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1 2 3 4 5 HGHDENSITY PLASMA AND BI AS RF POVER
PROCESS TO MAKE 6 STABLE FSG W TH LESS FREE F AND SI N
W TH LESS H TO ENHANCE THE 7 FSG SI N | NTEGRATI ON
RELIABILITY 8 9 10 11 12 Background of Invention
13 1) Field of the Invention 14 The present invention
relates to the manufacture of integrated circuits, 15
and nore specifically, to methods, apparatus and
systens for formng fluorinated silicate 16 gl ass
("FSG') films and silicon nitride (SIN) with inproved
characteristics in a high 17 density-plasm

chem cal - vapor -deposition ("HDP-CVD') environnent. 18
19 2) Description of the Prior Art 20 21 22 23 In
conventional integrated circuit fabrication, circuit

el ements are 24 forned by etching a pattern of gaps in
a layer of nmetal such as alum num The gaps are 25
then filled with a dielectric such as silicon dioxide.
ConpRtH 'ﬁrﬁ@iﬁ?f‘ﬂ\%l\iﬁkﬁ\lﬁ\fﬁfmw PORVERGPIRBURSSTE MAKE

conductor for all types of integrated circuits because

STIABLRIS FRGAI THeLESS &iRdd: F AND SIN WITH LESS H TO ENHANCE THE

FSG/SIN INTEGRATION RELIABILITY

Background of Invention
1) Field of the Invention
The present invention relates to the manufacture of integrated circuits,
and more specifically, to methods, apparatus and systems for forming fluorinated silicate
glass ("FSG") films and silicon nitride (SiN} with improved characteristics in a high-

density-plasma chemical-vapor-deposition ("HDP-CVD"} environment.

2} Description of the Prior Art

In conventional integrated circuit fabrication, circuit elements are
formed by etching a pattern of gaps in a layer of metal such as aluminum. The gaps are
then filled with a dielectric such as silicon dioxide. Copper is poised to take over as the
main on-chip conductor for all types of integrated circuits because of its lower resistance
when compared to conventional aluminum alloys. Because it is difficult to etch copper,

however, damascene processes have been developed for fabricating copper-based
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27 when conpared to conventional alum num all oys.
Because it is difficult to etch copper, 28 however,
damascene processes have been devel oped for
fabricating copper-based 1 | integrated circuits. In
damascene processes, dielectric |layers are deposited
and then etched 2 to formgaps that are subsequently
filled with copper. 3 4 Fluorine-doped silicon oxide,
al so known as fluorosilicate glass, is an 5
attractive solution to replace conventional silicon

di oxide as internetal dielectrics for 6 damascene
igtgraicd rests. ESEBesrenbprodedes ietadiriclayehyre denasiied and then etched

HDP- CVD_ syst whi Ghe 74 b i del d f
Gt B E e S R o e et s i

al um num 8 interconnects. FSG generally has a good
process schene in terpns of reliapility, stability, 9
and thr oughﬁdvqwmﬁf@m@m% é@% ket peliforositical gl is an
ARELHQ! SRS (9Fcpt AL 8HRhEShAE biliCdH di8xiRaRs BRrhBal diclectrics for
significantly inproved due to the |ower dielectric _
dempstantirefur@GSES ( 3ad bgdgpositeparceayenponal HIP-¢ Vibtystems, which
conventi.onal sidicon oxi.des)., T ~dhel ect ri G -
reoneeani 92 sl FROPRLHIEN drtaDs ML b B Fekidsin aluminum
ihteResnecRR. FHG ooy lay argoad groceduciesndn aams oéitdliabidityg swbility,
Ia¥ers. 13_ 14 Unfortunatglgé_épe formation gf.FSG‘

sl Heoghai's Byrirmere, InsslfsicapperGymances! iy circults can be
SHRRRShY b0l cdfRG1d eMBwdntpieatid YoRaneo@rsdt @£ dofpared to
constant of about 3.7. It is 16 desirable, in sone

4. nfor amoestiorabsifiennt drédesy. dda devdarididectietastont redusen e gapacitance
to inprove device 17 ity and f +d8 19
s B it B S SNSRI R ersen as

a result of the 20 process recipe. Dielectric filns

used in damascene processes utiljize a layer kpown as ..

an 21 etch I%‘_E%ﬁmﬁaé?%rtg% Oﬁ’élaﬁ_“HFOIIsPéCégP]i]S\fé‘sﬁst ?:tﬂ?rriﬁsuiﬁ' First,
i@ ed debBRiti S b BRO R hEEIK Biv¥ aNWicduSc CORTRNMboR3.7. Tt is
used as an etch stop in damascene applications, for ]
dexisabp, &1 swiveingtorash.Ag fivthel ragueaibislicloyi¢ egpeiest fo improve device
cont ai ni n lines. In the past, there have been

B OwIaH eli(ﬁ{%’tﬂ‘%ining good

Second, FSG layer integration problems have arisen as a result of the
process recipe. Dielectric films used in damascene processes utilize a layer known as an
etch stop to provide for selective etching of the film. Silicon nitride (Six Ny) is commonly
used as an ctch stop in damascene applications, for example when forming vias between
layers containing metal lines. In the past, there have been problems in obtaining good
adhesion between the silicon nitride and an underlying or overlying layer of FSG.
Specifically, the FSG tends to outgas at temperatures of about 450 C. forming "bubbles” in

an overlying Si,N, layer. The bubbles lead to delamination of the SiyNy.
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24 adhesi on between the silicon nitride and an
underlying or overlying |ayer of FSG 25 Specifically,
the FSG tends to outgas at tenperatures of about 450
C. formng "bubbles” in 26 an overlying Si, Ny |ayer.
The bubbles lead to delam nation of the Si,Ny. 27 2 |
Previous attenpts to i nprove the adhesion by, for
exanpl e, reducing the 2 fluorine content in the FSG
nerely postpone the delam nation. Simlarly, other
problens 3 arise when, in an attenpt to reduce the
hydrogen content in the FSG film the hydrogen 4
source is r@duaed a(tengts fo iipeoanbe athesibn biy) fanexanple, reducing the

reduced). In s FSG, deposi.tion sing, Si F4 .
TN GRTEeS P £ DB 488 Lo D e SRR PR idbloms
29LRARK! QR aWbinPt BQtducSIHehyEroabsl cHiidid in PRt e, hydrogcn

