e3ea~\\] L_L_@6vaTa\ hFO 3 JAN 2005 AN | MD SCH ME BY POST- PLASIVA TREATNENT

OF FSG AND TEOS OXI DE CAPPI NG LAYER FI ELD OF THE | NVENTI ON The present
invention relates generally to nethods of forning sem conductor dedi ¢&}
speci-fically to formng internetal dielectric (IMD) |ayers. 0 3 JAN 200
BACKGROUND OF THE I NVENTION Fluorinated silica glass (FSG is enployed as a
| ow di el ectric constant (I ow k) naterlal for internmetal dielectric (IMD)

| ayers for sem conductor technol ogy of, 0.18 um and beyond (i.e. snaller
sizes). However, conplications in process integration may arise including:
(1)metal (e.g. Al) can be attacked by F-species |leading to the formation of
metal fluoride (e.g. AlF;); (2) good planarity by chem cal mechanica
polishing (CWP) is usually achieved by polishing nore FSG thus i ncreasing
the cost of the, already, expensive materials; and (3) the current schene
(met hod) enploying SRO as a capping |ayer is unstable and is causing the
probl em of depth of focus (DOF) during patterning of the via mask resulting
in poor critical dinmension (CD) uniformty. The above probl ens can escal ate -
to bad process integration at back-end-of-line (BEOL) processes. .;: ,,
U S. Patent No. 6,008, 120. to Lee describes a netal line, liner layer, FSG
and an oxide layer, and a via. U. S. Patent No. 6,028,013 to Annapragada et
al . describes a netal, FSG and (PECVD) oxide |ayer.

AN IMD SCHEME BY POST—PLASMA‘TREATMENT OF FSG AND TEQOS '

OXIDE CAPPING LAYER | {

FIELD OF THE INVENTION

The present invention relates generally to methods of forming

semlconductor devices and spec1f1cally to forming intermetal dielectric (IMD)

layers.



*. SOG layer froman organic to an inorganic material

o
e

2 0 3 JAN 2005 U.S. Patent No. 5,763,010 to Gyo et al., describes a

met hod of. stabilizing hal ogen-doped silicon oxide filmto reduce halogen
atons migrating fromthe filmduring subsequent processing steps.{ N 0
hal ogen-doped filmis deposited over a substrate and is then subjectgé @15
degassing step by briefly heating the fiilmto between about 300 and 550C
bef ore deposition of a diffusion barrier | ayer. The heat treatnent is

t hought to renove | oosely bonded hal ogen atons fromthe hal ogen-doped film
In a preferred embodi ment, the hal ogen-doped silicon oxide filmis FSGfilm
that is subjected to a degaSS|ng treatnment for between about 35 and 50
seconds. U. S: Patent No. 5,244,535 to Ontsuka et al. describes & nethod of
.manuf acturing a sem conductor device including a nitrogen-containing plasm
treatnment of contact holes. The contact holes are etched through an - -

insul ation layer (for e ERDHORD WEPHR 1 irfi§npased gaseous plasma,
and the contact holes are then i1 mediately 00 th the

. nitrogen-containing plasma that inhibits formatl on of reaction products on
t he exposed portion of the contact holes. U S. Patent No. 5,643,407 to

Chang descri bes aﬁﬁeohndedhﬂkmqpmeFgBﬁmQﬁﬁﬂb9&§a&HH@NQﬂeEEu %ﬁﬁg
‘dielectric (INMD) |ayer .(conprised of spin-on-glass (SOG san bet ween

two | ayeflowok) rmter:@bfermeuae(asanﬂze)c)m avaD) luji@i@ffbb’sdﬁﬁic&?&ﬁc%m dd%@; met al

‘layer. A vacuum bake is used to renpbve noisture fromthe expose | ayer

7 within tREOviapmpand kgyend (i.hesmalled hmegem{@haséfecbﬁ%@emleﬁ%g} ggg, ggetsg t he

JAN 2005 irdegsatigy apaynariseringidings | ess noi sture absorption, and suppresses
-outgassing.,fromthe rest of the organic SOG | ayer to prevent poisoned V|a
~metal [urgy. U S. Patent No. 5,578, 524 to Pukase et al. describes an N

internedi ate sul at bet a wiring of gate electrodes and a |
wiring for ned ﬁn%ltﬁ tﬁ)%e‘é Ve}‘?‘e g e‘iir}Pd’IErﬁE%C%S 13?8% tq Hiteefokmyion of I
i nsul ati o, fﬁﬁﬁ é%e%!ﬁmﬁgn rich oxide | ayer stacked on the first- '

interlayer 1ns r and containing excessive silicon atonms. A

second i nterl ae cked over. .t.he silicon rich oxide
| ayer. A sel e%| dd] %rgaftr&tﬁnbr%acégrélécess e *tfg'é?} pelighipg AP} A% wsuelipn

| t | th
i 11 usi on T ayer b%%??%’.ﬁ%ﬁ kit mgﬂeﬁ%g%%‘éggs‘ﬁt b er neengre

el ect r odesatariglspargont-act hol e on the

(3} the current scheme (method) employing SRO as a capping layer is
unstable and is causing the problem of depth of focus (DOF) -during patterning of

the via mask resulting in poor critic'al.dimension (CD) uniformity.

- The above problems can escalate to bad process integration at back-end-of-line |

(BEOL) processes.

U.S. Patent No. 6,008,120 to Lee describes a metal line, liner layer, FSG

and an oxide layer and a via.

U.S. Patent No 6,028,013 to Annapragada et al. describes a metal, FSG
and (PECVD) ox1de 1ayer



e

wiring of the predeterm ned gate el ectrode. U S, Patent No. 6,035,803 to
Robl es et al. describes a nmethod and apparatus for controlling the
deposition of a fluorinated carbon film A carbon based diel ectrife 3f UA@‘&@
deposited on a substrate in a processing chanber by first flowing a proc 5

gas including a gaseous source of carbon (e.g. CH4) and a gaseous source of

hal ogen (e.g. C4Fn). A plasma is then fornmed fromthe process gas by
applying a first and then second | LF power conponent - -for a period of tine
to deposit a hal ogen-doped carbon-based layer. U S. Patent No. 6.054,379 to
Yau et .al . describes a nethod and apparatus for depositing a | ow dielectric

‘constant film by reaction of an organo silane conpound and an oxi di zi ng

gas. 4 0 3 JAN 2005 SUMVARY OF THE | NVENTI ON Accordingly, it is an object

of the present invdAti dintens plood, Be8,B10eo hGdo odt &rddsagibas i aapeRi Bp in an -
I MD. | ayer @%ﬂﬁ' uding a fluorinated silica glass (FSG dielectric sublayer

whi | e pr eV8RYIARE Salogaasiangdisisran peidesStin te rediae alogdd ayehs nABRIRS
obj ect of ,the reslent invention is to provide a nmethod of formng a via
openi ng WAt Ahafilmvgurige subseareat myoeessings stepsedt &d1dgs6-dopd R ¢l 6
subl ayer then.s b!)ecti ngbthe via opening to a second treatnent to treat the
exposed sPERYETEASOG 1 AEbstrate endisdhen sPbjectiidetoee tdegessinp Isayreby Vidridfsy
depl eti nghgétyor%‘nef.ﬁ?cijes. on.the exposed surface of the fluorinated
silica gl ass "t g%t IT PRRER E\HOPH?QO fRd SHPPYC before deposition of a diffusion

barrier layer. The heat treatment is thought to remove loosely bonded_,'h_alogen

atoms from the halogen-doped film. In a preferred embodiment, the halogen-doped

silic'on'o>_<ic1e film is FSG film that is subjected to a degassing treatment for between l:

about 35 and 50 secondé. 7

1.S. Patent No. 5,244,555 to Ohtsuka et al. describes a method of
manufacturing a semiconductor device including a nitrogen-containing plasma
treatment of contact holes. The contact holes are etched through an insulation layer
(for example SiO,) with a fluorine-based gaseous plasma, and the contact holes are
rtheh immediately flooded with the nitrogen-containing plasma thatr inhibits -

formation of reaction products on the exposed portion of the contact holes.

