. The dielectric layer can be a single layer or multi-layered stack. For example, a

single layer can be used to serve as both the ILD and IMD or separate layers can be used for the

ILD and IMD. In some cases, an etch stop layer (not shown) can be disposed between the ILD



and | MD. The etch stop |ayer can conprise (CH3),SiC Nylin. OQher types of
etch stop layer may al so be useful. [00351ln one enbodi nent, the dielectric
| ayer conprises a low k or ULK dielectric naterial. Various types of Iow k
or ULK materials, such as S1C011 or OSO can be enpl oyed. O her Hé%r

CD

di el eciqd BIDATRE e@hstapdayealcam ngnpmtg@ﬁ%)r@n@x%o Otssftynes of gigbjop
| ayer or | ayers can be deposited using various types of dep05|t|on

technlﬁgﬁa O%QE]‘ anpl e, chem cal vapor deposition (CVD) processes such as
pl asma enhance ‘%E’ECVD) hi gh density (HDCVD), atnospheric pressure (AFCVD)

The be@@?ﬁj %?ﬁég‘tg odim eﬂy i (ﬁP@ n}%g 'ggrg Asdr068I6QSUBK &lidlb@fic tmekial. .

The sp or éxanple d on the type of material used

and the application. I d d
By Ex oY an oL PO BHVEL gt AUt Fapa hOSGe R Ao fA0 Qe T S

generates pores which reduces t he d| el ectric constant of the ICD | ayer.
Addi t i typed dfdieletieicOvteriads mﬁt@ﬂmlgri%?&%‘éé?%%us&gﬁsi ty of the [CD | ayer. The
W curing can be perfornmed at a tenperature of about 200-500 .C and

pr ef er phi3y) abotie [BODISQAE liyers cinchetdepOsiBOOISHEENAYS tPEDSBIEPAEIPR LV | i ght
transparency in the LCD layer, the underlying etch stop layer will also be

cured HyhhifGesU¥ok @ rﬁ;l.t)lb Oshefii Gl v bgpt@iepsdition (GVBY pocdaeceichias blashe enhanced
enbodi nent, the underlying etch stop | ayer conprises a stable etch stop

| ayer e Sufy VB tan t@edineidryi ng et ch
stop IW@E% |§?§R¥Eﬁg@?@ﬁhﬁép rn;l%%SSlRef erri 2ganto Fig. 2b, a mask

| ayer 260 is frutoed.OMN ectrj @S:gbfg, le. dahe mask
| ayer ?Gbm&ﬁ?ﬁpsruf:]té8%5%1°P|p[5?cgssseﬁtg)lrenagss(%(@é%ler%?gS %é(;f\‘}?gl%ng a g:eﬁ%ilﬁseenask | ayer

is also useful. Qther types of C uratl ons are al so useful.
100401 Hepend@ndhobar eémateriahased g t}FeaW? ¥8Mori ses a hard sub-mask | ayer and

a soft sub- X
[0037] [n one embodiment, the ICD layer can be cured by UV. Exposure to UV removes the

progens trapped inside the ICD layer. This generates pores which reduces the dielectric constant
of the ICD layer. Additionally, the UV radiation increases the density of the ICD layer. The UV
curing can be performed at a temperature of about 200-500 °C and preferably about 300-400 °C
for about 30-600 seconds.

[0038] Due to UV light transparency in the ICD layer, the underlying etch stop layer will
also be cured by the UV radiation simultaneously. In accordance with one embodiment, the
underlying etch stop layer comprises a stable etch stop layer when exposed to UV radiation. In
one embodiment, the underlying etch stop layer comprises (CH;3)nSiCxNyH..

[0039] Referring to Fig. 2b, a mask layer 260 is formed over dielectric layer 230. In one
embodiment, the mask layer 260 comprises multiple sub-mask layers. Providing a single mask
layer is also useful. Other types of mask configurations are also useful.