SiF4 tends to be destructive to ceram c conponents of

squines: e beslvbrst (e.2. Thauanenit sf slenqstrpducd- By some@prdst Y@ deposition
usué%gga(w?thg&e&ﬁeﬁ% ui%B/'e?/ @cd)l%gltxgr? }aﬁﬁc ﬁ’itm %Egic &lﬁnﬁewn@both SiFy

1 ons I In1ncrease eg radati on
aaf Sxmaﬁ’limﬂ%rm@ﬁrﬂ)ﬁﬁﬁncs to be dddruvtherto ES@H‘LG ¢mm)0ar:gs of thc: chamber.

deposlted on.nitrj ar

Uaasenih e S bt el B s oFenees
rddQLEIE & §lahB st Mbiehscliieglaadiion T chalﬁ?belr ayigpsnepBses a

significant obstacle in the w despread acceptance of

FSG as an adequate 13 lowk dielectric material. 14

15 Thereforgwmgggﬁ?ggﬁ¥ﬁﬁhaxkﬂ L 88, 8lilodf 0fidR bBEP oS ngE

depositing an MWt h I nproved | ntegrati
danghcsiteadyidublt damakeunt bmhcaaozrse‘?admem sttega tto tiferSCherth|lovieswrier
the 17 dielectric cgsstant fi'Pﬁ%@ 19 fhe.
@R YR LA GBI SRS et e pRp B 2 7 actface
kh*k@mg@ﬂﬁgmg@ﬂmbe gl eaned by considering 20 the

follow ng. 21 US 6,511,922 Krishnaraj et al. -- shows

HDPCVD FSG and SI N
Therefore, a need exists in the art for a method of depositing an FSG

film with improved integration and stability. Further, a need exists to further lower the

dielectric constant in the FSG film

The relevant technical developments in the patent literature can be gleaned by considering
the following.
US 6,511,922 Krishnaraj ¢t al. - shows HDPCVD FSG and SIN
processes. Also see related patent US 6,633,076B2(Krishnaraj et al.)

US Patent 6,740,601 — T an, ectal. May 25,2004 -HDP-CVD

deposition process for filling high aspect ratio gaps.

US 6,667,248 - M'Saad, ctal. —shows a fluorinated silicate glass

layer is deposited onto the substrate using the high-density plasma.
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22 processes. Al so see related patent US

6, 633, 076B2( Krishnaraj et al.) 23 24 US Patent

6, 740,601 -Tan an, et al. May 25, 2004 - HDP-CVD 25
deposition process for filling high aspect ratio gaps.
26 27 US 6,667,248 - M Saad , et al. - shows a
fluorinated silicate glass 28 layer is deposited onto
the substrate using the high-density plasna. 3 1 2 US
6,383,954 - Wng , et al. May 7, 2002 - Process gas
distribution 3 for formng stable fluorine-doped
silicate glass and other filnms. 4 US Patent 6,323,119
- Xi, et al. Novenber 27, 2001 - CVD 5 deposition

met hod to i pRr esj.on of F-gcontainingdielectric., ..

et al Iinesqﬁnggﬁggb‘ghgbpl?@gt§% &’y Bs‘ggﬁggﬁf§8k%m““m’
fdaREn DR eRE DRI dpRA dilicatk RlegnAl didt (Ohs] ow-k SiOF 8

as inter-layer dielectric. 9

.US 6,593, 6 O(Tolxsd e et \%
) shows a HOP Pa@iphddeds - Xo. 952k Mpgmger ZRENg - &t
ol 330y da AT IR RSP PRs RN T B Ry Vo1
apploaesses. 13 14 4 1 2 Summary of the Invention 3

The embodi g‘rﬁ ! 2’6,4%9,5%6— IPuragg ei%cc{nggr%q,tlbef - Blrtc%\llgit%%%f $ow-k SiOF

structure
as inter-layer dielectric.

US 6,593,650(Towle et al. } shows a HDP FSG process.

US 6,468,927(Zhang et al.) shows a HDPCVD FSG process with N,
doping,.

US 6,303,518B1 -Tain et al. - discusses HPDCVD FSG processes.
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4 met hod of manufacturing a FSG and SiN | ayers to have
inproved reliability. 5 6 An exanple enbodinent is a
nmet hod of fabrication of a fluorosilicate 7 glass

| ayer adjacent to a silicon nitride layer in a

sem conduct or device. The enbodi nent 8 conprises the
follow ng steps: 9 a) providing a sem conduct or
structure conprised of a substrate; 10 said top

surface of said sem conductor structure is essentially
level; 1 1 b) formng a fluorosilicate glass |ayer

using a High density Plasnma deposition 12 process

with a high bias power over said sem conduct or

structure; said 13 high bias has sufficient energy to
break the F-Si bondsg?%“?ﬁéoéﬁﬁg“lﬂﬂﬁﬁlforning a

