Integration Film Scheme for Copper / Lowk Interconnect CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application relates to the foll ow ng
co-pendi ng and commonl y assi gned patent application: Serial No. 101602, 751,
filed on June 24, 2003, entitled Hybrid Copper./ Low k Dielectric

| nt er connect I nt egrat i on Met hod and Device, which application is hereby

i ncorporated herein by reference. TECHNI CAL FI ELD [0002] The present

i nvention rel atgge 0%%%&1%1 S@{Ent® Pgeﬂﬁﬂ‘ﬂo%ﬁ-‘kltﬁﬂﬁbdmfe‘ttpart icularly
to sem conduct or vices having, multip llayers of metallization.

BACKGROUND [ 0003]. As seni conductor device circuit density increases and
device feature size. . decreases, _increased nunbers of patterned netal

| evel s @R@%@@EEREHC’&T@RH@%T@%B LIGHHONS bet ween netal |ines at each

| evel 'to effectively interconnect discrete seni conductor devices,

sem con chi f t jons are -
separ at gd(]}ﬁ y |§§}’éragph§?“ qnﬁggtf:gﬂ[ |ﬂfr11'33fr0ﬁ rrg 'gilug Pﬂ*tno ag%lg&ﬁrﬁ?%%lerred to
as inter-level dielectri L . se i.h ) sul ati ng :
| ayers peplieation-chraig! ey ld 0%3%4% %ﬁ@ﬁé g& r@mﬂF‘% ﬁgﬁ"‘f\ﬁ?ﬂ?eﬁ) f;%“ﬁiﬁuct i ve
material, referred to as vias or pl ugs, which are used to connect one

| evel oDicletria litérzeuniadntegrition Mathndiané Dewice, Which apphiersian istetebs incaporiecsr i al -
used for ILD layers is silicon oxide (SiQ), which has a dielectric

const anferdikpy fRfer@tieout 4.0 to 4.5, relative to a. vacuum which has a k

val ue of 1. O [ 0004] However, as sem conduct or devi ce di mensi ons decrease "
and the packi ng density : :

TECHNICAL FIELD
- [03[[2] -The present'inx}enﬁdn relates genera}ly semicondiictor devices, and more parii_c@laﬂy

1o semiconductor devices having multiple layers of metallization.

BACKGROUND

: [0003]  As semiconductor device' circuit density increases and device feature size decreases,
mcreased numbers of pattemed metal 1eveis a;‘e required with decreased spax:mg betweee metal
o ]jnes at each 'level-to eﬂ?ecﬁvely mterconnect dlSCIﬁtC semlconductor dewces'on semiconductor
'ChlpS The dlﬂ'erent levels of metal mterconnectlons are separated by layers of insulating
| ‘-'matenals or films, oﬂen referred to as mter—level dlelecmc ([LD) layers. These mterposed
: msuiatmg layers have etched holes or trenches that are filled vnth a couductwe matenal referred
E toas vias or plugs, Whlch are used to comnect one level of metalhzatlon lihes to the next. A
common insulating maienal used for ILD layers is silicon oxide (SiOa), which has a'dielectric

| constant (k) of about 4.0 to 4.5, relative to a vacuum, which has ak value of 1.0.

[0004) However, as semiconiductor-device dimensions decrease and the packing density

increases, it is neces'sary to reduce the spacing between the metal lines at each level of
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increases, it is necessary to reduce the spacing between the netal |ines at

each level of -i interconnection to wire up the integrated circuits. .
Unfortunately, as the spacing decreases, the intra-level and inter-Ievel
capaci tances increase between netal |ines, as capacitance is inversely

proportional to the spacing between the Iines. Therefore, it is desirable
to mnimze the dielectric constant k of the insulating materi al

(di el ectinterednnbattonaewirt hypthe duietated cigoults. Nidsfortinately, dethe Sacingdu@eased, g RC tine
constant and thereby increase the performance of. the circuit, e.g., the

f 1 equengatra-leRs AONER-1evél REecitiiOeshEBAL b a@e@ﬁaammes E&(’:’@&élﬁn&fh@mv&ségu't | 5-
adversely affected by the RC delay tine. - To achieve an 1hsul ati ng

I t fil

oo kdpofiot B 6 ik eveL oL kel ﬁ%%fﬁ'fif’féﬁ gf%% oA bl T, °
h l, st 1 d ies. |, th

over "t AR %W@%@ e b iEch (55 Gt oo Byl aiosg | ow -
|nsulat|na{ terials into a nulti-level netallization. integration schene

resul t st€ WW%&@W@B‘FW@ the girquit, eigethe reaesecy st ack,

degr-adi ng the reliability of the semiconductor device and resulting in

devi ce fespdnes; since the sigulpapgatn TE in thivEiNTii@advesdp affddrekly thnRCetlhgr

probl ens are generally solved or circunvented, and technical advantages are
gener al timeachi eved, by preferred enbodi ments of the present invention, .

- which provide a novel integration schenme for nulti-Ilayer metal | i zation

using | owdielectric. constant
{000 To achieve an insulating layer with a dielectric constant of 3 or lcss low-k- msulatmg

films are oﬁen used for ILD layers However lower-k dielectric ma:tcnals usually have poor
mechanical strength and related propertles In gcneral the lower the k value, the poorer the
mechanical strength. Introditcing low-k insulating materials into 2 multi-level metallization
integration scheme results in a mechanically weak and vulnerable low-k interconnect stack,

degrading the reliability of the semiconductor device and resulting in device faulures



materials. A single ILD | ayer includes three or nore sub-|ayers of

| ow-di el ectric constant material, wherein adjacent sub-layers have
different properties. The- single ILD |ayer may conprise one type of

| ow-di el ectric constant material, wherein paranmeters are changed during
deposition to achieve the-different- properties of the three or nore sub

| ayers .of lowdielectric constant material. Adjacent sub-layers of the ILD
| ayer may have different dielectric constants, densities, Young's nodul us,

and adhegw BPrHEaRvEREI6Na P! es. [[00071 In accordance with a preferred '

enbodi nent of the present i1nvention, a nmethod of manufacturing an '
inter-level dielectric (ILD) |ayer of a sem conductor device includes

f or m ng E006]i r sSThdsommddifiet probleine are@andralytsolvad er ¢isdurseided, apdtecimieat t he
substrate, the first lowdielectric constant material having at |east one
first meiddies 46 SRBRIY achiel, bp prefditd Bmbedifieaks bPie Pietd: GivehifonC GRfdhant

mat eri al. sub-layer over the-first lowdielectric constant materi al

sub- | ay y ' . el Glbl SeGRRsE 1'11@% Fefod o -![gyer havi ng
at |easf§‘8ﬂ%é@§8§§@9#§19é§¥‘%il‘eér ong‘lehrgtq%}%er el n&@ﬁe a&d*egégs Lif’(t‘;)ne stec'ond
material property (s different fromthe at, | east .pne first material

propert ;an"‘?ql‘?@ ‘d‘r%‘iﬂllﬁsﬁ‘a layer ng esf‘%rpﬁf’%".lﬁ S‘P‘Pf*%fs IOBEQ“G@EIF"&EP FeSEHnst ant
mat-eri al sub-layer. over 'the second |ow dielectric constant materi al

sub-.| ay ematerishavheminadjatanhsubiilayeadre diffesninrepartiosaibe pingle D laysymey havi ng.  at

| east one third material property, the at |east one third material property
bei ng. didofupti®nhe fypoaflodiitel-tricl comsdnt marrislcwhereinipataatetend arprippesd Juring - J

[ 0008] I'n accordance with andther preferred enbodi nrent of the present -

| nvent i QaposioliRt dRidvethie SRR AERIPMHeR O e BREE TSI NayHE N 16R-didledHEesS -

providi'ng a substrate, the substrate having _ _
‘constant material. Adjacent sub-layers of the ILD layer inay have different dielectric constants,

dénsiﬁeé, Young’s modulus, and'a:dhesion properties, as cmplcs. :
[0607]  Inaccordance with a prefe:réd_ cmbodimexit: of the pr@seni.'i.ﬁvention, a method pf -
WMg an inter-leve] dielectric (ILD) 'Iayer of a semiconductor devige im.:lud_es fonning a’
ﬂﬂ low-dielectric constant material sub-layer over the substrate, the first loW—dielecﬁc coqétént
; matenal having at least one first material propérty, and forming a second low-dielectric c_:onstaﬁt
maienal sub—lﬁyér over the first lc.)vg-d-iglectdc_‘consj;gn't materig! sub-layef,'thc secdﬁd Iqw-. -
| dielectric constant ﬁmiérial subl-lz'xye_r having ai least one. scc_on(i material property, ;?vhcrein the at
ledst one second material property is difﬁ;,i'ent from the at least one first material property. "I'J;c |
‘iothod includes forming a third low-dielectric constant material sublayer over the sécond low-
. -. . .. | Jiele;::tric constant wmaterial sub-iayer, the third low—dieléct[ic constant maicnal sub-layer havir.lg -
| at least one third material propcr.ty, the :'1t least one third material pf0perty being different from

" the at least one second material pf0perty. .



conponent regions forned thereon, formng a first etch stop | ayer over the
substrate, and formng a first ILD |ayer over the first etch stop |ayer.
At | east one first conductive regionis formed in the first ILD |ayer and
first etch stop layer, wherein at |east-one first conductive region mnakes
el ectrical contact with at | east one-conponent region of the substrate. -
Form ng the first ILD | ayer conprises formng a first lowdielectric

const ant eri m ng a
second | !)dmédl eI ?ﬂ%k@? %/tﬁ%nad “Jdt gﬁcglgoefrtﬁé f\%‘%nthoglqn%t%d
dielectrig co sta.nt materi.al S a the second Io l.ect.ri c const ant
Tt er | al Of GRS « SR, CH S P OHAIRE SR HErs M ALy ¢ han
the first |OW-dI el ectric constant material sub- layer. Forming the ILD

| ayer | nedmneaent fegioss frgmed thereony forgving fsictalystap laysngventhe swbstmia and sub- | ayer
over the second low dielectric constant material sub-layer, the third

| ow di el fahing @ firsh fisI? Bayer ovaﬂheﬁrsad:tph MY@y&l@ﬂ%n@ﬁm&toddmmtdl fferent
mat eri'al property than the-second lowdielectric constant material

sub- | ay eformédi8 @RI firkt N DIseF sd TR whislop ya?br, herelid leasidhe fifst Coridag ir of
t he present invention, an  |ILD |ayer of a sem conductor device includes a

first Wal&::s Faspg& f electric
const ant erl a{:ﬂh&\#ﬁgﬁg?ﬂ east ecgirltlg&%l rs ﬁéf@??‘é‘“&%?og&e‘ﬁ“ﬁ %ﬁn%ta second
|l ow-di el ggtric consta er er the, f

o ai o1 Byt cimmBeSRtminae g w-2eBee Hiaft ERASA Sublitr dibciif e o
constant materi aI sub-l ayer havi %{: | east one second mat er.i al property,

wher ei n $tpplagar, 4n eie censtagt mpteral puh-lyer qveetbefiest lavom t he at

| east -one first rrat erial property. The ILD |layer includes a third
| ow di el dieledtii€consmst hautdriahsbdayen thessatond law-dieledirsposstalt oaterialishielayecond
| ow-di el ectric const ant material sub-layer, the third | owdielectric

having at least one different material property than the first low-dielectric constant material sub-

layer. Forming the ILD layer includes forming a third low-dielectric constant material sub-layer
over the second low-diélectric constant material sub-layer, the third low-dielectric constant
material sub-layer having at least one different material property than the second low-dielectric

constant material sub-layer.