U.S. Patent No. 5,643,407 to Chané déscribes a method of forming via
openings through an intermetal dielectric (IMD) layer (comprised of spin-on-glass
(S(jG) sandwiched between two layers of silicon oxide (5i0,)) to an underlying
patterned first meta] lgyer. A vacuum bake is used to remove moisture from the

exposed SOG layer within the via opening and then a nitrogen plasma treatment

converts the SOG layer from an organic to an inorganic material. The inorganic



o

openi ng
obj ect s

to prevent outgassing fromthe FSG dielzctric subl ayer. O her

w || appear hereinafter. It has now bee

and other objects of the present invention may be acconplished i

gas/ plasma tr

fl uori nateg @ggg £atHA$S %s@'n?&%t{dr& at%ﬁﬁgéfaeﬁeat ed with a fjr s%gni‘t rogen

atment to rorma uori ne

SHRR5ETES CRbEA Y-

the exposetestsiagg:dnic 08 AN 20MR Al oL d sigrinahed si 1 ca gl ass

dielectric layer. ATECS oxi

ayer or med’ over-theYupper cappin

The f.l uori nat ed

g

di scovered that the above

h
.followi ng manner. Specifically, a sem conductor structure having agné%gJﬂmﬁ
structure forned thereover is provided.s A liner
sem conduct or structure, covering the netal structure. A fluorinated silica
glass dielectric layer is fornmed over the liner |ayer.
-silica glass dielectric |layer having an exposed upper surface. The

| ayer is fornmed over the

& from

| ayer. The TEOCS oxide layer is planarized to form'a planari zed TECS oxi de
| ayer. The pl anari zed TEGCS oxi de | ayer, the upper 'capping |layer; the

treat ed {1 uori nat ddssPhicha N stioel tage LaUSTdesRhd B iliEASL L
patterned to forma via hole therethrough, exposing a portion of t

st ruct ur ensateticexjagyst bgtviadenalitisgadf gdie paticaddt4 %\ﬁ}iﬁgl el Rake

silica glass dielectric layer within the via opening. At
si dewal | sppér lafier that tretuizd atfireeinest|dyler aisulaiRdagéd, h GAROAIASSGHElSEL i C

er

d

ar e

e netal

east the exposed

| ayer within the vi.a opening is treated with-a séecond nitrogen gas/plasm
t r eat menstacked onnite fifstonienleyee plsefibrs loewaldd eantpingg lay&kifd ambhe
exposed sidewal | s of the patterned treated fluorinated silicon gl ass

di el ect r _REOMRyeSecaseindetiastendnsigpdon daykrds dewhkd ovapphagilicay efch paevent the:
g fromthe patterned fluorinated silica glass dielectric |layer. A

out gassi

met al i ntBEEofinddlectie Ay pEehing tiioresshie wied tpemhnihe msubation layers to

simultaneously form a self-aligned type contact hole on the diffusion layer position

at the gap between oppositely arranged gate electrodes and a contact hole on the

wiring of the predetermined gate electrode.

U.S. Patent No. 6,035,803 to Robles et al. describes a method and

- apparatus for controlling the depoéition of a fluorinated carbon film. A carbon-

based dielectric film is deposited on a substrate in a processing chamber by first
flowing a process gas inclu'ding a gas.eous source of carbon (e.g. CH,) and a gaseous
source of halogen (e.g. C.Fy). A plasma is then formed from the process gas by
applying a first and then second RF power component for a period of time to

deposit a halogen-doped carbon-based layer.

U.S. Patent No. 6.054,379 to Yau et al. describes a method and

apparatus for depoSiting a low dielectric constant film by reaction of an organo

silane compound and an oxidizing gas.
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0 3 JAN 2005 BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advant age
of the method of the present invention will be re clearly understood from '
the follow ng description taken in conjunction with the acconpanyi BIJAN 2005
drawings in which like reference nunerals designate simlar or
correspondi ng el enments, regions and portions and in which: Figs. 1 through
.8 schematically illustrate in cross-sectional representation a preferred
enbodi-ment of the present invention. ," 7 0 3 JAN 2005 DETAI LED

DESCRI PTI ON OF THE PREFERRED EMBCODI MENT Unl ess ot herw se specified, all
“structures, layers, etc. may be fornmed or acconplished by conventi onal
met hods known in the pri cSUMMARNWOHE BHESN WG #I@Nnand For mati on:of SRO
Li ner Layer Accordingly as shown in Fig. 1, starting sem conductor
structure 10 is understood to possibly include a sem conductor wafer or
substrate, active and passive devices fornmed withi'n the wafer, conductive
| ayers and di el ect¢w®rdlimgly.sit (ie ag. objectt ef thEobyeseni teveniti) 1o bRbARERL al
dielectric (I I\/Di etc.) forned over the wafer surface. The term
"sem conBiftheA ok fermeingravia eperdagtintap IMD) lagler tteltiding o fuoEHatekt iy a
sem conduFt or S\Ef er and the layers overlying the wafer. At |east one netal
st r uct ur 8129 (FSG)relsgigic sublayee hile paerctroimgstutgatsingefraf e FSS dieleeant act an
“underlyin lsem' conductor device/interconnect |ine (not shown). Metal

struct ur.8™3¥$’s preferably a nmetal |ine and may be conprised of al uni num
copper, -an Al/€u alloy, or an Al/Cu/Si alloy, and is preferably

Aﬂqther object of the present invention is to provide a method of
forming a via opening within an IMD layer including a first treated FSG dielectric
sublayer then subjecting the via opening to a second treatment to treat the exposed -

 sidewalls of the first treated FSG dielectric sublayer while depleting fluorine species,
on the exposed surface of the fluorinafed silica glass dielectric layer within the via

ope.mjng to prevent outgassing from the FSG dielectric sublayer.

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
preserit invention may be accomplished in the following manner. Specifically, a
semiconductor structure having.a metal structure fémed thereover is provided. A
liner layer is formed over the semiconductor structure, covering the metal structure.
A fluorinated silica glass dielectric layer is formed over the liner layer. The
fluor_inated silica glass dielectric Iayef having an exposed upper surface. The
fluorinated silica: glass dieiectric Iayer is -treated with a first nitrogen gas/ plasma

treatment to form a fluorine depleted upper capping layer from the exposed surface



it

alum num (Al'). As shown in Fig. 1, liner layer 14 is formed upon

sem conductor structure 10 and netal line 12. Liner layer 14 may be
conprised of USG PSG BPSG or SRO and is preferably SRO as wi | I% %ﬂ’ﬁj
hereafter for illustrative purposes. 8 0 3 JAN 2005 Liner layer 147i's

preferably from.about 100 to 700A thick, and is nore preferably from about
200 to 500 thick. Formation of FSG Layer As shown in Fig. 2, fluorinated
silica glass (FSG layer 16 is forned upon SRO |iner |ayer 14. FSG | ayer 16
is preferably deposited by a PECVD or HDCVD process, and is nore preferably

Nover | us. ° RARTE SR R R B v At oo’ fy?%i%froé%@é’ qv’ﬁ*rw'@% and i s
f
' uorfne. (B i Th e 06 Fhy ar pe ao Ry dris Ebisifead Fo i Bl o= darDs

r ef er abl yxie 0402 bPRe NG rabl fro 6 to
? 5 atom %‘f F%E}n’&tl on' of %ﬁ%%?ﬁgcjgp%{?i%%ﬁ gf;glr% E@égl{gfgrm e E%ﬁg jected

to a post fipbrasamdisilictglhseatel@Mc h§er,ian@ tha 1fnef 34 e@'atré 968, SRR

S
treatnment 18, to form upper capping Iayer 20 fro Xp oseg upper surface
“of FSG | ayerhdle. thepperowstp pixpgsihaye bo2for of mm@frxeétﬁtpéefuétfu%naﬁﬁo& oafhet 0 S00A -

thick, and nore preferably fromabout 100 to 300g thick. It roposed
that fir SisldﬁWlaH@géﬂieqmtqnhe& ha teleffioTirited Slite fli6e Gididteric layer w1th1n the