silicon nitridemdd@tentdiragcaitschOinsditdn pldladQsistrhoaind a
gl ass layer 15 using a High density Plasma deposition
nptfeslad snapy fagtusing ip g Coind Sy daeses to haee igairer HirglibBitds has
sufficient energy to break the HSi bonds in the 17
silicon nitride; 18 Wereby the fluorosilicate glass

| ayer has | esscfangpidetireligédticomethiot of thricdt@nlodydoharicate
| ess H that increases. t FSE Si N interfacge. :
61 P A OGS B LT R By SO st fioisy Th qmbegiment
C@&pggggggﬁpg@hﬁgu%ze invention is a HDP CVD FSG | ayer

and an HDP 23 °CVD SIN |layer with nore stability

(e.g., | eswofidiag ascamgpnfeder frgarcpompaiseeeftfesiac:t hat

the 24 FSG IN.dise . high: It .

| E12 and 1 %?g“ﬁ%ﬁ%ﬁ%ﬁﬁ%?ﬁégﬁﬁgh&§¥§§ (gékﬁngShﬂﬁ§%weL
suf fi ci eb} feemepgyflicodilicaakglidéayier GindoHigs densityh@af8Gleposition
The hi gh bias has s${chignt 26 ener dto.br%alg the e said
H-Si bonds i AFCHE Y414 e OH PYVHE TR Srimpicdyctopstricture; sal
feature is thah ARG bLdBcicA enBOVRS bictk BRINGIRIHNIONALARSG;
4000 Watts. The enbodinents is preferably used on

snoot h  2Bfogmizacdlécop miridg lpefadiqecriip paid dupiopidiyate glass layer

using a High density Plasma deposition process with a high bias power;
said high bias has sufficient energy to break the H-Si bonds in the
silicon nitride;
Whereby the fluorosilicate glass layer has less I and the stlicon nitride
layer has Iess H that increases the FSG/SIN interface reliability because of the high bias

power.

An embodiment of the invention is a HDP CVD FSG layer and an HDP
CVD SIN layer with more stability (e.g., less free I and less free H). A feature is that the
FSG and SIN use a high plasma density between 1E12 and 1E15 ions/cc. The high bias
has sufficient energy to break the F-Si bonds in the FSG. The high bias has sufficient
energy to break the H-Si bonds in the silicon nitride. For example, a feature is that the bias
power is between 2000 and 4000 Watts. The embodiments is preferably used on smooth

surfaces (non-gap fill applications).
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1 2 The above and bel ow advant ages and features are
of representative 3 enbodinents only, and are not
exhaustive and/or exclusive. They are presented only
to 4 assist in understanding the invention. It should
be understood that they are not 5 representative of

all the inventions defined by the clains, to be
considered limtations on 6 the invention as defined
by the clainms, or limtations on equivalents to the
clainms. For 7 instance, sone of these advantages nay
be mutually contradictory, in that they cannot be 8
si mul t aneousl y present in a single enbodi nment.
Simlarly, sqme adva e applicable 9 to one
aspect of t “ﬁﬁ@@nﬁ ﬁﬁ’??&%ﬁpgg & 0 L?ﬂ%??“m“@
cﬁq"%&lﬂ%mfn%! aﬁ@ﬁl‘é@abf‘cﬁl%@s@ﬁﬁ an@br exbRistvberiEl atdmekented only to

I nvention Have not been di scussed herein, However,

absift & widsestasiding] the bwentiond Habgild bepirdstsiepdtthe seeydin %E‘EPSS ed
r?ﬁé%h@g%? (l)f%aéf 3E mvgrsltﬁosnggﬂ ﬁﬁle%tb ghtg % I‘T'l%eg) ﬂ%%roﬁéialm o4 ﬁl%ftatlons on
thepetdtiohan deﬂ’ﬂkd&y tlhchctiSm&Udjﬂ’thYatmhs 61eatuweéentsa:ndhe claims. For

advant ages . .13 shoul d not be consi dered di spo

ipRnee, r?PH’ieﬁ’ ﬂ@awl}an@aﬂéémyAt&dwHug‘i‘/a SHirgie GO BahtEginor be
ﬂﬁM ?}Spr&fcnf & simpyeahbQimwt! $inPRAGNBHRRAM@LPes hid applicable

e OMAng description, fromthe 15 draw ngs, and
16 nmmaphcé of e imeention.ging iRpplcablei te pthoess Bvithsrnens, gsFanpaspects of
s 4 The a

@’éﬂ’f"gbcﬁ dnvetntlon :gev\%?xc g Bcgcil éigs? ss@@ﬂ?’@ﬁl ﬁ8§fc rf;il) e;gfe(,lg]ctnce should be
driwviefighidmganekcidisctitved hdemabllamcotfo thosp mot:chsnsmfmﬂ herein other than for

fabricating such a sem canductor. .6 device
PAGRBF T BRI FERBE BRSBTS PR of LR advantages

sﬁb\ﬁ@ LbybREEhaL@aRpbdiB th @@tcnﬂmfr@ oy QMRS B EikibRAL if@Mfures and

taken 1 n conjunction with the acconpanﬁ%ﬁg drawi ngs in

adhirddpeh pkde igrepdfrevdhiasomg rppaaend s fefinatiae desaiiptin. Gpm the
orres I ts, regions and portions and 9 in

(ﬁﬁwmg %ﬁ%? Qnggﬂﬁﬁand 2 are cross sectional views

for |IIustrat|ng a method for




[ T« BRSSO s T A B

b o— O

I 1 manufacturing FSG Si N interface according to an
exanpl e enbodi nent of the present 12 invention. 7 2