[0009]  Inaccordance with yet another prefcrrctl e:ﬁbod_imept of the present invention, an
ILD layer of a semiconductor device includes a first low-dielectric constant matenal Stlb-layer,
the first low-dielectric constant material having at least one first matet'ial property, and a second
'low-dielectric constant matenal sub-layer dtSposetl over the first low-dielectric. conétant 'inatetial

_ 'sub—layer, the second low-dtelectnc constant material sub-layer h.avmg at least one second | |

- material pmperty, wherein the af least one second material property is s different from the at least |
‘'one first material property. Thc ILD layer includes a third low-dlclectuc constant ‘material sub- - .

layer _diéposed over the secon_d low-dielectric constant material sub-layer, the third low-dielectric -



-4 constant material sub-layer having at |east one third material property,
the at least one third material property being different fromthe at |east
one second material property. [00101 In accordance with another preferred
enbodi ment of the present invention, a sem conductor device includes a
substrate, the substrate having conponent regions forned thereon, a first
etch stop layer disposed over the substrate, and a first ILD | ayer disposed
over t heconftiat Btefil clib-Byapatiny erleasiine fdulonatersd propersy, theah brastiong &tk gi on i s
formed in the first.ILD layer and first etch stop |ayer, wherein. at |east
one fir shaEeNpesddy being dlfeRn: itk @ #lag bhd atndonattrat propetth at | east  one
conponent region of the substrate. The first ILD layer includes a first | ow
dielectric constant material sub-|ayer disposed over the first etch stop

| ayer, affllh secmenwrdanc witeneter prsferredembodimmentat by Prenl eI ? di sposed
over the first lowdielectric constant material sub-layer, 'the second | ow:
di el ect r isminahstpdivicapichidesal subsitnid, the eubstrate hasgnstonipeast remensdpimesy ent
material property than the first |owdielectric constant nateri al

sub-l'ay eﬂmreéxf‘a%ﬁi dih ki BLREE ber GO BRBRE, 2B Sitst ALD lagubdibpped oves fiti sposed
over the secdn ow-diel’ectrie constant material sub-layer, the third | ow

over the Secend | ow.drelectric cor erial Lhe

mat or 2l S GRARD e A oot GBEEHRNE rQRii{Stte hIESAOD Bl AN TR
b- 1 .. [00111 Advant .red .enbodi f th

vent | ol DAY VBRI OBE LA RORA B OB TSP D B B

met hod of manufacturing thereof wherein the ILD | ayers conprise :

| ow di el @pteonmnen nepiarf theattstital The fust ILR-gver inchdepa bt lopedsheiEisl strength.
Sem conductor. devices utilizing the novel netallization |ILD schene -
descri beghnlifH: Rlkfaris1axelayer disposed over the first eich stop layer, and a second low-dielectric

constait material sub-layer diqu_séd over tﬁe first low-dielectric cz-)nstant material sub-layer, the
second low-dielectric constant Iz.xater_if;l'sub—layer having at least one differgnt material property
M the ﬁrst Iow-dielec&ic constant mz_:lteﬁal suB-_Iaycr. A third low-dielecnic‘;:qnstantmaierial
sub-layer ié disposed m.rer the second 16W—£elecﬁc coﬁ'stanf material sub—léyer, the third low-
diclecttié constant @teﬁﬂ sub-layer haﬁnﬁ at Jeast one different material p;:operty than thc‘ B
| séoo;ld low-dielectric constantn.latc‘r‘i.al sub-layer. |
| [06011]  Advantages of preferred embodiments of the present invenfion iﬁélude providing a -
" mtﬂﬁ-laycr metallization strﬁcﬁire and méthod of manufacturing the;cof w-herein the ILD Iayt_ars'. .
- comprise low-dielectric constant materials, yet have increased mecharxiﬁal gi;reng;h.
Semiconductor. devices utilizing the nbvel niqta;lljzatioh ILD scheme descﬁbed herein_ havé
‘i‘mﬁroved ;:c]iz_lbiiity am'i' increased yields.
{0012} The foreéoing has 'outlix;ed rather broadly the feﬁtures ar;d technical ad;rantages of .,
‘embodiments of the present invention in order that the detailed deScripﬁon of the invention that
follows may be better understood. Additional features and advantages of embodiﬁlents of £he |

-



inmproved reliability and increased yields. 10012] The foregoi ng has
outlined rather broadly the features and techni cal advantages of :
enbodi ments of the present invention in order that the detailed descriptio
of the invention that follows may be better understood. Additional features
and advant ages of enbodi nents of the -5 invention will be described

herei nafter, which formthe subject of the clains of the invention. It

shoul d be;30RNLE WifhEsk k,imﬁﬁommkeﬁbjaatbf@ammtma@&%&?ﬁ and

speci fic enbodi nents |g% osed nmay be readily utilized as a basis for

modi fyi ng i gni-ng, other I - | out the
same. pur poud tEAbPRANE R sClbR e RATESEED bRl Bt
those skilled in the art that such.equival.ent construcfions do not depart
ooy b tisistet Mo S el sl 2 oS L o R o BB b SRR 001 pornad
clains. BRI EF DESCRI PTI ON OF THE DRAW NGS [0013] For a nore conplete

under st anprogrgses forepnang enb the same purpescpeidbepresenhipntipn it shold leo begenliged ages
thereof, reference is now nade to the follow ng descriptions taken.in

conj unct i bnthudetskilledm theaithyiamhi aqgivdlestwonsgsictions dehotclapdrbdm kheFspyitmed 1 shows
a cross-sectional view of an |ILD layer having three or nore sub-' |ayers
i N accor dahgcof\thd ivaloeihadheRith@ippbhiRd BRRSENt invention;' [0015] Figure 2
shows anot her cross-sectional view of an ILD | ayer in accordance with a

preferred enbodi nent of the invention; [0016] Figure 3 illustrates a
cross-sectional view of a sem conductor device having many :



I LD | ayers manufactured in accordance with a preferred enbodi nent of the
present. invention; and. . [00171 Figures 4A through 4C show alternative
enbodiments of the present invention in a - cross-sectional view [0018]
" Correspondi ng nunerals and synbols in the different figures generally
refer to corresponding parts unless otherwi se indicated.. The figures are
drawn to clearly illustrate the relevant aspects of the preferred
enbodi ne , T rawn to scale. . DETAILED DESCRI PTI ON
OF ]ILLU@ﬁ%ﬁ?@%ﬁﬁgﬁggﬁﬁRgﬁﬁéiﬁgg%g¥6$he maki ng and using of the presently .
preferred enbodi nents are discussed in detail below It should be o
appr eci af#d3] hokevEherechagiett RRIRERARP L e@y@ﬂhaﬁ@oﬂftﬁé;ﬁ&&%vm a0 @Jc' cabl e
riety of specific

inventive concepts that, can be enbodied in a wde-v

cont ext s 4 hig-SMeGh , %e?erﬁgpxg db 8 1khe fo[lfl%az%% dggcgipggnrs%%én:i# %#njﬁ[{cﬁt@ﬁ \ég Og]; of |

speci-fic ways to nmake a use e I nvention,® an

the inveption, !0020! ith reference to Figure 1, a cross-sectional view of
an |LD IQVhﬁﬁ ﬁ%?ﬂ%%dn“%ﬁgaccordance with a preferred enbodi ment of
the present invention is shown. The ILD layer 102 includes an etch stop

| ayer ( Efl4) 104Figlia sBivifh clsOBeckiBiltVich a WD EHPRERE b Cor b Sl N

conbi nat1 ons thereof, or other iInsulating nmate as exanpl es, deposited

usi ng . a thickness.pf 200 .to 000 Angstrons, as exanpl es.
The etgﬁﬁgg%% a@é&m%g%aﬁﬁ% %%? - OL R BIFEE (VPP nsul ating | ayer (not shown

in Figure 1; see Figure 3) during the patterning or etchi_ng of the ILD
| ayer " 10f015pnd Fibs® 2 BHEWS aslfiter R4 Q¢ 5haPHBR D TPy WHIEIHENEL ¥ich @7 red | ow

. ptefér;ed'pmbodimeﬁt of the invention;
[-0916] Figure 3 illustrates a cross-sectional view of 2 semioonducfor device having many
ILD fayers manufactured in accordance with a brefer-red embodiment of the present invention;
and. | . .

* - [0017)  Figures 4A through 4C show alternative embodiments of the present invention in_a

- cross-sectional view.,

[0018] - Corgespoﬁding oumerals and symbols m the differeﬁt figures generally refer fo’
. comesponding parts unless otherwise indicated. The figures are drawn to clearly illustrate the

Televant aspects of the preferred embodiments and are not necessarily drawn to scale.



dielectric constant material sub-layers 106, 108 and 112. [0021] The ILD

| ayer 102 .includes three or nore |lowdielectric constant materi al
sub-layers 1.06, 108, and 112 in accordance with an enbodi ment of the
present invention, The ILD layer 102 includes. a first lowdielectric.
-constant material sub-layer 106 di sposed over the etch stop |layer 104. A
second | owdielectric constant material sub-layer 108 is disposed over the
first low dielectric constant material sub-layer 106, and at least a third

| owe i o1 DEE A BRSC AR LR B s TR SOt “PUD T ayer . 102 rmy.
i nclude additional lowdielectric constant material sub-layers, not shown.

100221 Amoedjch Shemakinysid ubikg ofy p @eﬂ@%@@h&mmwmhﬁ% diRukaY @ delfP. The
top etch stop layer 114 protects the ILD | ayer 102 during etch processes

and i npr ggb%ﬂ 'ng , wn (see
Figure. 3 \I he etc &QP%BC Z’Fg%%g%rf‘é% ?&ﬁ%&%@gﬁi&m@g&ﬁ Iﬁzél? 'ﬁg@%@g or
after -the patternin f the I.L a 02.. .100231..Con t eni ngs may be
Formed 1 HYaRe GUEHLCHE g biafbs %mm%‘fﬂ%a %ﬁ?ﬁﬁ?r&%}ltt%‘gs e
conductive material (not shown in Figure see Fiqure The cont act
openi ng Felpdimastsdisonssel am mprely IBM&WW]&%@% éﬁnﬁa%; tha dertion,

al um num doped polysilicon, or sone other appropriate conduct ive

mat eri al and‘ﬂuaqdﬁmgt}ﬂmgommﬁjhudmm:bhesi on and barrier layers, such as

titani um and titaniumnitride, respectively, for inproved device
characte |cs rnatively, a single dual ceng_process y be
enpl oye for W’ﬁ’@% ng%“%laé?éos?‘gl“’fll’l‘?i Wﬁqféﬂlﬁﬁf IWZfﬂﬂﬂa“E@ﬁWt ive

i nes and/ or vias, followed by filli growi ng or depositing a conductive
mat er i al ingcerdagee mﬂp@mfmddmhodtnmt ofrtgfnpm@t mﬁ@n&h@lseﬁbowo Tbe ot fayer

conductive. lines and vi as.
102 includes an etch stop layer (ESL) 104. The etch stop layer 104 may comprise SiC, SiCO,

SiCN, combinaﬁdps-thereof; or other insulating materials, as cxamples, deposited using CVD or
: PECVD to a thickness of 200 to 1,060 Angstroms, as exax.npleé. The etch stop layer 104 protécts
aﬁ underlsring insulating layer (not shown in Figure 1; see Figure 3) during the patterning or
etching of the LD layer 102, and also provides improved adhesion for subseqﬁeutly formed low-

dielectric constant material sub-layers 106, 108 and 112.