[0040] In one embodiment, the mask layer comprises a hard sub-mask layer and a soft sub-
mask layer. The hard sub-mask layer is deposited on the dielectric layer. The hard sub-mask

layer, for example, comprises silicon nitride. Other types of hard mask materials, such as TEOS,



mask | ayer. The hard sub-nmask |ayer is deposited on the dielectric |ayer.
The hard sub-mask | ayer, for exanple., conprises silicon nitride. O her
types of hard mask materials, such as MOS, are also useful. The hard sub
ask layer can be formed by, for exanple, PE CVD. O her techniques for
form L %ﬁg g@mﬁ AR -raYiefayar @ndlesormimifor exBinglh RELC YRs IOthetyer i s
about 150- 8 A thick. O her thicknesses are al so useful., 100411Above the

hard sub-mask | ayer. i Ll SRk TRRK atedY &Y usefulOMRe Bird edliskdayter istdbeuts of t
sub- me’§ %‘iférfor%%}rﬁgzlelgh%@g%%s?%%Tﬁe photo-resist, for exanple, can be
formed by various tech(r&i}.g]tg]}(f?}bsé sucatﬁ as in-on. O her techniques are al so
usef ul 150730 A figknOther fRckEsSS 5 YU B Nask |ayer is, for exanple, about
1000- 5000 A. Qther thicknesses are also_ useful ~An anti-r LM e 6 ARE)

| ayer [98Allbe fAdravethdené selvmapls [aysr is asqB SHRZRASK JYSF 9Rs ﬁdlog%éeﬁs{s of the
ARC | ayer can be about 2004500 A. O her thicknesses are also u fu\l/..ou
10042 14 b-hihdk lage cotripeiseli gotetasist. Whyehotpgeq@ﬁzfoéﬁwlﬁsqaﬁg’ei%&e 0"d8% or m
an opening 242. To pattern the dielectric layer, the soft sub-nmagsk can be
first {%Eﬁﬁigﬁ&egmﬁ%g BBinldd. hoGEARbIdqiecinilques:fulTAhehickrash obthespld Salyr ¢
sub-mask 1's then transferred to the hard sub-mask using, for exanpl e,
reactiveetchin Ut ool sooohenOuse thitltnepses ey aish ele@dt Angntiayer .
The di @I@Efﬁ Frclg’lig)glé@nc%%-’@g)g patterned by, for exanple, RTE. O her

techni ques .fo tterni nq the di.el i Ebahsk 1 f rhe thiOQhssLdfithene
enbodi F@ﬁ’f’t}v‘tM@pléﬁ?rrfﬁng’&fr%?ﬁle;ﬁebsmgﬁgElléﬁcsogt;rrascenehl%egeni ng. The dual
damascene opening, for exanple ri.ses a via ikng in the ILD and a
trenchA(Bffehi}’PrgcaiﬂrgPetall?@u@Qﬁ‘{%Qe&d@gw@&aﬂ%eégﬁgreo%gdgﬁ%gﬁ can be folioed using
various techniques. For exanple, the dual dinnasc nin : or med
usi ng yoo2f i r sin Rig. Ad; theldagectrie davisr §w§¢mA#P§Pﬁ$%S§§g??£f°ﬁ‘8 pog%?lﬁl %ég'n be a
damascene openi ng. For exanple, the danmascene openi ng can b% a vi.a opening.
Pr ovi dir@%,agéﬂ?ﬁﬁe H¥Resichyapeirisofsubamesk cas be fisshprtaspehissitiggrarifs o
useful. The opening may conprise slanted sidewalls. The slanted sidewalls,

for ex | ® sef-makiolstth&btrans@ted tPtimtiadd suep-mpgnisies 4 t h
?éz?tln ugslcf S%ﬁ?@r@@f BOGHR s T

non-sl ante s as shown is also useful. 100441The opening should be
suffic Ieyei\erl}%rl)l%, %S&Pveti& %trc]:%}.)nlgetR(fEﬂt’ﬂfetmas‘k 2 ifAsafto pa@eiOme dall@tyic layer. The

dielectric layer can be patterned by, for example, RIE. Other techniques for patterning the

dielectric are also useful.