3 4 5 Detailed Description of the Exanple

Enbodi nents 6 7 The exanpl e enbodi nents of the

present invention will be described in 8 detail wth
reference to the acconpanyi ng drawi ngs. An exanpl e

enbodi nent is a 9 nethod of fabrication of a
fluorosilicate glass layer adjacent to a silicon

nitride layer in a 10 sem conductor device. 11 12

I1. Introduction 13 Fluorine exists in the FSGfilmin
two states: 1) stable or single-bonded 14 Fluorine:
Si-F2) free Fluorine or unstable Fluorine: SiF2 or

Si F3. The desirable FSGfilm 15 is with nore stable

Fl uorine and | ess gigDd&hy@iost thd meastail e Fl uorine

hel ps reduce the 16 dielectric constant, and the fr

FI uorine t erld feduistinetl Jdvastegesmd ajsgmisgrduspridpyiee @f&ordmg to the
e gr ur sk uEMAE BT Bkl SRR LAY s Bonduetor
d&&c@ [‘MU@I@aﬂid&&mSi hbbe:s&EBGchlioswilhed mdeslcb)ly hn@;instood from the
t enper ature process, 2) use Si cap at the, 19 end

ey g gesriptighiak e 1picowkngtia BIE A0 BRYing FSism *ﬁmh like
rEeRA Mlﬁ&al@%eﬁél%‘{@ﬁmhﬁt $r@0rregdndhalchdch; rebidné ARBSrtions and
approaches, the high tenperature process 1s nore
iefshedt i ve but consume 21 nore SiF4 and are expensive

processes | h \
t he |ntegrat|6U%§+%‘¥%@k:H%Eﬂ%a%&%F9gﬂwké1%F§§%é%$?%ggdﬁ”
oSG A5t UN i IRSer $iaciat cstaabadebidyngoie ca s enplb embodiser afohd present

tends to react with the
mvention.
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25 Hduring integration thermal cycle, formng HF and
resulting in bubbles, delamnation and 26 reliability
issue. 27 8 | To make FSG Si N integration stable, we
need to reduce free Fluorine in FSGand Hin SiN 2
films. 3 The enbodi nents of the invention reduce the
free Fluorine in FSGand 4 Hin SINfilnms by using a
high bias rf power. The high bias rf power has enough
energy to 5 break the F-Si bonds (in FSG and the
HSi bonds (in SiN). It is thought that this reduces

6 the free F and Free H because at | ower tenperature
(400C), the adatons surface nmobility 7 and reaction
energy are |lower, which is not conducive to the

di ssociation. By adding the 8 bias RF, it wll

i ncrease the adatons nobility and surface reaction
energy, which will 9 produce nore stabl e single-bonded
Si-Fin the structure and less free Fluorine in the
film 10 11 .Sl 1+ eqt 5 yer and
SiN | ayers Pg&g@dﬁ?{gﬁlgn% t)f %IEﬁmg{ﬁé EF% g@bedélé‘nent S
of the invention the FSG and Si N Iayers are

adj acent to,each other and for FSE Si N i nte ce. .. ..
ThJe FSG and T%F ﬂx?l'g]g}g Fg‘lbgglﬁleﬂfg ?gﬁcfp&;sr%tdlnvcﬂmgﬂ wﬂé ?ca gcr;scnbed in

d5al vERatRkSce I8 kGmpayehg @1@@11@,@ Vi Ex alirt e @h%dnﬁ&rﬁﬁs a
or vi se versa. 14 For exanp gure | shows an
|

nesstmdpil daboication eimdbrendinate e AN $ligpe niride layer in a

, a sem conductor structure 12 that can
gég§%£M(nﬁgﬁ&%f a 16 substrate having dielectric and

conductlve | ayer(s) there over. A first dielectric

llayer 22 17 and interconnect 24. The dielectric |ayer

is 22 can b§ g_FS%IIayer of an enbodi mrent. Note, 18
First" SHBCHOY ot ¢ in the description is only

part of a nqggorﬂ{e%xgg% (ROtS P HgA sfb(do%té@l?ﬁélbl@&xdﬁﬁgﬁlbondcd

limtation. First interconnect 24 can be a netal
Hwntriacctinie dtee Fuohinast enstbppldnoril SifRteeSeiohdbe tiesiable ASG film

1%%{11‘? Erwgea gilti,lg%ﬁ.lormc andslessof?cn%quo(%}/n%r %taiﬂ%tﬁigo(x:‘glg rllxgl%ts rc%%ce the

dielectric constant, and the free Fluorine tends to outdiffuse and is susceptible to moisture
attack, causing film unstability and integration delamination issue. Some methods used to
produce the stable FSG films includes 1) high temperature process, 2) use SiO2 cap at the
end of FSG deposition to block the Fluorine outdiffusion; 3) doped with N2 proves better
stability. In these approaches, the high temperature process is more effective but consume

more SiF4 and are expensive processes.