" via opening. At_least the exposed sidewélls of the patterned treated ﬂuo;iriated
silicon glass dielectric layer within the via opening is treated with a second nitrogen
gas/plasma treatment to form a fluorine -dépleted sidewall cai)ping layer from the
exposed sidewalls of the patterned treated fluorinated silicon glass dielectric layer, I
wherein the upper and sidewall capping layers prevent the outgassing from the

patterned fluormated silica glass dielectric layer. A metal interconnect is formed

within the via opening.
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surface concentration of F to define upper cappijng | ayer 20. The
concentration of 9 0 3 JAN 2005 fluorine (F) within upper capping |ayer
20 is reduced to fromabout 0 to 0.2 atom % nore preferably fro;o gbgﬁm ﬁms
to. 0.1 atom % and nost preferably -fromabout 0 to 0.05 atom % The
concentration-of fluorine (F) within upper capping layer 20 is reduced to

pl asma, one of the ab%\fﬁEgl‘ 3
or nore of the above prasmH ' i s :
stoichionetric ratio of Hto N present in the N-containing plasma is from
about 0 to 10, and nore preferably fromabout 0.5 to 6. First nitrogen gas

pl asma treatnent 1 I the.foll owin araneters:
tenmperature: from %B%ﬁe?g%é% §§§2a(§%¥ﬁ%§é§ r?g%}ée Blreg?oe‘i SEHV Ig?egﬁ’i‘%]ﬁ‘é’ﬁf‘h% to

450C;  pr esitlube: miok® ol oty Q9 o0 £1din T8, @W r r.ef.erapl.y from about
0.005 to 5 Torr: power: from about 20 to 2866%1 lﬂ%c?eersrgrrlgtlﬁpe%%gb@ from

about 50 coojuhOBOMvith ik abdompatiang dabha0fh F86ANHRe BRJIR S RLEfEr ably

from about 10 .
designate similar or corresponding elements, regions and portions and in which:

Figs. 1 through 8 schematically illustrate in cross-sectional

representation a preferred embodiment of the present invention.

‘preferably fromabout 0 to 2% and nore preferably fromabout 0 to 66% of -

“the F concentration within FSG | ayer 16. First nitrogen gas/plasna

. treatnment 18 preferably conprises an Nz plasma, an NH3 plasma, an NH2 - NHz
SATE 1.t 1SN\, Or a conbi nati on of two

i



to 150 seconds; and 10 0 3 JAN 2005 tools: a PECVD, HDCVD or plasma
etcher. Alternatively, FSG | ayer 16 may be treaﬁed by an Hplasma to al so
form upper capping layer 20. Formation of TEGS Oxide Laver As sh@wg H@%Fmﬁs
4, .silicon oxide (oxide) layer 22 is fornmed over upper capping |ayer

a thickness of preferably from about 14,000 to 18,000k and nore preferably
. from about 15,000 to 17, 000A. Oxide layer 22 nmay preferably be formed the
following starting materials: silane or TECS, and is nore preferably forned
fromTECS to form TECS oxide layer 22. It is noted that TEOCS oxi de | ayer 22
is formed over FSG | ayer 16 and upper capping |layer 20 instead of addi ng an
addi tional F D DERCRIVENN OF THEPRESCONEDEEM tRiab ENIS| ng TECS

-oxi de layer 22 instead of -an additional FSG | ayer, planarization is
easier, faster, and | ess expensive. Planarization of TECS Oxi de Layer As
shown in Fig. 5 TECS oxide |layer 22 is planarized, preferably by chenical
nmechani cal pol i shUnies¢ CliferwitecsHeoifiedphBsanicreds, Thds oott.daal d¥abraed -

Pl anari zed TECS oxide |ayer 22' preferably has a thickness 24 of preferably

f r om abifcagtRlished Hyconyenfinnahmeshqsdsdiromvabinthepoiorabout 2000 to 4000h. 11.
0 3 JAN 2005

Initial Structure and Formation of SRO Liner Layer

| Accordingly as shown in Fig. 1, starting semiconductor structure 10 is
understcod to possibly include a semiconductor wafer or substrate, active and
passive devices formed within the wafer, conductive layers and dielectric layers
(e.g., inter-poly oxi.de (IPO), intermetal dielectric (IMD), etc.) formed over the wafer '
surface. The term ”semicoﬁductor strﬁcture” is meant to includé devices formed.

within a semiconductor wafer and the layers overlying the wafer.

At least one metal structure 12 is formed over semiconductor
structure 10 so as to contact an underlying semiconductor device/interconnect line
(not shown). Metal structure 12 is preferably a metal line and may be comprised of

aluminum, c-opper,-anlAl/Cu alloy, or an Al/Cu/Si alloy, and is preferably

aluminum (Al).

As shown in Fig. 1, liner layer 14 is formed upon semiconductor
structure 10 and metal line 12. Liner layer 14 may be comprised of USG, PSG, BPSG,

or 5SRO, and is preferably SRO as will be used hereafter for illustrative purposes.



Formation of Via Hole As shown in Fig. 6, planarized TECS oxi de | ayer 22',
upper capping layer 20, FSG | ayer 16, and SRO |liner |ayer 14 are etched to
formvia hole 26 through etched TECS oxi de | ayer 22", etched uppqr3cmﬁi

| ayer 20", etched FSG | ayer 16", and etched SRO liner |ayer 14" expoSi gibgﬁ
| east a portion 28 of metal line 12. Via hole 26 al so exposes sidewalls 30
of etched TECS oxi de | ayer 22", etched FSG | ayer 16", etched upper capping
lTayer 20", and etched SRO liner layer 14". Via hole 26 is preferably from
about 1800 to 3000g wi de, and nore preferably from about 2000 to 2600g
.wide. Etching of via hole 26 may be done, for exanple, by formng a .

phot oresi st | ayer ,(.not,_ shown) over planarized TEOS oxide |ayer 22' and
patterning the pholf%er'relg?lgrti’)‘{% H%éﬁﬁbgyg"l%‘fa ¥ tﬁé@ﬁﬂk‘ thrigk, PMOIONEEE st nask
could th t I rized TECS oxide |ayer 22', upper capping
| ayer ZO,EFEE%E%J@?%P%@?E%@&%%F& | ayer 14 to formvia opening 26. The
phot oresi st | ayer would then be stripped and renoved. 12 0 3 JAPd 2005
Second Nitroeen Gas/Plasma Treat ment of Exposed Sidewal k of Etched FSG
Layer AsFshaXion efﬁﬁg.m&er at least the sidewalls 30 of via hole 26 are
treated with a second nitrogen gas/plasma treatnent 32 to form si dewal |
capping layer-34 fromthe exposed sidewalls 30 of etched FSG | ayer 16".
Sidewal | capping layer 34 is preferably fromabout 50 to 500. thick, and-
nore preferably frasshbontinT6g. 2,0ldhatédisiica dlhss FSE) appsed fsaimsgcond

ni trogen gas/plasma. treatnment 32 reduces the surface coricentration of F to
“define siugenea3ROdampilaged t4:eFS@4ayeFHis erablt depogited byar PREVI oW t hi n
sidewal | capping layer 34 is reduced to fromabout 0 to 0.2 atom % nore
pr ef er abADEVEhpedvesy, a@dtie rork mrefarably depbsited tbyps PRV Iptotdsemsatout 0 to
0.05 atom % The concentration of fluorine (F) within sidewall capping

| ayer 34 BEEC VI thed eshrudaqimestidrniaBMAT ooMoabliug. 0 to 2% and nore preferably
fromabout 0 to 0.66% of the F concentration within FSG | ayer 16. Second
ni trogen gas/plasma treatnment 32 preferably has the sane

FSG layer 16 is preferably from about 400 to 10,000A thick and is more
preferably from about 9000 to 50004 thick. The concentration of fluorine (F) within
FSG layer 16 is from about 4 to 10 atomn %, more preferably from about 5 to 8 atom

%, and most preferably from about 6 to 7.5 atom %.