[9021] The ILD layer 102‘includes three or more low-dielectric constant matcnal sub-layefs
106, 108, Iand 112 in accordance with- an embodiment of the present: inv;antiom The ILD layer
102 includes a first low-dielectric constant material sub~laycr 106 disposed over the etch stop ‘
"layer 104 A second low-dlelecinc constant material sub-layer 108 is disposed over the ﬁrst low-
dlelecmc constant material sub-layer _106, and at least a third low-dielectric constant material
: suﬁ-layer 112 is disposed c.)ver the second low-diel_ectr'ic. mpémnt material sub-layer 108. The ) o

ILD layer 102 may include additional low-di;:leclric constant material s.ub—layers, not shown,



[ 00241 Preferably, each |lowdielectric constant material sub-I|ayer

106, .108, and 112 has at |east one different material property than an

adj acent | ow dielectric constant material sub layer 106, 108, and 112. For
exanpl-e, they may have different |ow dielectric constants (k) and/or
densities and may conprise different |owk materials altogether. In one
enbodi nent, the lowest level lowdielectric constant material sub-I|ayer

al ovor | ailBPEL: AR S BIRE 1 R BB PR K o o AR AR

upper. syb-lgyers 108~ 112 ar ex le, first | owdielectric constant:
nateriaI%§HH3¥£V@WE : er %émggﬁﬂﬁﬁﬁé%ﬁFWEUFﬁ €SP %f bel ow about
2.8, e.g., ranging fromabout 2.2 to 2.5, and the second |lowdielectric

const ant swhsequentiidep@Bedild lajiers; notishowmi(ses Bigure5) Bhsretahaivp lever é14 maybe12 nay
conprise dielectric constants of about 2.8 or greater, e.g., about 2.8 to

3.3.- As depbitedritiex befpleer aftenthe phttething ofthd [ ger§02. const ant mat eri al
sub-l ayer 106 nmay conprise-a density of about 0.89 to -9 1. 2, and the

second | ow-dielectric constant naterial-sub-layer 108 and third -
| ow- di el d¥23]i ¢ %@%@W&b@&%@ﬁlﬂlﬁ?@bﬂ%@%ﬁ @Bﬁﬁ? L apdgeyyha y of
bet ween about 1.2 to 1.8. [00251 I'n another enbodi nent, the Young's nodul us

of the f fillstwithmeondetiechatera! ohstoantin Fignetle séedligmel)- (Thy conta@6pemiyg tray _
smal | er than the Young's nodulus of the second and third | ow, dielectric

const ant poRltdniitlatodRBtiaMhy bhRprifiey ﬁnﬁéﬂé@ﬂﬁmﬁuﬁ:@d&ﬁi&g gﬁlysiliaﬁm,l of ssmof the

~first low dielectric constant material sub-I|ayer-: may be about 20 ON

at or 1 o) OO EprR bR ki, PEARRE oy Bl M UARIBETLORS, SIS

the 17kl oul St oo RAb A, T Splchba A e S TR YOUO

- single or dual da_maéceﬁc process may be employed to form trenches and holes in thg ILD layer

. 102 for conductive lines _an-dlor was, followcﬁ' by filling, growin.é or dcpo:siﬁng a conductive
. material such as copber vathmﬂle trcuchés and holes to form the conduc;ﬁve lines and vias.
[0024] Preferably, each 1ow-diglccfpic constant material s'ui)—layer 106,108, and 112 has at
_ least one different matenal pi-opc;rbr than an adj acent low-dielectric constant mateﬁal sub-lafer
| 105, 1'03, and 112. For exg._qua—le, {Hej' may have different low-dielectric constants (k) aﬁd{qr .
| densities and ﬁlay comprise aﬂ’g;ent low-k matcrials altogether. In ohe embodiment, the lowest
 Jevel low-dielectiic const:ant.mai.crial- sub—iaycr 106 (the sub—laye£ adjacé;ﬁt the bottom etch stop
‘ | lajé;.104) IGOmpn'ses a-lowér diclcctl'jic constant k than the dielectric constant of the other upper.
sub-lagers 108 and 112, Fo;t'exagmplc, first low-dielectric constant material sub-layer 106 %nay
- coﬁpﬁéc .a, dielcdtic'constauf of below about '2‘.8, €.g., Tanging frbm about 22 to 2.5, and_the ' _
- second low-dieledﬁ:ic constani material 108 and third low-dieléc?ric constant material 1 12 may:
combrise_dielectﬁd constants of about 2.8 or greater, e.g., about 2.8 to 3.3. As aﬁotl_ler exampl_e,

| the first low-dieléctxic constant material sub-layer 106 may éompris.e.é density of about 0.89 to

9-



nodul us of about 10 GPa or |ess; the second | owdielectric constant
material 108 may have a Young's nodulus of about 10-15 GPa, and the third
| ow-di el ectric constant. material 112 may' have a Young's nodul us of about
5-10 GPa. [0026] In yet another enbodinent, the first lowdielectric
constant- material sub-layer -106 nay be nore adhesive than the second and
third lowdielectric constant materials 108 and 112, for exanple. This is
advant agé&p sl theisechallovndResiRvodtark Bﬁicﬁb!s‘ﬁb—li}emﬂiiaﬁﬁﬁﬁﬁrlbﬁlﬁ%ﬁ%@m mat eri al
sub-layer 106 to the etch stop layer 104 is’ inproved. The adhesion of the

first | owsthEhesid TRRE ‘greater than
about 10 J/m and ?lﬁ)élagcgggiiﬁlg%%f* .Eg%%sgggﬁﬁ%#gﬁgrl?ﬁ%&%di electric
constant materials,; 108 and 112 ‘nay be | ess than about 10 J/n2, as

exanpl e§00281002 7 anqthep prbastitent; tre Woung' swnodiduy df trestretovildictdoliid Ausss 106, 108
and 112 preferably conprise only one single type of material, wherein the

deposi titeterigentHdyboiis nay e ealg @fn e Y 'usﬁcﬂmuslufﬂaagma?' tehi S,
deposition process in one or nore depoésifﬂtgi on chanbers, (F@T[eaﬂn?#ewél ngl e

type of dBRUEE tastahSmAGROSIRGH] 1 Qﬁ&gﬁ t (1519&‘ SRYSLLERNcondi tions
create the different mat etkgi%g(lil%ar]grggrtl sé’BerR{ e" F%lv?fag‘f“@f’é@?ﬁsgr%teri al
sub- | ay 08 natd 2. . r exanpl =10 r ters of the .

deposi t ﬁ%%c%‘?g% ess %ﬁpﬂé&ajﬁa‘é 1@%@%%@0@ @ﬁzheg\g&ﬂgismdﬁlhﬁ@fthpow
| evel , _of .gas_species, as exanples. Alternativel % ot her deposition - -
pr ocessseﬁ%dgﬂé[llgﬁ OW-Higtectrg Fomstan materials 108 and 112 may be about 10 GPa or smaller.

As another example, the first low-dielectric constant material sub-iayer 106 may have é Young’s

—

modulus of about 10 GPa‘or less; the second loﬁ-&ielectfic constant material 108 may have a -
Young’s modulus of about 1'0.—15 GPa, and the third low&eimﬁq consta.nt material 112 may . :

“havea Ybung;’s gmdulus of about 5-10 GP&L | |
[0026] In yet axiothe"r embodimént, the‘ﬁrst iow-diclectri; constaat material sub-layer ‘i06
may be more ﬁdhesive than the sccox_f:td and thu'd low-dielectriq constant materials 108 and 112,
for éxampl;s. This is advantageous in that adhesion of the first low—ciielccﬁtric constant material
sub-layer 106 to fhc etch stop layer 104 is imﬁrbved. The adhesion of the first low-dielectric
constan.t material sub-layer 106 may be; greater than about 10 J/m?’, and the adhesion of the

" second and third low-dielectric constant materials 108 and 112 may be l-es's than about 10 J/m?,

o as examples,

-A {0027] ~ - In one embodimeﬁt, the Jow-k ma%erial_ sub-iayéi's 106, 108 and 112 é;eferablf
cémpfise only one single type of material, whérein the deposition coﬁdiﬁons a:é changed or
adjuéted durmg a continuous deposition process in one of mor.e deposition chambers while ‘-tl;e-

' 'singie type pf material is d_epééitekf The changes in the deposition conditions create ﬁm diﬂ'e;ent |
material p'x.;opertics of the low-dielectric material sub-layers 106; 108, and 112, ﬁbr example,

-10-



changed or adjusted to create the different material properties. of the

| ow-di el ectric constant material sub-layers 106, 108, and 112 i ncl ude
tenperature and pressure, as exanples. In another enbodinent, each

| ow-dielectric material sub-layer 106, 108, and 112 may conprise a
different -type of low -k material, for exanple. [0028] The |owk materi al
sub-l ayers 106, 108, and 112 preferably conprise |owdielectric copst ant
mat er i al garametds af herdepduition picces $ptinay behaigmdycluds tyses flgwitatgpqwre level,

hydri dosi | sesqui oxane (HSQ), a.HSQ derivative, an oxide and MSQ hybrid, a
por ogenl YRR sphy& ds@xardle filtemaniell, dfie dupbritich mogrss pyemdterHB@ mapbe d, or
conbi nati ons thereof, as exanples. Alternatively, the lowk materi al

sub- | ay.eghgng;EQ g%ac%@éd t@é}gatéthe%ﬂ%?{t_ RRERA brr‘bgeﬂEMthé W-déledtee toristnt const ant
u S

mat eri al's, nanoporous silica, xerbgel, polytetrafluoroethylene
PTFE), or | di el ectric . tant [ fierd ueh _ ai | abl e

{ r om DA LAReT DoV T2 o R S B Breelg o Ui, SMleieal| 201

Signal of Morristown, -New Jersey, and Bl ack Dia . . avai.l abl.e-from

Apgl i ed euehodinient, gacbioveélﬁleran@ﬂaﬁcééﬂ %Paﬁf?fo‘%ﬁi H’[‘?‘ %qu@gé‘i?ﬁl‘:%%?“%ﬁ FHHGER - ot her

low-k materials may al so be used. The sub-layers 106, 108, and 112 are
pr ef er ablype afépok ntaredal for expmple. chemi cal vapor deposition ("CVvD') or a
spi n-on coating techni que; although other deposition techni ques nmay

alternatively be used. The | | ayer 2 is.prefenably depesit a’

t hi cknesi§028f aﬁﬁ%%hﬁ%t@'f%ﬁ“;?@@ﬁyﬁg’ é’go%}’é‘slﬂxﬁagﬁf%bﬁif"”r‘% ’scg%%?%cwcal t hough
the ILD [ayer 102 may conprise other thicknesses. One skilled in the art

Wil | 1 ecagstirt matetials siches pethylsilseaguionane M) a MSQEGWaRS | be a matter of
desi gn choice and will likely decrease as device critical dinensions.

shri-nk adrifiDeeRsine: 30, M) dernregarnndde dnid MESQ hybrid, a porogen/MSQ

hybrid, an oxide and HSQ hybrid, 2 poro gen/HSQ_-'hybﬁd, or combinations theeof, as examples.
Alternatively, the low-k material sub—laye-rs 106, 108, and 112 may compri_;se% othef_low—dielectric _
oonstant materials, éuch‘as nanopérous si].ica,- xerogel, polytetrafluoroethylene (PTFE), or low-
dielectric constant (low-k) materials such as SiLK available from Dow Chemicals of Midland,
‘ . Michigan, Flareslavaﬂable_ﬁom Allied Signal of Mofdsfo@- New Jersey, gnd Black Diamond, -
" available from Applied Mate_ﬁa]s_of Santa Clara, Califomia, as examples, alfﬁough_ other low-k
* materials ‘may also be ﬁsg_d, The sub-layers 106, 108, and 112 .are prefcral.)ly'deposit;d usinga
c-hc'ar.nical vapor déposition (“CVD™) or a spin-on coaﬁng.tcchniqu_e-, although other depqsiﬁon ‘
"~ techniques ma-y alternatively be used. The ILD Iayef 102 1s preferably dep osited to a thickheé_s -
: of approximately 2,000 to 9,000 Angstroms, for examp_le', although the ILD layer 102 may
comprise (;ther tbicknesse;. Onpe skilled in the art will recognize that the preferred thickness-
;ange w111 be a matter of design choice ami will eriy decrease as devicé critical dimensions -

shrink and processing controls improve over time.