SiN film interfaces with FSG film in the integration. The H; in the SiN
determines the FSG/SIN interface stability because the free Fluorine tends to react with the
H during integration thermal cycle, forming HF and resulting in bubbles, delamination and

reliability issue.
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23 dielectric layer 22. The first cap layer 28 is
preferably conprised of SiN and preferably has 24 a
t hi ckness between 300 and 500 A. 25 A second
dielectric layer 32 is preferably formed over the
first cap layer 26 28. Preferably the surface that
the second dielectric layer is fornmed over is about
| evel 27 surface (e.g., +/- 300 angstroms topol ogy)
that is not a gap fill topography. 9 | A second cap
| ayer 34 is preferably forned over the second
dielectric 2 layer. 3 Athird dielectric layer 38 is
Tpmedke FALY§iNf iorcpmd onvieblet WensedondlucafedFluaymer in34G and H in SIN
rreferably the surface that the second dielectric
fiByer is formed over is about 5 level surface (e.g.,
"'/ - 300 angsthk b oliaRalse@yhe hb@itioh $ednod the fgaPhdoriht in FSG and
opography. 6 7 A third cap |ayer 40 is preferably
Hfléir diloy By usinga Sigbdnas 1 P‘é‘P“é’cW‘? lugh Biap ghpopvegpas gpough energy to
| t
ol e SR Gy P ) g g BT 14 R URENCRI il Retuces
111erftcer1tamirféc¢ H2#caukd atﬂn'gu:rtemﬁershm\@OaC)j alrr.&sia@ns surface mobility
terconnect 44 forned thru 34, .38
o TSP COREAES R ST 8P SeETY Sdte dsporRfoR b e e
b%k IR roft vl gndléRt aRtahems AUDiIRy ed IR{238 re@aibrf Dkr g?lh@hlES@l
ers of 14 the enbodinment. Any and/or al
pmglécé, mpesr abigsingic-pondsdrSithan thestsNrg #yldess lese Hiypsingan the film.
enmbodi nent. 16 17 18 IV. Processes to form PSG using
HDP proce f
Ig Fl uori ne ?PW&%{]S&}% ggisjls (@8) 111,%)/\63?&%3125%%3@@%%@ iRtcace
sem conduct gh cfdhple brbediRhRGF thelRNALO CRFSOMISIB layers are

dQJIagel?lt Pol (%?:h o{hrcl,r z?nrll f%x%tl Iacf)*%G/ S}IIll 1n{:e§fcaace The FSG and SiN layers can be
formed in any order. For example, the FSG layer can be over the SiN layer or vise versa.

For example, figure 1 shows an example of an embodiments FSG and
SiN layers. Figure 1 shows a semiconductor structure 12 that can be comprised of a
substrate having dielectric and conductive layer(s) there over. A first dielectric layer 22
and interconnect 24. The dielectric layer is 22 can be a FSG layer of an embodiment. Note,
“First” , “second “, elc in the description is only part of a name and does not signifying
any order or limitation.

First interconnect 24 can be a metal interconnect such as a copper
interconnect.

A first cap layer 28 is formed over the interconnect 24 and the first
dielectric layer 22. The first cap layer 28 is preferably comprised of SiN and preferably has
a thickness between 300 and 500 A.

A second dielectric layer 32 is preferably formed over the first cap layer
28. Preferably the surface that the second diclectric layer is formed over s about level

surface (e.g., +/- 300 angstroms topology) that is not a gap fill topography.
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21 | ayer fornmed using a high density plasma deposition
process with a plasm density 22 between | E12 and |
E15 and with a bias RF power with enough energy to
break the Si-F 23 bonds in the fluorosilicate glass
(FSG. This reduces the free Fin the FSG It is
t hought 24 that at | ower tenperature (400C), the
adatons surface nobility and reaction energy are 25
| ower, which is not conducive to the dissociation. By
adding the bias RF, it will increase 26 the adatons
mobility and surface reaction energy, which wl]l
produce nor e sdcakd e fpsnm Beds @éfchondReml oferilte sebend dielectric
structure and less free Fluorine in the film 101 In
ly§r-opti on, the FSG | ayer formed using a high density
plasma 2 de%%lﬁd'cf?aeo%@ﬁlgés}@%bﬁf&a@&@&%d@@&sth& Yecond cap
between 1 E 12 and nmore preferably 3
Ihet %eﬁrCIEMlyafrmsur‘iECq@atathd speatiahicpityc Rbovie farmed over is about
and _a.,hi as bet

Rk B M S A A D
(preferably bet ween 500 5 and 1500 Angstronshni n. ) i's
controlled b usting the pressure, gas flo Sﬂ
especial ly “ﬁ%%mﬁﬂ%@rﬁ%BFW“?Mb%“§“$%h%ﬁ6@ﬁéWmn ielectric
i gple, the FSG layer fornmed using a hi gh density
%%asna 10 deposition process wth: pl asma density
bet ween 1 EIi@naadh¢ﬁi51mhmumneﬁ@pabhgkmmgﬁénuﬁuﬂaWWS283234
3§%§ gns/cc qq gﬁb agjggtmeen 2000 and 4000 Wat a

GO FERPSBE HSEECHAT “* 12 2 flow ratio of 02 to SiH4
to Si F4 of ZFif@ebtsBoks ‘Wd:iihdisﬁcrm 1S fothides 44 @fnked firt she) layers 28
13 at a pressure between | to 4 torr; a tenperature

BSSeh mdgoniadingdly Bkgrweet24in an 1CP 14 type

reactor. 15 Aq, z?ﬂ%rlﬁﬁ fof ﬂﬁrﬁclg&?ﬁ@laly@lq 28X%aMRI:8n fJ1 ak! BsA\ayers of
bel ow shows preferred val ues ranges fo
tixacrabetieers. Adyaidior all of the cap layers 28 34 40 can be the SlN layers of the

embodiment.

1V. Processes to form FSG using a HDP process with a high bias

We preferably form a Fluorine silicate glass (FSG}) layer over a
semiconductor structure using a HDP process with a high bias. In an option, the FSG
layer formed using a high density plasma deposition process with a plasma density
between 1E12 and 1E15 and with a bias RF power with enough energy to break the Si-F
bonds in the fluorosilicate glass (FSG). This reduces the frec F in the FSG. It is thought
that at lower temperature (400C), the adatoms surface mobility and reaction energy are
lower, which is not conducive to the dissociation. By adding the bias RF, it will increase
the adatoms mobility and surface reaction energy, which will produce more stable single-

bonded Si-F in the structure and less {ree Fluorine in the film.