[0043] In one embodiment, the opening comprises a dual damascene opening. The dual
damascene opening, for example, comprises a via opening in the ILD and a trench opening in the
IMD. The dual damascene opening can be formed using various techniques. For example, the
dual damascene opening can be formed using via first or via last techniques. Alternatively, the
opening can be a damascene opening. For example, the damascene opening can be a via
opening. Providing other types of openings, such as trench openings, are also useful. The

opening may comprise slanted sidewalls. The slanted sidewalls, for example, comprise an angle

of about 85 - 90°. Providing openings with non-slanted sidewalls as shown is also useful.
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the dielectric layer. For exanple, the opening should be deeper than the
etch stop layer 220 to ensure exposure of the contact region. [0045]in
sotne applications, an internediate etch stop |ayer (not show can be

provi ded between the MD and ILD. The internediate etch stop |ayer

conpr i @e34] | n MRepenhgdhardbe saffidéntlgsegt mrnablkcenaeidoaenBetrEvndsIMayer .
The resistant intermedi ate etch stop |l ayer can be, for exanple, a -CH

doped E%&]@tﬁg}a})’?’ &for ckBmpREtRBpeMhFERtuld b dediet thasttixpettiaytep lyenpl( es

(a-13 The thickness of the internmediate etch stop |ayer is

about 150-500 A er thicknesses are al so useful. [0046] The photoresi st
or sof?“HEE?mP§§8§¥P§c?%%%@%éﬁ he soft mask is renoved by, for exanple,

as. hing. O her techniques for renovinhg th of.t sub- I : ful.
10047 1948howrinispmengpcaons ap P s R B LRSSRPEARR REEMRE, i
lining the surface of the dielectric layer and openi.ng.. The bat her

f or napbeweemthedMId asd TRANTheiHemediateeich stopdayes FORPTISFCH 90S SRAfkqRh2
titaniumnitride, ruthenium or a conbination thereof, are also usef%I

Pr ovi diyNOregishat int@metliayastchstup tayenuThd PVeaesisiparistermediptesteisdon Jayergia be,
barrier can be fornmed by, for exanple, PVD, CVD or atonmic |ayer deposition
ALD) . chng HQficH Lomiaper. tlenbambodimat,ghattsh stopddyek corhpGxs] A
conducf?&g&Pgsé?nggggﬁé deposg?eg on the substrate covering the bather 258

and fi Léhggsr}ggﬁ }E‘Paﬂhe‘ggﬁﬁé&? PPuRlAURhUife AP kit 180500 Al Othor

exanpl 5€5 copper, alumnum tungsten, "alloys such as A doped Cu,

Wh doped Cu, or a_conbipnation thereof. Qther types of conductive materials,
incIudﬂﬂﬂ“ﬁ%?ﬁ?§”ﬁﬂﬁmﬁhpoys, are al so useful. In one enbodi nent, the

conductive material conprises copper.. The co ctive t.eri
deposi {M¢6by eThecphogerpsisftar sgft mask&ayer @c,rﬁ‘i’?io?ﬁ?fgs, %Wﬁfﬂg Br9 %‘gn‘g?’ l%? i ng,

CvD, PVD or sputtering, are also useful. The chni que enpl oye

) may depend on
t he matemple, ashthgF@ther techniques for removing the soft sub-mask are also useful.

[0047] As shown in Fig. 2d, a barrier 258 can be deposited on the substrate, lining the
surface of the dielectric layer and opening. The batrier, for example, can comprise TaN. Other
types of barrier materials, such as tantalum, titanium nitride, ruthenium, or a combination
thereof, are also useful. Providing a barrier layer having multiple layers is also useful. The
barrier can be formed by, for example, PVD, CVD or atomic layer deposition (ALD). Other
techniques for forming the barrier are also useful.