-11-



-11- ' [0029] In a preferred enbodi nrent of the present invention,
preferably, the first; second and third lowdielectric constant materi al
sub-l ayers 106, 108, and 112 conprise lowdielectric MSQ for exanple. A
substrate (not shown in Figure 1; see Figure 3) is placed in a deposition
chanmber. Deposition chem stries are introduced into the deposition chanber
at a first tenperature and a first gas flow rate for a period of t'irre to

f or m t heqgosjst |[91\/P1@fc%l3@8&15dcﬁr21ed§ QPaE Bitbent ﬂﬁr&ﬁ{oh?ﬁre:t%}bgtyl 44t 126003, no 2

di el ectric constant of about and a densit as an exanple. The

gas flo"‘th'ixﬁt[&v-ﬂﬁlc&ﬁ@&ﬁ%ﬂutt ge ﬁgsogt@w Ab%ohi %wlascui@ﬁ@ d 1 ow

di el ectric const ant mat er| avil ng a ect Fic ant of

about 3.0 and of about 1.5, Th a rate I s .changed to a

t hird as%f%a\ﬁ'p Gt SLtsDﬂn?{eo(P spon I figyse tl’d%@ﬁ’rgg‘f Z’é ‘é‘;‘x’d 2dspotitoR rateri Al
sub- [ ayer 2 having a_ dielectric constant of about 3 and_a density of
about '1.‘#"3“&?‘ Qeﬂai“}o@éh%ims'%@%W@@@H@@Fﬂﬁ@ﬁ@ﬁ@cm&}r&@lﬁrm operties of

t he sub-layers 106,108, and 112, other deposition process paraneters naybe
- adj ust edtcms@r@ﬂurmdaﬁe;t gas\ibwme\fmta,pegadmﬁ;mctoeferm fha firsd dove-didlectiio. cofiant -
deposi tion chanber, tenperature, and/or pressure, or comnbinations of the

vari ous mﬁ@&s@-ﬁwxao&t@t@adaam&msmro@mutasaﬂamsﬁﬁofosiQQ%@I Figure 2

shows anot her cross-secti onaI view of an ILD layer 202 in' adcordance wth
anot her Rr T 202 incl udes
an etch stoB lggéejgm%’ rrprl SIng %wegggg%qr%e ,C}H(gglr?ﬁg%g{[ CWIS t her eof
or ot her ul atin ter| deposi usi ng CvD or PECVD
toa t hl%?}ﬁc}g g%@’@r@ g@‘wﬁég‘ 8&%‘)%@@%0t ricc

const ant terial sub Iayers 206, 208 212, and 216. are nunbered = -
of bout 1 5. The gas ﬂow rate is changed to a third gas flow rate to fonn the third low-dlelectnc

constant material sub-layer 112 havmg a dielectric constant of about 3.3 and a density of about -
1 T. Alternanvcly, to aChICVC the different material propcrtles of the sub-layers 106, 108 and
112, other deposmon process parameters may be adjusted, such as the powe;: level, pas Species
introduced to the deposition cltambe_r, temperature, and/or pressure, or combinatians of the

various process parameters described herein, as examples.

. {0030]  Figure 2 shows another cross-sectional view of an ILD layer 202 in accordance with
another preferred cmboditnent of the invention. The ILD laygt* 202 includes an etch stop layel_'
204 compri;sing SiC, SiC-O, SiCN, combinaﬁons thereof, or other insulating materials, as -
examples, deposited using CVD or PECYD 0 a thickness of 200 t0°1,000 Aagstmms, as
examples. The low-dielectric constant material sub-layers 206-‘,_ 208,‘2 12,and 216 are numbered
sequentially: low—dielectric conatant material sub;layer 206 is deposited first, indicated by the

 number 1 in Figure 2. A first low-dielectric constaint material sub-layer 206 is formed over the .
- _ctch-stﬁp layer 204, Ore or more parameters of the depbsitton process ia modlﬁed or adjusted'ta-"

“form a second low-dielectric constant material sub-layer 208 (layer number 2) disposed over and

. =12~



sequentially: lowdielectric constant materi.al sub-layer 206 is deposited
first, indicated by the nunber 1 in Figure 2. - Afirst lowdielectric
constant material sub-layer 206 is fornmed over the etch-stop |ayer 204.
One or nore paraneters of the deposition process is nodified or adjusted to
forma second | owdielectric constant material sub-layer 208 (layer nunber
2) disposed over and -12 -abutting the first |lowdielectric constant )
mat eri al sub-layer 206. The second |lowdielectric constant naterial

- sub- | ayerabitthg thafrsdowdiclestzic cinstagtmeteriad sér-lazgr 206 ThegpconHowrdiglpstac di f f er ent
mat eri al paraneters, such as density, dielectric constant, adhesion, and-:
Young' s -comtitd misteriahSubdasanli’esay domptisetthesatiemsdteriablaviii gdre ot miote diffesnAnt
material sub-layer 206 in one enbodiment. Alternatively, the second

| ow di el GetbliGataRERAREL mteﬁ'sttya(tmta&t@c ekt 28160 ind YERig seadaid her ent

material than the fifst Iowdle ectric constant material sub- | ayer 206.

[0031] an Sares RASHOALGAE Gl m%fco tﬁtnegalt Rer ARG 5 & cL@rﬂJt.' ed or

adj ust ed T I'elec r| C cons Rt er | al ayer 212

(layer er )) di over but.ti.n second | ow- | ectric |
const ant ﬂfg‘t@r g&t E%quig‘@%leg?@ n?ff*aal B]\’Kgﬁ?'goéét‘aﬁ ‘@HEPE’FI%?, redht er i al
sub-layer 212 conprises the sane materi al - havi n% at | east one different
par amet ematedal diendks fite dosi-iglectdi eonstentmaeridmdtlayar 206dhesi on, and Young' s

nodul us; .” as exarrpl es, than' the second | owdielectric const ant ‘mat eri al

sub- Iaye one enbodl nativel third W-dl electric -
constant er| ”EQUBGI'FHWB fﬂ[’ﬁéé Prggesa?é&anﬁﬁ?de tadjuﬁrﬁfl ?fﬁﬁnat han the -
second l0viediel ectric constant materi. aI sub-layer 208. [00321. 'One or nore

par arret et@ﬂw&nbmommma@nﬂwbd@wlﬂ@m %@Zfﬂolr)) dispased everend f or m a {

: abuﬂ:mg the second low-dielectric constant mn.tgnal sub—lnyer 208. The third low-dielectric
" Gonstant material sub_-_laiv'er_ 212 compnses the same material haﬁng at least one different
| paraﬁéter, such as dcnsitj, dielectric oonstani, adhesion, and Young’s modulus, as oXan:mlcs, '
| than the seoond low-dielectric coustant matcnzl sub—layct.ZOS 111 one cmoodimcnt.
Altefnattvely, the third low-diclecttic:constnnt material sub-layer 212 may compr—is‘e a differont

matenalthan the second low-dislectric constant material sub-layer 208.

[0032] One or mere paramctcrs of the depos1t10n process 15 modlﬁed or ad_]usted to forma
fourth low-dlelectnc constant material sub-Iaycr 216 (layer number n) over and abuttlng the ﬂ:urd
low-dlelocrtnc constant material sub-layer 212 The fourth low—dtelcctnc constant matcnal sub-
layer 216 compnsw the same material havmg at lcast one dlﬁ'crcnt pararnetcr such as den51ty
dtelectnc c0nstant, adtiesion, and Young s modlﬂus as examplcs than the third low-dlelectnc
constant matenal sub—layer 212 in one embodnncnt. Altemattvcly, the fourth low—(helcctnc

- constait material sub-layer 216 may comprise a different material than the third low-dielectric

constant material sub-layer 212.



fourth lowdielectric constant material sub-layer 216 (layer nunber n) over
and abutting the third lowdielectric constant material sub-layer 212. The
fourth lowdielectric constant material sub |ayer 216 conprises the sane
material having at | east one different paraneter, such as density,

di el ectric constant, adhesion, -and Young's nodul us, as exanples, than the
third lowdielectric constant rnaterial sub- Iayer 212 in one enbodi nent.

Al ter.nat ify@hy . tmaome&Whyéﬁﬁfow& LB péem%agl eléuf, @y gr 216

may corrprlseadlfferent mat eri a an the t ric constant

D 1 ay BEHS B p%?ojﬁpéaﬁ%"% ok %&ﬁe‘:@h?%a%”ﬁ? gﬁuaﬂt{a@%i» R A gtf“?v-e

214
deposi t e PEATRIRaS sop lAvAiEEas corsBntpdrg Jfai% Bk Sho s
after pattérning the ILD | ayer 202, as shown.. [0034).Figure 3

-i |- ust r Bllayer WRoesshosast i onal -vi ew of a seni conduct or devi ce 300 -having
many | LD Iayers 302 (shown as 302a through 3029) " as desCrl bed herein with

referenc | L 02 -of n ure 2

manuf act |nq%€g§¥§§ﬁgé” ﬂ“%?%#g}g' asc %%ﬁgﬁé éﬁogﬁﬂmﬁresent

I nvention e 3 ilJustrates a pqrtio of an | grated circuit
enbodyi @%E@ﬁﬂﬁﬁ%@p@@@%@ﬂ@%ﬁﬂ £l As dgspri 3W it refagense todLBOO .
i ncl udes a substrate 320 conprising a single sen1conductor waf er, such as

a si ngl elayerjl92 of Figi 1 anddbD layex02 q&lﬁ‘@m%mmefaymeﬂmmqemﬁlm&emw

conprise a-thin silicon |layer forned over a buried oxide, such as a silicon
on-i nsul ahbddnﬁaﬁbithsmsdnmmhomrmgﬁxberﬂlm@pdﬂeﬁoiranriﬂttegﬁtealcﬁcmtas S

exanpl-es. - A conponent g
embodﬂng aspects of the pxesent invention. In partlcular device 300 includes a substrate 320 .
comprising a smg[e semiconductor wafer,_ such'as a single crystal silicon wafer. Alter_uahvcly, ,
the substrate 300 may comprise a thin silicon layer formcd over a buried oxide, such_as a silicon-~ :
on-insulabor (S0I) substrate; or oiﬁer semiconductor materials,-as examples. A .component
regmn 322is formed in the substrate 300.. The componcnt reglon 3 may compnse afirst
tranmstor and a second transmtor, separated by an isolation rcglon, as shown, although the -
component region 322 may alternatively compnse othc_r elements or mrcluts, for example. 'Ihcre :

. maybe many componcnt reglons 322 formed in the substrate (not shown) The detsils rcgardmg

e fonnanon of ﬂ1e componeut regions 322 are om1tted bccause ﬂley are not necessary for an

o understandmg of _the mvennon.