10
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Tabl e A: an exanple FSG process TSG film Settin9- _
Range = oxygen _ 140 seem _ 100-200 SiH4 70 seem 50
- 100 SiF4 70 seem 40- 100 Top RF at a 8000 W 6000-
10000 frequency of 2.0 VHL _ Top RF - 25.5 cm 19.1
to 31.8 Wcn2 WcnR2 at a frequency of 2.0 WMZ) Side
RF 8000 Wat frequency of 2.00 6000 - 10000 _at 2.0 WMhz
at a frequency Mz 2.0 MHZ Side RF 25.5 WcnR 19.1 to
31.8 Wcm Wsqg-cmat a frequency 2.0 M{Z Bias RF
3000 W 2000-4000W (at frequency of 13.56 MHZ Bias RF
9.55 Wsg-cm6.4- 12.7 Wsg-cm (Wsg-cm at frequency
of 13.56 MiZaPogseunie ESGTyer folmed dsimilohigh density plasma

deposition process with a plasma density between 1E12 and 1E15 and more preferably

between 1E14 and 1E 135 and preferably above 1E14 ions/ce; and a bias between 2000 and
4000 W at a frequency of about 13.56 Mhz. The slow growth rate (preferably between 500
and 1500 Angstroms/min.) is controlled by adjusting the pressure, gas flow, and especially

the bias RF.

In another example, the FSG layer formed using a high density plasma
deposition process with: a plasma density between 1E12 and 1E15 and preferably above
1E14 ions/cc and a bias between 2000 and 4000 W at a frequency of 13.56 Mhz,;

a flow ratio of Oy to SiHy to SiF4 of 2 1o I to | within plus/minus 10% limits ;
at a pressure between | to 4 torr; a temperature between 350 and 450 degree C; in an ICP
type reactor.

In another more detailed example, table A below shows preferred values

and ranges for parameters.

11




1

[ I Y

Tem erature 400 C 350- 450 wafer Size

ICP Pl asna d
or above | E1
| E14 ions/cc

calculated in watts per unit area of wafer (for
8000/ 314 sg-cm of wafer
512 |

exanple., 80
area=25.5 W
process can

2 plasma rea

ensity -

4 (ions/cc) preferably

200 mm Pl asma

bet ween 1E12 and 1El 5 and equa

above or equal to

2 3 ** Note The RF and bias powers were

00 Wor
cn2 of wafer area).
be perfornmed in a (ICP)
ctor by AVAT conpany,

nodel

4

The above
i nducti ve coupl ed
nunmber U ti ma.

O her exanples of 3 commercially available I CP
Tﬁb@e¥0ﬂ39$%@ﬂHH§GﬁbW§ﬁ1us by conmpany and nodel speed.

gaﬁgé car by performed

“Ringe diTTerent

RoHZ13 exanp

Cb UI D 6 bUbll asS ECUK
_§§E§W|Q| pl-a Fﬂhfggna ehanber mfth lgq zﬁﬁg’aﬁd

ftom RE_ 8 gedith--can-be—used—9 18" A0 Non- gap-+-H
SHA i cat i ons| 10 €cNote t he enbodiment 26=f8% and SIN
Booddsst are p#0oWmed on 12 rel ati y&PS0- A% h surface
Wietthenei of B8l | t opogr aphy (not gap-fill applications).

e, a snoot her surface |

s level or smooth

ANQELIHEB an
FRgedic9EE2.01

(eRHUM bunp2hs Wome) within plus

Wjiag) over snpoth (non-gapfil

d nore preferably plus
b 16 enbodinent's HPD |
surfa

H19.1 13 hB e m500
1 nus 300

“SG Filmwith | ow
ce)

(W/sg-cm at
frequency of
13.56 MHZ)

Side RF 8000 W at frequency of 2.00 6000 -~ 10000 at 2.0 Mhz
at a frequency Mhz

2.0 MHZ

Side RF 25.5 W/em” 19.1 to 31.8 Wiem’
W/sg-cm at a

frequency 2.0

MHZ

Bias RF 3000 W 2000 — 4000 W

(at frequency of

13.56 MHZ)

Bias RF 9.55 W/sq-cm 6.4-12.7 W/sg-cm

Pressure 2 mTorr 1 —4 mTorr
Temperature 400 C 350-450

wafer Size 200 mm Plasma ICP

Plasma density — | between 1E12 and 1E15 and equal or above 1E14
(ions/cc) preferably above or equal to

IEl4 ions/cc

** Note The RF and bias powers were calculated in watts per unit area of wafer (for

example .,

12

8000 W or = 8000/314 sq-cm of wafer area=25.5 W/cm2 of wafer area).




17 18 1) To obtain the single-bonded Si-F in the SiQ2
matrix, the Si F4 needs to be 19 dissociated conpletely
as nmuch as possible in the plasnma. Nornmal PECVD pl asma
20 density is only about 10 a-1011 ion/enB. To achieve
this, high density plasma 10 12- 21 1014 ion/cn8 or
above | E 14 ion/cnB wll help a great deal to produce
nore stable 22 and less free Fluorine in the film 23
2) At lower tenperature, the adatons surface nobility
and reaction energy are lower, 24 which is not
conduci ve to the dissociation. (Adatons are atons such
as Si-F, Si-Th2aboRSrSicsF&anSie-pefprmetdin a) (ICByindddivegotied

ias RF, it will_ increase e ada ilit nd . 26
pliinr dteorctich VT SREGS odi B i oG chip@or
c&h ARl BNA all @3S 11 REcthls UITh RN VR IIu2Hy Edigpahly Al mbdelkpddd.
The | ow deposition rate is preferre&fso that the F has
time to desorb or be renoved 2 by |ow energy ion

bormbar dment 'I:she.el §°§i§|}éﬁ§ éinal\b)e[%yl%ﬁngd e (Rff;@lfcﬁrt s%f‘zlﬂflmools,