[0048] A conductive layer 280 is deposited on the substrate covering the barrier 258 and
filling the dual damascene structure. The conductive material, for example, comprises copper,
aluminum, tungsten, alloys such as Al doped Cu, Mn doped Cu, or a combination thereof.
Other types of conductive materials, including metals and alloys, are also useful. In one
embodiment, the conductive material comprises copper. The conductive material can be
deposited by electro-plating. Other techniques, such as electroless-plating, CVD, PVD or

sputtering, are also useful. The technique employed may depend on the material used. For
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el ectropl ati ng techni ques, a seed layer is first -formed on the barrier

| ayer. The seed | ayer, for exanple, can be forned by PVD, 100491Referring
to Fig, 2; excess material on the surface of the dielectric layer is
renoved to forman interconnect 25Q. In one e di.nent , € excess terial
i s rendodtp-pating [chRianes, 2isergl Iy ade S5t {fQmeg om the BrERERY SurF g SECwH F the top
of the dielectric layer. For exanple, excess conductive and bat her

mat er i edasapde) cabe samfeddy RDt he [ CD | ayer are renoved by a polishing
process, such as chem cal mechanical polishing (CwW), electro-CwW (eCWP) or
a conbjppadj on RdIgtiagte FI@ Derextydaesaterial phaiagurica gl tk ddbdtshlager ipravesses
are al so useful. The polishing process may include nmultiple polishing steps

to renpve. Fg 8@5‘%&?‘%@?55@“&%‘1@“&“’ B8 LR HGLd UL sFRAoRAT By £

mat eri al s. removi ng the excess nmaterial, a cap layer 29.5 is
formed over .the substrate surfac Th ap | ayer . r e.0f the
di el ec?lP?@ql%@PC%?ﬁzo h{g“i‘ ]é?rcsgﬁfﬁ%ecw&h ﬁ}]&gﬂgglr?b(ﬁ)%?%el?\tla%‘? h%&ce%%%plz%/er
conprises a UV resistant capping |ayer. For exa , the cappi | ayer
conpri Wsséon@%yeﬂééé’éﬁtféﬂaé@q?%\% e sprfage Rl tﬁ%@i%ﬁ?fe r?‘ﬂgeﬁi;@f te I ayer
conprises (Cit),,SiCxNyliz. The thickness of the capping |ayer can be about
150- 50@li&hin@tiregess, sick sedwasca meechinienl pebishing (GBS rlertre-GMEJ8SY I ORI nues
to formthe IC. For exanple, additional processing can include feinting
mor e | &mbiamesnsihaRdf. | Other oenetplanniving dmmlisiing procasses are aliocisafpl. dbsenbl y
and packaging. Qther processes are also useful, 100521Referring to Fig. 3,
whi ch ShQWs o drbbesé ¥ay idoludd mARPRIobsENg stps Rbirofde@nige Miffefant faferiallsichad. 2)
pre and post UV curihg FTIR spectroscopy, The x-axis represents wave
nunber agd t he 'b%;%%erﬁgﬁ%?ems absorption. Curve 305 shows the FM of (x

1, 2) PS8 WTLHYEd. curve 310 shows the FTIR of -CELL (x - 2)

doped SieN fol | owing first ing.. The th jJcl ed part
i g 1 BHEOk no AR GRIpLAR Cha EHGETHETA @ AP G715 FPIRUEATE RO R i -

i ndi cates that the(where x = - or | % peaks at about .
surface. The cap layer covers the surface of the dielectric layer and the interconnect. In one

embodiment, the cap layer comprises a UV resistant capping layer. For example, the capping
layer comprises a -CH; doped device layer. In one embodiment, the device layer comprises
(CH3),SiCxNyH,. The thickness of the capping layer can be about 150-500 A. Other thicknesses
are also useful.

[0051] The process continues to form the IC. For example, additional processing can include
forming more ICD layers and interconnections, final passivation, dicing, assembly and
packaging. Other processes are also useful.

[0052] Referring to Fig. 3, which shows —CHy (x = 1, 2) doped SiCN (using Alkene
precursor CH,=CH}) pre and post UV curing FTIR spectroscopy. The x-axis represents wave
number and the y-axis represents absorption. Curve 305 shows the FTIR of -CHx (x =1, 2)
doped SiCN as deposited. Curve 310 shows the FTIR of -CH, (x = 1, 2) doped SiCN following
first curing. The three circled parts of the curve serves to highlight the major peak changes after