[0035] " The semlcouductor devme 300 mcludes 2 stask of ten or more metalhzanou laye[s

f : dlsposed over ﬁle compomznt reglon 322 as shown. Thc metalhzauon Iayers conoect the

I component re riof 322 to : ther transmtors and devzcm (not shown) on: the mtcgrated CII‘CI.IIt,

B "55mcIudmg grmmd nod&g“and voltage nodcs 'I‘he metalhzahon layers also connect the ‘V&HOUS

- :.,"«{;.- '._ -




region 322 is fornmed in the substrate 300.. The component region 322 . my
conprise a first transistor and -a second transistor, separated by an

i sol ation region, as shown, although the - - conponent region. 322 may
alternatively conprise other elenents or circuits, for exanple. There may
be many conponent regions. 322 fornmed in the substrate {not shown) The
details regarding the formation of the conponent regions 322 are onitted
because theyare.not necessary for an understanding of the invention.

[ 0035] The seni conduyctor, device 300 ihcl udes.a stack of ten or nore

met al | | FATPOGH FeEAus in ofithepfemrated GEruitip SIraRn sigBas, apdglisgesypemal o Bhown: The
netal lization | ayers_connect the coumponent Legion 322 to ;other:tra

si st or s pEpidSyc@bdevicaot shown) on the integirated, circuit,' including
ground nodes and:voltage nodes. .The netallization |ayers also connect the

vari ous ongng- f €di0NS 2 of the-integrated cjrcuit to circujtry,

si gnal s,[‘ﬁ)gﬁg vo él?ilécg@c lg&qgfgn(ﬂ(lﬁﬁlf%arfdﬁe&c Pﬁ'ﬁ@tﬁs FOUTRQRegGEIcRs é%?0036] A
dielectric Jayer 324 overlies and electrically_ insulates the conponent

regi onsf@g“’.’ﬁ’é‘?ﬂ%@%sﬂlﬁﬁ“ﬁ'cégo posplsequssly fosmed hyessuefrasgialdeyeenily f or med
| ayers, . such as netal |ayer® 332--' Electrical contact to the conponent -

r egi onsElgticd ennfastto fliercoinponont regionsi3a2 Suned méthin 3 20 thesubsamed@?plis shed by way
of contacts 326 through an etch-stop |ayer 328 and dielectric |ayer 324. In

the il | asompisied byrviag df coanits 32hhiougingn ecéariydrs28 Mel@@tﬂ@%%fm. tlp a doped
region of- a transistor of the conmponent region-322, for clarity. One

LSttt AR 1 (AT e e
travsistor of the component region 322, for clarity. One skilled in the art wﬂl recoguize that
| : n;ulﬁple‘ contacts may be made to the component regions 322, including connection fo other-
doped tegions and to ’;hc gates of the component rc;gion 322, although these have been omitted
- from the drawings for clarrty A fipst n;ctal pattermn 332 is formed above the component region
) 132.'.! and is electrically coupled to the t;umponeni region 372 via contacts 326. ThlS first metal
—pati:em 3321s clei:t:[:ically msulaied from other COﬂd;lCﬁV.C _com;.mne-uts by dielectric layer 330,
ctch siop lager 328, and by dielectric layer 324, The diclectric lagers 330 and 324 may comprise
" silicon dioxidé,_uniiojaéif sﬂiﬁﬁn'giass"'(QSG)br Iqwikinatcdais; for example. - - | |
. [0037].' -An th(:]1 stop 'Iaye-r. 304a _is-dépo-sitéd over the diclt':ctlic layer 330, as described here'in' .
-wiﬂl.rcfercnce to_etch stop layer 104in Figure I_ar-ld 204 in Figure 2. "Three.or m(;rc low- |
: diclec&ic constant matcnal mlb;laycrs 306a, 3084, and 3 12‘::1 are formed sequentially over the
- c’t;;h stop Jayer 304a, as shn;xin,'élso as described with reference to low-dieleciric constant
smaterial subJayets 106, 108, a0 112 in Figize 1-aud 1pw<1ieléguié.copsmt material sub-layers
| 206,208, and 212 in Figure 2. 'A-djacent lbv-f—diclccui-c constant n__talcrial sub-layers 3 06a and
3082 preferably comprise at least one m-aterial propcrty‘ ;Ii;l"ferencé. Similarlf;, adjacent low-

dielectric constant material sub-layers 3082 and 312a préferably comprise at least one material

z ) -151



doped regions and to the gates of the .conponent region 322, although these
have been omtted fromthe drawings for clarity. A fret netal pattern 332

is formed above the conponent region 322 and is electrically coupled to

t he conponent region 322 via contacts 326. .This first nmetal pattern 332 is
electrically insulated from other conductive conponents by dielectric, |ayer
330, etch stop layer 328, and by dielectric |layer 324. The dielectric

| ayers 3f@patydifdéncsnyheabMyefi06d, BOSLO BudH 10X pRferab gl ass
{USG :or lowlc materials; }?or Z%Zarrﬁe. - [0037] -An tchthgtSJ(L)dr])(g aygérll 304a

I s depos#dpasited ¥adtinh\BIvd | Kiciol desc ‘herein with
r ef erencﬂeéptao etch st oﬁ%ﬁ%ﬁdﬁd%pgxﬁéiburebi&% &Zeﬁopﬁrgﬁglbgure 2."' Three. or

nore low dielectric constant material. sub-layers 306a, 308a, and 3 12a are
for med sW83%nt i db¢ jovdvmatetidl sub-lagtrs BOG 808a) 2y 61 22306 pati@fnes hgn?ﬁma%@@as 5
described with reference to lowdielectric constant material sub-Tayers
106, 108, tectmitubslwith Npdie@lbetht daied haﬂﬂiﬂﬁ%h%ykfsiaﬁd-ﬁiﬂﬂsﬁcﬁ@kééﬁﬁ% ‘iﬁ%ﬂ{m -
sub-l ayers .206, 208, and 212 i.n Figure.2. 'Adj acent | owdi'el’ectric constant

mat er i al dafiakreh@yBkass, 360 AN o IRt Gl East o one :
mat eri al propeﬁ(y di’fference.ybggfﬁﬁfﬁ ar %?Bg%%ctgﬁ‘?&%%ﬂ?&goﬁcgﬁnﬁ%ﬁﬁ]t“eﬁonstant
mat er.i al b 8a and. 31l2a eferably conprise at | east one materi al
-15 prop%??y %I %ﬁgglgh ee(.’on%ﬁcgivg QSP%%‘F@'%G@%‘?E” ore Yisy1as P36a e ef er abl y
conprise the erial deposited continuously in one or -nore .-
deposi ¢ PBHErawD e PUR Lo karoal swerityersi068 300 nad T dwaie prefombiye)

sub-l ayers 306a, 308a, and 312a are patterned using |ithography techniques
with a- Pattereedss peinglefiayed o' corductive tmlbdriasath avcoppey &y depaitdd Yo the pameEXanpl e,
in a dual danmascene process, vias 346a may be patterned, followed by the
pat t er niowrkadatariahstibdiyeis0b4, 368, and 3124, and excess conductive material is removed from

_ ﬂ:_lc top surface of the top low-k material sub-layer 3124, using a chemical-mechanical polish
 (CMEP) process, for example, forming conductive lincs 348a and vias 3464 that make clectrical
k contact to conductive line 332, as shown. Conductive lines 348a and vias 3462 form 2 siné[e
metallization I:;yer of the semiconductor device 300. Barrier liners and seed layers may be
.deposited before filling the patterned low-k materialusub.-laycrs 3062, 308a, and 312a with
. conductive material, for example, not shown.
[0039] The process is répcatcd—to formi a plurality of additional metallization layers, as
_ dpécribed herein and with refér_ence to ILD layers 302b, 302¢, 3024, 302, 302f,. and 302g and
-7 etch stop layers 304c, 304d, 304e, 304, am.i_ 304g. While seift-:u'laycrs of ILD la.;/crs are shown -
in Figure 3, tﬁere may be more, or fewer ]L-D tayers formed from three or n;o_n;_ l(;w-k material
sub-layers 306, 308, and 312 (sﬁownin Figure 3 as 306a-306g, 3082-308g, and 312a-3 126) o
.thnsenﬁpqndudnrdmdce300. | | |
[0040]  Note hat fhoctch stop lager 304b raay be depasited over the top lovw-k material sub-

layer 312a either prior to, or after, the pattérning of the low-k matesial sub-layers 312, 3084, and
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348a. Alternatively, the conductive |ines 348a nmay be patterned before the
vias 346a are patterned. The plurality of low -k material sub-layers 306a,
308a, and 312a are preferably patterned as a single |layer. A conductive
mat eri al such as copper is deposited over the patterned |ow -k nmateri al
sub-1l ayers 306a, 308a, and 312a, and excess conductive material is -renoved
from -the top surface of the top lowk material sub-layer 312a, using a
chem cal -mechani cal polish (CWP) process, for exanple, form ng conductive
li nes 348863 Hdhostchstoplayar 30fais dapdeiiededvercihe lavak matepiat sibdayens Bopritwdo fhee | i ne
332, as shown. Conductive lines 348a and vial 346a forma single

met al | i z pattemnimglofithe lovek miateral sriaganiiizefii8a ced BoGa, 40 @ich Bap dayer 304bnaag and
seed | ayers may be deposited before filling the patterned |low -k nmaterial
sub- | ayebepatfal in 3@fibn 1@ Mepa3bain it oW RiEISAl Wih-BR€3 128 3080ndeayap! e, ot

shown. [ 0039] The process is repeated to formaplurality of additional
metal | i zgd 499l G pdeSsd 4 . i wi_t: f-ek LD | ayers
302D, '30%%, gﬁz@?"%@%f “%%F’i&%fﬁ‘gﬁ 3‘{%3363@5535% %%ﬁl3§§§3§s%§%}§’8!3"304d, ,

304e, 30 n 0449, ,Mi eyen | rs.of LLD |ayers are own .in Figure
3 her eThusytBe figroson ropds BF ler Aefiskic St mael b ree S b eimel ow ¢
material sub-layers 306, 308, and 312 (shown in Figure3 as 306a- 306g, .

308a- 308 Ciih prasessio remeyagreespcondpdive mpieednduct or  devi ce 300. {00401 Note
that fihe etch stop layer 304b nay be .deposited over the top low k nateri al

vt or i af ORI oIS’ il acich o5 bR PRNE! Bicdibuliie 1 oy or” 040

S depos&t,edl_‘pver the low -k_materi al gg -Ia%gr 312 prior to the -
evice. For example, an efch stop layer 314a may posiied over the top ILD layer 302g, and

a dielectric layer 334a may be deposited over the etch stop lzlslyer 314a. The dielectric layer 334a
" may be patterned with a viato coilgiéct to conductive iiﬂe 348g, and a conductive material may '
be deposited to ﬁll the via p‘attcm.A Another etch stop layer 3362 may be ‘deposited over the
-dielectric laycr 354a, and another dielectric layer 3385 may be deposited over the etch stop layer
3362 | Conductive lines 350a mzity be formed in the dielectric layer 338a and etch stop layer 336’a_
bj; péﬂéming t_ht;, dielectric layer 3382 and etch stop layer 336a and depositing 2. cbndu,cti_v‘c |
. material, Additioh;'ﬂ disleitric layers 334b and 33.8b-a11d etch stop Iaye'ré 3146 and 336bmay be . - |
similarly deposited, patterned and filled to form vias and aondﬁcﬁve- lines 350D ir single
damasceue._pmt;csses, as rcqmrcd. Aadiﬁonal etch stop layer 340 a:r.ld.‘insulating layers 342‘and
"544 may b_eldeposited-over the dielectric layér 338b and coﬁdu;;ﬁve, lines'éSOb, as shown.
[ooéz]_ Dielestric layers 334a, 338a, 334b, and 338b (being the .t_o-p soveral dielectric layers
‘_ m which are formed metal p:{ttcms 350a a;ld, 350b, respectively) are prcfer’aBly formed ofa
| matenal having a dielectric constant m the range of al_J-out 3.0 to 4.2, in one embodiment, | 01-16.
.. _ .exerhpiary suc-h -matefial Emdoped silicon glass (USé}) that ma_iy be épun onto the suﬂst_raie
. | surface and-subseq;mnﬂy patterned. In othe? instances, FSG or other weﬁfkno“m- alternatives,
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patterning of the lowk material sub-layers 312a, 308a, and 306x, the etch
stop layer 304b nust be patterned in addition to the patterning of the |ow
-k material sub-layers 312a, 308a, and 306a so that electrical contact
will be made fromvial 346a 346g to 332 and 348a-348f, respectively. The
etch stop | ayer 304b protects the top lowdielectric constant materi al
sub-layer 312a during the CMP process to renove excess conductive
mat er i alhaving QRAMALIPIER Shiriterivfics! By SRAERIFUE LR WKk &st%@&mg%sg en
p lay

continued to conplete the device. For exanple; an etch s 14a may’