—

a silicon nitri over a sem conductor 7

sedhragatifR using a HDP process with a high bias. In an

option, the Si N layer is under or over. the :

enbodi nent "’ s/ﬁf%é qa@g} Pla‘%’?ﬁf@“fﬁ%"f‘%ﬁw’ 1§]a';98°rs"?esa“d bottom RE

dBsigf ekl weed.ormed using a high density Plasma 11

deposition process plasna density between about a |

ElIl - 1 E15 ions/cc and preferably 12 above 1E14

ions/cc and a high bias between 2000 and 4000 Wat a

iq  freqyency ongg_g"a fipapPheatfornt H4 10 N2 flow ratio
between 1: 0.00 o 0.03: 1; at a bias between 2000

11 and 4000 1ANMétHeSsmbalingentk ESSUE JIRtpreREs dre partbréied on

tort; at a tenperature between 350 and 450 degr.ees C
12 relatively smooth surface with minimal topography (not gap-fill appl:cahons%. For

e T o B Y - N S

13 example, a smoother surface is level or smooth (maximum bump or hole) within plus or
14 minus 500 angstroms and more preferably plus minus 300 angstroms.

15

16 embediment’s HPD FSG Film with low bias over smooth (non-gapfill surface)

18 1) To obtain the single-bonded Si-F in the SiO; matrix, the SiF4 needs to be

19 dissociated completely as much as possible in the plasma. Normal PECVD plasma
20 density is only about 10 *-10"! ionfem’. To achieve this, high density plasma 10 2
21 10 jon/em® or above 1E14 ionfem® will help a great deal fo produce more stable
22 and less free Fluorine in the ﬁlm.-

23 2) At lower temperature, the adatoms surface mobility and reaction energy are lower,
24 which is not conducive to the dissociation. (Adatoms are atoms such as Si-F, Si-Fs,
25 Si-F; Si-Fg, etc. ). By adding the bias RF, it will increase the adatoms mobility and
26 surface reaction energy, which will produce more stable and less free Fluorine in
27 the film.

13
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11
12
13
14
15
16
17
18

15 The surface that the SiN layer is forned over can
be snooth non-gap fill 16 surface as descri bed above
for the FSG |l ayer. 17 The tabl e bel ow shows a
preferred process. 18 14 Table b: Examle SiN HDP
process SiN Film Setting Ran > Sill4 40 seem 20 - 60
N2 3000 seem 2000- 4000 Ar 150 seem 100- 200 Top RF
8000 W 6000- 10000 (frequency 2.0 M-1z) Top RF -
25.5 Wcm 19.1 to 31.8 WcnR2 WecenR at a frequency of
2.0 MHZ Side 8000 W6000- 10000 RF(frequency 2.0 MHO
_ Side RF 25.5 ~Wcin 19.1 to 31.8 Wcm Wsg-cmat a
f riaqlienbyw déposito raigz. pr&eae! REhFODOF hapime godesorb dgeemoved

(fr egu?o Cchrg,y ion bombardment

V. SiN layer

We preferably form a silicon nitride (SiN} layer over a semiconductor
structure using a HDP process with a high bias. In an option, the SiN layer is under or

over the embodiment’s FSG layer.

The SiN layer is preferably formed using a high density Plasma
deposition process plasma density between about a 1E12 — 1E15 ions/cc and preferably
above 1E14 ions/cc and a high bias between 2000 and 4000 W at a frequency of 13.56
Mhz; a SiHs to Nj flow ratio between 1: 0.005 to 0.03: 1; at a bias between 2000 and 4000
Watts; at a pressure between | and 4 torr; at a temperature between 350 and 450 degrees C.

The surface that the SiN layer is formed over can be smooth non-gap fill
surface as described above for the FSG layer.

The table below shows a preferred process.

14




1

OO0 =3 Oh ot s e

VHZ)

preferably

area of waf

sg-cm of wafer area=25.5 WcnR of wafer area).

13.56 MHZ Pressure

1E14

er (for 4 exanple, 8000

Bias RF 9.55 Wsg-cm6.4- 12.7 Wsg-cm (Wsqg-cm
at frequency of
Tenperature

2 mlorr 1-4

_ 400 C 350 - 450 wafer Size 200 mm
Plasma | CP Pl asma density | E14 or above E12 -
ions/cc) or above 2'
RF and bias powers were calculated in watts per

1E15 and
3 ** Note The
unit

W or = 8000/ 314

5 6

The above process can be perfornmed in a (ICP)
i nductive coupled 7 plasma reactor
Tabldél ErunmbeSiNHD Fmproc€sher exanpl es

by AMAT conpany,
of 8 commercially

(W/sg-cm at
frequency of

ayairiiabl e | CRettigact or s i ncl ude Novel Rasgdby conpany and
@g@gl speed} 40 &cA&b | The enbodi nent | gcan by per for med
Ny a differ omootb)é@(gs of HDP tools, |Zgoguahop@s a ECR 3
AlS0,—a par iﬂﬁﬁwﬁ'ate plasna cnannquMM&@ Top, side
llUIII €51 T Cdarll UC usS€Eaqd,
%Je menp’ RTINS 6800-100d0
quency
MHz )
Top RP - 25.5 Wiem” 19.1 to 31.8 W/em®
W/cm?2 at a
frequency of
2.0 MHZ)
Side 8000 W 6000 - 10000
RF(frequency
2.0 MH7)
Side RF 25.5 W/em? 19.1 to 31.8 W/em”
W/sg-cm at a
frequency of
2.0 MHZ
Bias RF 3000 W 2000 - 4000
(frequency 2.0
MHZ)
Bias RF 9.55 W/sg-cm 6.4- 12.7 W/sg-cm