UV curing. For instance, the FTIR indicates that the Si-CHy (where x = 2 or 1) peaks at about
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2927eo0f -CH, (x- 1,2) doped SiCN. Si-Cl-1, (where x = 2 or undergoes
deconposition upon W curing to release H and convert to Si-C, which has
much higher k than the original film However, for -CH3 doped SICNI, its
Si -CH3 bonds remain relatively stable upon UV curi n9. This is illustrated
in t heBTER! ofhCeh (shoyd) dopad StEN. Petkldppewr 7ig oatl) BRASIERSS IRYMRESEOat ed
wth Si-CR 5, does not change after UV curing, indicating the Si-CR3 is
st abl &, JJRqeY chinEtY deldse AQAS3dTet torBiaT)vigeh hys rhechelniploatiketiai theorigmel
specifirc forns wthout departing fromthe spirit or essenti al
characteristics thereof. i ' Selativeey &fisle @poralU® t 0 be
consi ottélpbdﬁ?we‘éqri g?égg%g?géﬁﬁ%?g?tlirtgg’eé@?ﬁg@%anng&g e i nvgnti on
descri bed herein.  Scope.of t i nyention i i ndl pRended
cl ai mecuring Héys ‘ﬁlﬁl&}?”ﬁ{}gtl%@ef%ﬁ@gg’h% geeR 'F?%P.QB% - k gﬁ%&g}j q%%g%%&e]??hat " come
within the nmeaning and range of e(%ui val e Cé_] t he cldaiaﬂs ﬁ%ﬁ?ii ended to
be enbwhickds assesiated with\§itH;, doey natshangeaiicel)) fiEines INCKaHES of forming a
devi ce conprising: providing a substrate prepared with circuit conponents;
stable under UV curing.

[0053] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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form ng a doped device |layer on the substrate; formng an interlevel
dielectric layer on the doped device |ayer; and exposi ng the
substrate with UV radiation to cure die interlevel dielectric |ayer,
wherein properties of the doped device |ayer remain stable when exposed to
LWradiation. 2. The nethod of claiml wherein the doped device |ayer
conprises a low k dielectric layer, 3. The nethod of claim|l wherein the
doped device |layer conprises a low k dielectric |layer doped with -CH3. 4.
The met hoghffis @hiaieid: wherein the doped device | ayer conprises
(CH3)11SiC'Nyfl 7. 5. The nmethod of _claim 1l wherein thrd | dielectric |ayer
conprises an ultra low k ((i LAC) di ehelYPi ¢ | ayer, 6. The nmethod of claim
5 wherein the doped device | ayer conprises a low k dielectric la 7. The
met hod of cl ai mbwherei n the doped device | ayer conprises (C113)"Si CANyfi 7.
8. The nﬁnhod1bﬁwﬂbdbﬁﬁkmMMQr@ﬁhwmhemdépgd device |l ayer conprises a k of S
4.5. 9. The net had h_{n18 n.o §§{§ﬁe .of the doped device | ayer
that remai n sP5Bf! n$ﬁ§ﬂ§ Bledr e ccons "the low k dielectric

layer. forming a doped device layer on the substrate;
forming an interlevel dielectric layer on the doped device layer; and
exposing the substrate with UV radiation to cure the interlevel dielectric layer,
wherein properties of the doped device layer remain stable when exposed to UV

radiation.

2. The method of claim 1 wherein the doped device layer comprises a low k

dielectric layer.

3. The method of claim 1 wherein the doped device layer comprises a low k

dielectric layer doped with -CH3.

4. The method of claim 1 wherein the doped device layer comprises
(CH3)aSiCiNyH,.
S The method of claim 1 wherein the interlevel dielectric layer comprises an ultra

low k (ULK) dielectric layer.

6. The method of claim 5 wherein the doped device layer comprises a low k

dielectric layer.

7. The method of claim 5 wherein the doped device layer comprises
(CH3),SiCiNyH,.
8. The method of claim 1 wherein the doped device layer comprises a k of <4.5.
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10. The method of claim@8 wherein properties of the doped device |ayer that
emain stable include dielectric constant and stress of the low k dielectric
layer. 11. The nethod of claim8 wherein properties of the doped device

| ayer remai n stable when exposed to UV radiation for 30-600 seconds.