ﬁiygipﬁi‘%@% %Zﬁ“@*‘o‘ eﬁﬁi%%ﬂéﬁéé’%%@é?% Qlﬁg‘?%ﬁ%?’s ﬂf%%*g%ﬁé’ﬁé%%%sﬁé Feyer "334a
: ' : ' [ [ 3484,
Conduct el e byd s BEPT Bl5 b0 ARRteRe. Vi apart era Anot her et ch

stop | ayer 336a may be deposited over the -dielectric |ayer 334x, and

anot her [ol43 eCtF'Hirck@b(ﬁﬁm%ﬁ&@ SHEY o8- HeRRR1 Vigds mam&@&_eﬁ{ba&m%ﬁ@gg gyer

336a Conductive-lines 350amay be forned in the dielectric layer a and

etch st ; 6 | ricc kayer .and. etch
stop ag)gerS Jﬂg an%%%grg%b@?ﬁ%%ﬁ%%%%ﬁ% Egetfgl\[?gédﬁgé & r@éh?g‘ﬁﬂﬁ?g@wﬁﬂﬂy er :
di el ectr,c | gyers , 334b an 38h and etcgh st | ayers .,314b. and 336b maybe
simlar F@gﬂo@é‘g&qé@@m g@‘ﬁe‘iﬂ‘gé “th‘fﬁﬁglas %&D&@&%d%a@ﬁ@"%m{%t ive lines
350b in single damascene processes, as reijuired. Additional etch stop -

| ayer, IwterighrybilassnBeRaiandthe thidlew-B amtegialisubdayer Atdabes showo i Fipnesdvard t he
dielectric |layer 338b and conductive |ines'350b, as shown. [0042]

Di el ect Aic It apéhes edBattimend 3Gas 448 are ddrmed inchn3 3 stdpieyen 404, b dirdt Givv-B avenral
dielectric layers in which are-formed netal patterns 350a and 350Db,

[ eSpect nelayer 406,nlk SlBf ARl kR Gt ey 4087 boiuctR 0N ofl Bl 11 C

const ant in the range of about 3.0 to 4.2, in one enbodi ment
in a third low-k material sub-tayer 412, as shown in Figure 4B. In yet another embodiment, vias -

546 are fc;f[ned in an etch stop iayer 504, a first low-k material sub—layer. 506, a sec:,ond low-k
* material sub-layer 508, a third low—k*mgicriaisu&layer 512a, and a fourth low-k ;naterial sub-
Iayer 512b, and conductive lines 548 are formed in a fifth low-k material sub-layer 512¢ and a_
sixth low-k material sub-layer 5124, as shown in Figure ;1C. Similarly, vias may be formed in
* one or more Jow-k material sub-laxem; and conductivé lines mﬁy be formed in oné or more fow- -
k material sub-layer-s in‘accordance with embo.dimcnts of the present invent{on:
[0044]' _ Advantages of cmbodiméufs‘ of the invention include providing a novel multi-level |
iﬁfercohx_mt s;:heme for semiconductor devices that provides a low-dielc_ct:ié constant ILD [ayer '
with optimurn maferial pmpe&"i_es to reduce the RC time delay in multi-level metallization
. strucwres More robust multi-level intér.-connect layers r;s'ult from th;az method of ﬁnﬁacMng
described herein, having improved structural strength. Embodiments of the present invqntion

resultin increased yields and improved reliability.
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exenplary such material is nd.oped silicon glass (USG that may be spun
onto the substrate sutface and subsequently patterned. In other instances,
FSG or other well-kaowm alternatives, - -17 having acceptably | ow k
characteristics, may alternatively be used. Wiile the |layer thickness is a
matter of design choice and process control, the upper |ayers are

preferably deposited to a,. thickness ip the range .o §, 000 to
15, 000 Aﬂé@ﬂron@ﬁh¥@b&@@° Bl %ﬂ??ﬂpﬁ °ﬁaggﬁgﬁ%%%§§§¥§@§%P%ha| Vi ews
of alternative enbodi nents of the present jnvention. .In one, enbodi nent,
Vi as 346dssenited inotetsilgit shouldtbe updersieod thej, vagous shangess substifytions 2o AtTEORS CAY o
etch stop |layer 304a, and conductive |ines 348a are formed in_the second
|l ow -k  meiefeihsleinsuitholipdepartinfBem drdpirhend sepechfitivinvengion ardefiped ptheay er
312a, as" shown in Figures 3 and. 4A. |In another enbodinent, vias 446 are

formed i gﬁeﬁhﬁiﬂmis FPe@YIBSit #1be rdadily isderdtend bykhosatsistledin theubthiatapeny 406,
and a second |low k material sub-layer 408, and conductive |ines 448 are’

f or med ingﬁe % izg giﬁlf%%ﬁk?’ﬁ %geg’%%%{gﬁm?g&mﬁe@mﬁm@wmﬁ“}Eﬂgure 4B. In

yet ~anot f{ axe tforned in an etch stop |ayer 504, a

first low -k material sub-Jayer 506 S nd. | [] ub- | ayer
508, a t-mma@mgmfﬁm@% @PP%?H%%C&V&Y“@%??&%‘&E‘% %8?%@%9\1? ien%nat erial sub-
| ayer 512b, and conductive lines 548 are fornmed.in a fifth | ow k. material
sub- | ayemnpgittion Bt iatendeditixbenlimiiged to kherpartisplprgmbadimqsy Af theprogess, Jachiig n | n
Figure 4C. Simlarly, vias may be formed in one or nore low -k material
sub- I ay epgmufate, Gonsifioh vEmAtienaseans yndimdf andrbaps desosbed in thersppasfiaipn. k

mat eri al sub-layers in accordance with enbodi ments of the present.

| nvention, [ 004 3955 il o dbgiRaishoh thdtsdoatent timmpresenl ude
provi ding-a nove ti-level - - : -
invention, processes, machines, manufacture, compositions of matter, means, _mcthods, or steps,
presently existing or later to be dcvelopéi that perform substantially the gamé flmct‘ion or
achieve substantially the same result as the corresponding enrbodiments described herein may be
wiilized aceording to the present invention. Accordingly, the appended claims are intended to

include within their scope such processes, machines, manufac_:ture, compositions of matter,

.. _ .means,methods,orsteps. . . ... e oo
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i nt erconnect schene for sem conductor devices that provides a

| ow-di el ectric constant ILD |layer with optimum nmaterial properties to
reduce the RC tinme delay in nmulti-level netallization structures. Mre
robust multi-Ilevel inter-connect |ayers result fromthe nethod of

manuf acturing described herein, having inproved structural strength. -
Enbodi nents of the present invention result in increased yields and

i mproved WHIATaRIAI ANy 148 [ 0045] Al though enbodi ments of the present:
invention and their ag/a'nt ages have been described in detail, it should be

under stood that various changes, substitutions and alterations can be nade

her ei n wilt hout\ mighatdfimgufhetaringtdadntsiievdl dickieicEPRaRE of Nenkis) jon as
defined by the appended clains. For exanple, ‘it vvi)rél Obe reagtlﬁwrunderstood

by those dstitd, thedndtivdicb@paidg: t hat many ofthe features, functions,
processes, and materials described herein may be varied while -renaining,

wUhin the scongogl bRE-PASRERL NG OB IRLSEIL L IE Soohe ol (e

present application I's no

enbodi ne f th rocess;.-.machi he, _manufacture, conposition of matter, .
means, -n@i“‘?‘%@%°§%§”§P@tﬁ%§_§%‘§%ﬁtﬂfé&qﬂﬁﬁﬁﬁ@a§e&bmrppm:i on_ As one of ordinary
skill in the art, will readily appreciate fromthe disclosure of the present
i nvention, prigEE8sasecoplowidiclestriononsifnt cnaterial subdaym sidriteBrsdbwmeddel, NMeans,
nmet hods, - or steps, ©presently exiling or later to be devel oped, that

per f or m eunsientansterzal sub-lageh shesoomd lowrdiclafic@onaad inﬁ‘ﬁeﬁaﬁéﬁh%ﬁf‘ﬁdv%léj aflepst® SaMe
result as the correspondi ng enbodi nents descri bed herei n may uttlized

accor di ngnetsecohd) rapsr@SREerty, WIRRLA B8 at l@&?@ﬁéﬁeﬁ&lg&atém B@Bg‘ﬁg’g ﬁ.ﬁ?geé?ﬁ&g are

intended to include within their scope suc rocess

manuf actie & leASOSHRAR L RS RhpePldd -
forming a third low-dielecttié constént ﬁateriéi sub-layer over the second low-dielectric
constant material sub—la.iyer, the third low-dielectric constant material sub-layer having at least
one third material prdperty, the at.least one third material property being different fro;n the at

 least one second material property.

2. The method according to Claim 1, wherein formiué the ILD layer comprise-s' forming the -

| ﬁrst low-dielécﬁc ponsﬁnt material sub-layer, second low-dielectric constant matérial sub-layer, |
and third lqw-diele;:tric constant material sub-_layer from methyisilsesqui&xme (MSQ), aMSQ |

: derivativé,' hydxifiosﬂsesquioxane_ (HSQ), a HSQ derivative, an oﬁ&e A-and MSQ hybrid, 2 |
pomggn/MSQ hybrid, an oxide and HSQ hybrid, a porogen/FHISQ hybrid, d} combinations

thereof. " | ' | | |
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- - ...nmeans,.nethods,..or.steps.. WHAT IS CLAIMED IS: 1. A nethod of
manuf acturing an inter-level dielectric (ILD) |ayer of a sem conductor
device, the nethod conprising: formng a first |owdielectric constant
mat eri al sub-layer over the substrate, the first low dielectric constant
material having at |east one first material property; formng a second

| owdi el gctrice_ comst ant .mat egi.al . syb- | ayver. over e first .l owdi.electric
constantﬁmat gﬁ?gﬁg%%r%%@%l,»ﬂggﬁg%w eeq’é ¥qr8°”€8'ﬁic§£f‘?ﬂm% rial
sub-1 aye avi.ng at | east- one -second materi al_ property, wherein the at

| east 0 v g %P@WI"“&P&'@& qé"?ﬂ’i“ﬁf@ﬂﬁ eciric Spant maferiabadbriayme fir st

material property;, and formng a third |lowdielectric constant materi al

sub- | ay eand didlow-Hislegtrie ennsiant owiatiabsubdayer eontipususlyfram thetseme ajategiabiviamger , t he

third lowdielectric constant material sub-layer having at |least one third

mat er i alorproopdepdsition thvenbark. | east one third material property being different

fromthe at |east one second material property.” 2. The nethod according to’