Formation of Upper Capping Layer

FSG layer 16 is then subjected to a post-plasma firs-;t treatment 18, i.e. a
first nitrogen gas/plasma treatment 18, to form upper capping layer 20 from the
exposed upper surface of FSG layer 16. Upper capping layer 20 is preferably from
about 50 to 5004 thick, and more preferably from about 100 to 300A thick.

It is proposed that first nitrogen gas/plasma treatment 18 reduces the

surface concentration of F to define upper capping layer 20. The concentration of



conposition as first nitrogen gas/plasma treatnent 18. Second nitrogen
gas/plasma treatnent 32 treats at |east the sidewalls 30 of via hole 26, to
f.orm sidewal | capping layer 34, under anal ogous conditions as fisg JAN 5
ni trogen gas/plasma treatnment 18 treats FSG | ayer 16 to form upper cappi%@
| ayer 20 (see above). 13 0 3 JAN 2005 Problemthe Invention Solves The
“inventors have found that absent further processing, F would outgas, or
di ffuse, frometched FSG | ayer 16" to and through exposed sidewalls 30 of
~etched FSG |l ayer |6" into via hole 26 and react with any netal interconnect
36 fornea within via hole 26 (see below) to formnetal fluoride conpounds.
Such met SPOTRGEY B SPPST AizPing layer A fssrednialE fromf fbeat 0t 6. 2coMUG] | Vi ty
of the metal interconnect 36, and thus the sem conductor devices. Formation
of Met al MORE &F Swﬁi)efr% aoighvihta 1 ptem %, angd fmepepraférabizt &loni sbatebsi t ed
over etcaﬁg lEOQ o§£de quer 22", filling _second nitrogen gas treated via
hol e 26' UUFREORefal Nf £PBFERTEALnaaE flnorne (B) wathow aippee cegpirgslaytr £has net al

fromthe er, .surface of etched TECS oxide layer 22" formng planarized
metal | nFERREH i dre ekl Fom %hoé‘t&p@n? 9226 molgepieferphyefronn nwtt B& may be

conpri segof i er....or sten, and is preferably tungsten.
Si dewal | %ggp%ﬁhgﬂcggg%nt%z anvéftlllfﬂpl:ésid] @gf)rpfépug | ayer 20" serve as a barrier
| ayer to etched FSG | ayer 16" and bl ocks outgassing or diffusing of F

species frometched FSG | ayer 16" to metal interconnect 36, thus preventing
formation of 14  firs3 nlAbze0Qas/ plasma treatment 18 preferably comprises an N,

plasma, an NH, plasma, an NH, ~ NH, plasma, one of the above plasmas with an

H, plasma, or a combination of two or more of the above plasmas with or without

an H, plasma..

The stoichiometric ratio of H to N present in the N-containing plasma

is from about 0 to 10, and more preferably from about 0.5 to 6.

First nitrogen gas plasma treatment 18 treats FSG layer 16 at the

following parameters:

temperature: from about 0 to 520°C, and more preferably from about

- 20 to 450°C;

pressure: from about 0.001 to 10 Torr, and more preferably from about

0.005 to 5 Torr;

power: from about 20 to 2000 W, and more preferably from about 50
to 1000W; |

time: from about 3 to 300 seconds, and more preferably from about 10

to 150 seconds; and

10



undesired nmetal fluorides that affect the electrical resistance and
performance of netal interconnect 36. Advantages of the Present Invention

The advantages of the nethod of the present invention include: (J) 3 TlﬂAN Zgﬂﬁ
i mprovenent of protection of a netal plug or interconnect formed wthin

via opening by an ultra-thin (about 160 thick) capping |ayer of F-depleted

.oxide. Thiss ultra thin capping |l ayer can be extended to the sidewall of the

-via hole; (2) reducing the cost of ownership of the process (by polishing
TECS oxide rather than FSG to achieve good planarity after CWP); (3)

el imnating use of an SRO cappi ng | ayer and solving the problem of via

maski ng, resulting,dg 4 BriaEah and (4) preservation of
| ow-k property of FSG wit outHfbhe uggb([? cappl ng layer. Wile
particul ar enbodi nents of the present |nvent|on have been illustrated and

described, it is not intended to limt the invention, except as defined by

the follow ng cl aiAIEerth?vely,oFﬁiu 1A 20 a8 lﬁj Qﬁrp[—plasma to also
form upper capping layer 20.

Formation of TEQS Oxide Laver

As shown in Fig. 4, silicon oxide (oxide) layer 22 is formed over upper
capping layer 20 to a thickness of preferably from about 14,000 to 18,0004, and
more preferably from about 15,000 to 17,000A. Oxide layer 22 may preferably be

formed the following starting materials: silane or TEQS, and is more preferably

formed from TEOS to form TEOS oxide layer 22.

It is noted that TEOS oxide layer 22 is formed over FSG layer 16 and
upper capping layer 20 instead of adding an additional FSG layer. The inventors
have discovered that by using TEOS oxide layer 22 instead of an additional FSG

layer, CMP planarization is easier, faster, and less expensive.

Planarization of TEOS Oxide Laver

As shown in Fig. 5, TEOS oxide layer 22 is planarized, preferably by
chemical mechanical polishing (CMP), to form planarized TEQOS oxide layer 22'.
Planarized TEOS oxide layer 22' préferably has a thickness 24 of preferably from

about 1000 to 50004, and more preferably from about 2000 to 4000A.
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1. Anethod of formng a netal interconnect within a fluorinated silica
glass dielectric |layer while preventing outgassing fromsaid fluorinated
silica glass dielectric layer, conprising the steps of: providing 3§ JAN %pﬂ
sem conductor structure having a nmetal structure forned thereover; form 8
a liner layer over said sem conductor structure, covering said netal
Structure;- formng a fluorinated silica glass dielectric |ayer over said
liner layer; said fluorinated silica glass dielectric |ayer having an
exposed upper surface; treating said fluorinated silica glass dielectric
"layer wwth a first nitrogen gas/plasm treatnent to forma fluorine
depl et ed upper capping | ayer fromsaid exposed surface of said fluorinated
silica glass dielectric layer; formng a TECS oxide | ayer over said upper

- cappi ng |EyeiatioRl #NALIE4RY said TECS oxide |layer to forma planarized TEGCS
oxi de layer; patterning said planarized TECS oxide | ayer, said upper
capping layer, said treated fluorinated silica glass dielectric |ayer, and
said liner layer to forma via hole therethrough exposing. a portion of

'said netal structure sheere¥PPS. BIpRindBYead ' atterned treated '
fluorinated silica glass di eI%Ict s ayer ﬁwﬁ?ﬁaégﬁl}g&r 1“2 BPENICAGP ™86 0 3

JAN 2005 leyes@0i RSG dyek 26,3indsSRA LiexPRYEH1 5 h oM@l dus g patterned treated
fluorinated silica glass dielectric ?ayer mﬁtth gg%ﬁﬁs%gh@52§%W€uﬁPth a

second ni¥¢hsgehEQaskisiedsym 22F extinentppar da?Fmgaqa§éﬂJm'j aendeptet g)?ersli(Jd ewal |
capping |l ayer 34 from said exposed sidewalls of said patterne& reat'ed .

f1 uori nat®d €redake) lines layest B texposihgya deastheoriion 98ict MORELNARS Gizdeval |
cappi ng H§§e5§ grevent sai d qutgassing fromsaid patterned fluorinated
silica gI'dEe2QREPESPPTes sidayealls Haf dtdran HEOS oniterlbyémier ERREEEECLT L n sai d

vi a opening. _ . .
: 18 » etched upper capping layer 20", and etched SRO liner layer 14".