The nethod of claiml wherein form ng the doped device a supplying a dopant
source conprising an al ky precursor. 13. The nmethod of claim 12 wherein
form ng the doped device |ayer further conprises reacting device |ayer
precursors with the alky precursor, wherein the device | ayer precursors
conprise (213)3S1H or (CH3)4Si and NH3. 14. The net ho? of claim 12 wherein
the dopart soUheeettonipfickes Savhextik prapesics & the depgddayicg 13yepthat remamn
R'C(CF13) 4

15.  The ﬁ&bfpgngcﬁggél%lpﬂgftﬁé%ﬁnst ol ek W%%}ée&ﬂ%%g}%fbl-& n'=1-3), or RC-CR

ereln formng t ped device | ayer further
conprises reacting device |layer precursors with the alky precursor, wherein

the device | ayer precursors conpr.ise 1-13),3S H | NH3. A
net hod f o0. f or%ﬁ@et@dégﬂ%ﬁdﬁ@gp p&‘&% o Ogéﬁa‘)?%qo eé’:gc p%%é%/lﬂl | %eg&gl
substrat g bﬁ&h@%ﬁ@d@le@@ﬂ%@nﬁﬁi{ a6 @ stk@Y B theow Relicteshid lagdre; and

exposi ng {he substrate to W radiati on, wherein properties of the doped

devi ce | ayer are stable when exposed to the UV radiation. 17. The net hod

of claim 6 wherein the dapad,ASuGEolcAYE or RTS8 idFRks rorld SkieBidl Bk.

when exposed to UV radiation for 30-600 seconds.

12.  The method of claim 1 wherein forming the doped device layer comprises

supplying a dopant source comprising an alky precursor.

13.  The method of claim 12 wherein forming the doped device layer further
comprises reacting device layer precursors with the alky precursor, wherein the device

layer precursors comprise (CHz)3SiH or (CH3)4S1 and NHj.

14.  The method of claim 12 wherein the dopant source comprises an alky precursor
selected from H,C(CHj3)4.n(n=0-4), H,(CH3)3..C-Hy(CH3)s.00 (0=1-3, n’=1-3), or RC-CR’
alkyl.

15.  The method of claim 14 wherein forming the doped device layer further
comprises reacting device layer precursors with the alky precursor, wherein the device

layer precursors comprise (CHz);SiH or (CHj3)4S1 and NH3.

16. A method for forming a semiconductor device comprising:

providing a substrate;
forming a doped device layer on the substrate; and

exposing the substrate to UV radiation, wherein propetties of the doped device

layer are stable when exposed to the UV radiation.
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18. The method of claim 17 wherein a dopant source for form ng the doped
devi ce Layer conprises an al ky precursor selected from 11" C(CF13) 44n=0-4),
FI (C113)3.fiCl1-19,(C113)3,, (if=n"=1-3), or RC-CR alkyl. 19. The nethod
of claim 18 wherein the dopaid source conprises an al ky precursor selected
from1-1,1C(CHO4.(1)=0-4), 1-1,(C11313 ,1C1:10:C1-13)3,, (sr=1-3, n'=1-3),
or RC-CR alkyl. A sem conductor device conprising: a substrate; and

a doped low k dielectric |ayer doped with -0-13, wherein properties of the
doped | ow7k diTek@atliddoflchiar 6aiterai teldopuwhdaviedpes edmpasekV 1 adi at i on.

(CHz),SiC,NH,.

18.  The method of claim 17 wherein a dopant source for forming the doped device
layer comprises an alky precursor selected from H,C(CH3)4.n(n=0-4), Hy(CH3)3.,.C-
H,(CH3)3.. (n=1-3, n’=1-3), or RC-CR’ alkyl.

19. The method of claim 18 wherein the dopant source comprises an alky precursor
selected from HyC(CHj3)4.n(n=0-4), Hy(CH3)3.4C-Hy(CH3)3n (n=1-3, n’=1-3), or RC-CR’
alkyl.

20. A semiconductor device comprising:

a substrate; and

a doped low k dielectric layer doped with -CHs, wherein properties of the doped

low k dielectric layer are stable when exposed to UV radiation.
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