Claim-1, wherein forming the ILD | ayer conprises formng the first _

| ow- di eldect r Tk RétRHaBebEidFRS E1didl1, %&h%ﬂg&@%%ﬁ%ﬂ%ﬂe@ﬁ%tﬁgnﬁ ant
terial Sub-

material sub-layer, and third |ow dielectric constant | ayer

(190 AT HEER AR R A B Spen b e soBSR BRRNERAIGE: Ta an

oxI d_e aggd Eﬁ%ow-cgglgc%ic c%n&gtr t%g.t%ggll_slgglah erb i e adj)ustmgr i O!?JE Egp%[silﬁ%gscoggigén%?f -

5. " The method according to Claim 4, wherein adjusting the deposition conditions comprises.
adjusting the gas flow rate, povs}er, or gas species. | .
6. The method accordmg to Claim 1, wherein the first material property, secoﬁd material
property, and fhird material property comprise density, dielectric constant, adhesion, or Young’s |
modulus.” |
7. The method according to Claim 1, furthier comprising forming at least qﬁé fourth low-
dielectric constant material sub-layer over the third low-dielectric constant material sub;layer, :
the fourth low-dielectic constant material sub-layer having at least one fourth material property;

- wherein the at least orie fourth material property is different from the at least one third material

propetty.
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3. The method according to Caim1l, wherein formng the ILD | ayer conprises
formng the: fist lowdielectric constant materi al sub-layer, second
| ow-di el ectric constant nmaterial sub-layer, and third |owdielectric
constant material sub-layer continuously fromthe sane naterial in one or
nor e deposi tion.chanbers.. 4. The nethod according to Claim1, wherein

forning thé | LMF@}@doémamxfaMgf&enﬁicngddckmdefnbé tHe mefhitd dbiB 4; Li ¢ constant
mat eri al sub-layer, second |lowdielectric const ant materia -l ayer, and

third | ow di el embvitinge eubstas thdSub&fdHaviis !mg Eéutee@&%&?ég J\R%“g the

deposition conditions. 5. The net hod accord alm St ein

adj usting the qgﬁggggmpetap#%;fa@%% QB.{bst? adjusting the gas flow rate,

power, or gas species tho ‘accor |ng to Claim1, wherein the

first material g cond e rty, and third materi al

" property conpri s{“‘&géngﬁ’{}ﬁ@(%%%%‘?@%ﬁ% Yera"él‘ﬁem on, or Young's

nodul us. 7. Th mathog COI’dI ng. to daim1l, further conprising formng at
| east one four agg ﬁtEo@ﬁﬁ%awom@ﬁmm@dbfeta;ddirstamrstobh@cﬁ hird

| ow-di el ectric constant material sub-layer, the fourth |owdielectric

const ant risteEdq afl leastipnel fiagt eonduativerregion mbleassecaival cofitadt withARfedt bid co@{ggg&{[}t y;
wherein the at |east one fourth material property is different fr e at

| east one region of thesubstrad, aﬁ@ﬁéﬁfemﬁ’g&h@ﬂmﬁ[ﬂﬁla@&%@? se@nuf acturing a
seni conduct or devi ce, the method conprising pfoviding a substrate, the

~su bstrate having CORRAME B irst fiH-BidfRct R COEthnt ng{egagﬁb-layer over the first etch stop
layer;
forming a second low-dielectric constant material sub-layer over the first low-
dielectric constant matenai sub-layer, the second low-dlelectnc constant material sub-layer
' havmg at least one different material pmperty than the first low-dielectric constant maferial sub-
layer; and
. forming a third low-dielectric constant material sub-layer over the second low-
dielectric constant material sub-layer, the third low-dielectric constant mateial sﬁb-iayei hav'in-g. .

at least one.d._iffercnt material property than the second low-dielectric constant material sub-layer.

9, The method according to Claim 8, ﬁherein_ forming the first ILD layer comprises fom-ii-ng

fhe-ﬂrst 10w—dieleciﬁc constant material sub-layér sécond:low-dielectric constant material sub-
. 1ayer, and third low-dielectric constant maienal sub-layer from methylsﬂsesqmﬁxane MSQ), a -

'MSQ denvauve hydndosﬂsesqmoxane (HSQ), a HSQ derivative, an oxide and MSQ hybnd, a

- porogeu/MSQ hybnd, an oxids and HSQ hybnd a pora gen/HSQ hybnd, or combmatlons
thereof.
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formng a first etch stop | ayer over the substrate; _ formng a first ILD

| ayer over the first etch stop layer; and formng at | east one first
conductive region in: the first ILD |ayer and first etch stop |ayer,
.Wherein at |east one first conductive region makes electrical contact with
at | east .one conponent region of the substrate, and wherein form ng the
first ILD |layer conprises: formng a first lowdielectric constant materi al
sub-l ayer over the first etch stop_layer; formn econd lowdielectric
const ant!Onmt Bhe mthes scordingde Chajmy8, twheren foaping t R 1D By scumprs :

mat eri al sub-layer, the second | owdielectric constant material sub-|ayer
havi ng #he firgdow-disteetrid cdnktent expterizhsubrlaydr, oeand dew-flielestricichestsnt maferial sub- '

| ow-di el ectric constant material sub- layer, and formng a third '

| ow di eliet, sidthdhatdiddctitabesting matedbl dubyiger cntinudubly fivectha dathomaterdbldhect ri-c
constant material sub-layer, the third |lowdielectric constant materi al .
sub- | aygfe 3 8eposifidn hidafs. one different material property than the second
| ow di el ectric C(?nstant mat eri al -sub-layer. 9. The nmethod according to °
Claim 8, wherein formng the first ILD |layer conprises formng the first

I ow di electrdc constant.,. . al - s ' | nst ant
mat er i ahEsub@elﬁeﬁoa,@%dg%ﬁaﬁlsogﬁﬂ |iélle%%% @9@%%@%\!&%‘9@ g?iﬁ%{fo%-l ayer
from et hyl si | sesqui.dxane ( MSQ) MS5Q. derivatjve, hydridosilsesqui oxane
(HSQ , Hlerﬁg@l%&lpwﬁ wmﬂéﬁlw%ﬁémfﬁe@ﬂﬁ#&&a@&c %%%%Eﬁ%ﬁé%ﬂﬁybr id, an
oxi de and HSQ hybrid, a porogenl HSQ hybrid, or.coenbinations thereof.

layer, and third low-dielectric conistant material sub-layer while adjusting the deposition .

conditions.

12, -The method according to Claim 8, wherein adjusting the deﬁositiqn conditions 06£np1ises .

.-adjusting the gas flow rate, power, or gas species.

3. The method according to Claim 8, wherein the material property of the second low-
dielectric constant material sub-layer and the material property of the third low-dielestric

constant m;aterlal sub-layer comprise aensity, dielectric constant, adhesion, or Young®s modulus.

1.4. The method according to Claim 8, further comprising forming at least one fourth low-
dielectric constant material sub-layer over the third low-dielectric constaﬁt_ material sublayer,
the fourth low-dielectric constant material suﬁ—laycr having at least one different material - -

property than the third low-dielectric constant material sub-layer.



-22 .10. The nethod according to Caim8, wherein formng the first TLD

| ayer conprises formng .the first lowdielectric constant materi al

'sub-1 ayer, second | owdielectric constant material sub- layer, and third

| ow-di el ectric constant material sub-layer continuously fromthe sane
material in one or nore deposition chanbers. 11.- The nmethod according to
Claim8, wherein formng the first ILD | ayer conprises formng the first
| ow dielectric constant material sub-layer, second |owdielectric constant
material $%b | Eemethodmdcurding & Claim 8 ifettec tompristgnst ant nat eri al  sub- | ayer
whi | e adj usting the deposition conditions. 12: -The nethod according to .

Cl ai m 8, wher eformiagly segbhdgehi soop layep 08drtheOfrsIOMajd-ONSs conprises - adj usti ng
the gas flow rate, power, or gas species. 13. he net hod accor di ng to

Gl aim8, wher efbﬂnih@@sdammm!;ye%w?%{et H&c@%m} z%ﬁépqn& ow di el ectric

const ant mat erlal sub-l ayer and the mat erl erty of the third | ow

dielectric ﬁﬁ!ﬁ.Q rlse diel ectric ’
constant adhe5| on, 'Iitl :foung né&%g mgi %&ﬂ@bﬂ aé‘éf Agrsead elsh O ai m

8, furthe risi formn ast one fourth | ow dielectric constant
mat eri al &%ﬁﬁy"ﬁ %@@F a4 st %SF‘EP“ Sondyridyedegiop makes slestsipal comtes withl at
sub- | ayer the fourth | owdielectric constant material sub-layer having at

| east ondeHl fredirafendvaiesnpgion, prdyshareis fotming thhsecoivd KD hgsteotnplisest 1 | C

constant material sub-layer. 15. The nethod acciAing to Gaim8, futher
conprising; for n fogniag e éanthdove distecticepnitay efat@Brblder dvef Gk sbdolz bRy €

stop layer;
. forming a fifth low-dielectric constant material sub-layer over the fourth lc;vtr—
~ dielectric constant ﬁlaﬂarial sub-layer, the fifth tow-diele:ctﬁc coustant material sub-layer ltaving
at least one different matenal pioperty than the fourth low-dielectric constant material sub-layer;
and | | |
forming zt sixth !dw-dit:lecuic const;mt mategial'sub-layer over the fifth low-
dielectric constant matertal sub-layer, the sixth low-dielectric constant tnaferial sub-layer having

at least one djfferent material property than the fifth low-dielectric constant material sub-layer. - - ---
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formng a second ILD | ayer over the second etch stop layer; and form ng at

| east one second conductive region in the second |ILD | ayer and second etch
stop layer, wherein the at | east one second conductive region nakes
electrical contact wth at' |east one first conductive region, and wherein
formng the second ILD | ayer conprises: formng a fourth lowdielectric ‘
constant material sub-layer. over the second etch stop |layer, formng:a

fireh | owed! Chifldfieliahi it DTMRE LA chitdnbRiR leANE ofiffpur th | ow

di el ectri’c’ constant l'ayer, the fifth [ ow 'ectric constant

mat eri al sub-| r i af least .one differen L.al operty. than.
the fourth | o@ﬁ%ﬁ 81"%#%@“@5%@?%?‘% @é’lﬁ%ﬂt&lﬁé‘ Ja-lfoaye%@gdélﬁ 0%&%*? sixth
| ow-di el ectric_constant nmaterial -sub-layer over the fif th low dielectric
const ant feast o raajesal PrepREtYsi xth | owsdi el ectric constant materi al _
sub-l ayer having at.least one djfferent material. property than the fifth
| ow di el ect r i secanddavadicleste eomitait neatdsial supdayer disposehaver fhedirst lewalielentdt ect ri ¢
(ILD) layer-of a semiconductor-device, conprising: a first lowdielectric
const ant céhfirhadriabsibldyay te secoh®lob-disitctliovergiani reatrial sutclapartiaving ablegdti al
having at |east one first material property; a second |lowdielectric
const ant ﬁgastegcf. afsrfib!l - ' v, ik I}r@g- i EdieEtht fo :
-constant na g'ri?da s%ﬁép?éﬁg{?%t&hqgéégﬂggtnﬁels%ﬁ%%gg ri crtgolsﬁst ar?’%ltﬁn%l?'eri al
sub- I ayer, havi | east,. one second material property, wherein the at
| east on&wég%ﬁﬂgmﬁéﬁgwéﬂﬂpﬁFﬁ%%FP is different from the at |east one
first material property; and . . ’ ) s

a third low-dieléctric constant material sub-layer disposed over the second low-dielectric

constant material sub-layer, the third low-dielectric constant material sub-layer having at least -
one third material property, the at least one third material proi:erty being different from the at

least one sécond material property.