Via hole 26 is preferably from about 1800 to 3000A wide, and more
preferably from about 2000 to 2600A wide.

Etching of via hole 26 may be done, for example, by forming a
photoresist layer (not shown) over planarized TEOS oxide layer 22' and patterning
the photoresist to form a photoresist mask. The photoresist mask could then be
used to etch planarized TEOS oxide layer 22', upper capping layer 20, FSG layér 16,

and SRO liner layer 14 to form via opening 26. The photoresist layer would then be

stripped and removed.
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| ayer has a F concentration fromabout 4 to 10 atom % said upper cappi ng
layer has a F concentration fromabout 0 to 0.2 atom % and said sgd m'iﬂﬂf}
capping |layer has a F concentration fromabout 0 to 0.2 atom % 3. The

met hod of claim11, wherein. said fluorinated silica glass dielectric |ayer
-has a F concentration fromabout 5 to 8 atom % said upper capping |ayer
has a F concentration fromabout 0 to 0.1 atom % and said sidewall capping
| ayer has a F concentration fromabout 0 to 0.1 atom % 4. The nethod of
claim1l, wherein the F concentration in said upper capping |layer is from
about 0 $erondobitmbgeh & 45/ Rlanmaritfeatrhent bh Expbskd butiw NH od rild£ase ass
dielectric layer, and the F concentration in said sidewall capping |ayer is
from abokayed to 0.2% of the F concentration in said fluorinated silica
glass dielectric layer 16. 17 0 3 JAN 2005 5. The nethod of claim1,
wherein the F concentration in said upper capping layer is fromabout 0 to
0.66% of the F concentration in said fluorinated silica glass dielectric

| ayer, and the F condwnt: in Fign7i at leaitdhe sidlewallls 30 aypiia goledsesreitiedidcdom about
0to O. 660/%0f the F_concentration in said fluorinated silica gl ass

di el ect r V& %gpePTd Gitragn gasy Béasmet tred taiemt 32 to furex sidewsdicdppimelaybayer is
conprised of .a materjal selected fromthe group consisting of USG PSG
3P0, | anfioSHAR AR SRS ok 0L TS5 ROOE 16 hSewall capangroiod o ol ai m

|, wherej ' per i rised.of SRO, _and is from about 200 to
500. g, th%é%%% Hog]?’ﬁgl)%ﬁ]f)%%g@gcmﬂ(nﬁrfd TR Bfﬁe@gwdf‘]oﬂhébol‘hw tds from
about 108hd20i£Q801 thick; said fluorinated silica glass layer is from about
4000 to 10,000. thick; said TECS oxide |layer is 'fromabout 14,000 to

18,000.i thick; and said planarized TECS oxide layer is fromabout 1000 to
5000 thick. 9. The nethod of claim 11, wherein said liner layer is from

3000 150000 1 nt e “UEr TR O A AR PRI R T T R iR Dot

thick; apgd sarGep! @ialonzad TE i dey kayer. 4.5, £ om about, 2000, ta_4000. t 1
Lhick 107 SAHAcE fehtatol %@119)(6\%??2’% gl SORBIE 18TET o abiRut 1800

_t-o 3000 Whrd@ntration of fluorine (F) within sidewall capping layer 34 is reduced to from

about 0 to 0.2 atom %, more preferably from about 0 to 0.1 atom %, and most
preferably from about 0 to 0.05 atom %. The concentration of fluorine (F) within
sidewall capping layer 34 is reduced to preferably from about 0 to 2%, and more

_preferably from about 0 to 0.66% of the F concentration within ESG layer 16.

‘Second nitrogen gas/plasma treatment 32 preferably has the same
composition as first nitrogén gas/plasma treatment 18. Second nitrogen
gas./ plasma treatmént 32 treats at least the sidewalls 30 of via hole 26, to form
sidewall capping layer 34, 1_mder analogous conditions as first nitrogen gas/ plasma

treatment 18 treats FSG layer 16 to form upper capping layer 20 (see above).
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IS 0 3 JAPd 2005 11. The nethod of claim1l, wherein said via hole is from
about 2000 to 2600 wi de. 12. The nmethod of claim1l, wherein said first and
second N-containing plasma is a plasna selected fromthe group thgryﬁﬂnﬂ]5
an Nz plasma, an NH3 plasma, an NHZ - NHZ plasma, and a conbi nation of o g
or nore of these said plasmas with each other or wwth an H2 plasma, and
said Hcontaining plasma is an Hz plasnma. 13. The nethod of claim1,
wherein said first nitrogen gas/plasma treatnent includes an NH3/ NZ gas

m xture and is conducted at a power of from about 20 to 2000W for about 3
to 300 seconds. 14. The nethod of. claim 1, wherein said first nitrogen

gas/ pl asmg,i1.82t ' nducted at a power of fromabout 50 to 1000 W
for from abou yenBof 3T . 15. The nethod of claim11, wherein said
fluorinated silica glass dielectric layer is forned by a nethod sel ected
fromthe group conprising a PECYD net hod and a HDCVD net hod. 16. The net hod

of claiml1, wherei i I il J.C lass . dielectric layer 16 is
fornmed by a PECVD %@ﬁ%ﬂﬁ%&%%@%&%ﬁk%@ S%gﬁ"fﬁléern@{oﬁﬁi?l%' I"é‘?‘ﬂél, '
wher ei n sAaitghdret akffisdal i i f i al selected.framthe
group consi %{ ing of al greﬁhﬁﬁﬁlhé%gg%g?%iﬁ’d&?/a&% tgﬁ%ﬂ g’?r?ﬁe%r‘cimfﬁ“/aaﬁ/agi

al | oy; aruf esctied F8L adyeir M6LAKQVIEHold 36 GRAREAG SH QLN ngt%?flrkt@co %gg,,tsed from
the group conprising alum num copper, and tungsten? 18. e met hod of
claim 1, fetreediwitlsiai diartedlal26stsedl btlemg ﬂosfoﬁﬁt”ﬁt@icaﬂefﬂl&flde compounds. Such

 metal ﬂuoride'compoﬁnds would deleteriously affect the conducﬁvity of the metal

interconnect 36, and thus the semiconductor devices.

Formation of Metal Interconnect

Asshown in Fig. 8, a layer of metal is deposited over etched TEQS

oxide layer 22", filling second nitrogen gas treated via hole 26'.

The meta] layer is planarized to remove the excess of the metal from
the upper surface of etched TEOS oxide léyer 22", forming planarized metal

interconnect 66 within via opening 26'".

Metal interconnect 36 may be comprised of aluminum, copper, or

tungsten, and is preferably tungsten.

Sidewall.capping layer 34 and upper capping layer 20" serve as a
barrier layer to etched FSG layer 16" and blocks outgassing or diffusing of F species

from etched FSG layer 16" to metal interconnect 36, thus preventing formation of
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alum num and said netal interconnect is conprised of tungsten. 19. A

nmet hod of formng a netal interconnect within a fluorinated silica glass
dielectric layer while preventing outgassing fromsaid quorinatQh3sgANc%w5
gl ass dielectric layer, conprising the steps of: providing a sem conduct
structure having a netal structure fornmed . thereover; formng a |liner

| ayer over. said sem conductor structure, covering said netal structure;
'said liner |layer being fromabout 100 te 700g thick; forming a fluorinated
silica glass dielectric |layer over said liner |ayer; said fluorinated

. silica glass dielectric layer having an exposed upper surface; said
~fluorinated, sjilica L ss dielectric |ayer being fromabout 4000 to

£ 10, 000. g."45FERY “B?tg ﬁ}lﬂ’ad%fmtﬁﬁ@@? theagleetrispl festayicasmddpeffertance dfayer
with a first,nitrogen s/plasma treatnent to forma fluorine depleted
upper cadB?%b”Vﬁ§8ﬁh%$%ﬁ1said exposed surface of said fluorinated silica
glass dielectric layer; formng a TECS oxi de | ayer over said upper capping
| ayer; said TECS oxide |ayer being fromabout 14,000 to 18,000 thick;

pl anari zi g, SaL g1 ide. }layer. to forma planarized TECS oxi de 20 03
JAN 2005 Taye ? 3 7 &gnth“y oxi de | ayer being from about 1000 to
5000A thick; patterning said planarized TECS oxi de | ayer, said upper
capping layer, said treated fluorinated silica glass dielectric |layer, and

S Lner yaver L ankantudayl el el of A HalPERARLAG AypaL ] on of said

metal structure and _exposing sidewa patterne reat &d
fluorinated silica glass dielectric layer within said via opening; said via
hol e being from about 1800 to 3000A wide; treating at |east said exposed

si dewal | s of da) inpavesened proeatiofl of h4REDBIRr interconnect formed within
a via opening by an ultra-thin (about 160A ﬂﬁck) capping layer of F-depleted oxide.