17..  The ILD layer acp-ordiué to Claim 16, ﬁhé.r-ein the first low;dielectlic constant material
s'ub—lay\"zr, second _10w—diclecﬁic constant material sub—layer, and third low—dicle.ctri_c constant |
material sub-layer comprise methylsiiscSquioxane (MSQ), aMSQ ﬁcrivatiyg,
hydridosilsesquioxane (HSQ), 2 HSQ derivative, an g};ide- and MSQ bybrid, a poro g;g/MSQ_'_ - -

hybrid, an oxide and HSQ hybrid, a porogen/HSQ hybrid, or combinations thereof. .

. 18..  TheILD layer accordiné to Claim 16, wherein the ﬁrs_t’iow—dielcctfic constant material
: _éuB—layer, sccc—md low-dielectric constant material sub-layer, and third IOW—dielécuic constant
‘material sub-layer are formed continuously from the same ‘material in one or more deposiﬁop

~

- chambers.
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a thud lowdielectric constant material sub-layer disposed over the second
| ow-di electric constant material sub-layer, the third lowdielectric
constant material sub-layer having at |east one third material property,
the at least one third material property being different fromthe at | east
one second material property. . .17. . The ILD | ayer according to C aim 16,
wherein the first lowdielectric constant material sub-Ilayer, second

const ant Toat oo SO AR il 16 WP e B it Proei pvatniet

NBC}derlvatlve .hydri dosi | sesqui oxan a HSQ derjvative, an oxide.
and MsQ R ﬁd&‘“’ﬁ%‘l"t&tﬁfé‘ﬁ Fisgd eﬂé‘ﬁv G&El%ﬁeﬁms@hpfm @f Yoyng's
por ogen/ HSO hybrl d, pr conbl nations thereof.. ~18.. The ILD I ayer according

to G ai iue ,therein the first'lowdielectric constant material sub |ayer,
second | owdielectric .constant material sub-layer, and third

| ow-di el ectric const ant mat eri al sub-layer are formed continuously from

t he sane2trat dibi HID lageran@rding todHaimdk) fisther anmprising ablesss one-fourtl Bw- - The | LD

| ayer ‘according -to Caim16, wherein the first naterial property, second

mat er i al dicleqiiO@@stint maserial sibtlayer dBHo8dd dver fE GRAY lbﬁ-(ﬁélﬁiﬁ{dc%ﬁsﬂﬁ &I]
dielectric constant, adhesion, or Young' s nodul us. The |1 LD. ayer

di ngq
S0, gLy e aéﬂ‘é?%héﬁgpté?’e@%ové%@ﬁ* 8ol i
cont TR R gtﬁ%vth@ﬁ%é’ﬂb@éwa G iR o et fenigme Gord |

material property.
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property, wherein the at |east one fourth material property is different

. fromthe at least one third nmaterial property. 21. A sem conductor
device, conprising: a substrate, the substrate having conponent regions
formed thereon; a first etch stop | ayer disposed over the substrate; a
first 1LD layer disposed over the first etch stop layer; and at |east one
first conductive region fornmed in the first ILD. layer and first etch stop
| ayer, wherein at |east one first conductive region makes el ectrical
contact Wlth étsetu@asiucfon@vmmnmmgregl on of the substrate, and wherein
the first ILD |ayer conprises: a first lowdielectric constant materi al
sub- | ayer di saoﬂ:edat@ﬁﬁ:rsubshﬂeﬁmilgcoatpohem;tagbmb&ympdﬂarese;cond | ow-di el ectric
constant material sub |ayer disposed over the "first low dielectric

constant mat egﬁﬁltetgygoﬂ@%g&lspogm@gm@@ﬁbsﬁw dielectric constant materi al
sub-1layer havi ng at l'east one different material property than the first

Iowdlelectrl athird lowdielectric
constant mat er| %ﬁ{rd@@%ﬁddvg%tggggstgt\?iﬁ%ﬂ]&gcSecond | ow dielectric :
constant materij al su Iay the.third,Lo terial
sub-1 ayer havfHepst e 5&% uchyeregiopforms %Mb&? ayffr%’%gn ?Eﬁgﬁyﬁ% second
| ow-di el ectric constant material sub-| a er. 22. The sem conduct or devi ce.

accor di ngvheteiGit dgashond firstdoeduetive Iﬁﬁéﬂ Hﬁk‘?’sﬁectﬂﬁﬂtf@m‘éﬁé’éﬂqui ¢cast one component
regton of the substtate, and whcrem the first ILD layer comprises:
a ﬁrst low-dielectric constant matertal sub-layer dtsposed over the first etch stop
layer; |
" a second Iowdielecuv.ic constant oJateriél sub-layer disposed over the “first Io\z.z-
dielectric constant material sub-layer, the second low-dielectric constant material ou'b—layer
having at least one different tnaterial ];;ropcrty than the first low-dielectric constant mat_erial sub-
layer; an:td- .

| 2 third low-dielectric constant mzterial sub-layer disposed oirer the second low-

dielectric co'nstant matcnai sub-layer, the third low-dielectric constant material sub-layer havmg

at least one different maicnal property than the second Iow-dlclecmc constant matenal sub-layer.

| ;‘22. ~ The semiconductor device according to Claim 21, Whe'tein the first low-dielectric
constant material sublajct, sooond low-dielectric constant tnateriai sub—loyor, and ﬂ;urd low-
dielectric constant material sub-la-yer comprise mettlj-fls.ilsesquioxane‘ (MSQ), a_MSQ den’vati_ve,
hydridosilsesquioxane (HSQ), . HSQ derivative, an oxide and MSQ hybrid, a porogen/MSQ

hyi:rid-, an oxide and HSQ hybrid, a porogen/HSQ hybrid, or combinations thereof.



constant material sub-layer, second |owdielectric constant materi al
sub-layer, and third low dielectric constant nmaterial sub-layer conprise
met hyl si | sesqui oxane (MSQ, a MSQ derivative, hydridosilsesquioxane (HSQ,
a HSQ derivative, an oxide and MSQ hybrid, a porogen/MI|'<SQ hybrid, an
oxi de and HSQ hybrid, a.porogenl HSQ hybrid, or conbi nations thereof. 23.
The sem conduct or device according to Claim?21, wherein the first

| ow-di el ectric constant material sub-layer, second |owdielectric constant
mat eri al 23ub- Thesemicorgvetor devics aresniing te) Claim 115 vherinitbafirsiawedi¢legtris ub- | ayer
are formed continuously fromthe same material in one or nore deposition
chanber sCOIEﬂmtli[ﬂmad;suh-lmr;duﬁmdlovddwlecmcawmnﬁmngnaleulgaacmmﬂﬂmum ein the
different material property of the second |owdielectric constant nateri al
sub- | ay ediekBtic chistadt thawiallsdliegdr biefofmidchadittuotly f6m @e same brakdMBin RO GPT | SEs
density, dielectric constant, adhesion, or Young's nodulus. 25. The

sem condyfttepSfionCRatei0r ding to Caim 21, further conprising at |east one
fourth |ow d| el ectric constant material sub-1ayer disposed over the third
| ow di el ectrl c constant material sub-layer, the fourth lowdielectric

tant, if f | '
const an ot bbbt ook gl UE-AMISHRL el .,
Th t di t furt d etch
T T P e B Bt Pé%?lﬁsﬂ’dff’éfﬁfeﬂﬂ%]@‘ds@% Conp ar"fecf;gosgdc

over the second etch stop layer; and at |east one second conductlve
regi on- d$®d®@é@mmwmw¥ﬂbd¢mtwm@9fe@dhaﬂmg§’0m sgnedulus.

25.  The semiconductor device according to Claim 21, further comprising at least one fourth
low-dielectric constant material sub-layer disposed over the third low-dielectric constant material
sub-layer, the fourth low-dielectric constant material sub-layer having at least one different

material ﬁroperty thar the third low-dielectric constant material sub-layer,
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stop layer, wherein the at | east one second conductive regi on nmakes
electrical contact with at |east one first conductive region, and wherein
the first ILD | ayer conprises: a fourth |lowdielectric constant materi al
sub-1l ayer di sposed over the second etch stop layer, a fifth ow dielectric
constant material sub-layer disposed over the fourth | ow dielectric
constant material sub-layer, the fifth |owdielectric constant materi al
sub- | ayer 2favi Hig semicondaeier depineaggpidingrte flaimgd ofurther qomppeirg:y t han-the fourth
| ow-di el ectric constant material. sub-layer; and formng a sixth

| owdi el ect ri c seams eeh stopriaye dispbsed oberltiy/forst IbWelaydrhe fifth low -dielectric
constant material -sub-layer, the sixth [owdielectric constant materi al .

sub- | ayer haviageoal IiLB Rgér dapssed bldr SeaRtonTRicB stopl layef;@Rer ty_ than the fifth
low-dielectric constant material sub-layer. 27. The semi conductor device

according to j I.0: Sap7 trf 1 t eri.al
sub- | aye?. com% ?@%?%gn%%gﬁgd%%%@ﬂ%n%?ﬁ PE@@?%@SS?%&% S-
nodul us i eater than second -Younq' s. modul us .of the second .

ow di ol cROT PO aias e rcond mucts? rogter takeh eledicd) GHAE Wil us of -
the third low. dielectric constant material sub-layer._ 28. The sem conductor

devi ce acleat gnerdigstoendgrtinensgion, anfrwheedimthefiest {1 dayet enmptised: ectri ¢ canst ant
mat eri al sub-|ayer conprises a first dielectric constant, wherein the first
diel ectric const anfouitislogrdidiéatiic donstAntanf@nbnd-ldye|depbded ovadinsicasnid @dh-t he
second | owdielectric constant material sub-layer and a'thi.rd dielectric
constant @thpe third | owdi el ectric constant material sub- |ayer. -

a fifth low-dielectric constant material sub;laycr disposcd._ over the fﬁuﬁh low-
dielectric constant material ;u_b-laycr, the fifth low-dielectric constant material sub-léyer baving
at least one diﬁ‘erent material property than the fourth .1ow.-dielcct1ic constant material suﬁ-layer;
and

. foﬁning a sixth Jow-dielectric constant materjal sub-layer over the fifth ow-
'dieiacnic constant material sub-layer, the sxxth -Iow-dielectric- constant m?lt{f:rial.éub—layer having

at least one different material property than the fifth low-dielectric constant material sub-layer, .

27.  The semiconductor device according to Claim 21 , wherein the first low-dielectric
constant material sub-layer comprises a first Young’s modutus, wherein the first Young’s
modulus is greater than a second Young’s modulus of the second low-dielectric constant material

- sub-layer and a third Young’s modulus of the third low-dielectric coz:gstatit niaterial sub-Jayer.
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29. The sem conductor device according to Caim21, wherein the first
| ow-di el ectric constant material sub-layer is nore adhesive than the
second | owdielectric constant material sub-layer and the third
| ow-di el ectric constant material sub-I|ayer. ‘ T

" 28, The semiconductor device according to Claim 21, wherein the first low—die‘l-c'ctric
constant material sub-layer compﬁs;e:. a first dielectric constant, wherein the first dielectric
constant is greater thén‘fa. second dielectric constant of the second 10w~dielech:ic constant
material sub-layer and a tiﬁd dielecttic édnstant of the third low-dielectric constant mateial sub-

layer.
29.  The semiconductor deévice according to Claim 21 , wherein the first low-dielectric
 constant material sub-fayer is more adhesive than the second low-dielectric cdns_tant material -

sub-layer and the third low-dielectric constant material sub-ayer.