This ultra thin capping layer can be extended to the sidewall of the via hole;

(2) reducing the cost of ownership of the process (by polishing TEOS oxide
rather than FSG to achieve good planarity after CMP);

@) eliminating use of an SRO capping layer and solviﬂg the problem of via

masking, resulting in good critical dimension (CS); and

(4) preservation of low-k property of FSG without the use of an SRO capping

layer.

While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.

15



silica glass dielectric layer within said via opening wth a second
nitrogen gas/plasma treatnment to forma fluorine depleted sidewall capping
layer from said exposed sidewalls of said patterned treated fl uori Bajgg 2005
silica glass dielectric layer; wherein said upper and sidewall capping -

| ayers prevent said outgassing fromsaid patterned fluorinated silica gl ass
dielectric tayer; and formng a netal interconnect within said via opening.
20. The nmethod of claim 19, wherein said fluorinated silica glass
dielectric layer has a F concentration fromabout 4 to 10 atom % said
upper capping |layer has a F concentration fromabout 0 to 0.2 atom % and
‘sai d sidewall capping |ayer has a F concentration fromabout 0 to 0.2 atom
% 21. The method of claim 19, wherein said fluorinated silica glass
dielectric layer has a F concentraticgpiiiom about 5 to 8 atom % said upper
capping layer has a F concentration fromabout 0 to 0.1 aton®s and said

si dewal | Wappiimg | ayer has a F concentration fromabout 0 to 0.1 atonfe 21
0 3 JAN 2005 22. The method of claim 19, wherein the F concentration in
sai d upper capping layer is fromabout 0 to 2% of the F concentration in
said fluorinated silica glass dielectric layer, and the F concentration in
sai d si dehal | 4 apphed of dyenirigsa franh iabaodnict 671286, of ﬂ&@ﬁnﬁee%@@&%ﬁf&i on in
said fluotipated silica _glass dielectric layer. 23. The nethod of-claim 19,
- wherein t‘ﬁf@ G HyEht WhIE dreventing dugrpeing: pp Bgid Ayekinased kO O to
0.66@6of(§hf g. oncentration in said fluorinated silica glass dielectric

| ayer, and thE"FEInCRnPranEshe staPsafid si dewal | capping layer is from about
0 to 0.66% of ghekg concentratjon in said fluorinated silica glass
dielectric | ayer, D48 RETHEINOWIST SErgiuwe pvinger enetak simichineefortraeder i s
conpriseq&%éﬁﬁepaterial selected fromthe group consisting of USG PSG

. BPSG, and , ~and is fromabout 200 to 500A thick.

forming a liner layer over said semiconductor structure, covering said metal

structure;

formiﬁg a fluorinated silica glass dielectric layer over said liner layer; said
fluorinated silica glass dielectric layer having an exposed upper surface;

treating said fluorinated silica glass dielectric layer with a first nitrogen
gas/plasma treatment to form a fluorine depleted upper capping layer from said
exposed surface of said fluorinated silica glass dielectric layer;

forming a TEOS oxide layer over said upper capping layer;

planarizing said TEOS oxide layer to form a planarized TEOS oxide
layer;

patterning said planarized TEOS oxide layer, said upper capping layer, said
treétgd fluorinated silica glass dielectric layer, and said liner layer to form a via hole

therethrough exposing a portion of said metal structure and exposing sidewalls of

said patterned treated fluorinated silica glass dielectric layer within said via

opening;
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25. The nethod of claim 19, wherein said liner layer is conprised of SRO
26. The nmethod of claim 19, wherein said liner layer is fromabout 200 to
500 thick; said fluorinated silica glass layer is from about 500@ 30J@p33m5
thick; said TECS oxide layer is fromabout 15,000 to 17, 00O ~ thick; an
said planarized TECS oxide |ayer is from about 2000 to 4000 thick. 27. The

met hod of cl ai Medfing WRARIsRidSAIpdsad AORAIE éfssafc{,\gme@ﬁaytre&@@@l,ubﬂnztﬁao w de.
22 0 3 JAN 2005 28. The nethod of claim19, erein said first and second

N- taini I Ny I .selected.f th i Si NZ
ol s, aftRHGE BradiReeedh T VIR HibIi, PR, HBh AN TERRe or

nmore of these said plasmas with each other or with an HZ plasm, and said
H- cont ai nighg/plabrs fsatmserd to farmpi figarine depletethedenealhagppiis loyeridhfdan saifier ei n
said first and second nitrogen gas/plasm treatnent each include an NH3/ N2

gas m xt unée%@@d sRlefval0 Rl UG eshtRinc RONEA fIRbriheMNsARA YWlasd UidiQmORRW. for
about 3 to 300 seconds. 30. he net hod of claim19, erein said'first and

second ni trogen s/ pl as treatnments are each condycted at ower, of from
about 50 PUEIT0ETR RS P Sl S PR BE Y esp PeeBhrad culensohe T FRG of
claim19, wherein said fluorinated silica glass dielectric layer is fornmed
by a net hpdtiernee fuednitedrsilineglgsodiplecminpryiesiand a PECVD net hod and a HDCVD
nmet hod. 32. The nethod, of claim 19, wherein said fluorinated silica glass

di el ectric | aye@srniifig b MR RYconEdEWRITBLNQfh opddingThe et hod of claim 19,
wherein said netal Structure is conprised of a material selected fromthe

group consisting of alum num copper, an Al/Cu alloy, and an Al/Cu/Si
alloy; and said netal interconnect is conprised of a material selected from
the group consisting of alum num copper, and tungsten. 23 0 3 JAN 200

2. The method of claim 1, wherein said fluorinated silica glass dielectric layer

has a F concentration from about 4 to 10 atom %; said upper capping layer has a F
concentration from about 0 to 0.2 atom %; and said sidewall capping layer has a F

concentration from about 0 to 0.2 atom %.

3. The method of claim 1, wherein said fluorinated silica glass dielectric layer
has a F concentration from about 5 to 8 atom %; said upper capping layer has a F
concentration from about 0 to 0.1 atom %; and said sidewall capping layer has a F

concentration from about 0 to 0.1 atom %.

4, The method of claim 1, wherein the F concentration in said upper capping
layer is from about 0 to 0.2% of the F concentration in said fluorinated silica glass
dielectric layer, and the F concentration in said sidewall capping layer is from about

0 to 0.2% of the F concentration in said fluorinated silica glass dielectric layer 16.
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34. A nethod of formng a netal interconnect within a fluorinated silica
glass dielectric |layer while preventing outgassing fromsaid fluorinated
silica glass dielectric layer, conprising the steps of: providing 3 JAN IZDUS

sem conductor structure having an aluminumnetal |ine forned 5 thereove
formng an SRO |liner |ayer over said sem conductor structure, covering said
alum num netal-line; said SRO liner |ayer being fromabout 100 to 700

thick; formng a fluorinated silica glass dielectric |layer over said SRO
liner layer; said fluorinated silica glass dielectric |ayer having an

- exposed upper surface; said 10 fluorinated silica glass dielectric |ayer
_being frop abopte 4Q 0001 thick, treating said fluorinated silica

gl ass dielectri c | a?/rgor& \E/;\f%l%ir%qfi herein; %‘F(fg%‘?m@&wmlammﬁrtqmmppt@ ‘form
a fluorinkydep 5:84LWRPE i ng.. 1 ayer from.said exposed surface of said
fluorinated silica glass %Ii%%l%gc?gtlh@al?lﬁwr,“@‘a?‘a“f $4i4 fluprinaceyesiligaglapt asnma

t r eat ment dietecariplagsians eheLt he_group conprising an N~ | 5 plasm,
an NH3 pl asma, an?NHz - NH2 p géﬁ%é%séd@b%ﬁg‘{)ﬁpﬁﬁi& yenis foommbpet of
these sai 0ltq.66%as thd ¥ boreaahaBbh Sl s Q8 AL 17 plasnmp, and said
H-containing plasma is an H2 plasng, oro%nlgﬁgeﬁa&ﬁ&asﬁ lgfgctrigyarerover said
upper capping layer; said TEOCS oxide | ayer being from about 14,000 to

18, 000. 8,@t hi C"Eh 20 pl anarizing said TECS oxide |ayer to forma planarized
TECS oxi de | aylre metiad pf eannilz echeFERS QX de t. being from about 1000 to
50009 t hi ck; pdatgt er ?leng said planari zed TECE %a%?égés ?%‘?83?&%8?6 Tpiseinl

cappi ng I*‘&}%'Fﬁ' airdthe igeate dofidisting oflUsd, BSE; | gEs g hel.ectric |ayer, and
sai d SRO ] jner Igye_r to forma 24 0 3 JAN 2005@?28 o’IE‘lemfﬁchEFﬁggth
exposi ng Opt8r79§) Ahigk- said netal structure and exposing sidewalls of said
patterned treated fluorinated silica glass dielectric layer within said via

. opening; said via hole being fromabout 1800 to 3000A wi de; treating at

- | east sai,fl expqQsed sidewalls of said patterned treated fluorinated silica
» glass dielect ritt PEYOF AhidairmLseherein saidpimet dayewid forapSeSOBESROL ARIE

. gas/ pl asg?a t r eat n&&t to forma fluorine depleted sidewall cappihg Tayer

- from sai f%%%&&a @er\%i&ltbicbf said patterned treated fluorinated silica

2 glass dielectric layer; wherein said upper and sidewal | capping |ayers
~-prevent said outgassing fromsaid

8. ©  The method of claim 1, wherein said liner layer is from about 100 to 700A
thick; said fluorinated silica glass layer is from about 4000 to 10,0004 thick: said
TEOS oxide layer is from about 14,000 to 18,0004 thick; and said planarized TEQS -

oxide layer is from about 1000 to 50004 thick.

9. The method of claim 1, wherein said liner layer is from about 200 to 500A

thick; said fluorinated silica glass layer is from about 5000 to 90004 thick: said

TEOS oxide layer is from about 15,000 to 17,000A thick; and said planarized TEOS
oxide layer is from about 2000 to 40004 thick.

10.  The method of claim 1, wherein said via hole is from about 1800 to 3000A

wide.
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patterned fluorinated silica glass dielectric |ayer; said second nitrogen
gas/ plasma treatnent including an NH3/ Nz gas m xture; and formng a netal
interconnect within said via opening. 35. The nethod of claim 34} %%WLZQPS
said fluorinated silica glass dielectric |layer has a F concentration fr
about 4 to 10 atonty said upper capping layer has a F concentrarion from
about 0 to 0.2 atom% and said sidewall capping |ayer has a F
‘concentration fromabout 0 to 0.2 atom % 36. The nethod of claim 34,
wherein said fluorinated silica glass dielectric layer has a F

- concentration fromabout 5 to 8 atom % said upper capping |layer has a F
concentration fromabout O To 0.1 atom % and said sidewall capping |ayer
has a F concentration fromabout 0 to 0.2 atom % 37. The nmethod of claim
34, wherejn t F ntrariqn in said upper capping |layer is fromabout O
to 2% of e]!tlhe ceonr}g%%t%‘rs%r?l%ﬁ“i n ST Rt Vianaeleds &iom ehowt 2009 526008 3 JAN
200 diel egligd c | ayer, and the F concentration in said sidewall capping

| ayer is fromabout 0 to 2% of the F concentration in said fluorinated
silica glass dielectric layer. 38. The nethod of claim 34, wherein the F
concentration in said upper capping layer is fromabout O to 0.66% of the F

concent r ata. on THa maihddfdrepiinnatad syl d .ql.ass dielectric |ayer, and the F
concentration in said si devvaln]lq caﬁ%#\nsjaﬁfg%érgnlage?o ARG RIATNEEY% of

the F corncphtmatskleptedfr&aitke gidﬁgéoa?lg%g%&r}g}%ﬁsm%gﬁ F%%t?ri C6‘}3%b ?g

The net hod of cl aim 34, wheréin sai ayer i's

500A t hi ckiNHs gilabrha, iard aabedifitonCe HedSSmloay 8F i 00 4o
9000!g. thick; said TECS oxide |ayer is frrnom g{)g{uetée%él,gg%%p@%g i‘ggbﬁ%f g.

thick; aretheaeuwphandij plemEEOR eid #bcdrayRing Slabk@m 9499%1%9{2& to 4000g
thick. 40. The nmethod of claim 34, wherein sald via holéfis from about 2000
to 2600a wi de. 41. The nethod of claim 34, wherein said first and second
nitrogen gas/plasma treatnment each include an NH3/ Nz gas m xture and are

~ conduct ediat . dhgomethast of rlaimabouher2th s2id 2HGOWré@in RYMIasd3nd 3R SECONdS.

includes an NH, /N, gas mixture and is conducted at a power of from about 20 to

2000W, for about 3 to 300 seconds.

14.  The method of claim 1, wherein said first nitrogen gas/plasma treatment is

conducted at a power of from about 50 to 1000 W, for from about 10 to 50 seconds.

15, The method of claim 1, wherein said fluorinated silica glass dielectric layer is

formed by a method selected from the group comprising a PECVD method and a
HDCVD method. |

16.  The method of claim 1, wherein said fluorinated silica glass dielectric layer

16 is formed by a PECVD method.
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42. The nethod of claim 34, wherein said fluorinated silica gl ass
dielectric layer is forned by a nethod sel ected fromthe group conprising a
PECVD net hod and a HDCVD net hod. 26 0 3 JAN 2005 43. The net hoq) gf J%Nagﬂﬁﬁ
34, wherein said fluorinated silica glass dielectric |layer is forned by
PECVD nmet hod. 44. The nethod of claim 34, wherein said netal interconnect
i's conprisel. of Thenateehodlof sediact ederoR i€ HEQURLGRNR S Akt B¥m
copper and tungsten. 27 .As. AhC. AhC A

&l . A#& Ah&, mAfe&ial Aledte)rohg. tA Gl &nsBEnARY aAvRIrAGR, Aphir Al AFNGy /a\néf,- A&, .
A. A& A& AS& pOx=L$s<Uzg /#n{vql gb] X] c"a] ca] ca] ca] ca] caJca]ca]ca]ca]calc

a] ca] ca] ca] & én]4& Sallox] eafl cald ajatal] Tadrcahnéalis cahtaledadcalsaalidy #u- ~
%} Ww nmhc”Y] géa%ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]c

a] ca] ca] ca] e Farchf eapemFerapusingal wajrcuh caboel, eatl 2DREMMZ |6 ; H y
131z gt " #>###zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] cfa] ca]ca] c”a]c"a]calcalcalc
na) c"a] cal ca] ca] ca] ca]ca]ca]ca]calcalca]c a]ca]ca]cal#. $=3}$3$% ¥6% WBOREE
taltt (RO((5)9)) )7 s ++\++,., J, . {vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ¢

" a] ca] ca] ca] %] caﬁtb%mﬁfeda?%éﬁgib‘g] ga}“’é‘é]“?}a] Al capd gteidtusg ds apogjrembcal cal ¢
al,, - (-k-x-;p. oo tozen. L 1t /00%t 1112) 2233' 344A5{ vql f a\ W ca] ca] ca] c™a] c

a] ca] ca] ca] ¢a éﬂgﬁﬂcaﬁ“éailégp%fgf%qrewaseam]ssg] tfungsten.

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! A5k57 -77b7h77888<999+: {: : ;

@F<S<p<<) >l >>>?_ ?7???- @dytoj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] cnal

: g] 2!3;3 2}; ﬂifgicail %&gﬁ@%@@%ﬂf%&%%@ iRl a fluorinated silica glass
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T g’l)uorinated silica glass dielectric Iayer being from about 4000 to 10,000A thick;

treating said fluorinated silica glass dielectric layer with a first nitrogen
gas/plasma treatment to form a fluorine depleted upper capping layer from said

: exposed surface of said fluorinated silica glass dieleétric layer;

~ forming a TEOS oxide layer over said upper capping layer; said TEOS oxide
layer being from about 14,000 to 18,0004 thick;

planarizing said TEOS oxide layer to form a planarized TEOS oxide
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therethrough exposing a portion of said metal structure and exposing sidewalls of
said patterned treated fluorinated silica glass dielectric layer within said via opening;
said via hole being from about 1800 to 30004 wide;
treating at least said exposed sidewalls of said patterned treated fluorinated
silica glass dielectric layer within said via opening with a second nitrogen
gas/plasma treatment to form a fluorine depleted sidewall capping layer from said
exposed sidewalls of said patterned treated fluorinated silica glass dielectric layer;
wherein said upper and sidewall capping layers prevent said outgassing from said

patterned fluorinated silica glass dielectric layer; and

forming a metal intercormect within said via opening,.

20. The method of claim 19, wherein said fluorinated silica glass dielectric layer
has a F concentration from about 4 to 10 atom %; said upper capping layer has a F
concenfration from about 0 to 0.2 atom %; and said sidewall capping layer has a F

concentration from about 0 to 0.2 atom %.

21. The method of claim 19, wherein said fluorinated silica glass dielectric layer
has a F concentration from about 5 to 8 atom %; said upper capping layer has a F
concentration from about 0 to 0.1 atom%; and said sidewall capping layer has a F

concentration from about 0 to 0.1 atom%.
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0 to 2% of the F concentration in said fluorinated silica glass dielectric layer.
23.  The method of claim 19, wherein the F concentration in said upper capping
layer is from about 0 to 0.66% of the F concentration in said fluorinated silica glass
dielectric layer, and the F concentration in said sidewall capping layer is from about

0 to 0.66% of the F concentration in said ﬂubrinated silica glass dielectric layer.

24.  The method of claim 19, wherein said liner layer is comprised of a material

selected from the group consisting of USG, PSG, BPSG, and SRO, and is from about
200 to 5004 thick.

25. The method of claim 19, wherein said liner layer is comprised of SRO.

26.  The method of claim 19, wherein said liner layer is from about 200 to 500A
thick; said fluorinated silica glass layer is from about 5000 to 9000A thick; said

TEQOS okide layer is from about 15,000 to 17,000A thick; and said planarized TEQS
oxide layer is from about 2000 to 4000A thick.

27.  The method of claim 19, wherein said via hole is from about 2000 to 26004

wide.
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: . 29.  The method of claim 19, wherein said first and second nitrogen gas/plasma

treatment each include an NH,/ N, gas mixture and are conducted at a power of

from about 20 to 2000W, for about 3 to 300 seconds.

30.  The method of claim 19, wherein said first and second nitrogen gas/plasma

treatments are each conducted at a pbwer of from about 50 to 1000 W, for from

about 10 to 50 seconds.

31.  The method of claim 19, wherein said fluorinated silica glass dielectric layer

is formed by a method selected from the group comprising a PECVD method and a
HDCVD method.

32. The methodl of claim 19, wherein said fluorinated silica glass dielectric layer

is formed by a PECVD method.

33.  The method of claim 19, wherein said metal structure is comprised of a
material selected from the group consisting of aluminum, copper, an Al/Cu alloy,
and an Al/Cu/Si alloy; and said metal interconnect is comprised of a material

selected from the group consisting of aluminum, copper, and tungsten.
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HoH LT 1%1%%{%@1;'5\{%5%%&1? proverging ongassmg from said fluorinated silica glass

dielectric layer, comprising the steps of:

providing a semiconductor structure having an aluminum metal line formed
5 thereover;

- forming an SRO liner layer over said semiconductor structure, covering said

aluminum metal line; said SRO liner layer being from about 100 to 700A thick:
forming a fluorinated silica glass dielectric layer over said SRO liner layer;
said fluorinated silica glass dielectric layer having an exposed upper surface; said

10 fluorinated silica glass dielectric layer lgeing from about 4000 to .10,00042& thick;
treating said fluorinated silica glass dielectric layer with a first nitrogen
gas/plasma treatment to form a fluorine depleted upper capping layer from said
exposed surface of said fluorinated silica glass dielectric layer; said first nitrogen
gas/plasma treatment is a plasma selected from the group éomprising an N,
15

plasma, an NH, plasma, an NH, - NH, plasma, and a combination of one or more of

these said plasmas with each other or with an H, plasma, and said H-containing

plasmais an H, plaéma;

forming a TEOS oxide layer over said upper capping layer; said TEOS oxide
layer being from about 14,000 to 18,0004 thick;

20 ' planarizing said TEOS oxide layer to form a planarized TEOS oxide
layer; said planarized TEOS oxide layer being from about 1000 to 5000A thick;
patterning said planarized TEOS oxide layer, said upper capping layer, said

treated fluorinated silica glass dielectric layer, and said SRO liner layer to form a
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wherein said upper and sidewall capping layers prevent said outgassing from said
patterned fluorinated silica glass dielectric layer; said second nitrogen gas/plasma

treatment including an NHs/N2 gas mixture; and

forming a metal interconnect within said via opening.

35.  The method of claim 34, wherein said fluorinated silica glass dielectric layer
has a F concentration from about 4 to 10 atom%; said upper capping layer has a F
concentration from about 0 to 0.2 atom %; and said sidewall capping layer has a F

concentration from about 0 to 0.2 atom %.

36.  The method of claim 34, wherein said fluorinated silica glass dielectric layer
has a F concentration from about 5 to 8 atom %; said upper capping layer has a F
concentration from about 0 To 0.1 atom %; and said sidewall capping layer has a F

concenfration from about 0 to 0.2 atom %.

37. The method of claim 34, wherein the F concentration in said upper capping

layer is from about 0 to 2% of the F concentration in said fluorinated silica glass
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38.  The method of claim 34, wherein the F concentration in said upper capping
layer is from about 0 to 0.66% of the F concentration in said fluorinated silica glass
dielectric layer, and the F concentration in said sidewall capping layer is from about
0 to 0.66% of the F concentration in said fluorinated silica glass dielectric layer.

'. -39, The method of claim 34, wherein said SRO liner layer is from about 200 to

500A thick; said fluorinated silica glass layer is from about 5000 to 9000A thick; said

TEQOS oxide layer is from about 15,000 to 17,000A thick; and said planarized TEOS
oxide layer is from about 2000 to 40004 thick.

40.  The method of claim 34, wherein said via hole is from about 2000 to 26004

wide.

41]. ‘The method of claim 34, wherein said first and second nitrogen gas/plasma

treatment each include an NH,/N, gas mixture and are conducted at.a power of

from about 20 to 2000W, for about 3 to 300 seconds.

42.  The method of claim 34, wherein said fluorinated silica glass dielectric layer

is formed by a method selected from the group comprising a PECVD method and a
HDCVD method. | '
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44.  The method of claim 34, wherein said metal interconnect is comprised of a

material selected from the group comprising aluminum, copper and tungsten.
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