13.56 MHZ)

Pressure 2mTorr 14

Temperature 400 C 350 - 450

wafer Size 200 mm Plasma ICP

Plasma density | 1E14 or above E12 —1E15 and preferably 1E14
— (ions/cc) or above

** Note The RF and bias powers were calculated in watts per unit area of wafer (for

example, 8000 W or =

8000/314 sq-cm of wafer area=25.5 W/cm2 of wafer area).

The above process can be performed in a (ICP) inductive coupled

plasma reactor by AMAT company, model number Ultima. Other examples of

commercially available ICP reactors include Novellus by company and model speed.
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8 9 1) To obtain SINfilmwth | ess H2 contam nati on,
the SiH4 needs to be dissociated 10 conpletely as nuch
as possible in the plasma. Normal PECVD plasnma density
isonly | 1 about 10 8-1011 ion/c nB. To achi eve
this, high density plasma 10 12-1014 ion/cnB wll 12
help a great deal. 13 2) It is known that Si N grown at
hi gh tenperature contains less H2 . At | ower
tenperature, 14 the adatons surface nobility and
reaction energy are lower, which is not conducive to
15 the dissociation. By adding the bias RF, it wll

i ncrease t h&@hadabodiscniodainbiytperfamddlib asiiffframéyres af Hildhools,
ener T he bonmbardnent will help to clean those
QW% ded 17 contaminants. 18 3) The | ow

deposi tion V@%cﬁa'p&anél%flﬁt fljﬁﬂmﬁ ehdnitak whifhQof] shireind bo®orh ®F
desorb or be renoved 9 | ow energy ion
desgreendgened. 20 21 22 FSG SiN Integration 23 24 1)
The stable FSGfilmwith ess F and SSNwth less H
can be nmade by using high density 25 plasnma and bi as
RF power process. 26 The FSG@ SiN interface reliability
can be enh 27 16 1 A non-limting enbodi nents
Embodimpnt’ :gngﬂHescription numer ous specific details
are set forth such as 3 flow rates, pressure
settings, thicknesses, etc., in order to provi de a

LivoFeeolitio SoN ditm avithrgsiiél %Waalwgatbm thesiidf é@fé‘ﬁtto be dissociated
' %V?ﬂ)ﬁélag as ln'ﬁc%s! aéosgﬁlcqg\(ﬁe Hama ﬁ%ﬁiﬁ IrPoEr(]f\ﬁDagﬁEm§ KLAske§k onty
prazotm wedi oM ibhout'. Th as&ecxobahal high démsitpplaema il At HHCies/cm® will
help a great deal.

2} Itis known that SiN grown at high temperature contains less Hy . At lower temperature,
the adatoms surface mobility and reaction energy are lower, which is not conducive to
the dissociation. By adding the bias RF, it will increase the adatoms mobility and
surface reaction energy. The bombardment will help to clean those loose bonded
contaminants.

3) The low deposition rate is preferred so that the H has time to desorb or be removed by

low energy ion bombardment.

FSG/SiN Integration

1) The stable FSG film with less F and SiN with less H can be made by using high density
plasma and bias RF power process.

The FSG/SIN interface reliability can be enhanced.
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6 well known process have not been described in detai
in order to not unnecessarily obscure 7 the present
invention. Also, the flowrates in the specification
can be scaled up or down 8 keeping the sanme nolar % or
rati os to acconmodate different sized reactors as is
known to 9 those skilled in the ail. Also, the powers
can be scaled up or down depending on the 10 reactor
sizes and configurations. 11 Unless explicitly stated
ot herw se, each nunerical value and range 12 should
be interpreted as being approximate as if the word
abloutA or apprexiimitieyemhedipteiféded the val ue of the
val ue or range. 14 G ven the variety nmhodi nent s

the present pﬁ%ﬂ%ﬁcﬁﬂu@fonfsma?é%rwﬂé%ﬂ ‘?‘t‘ﬂ aéi%%%i‘"““ hsuch as
%&Sfa{dsﬂ& EQ0rcaREinkd, |EM<]§_1¥61{<:(§)§CL QRs, 18 RAW: ROtroBEe b aledtBfough

Imt g t he Scope resent invention
widérsiaeding y! thherastiiprentiary Iwwﬂli olhousnh@YRVEG P presskjdnn the

ul arl y.shown and des Wi fer _
b bRt IR PRE A EF RS ] floggl Bl ARG fhccs
Wwildeiostngeekebyhdvb @sebaak idbdcaitled i defd ik beleatdnot badecessarily obscure
various_ changes in form and det ai

be nade
th P e Ry AP i Fées 1961@§B?0ﬁﬁi3t1§ﬁ gersReoisaleg pp Ppdown
He@%ﬁ?ﬁle‘%@me bto1drss bmaﬁﬂgﬁ)da&&n&g&% dNi%Fdn@H%d reactors as is known to

Ications and simlar 21 arrangenents and
ibmswbxﬂlud esthe andAish,éh@p@p@s odn erealgg pe audavicdepending on the
22 accorded the broadest

. L_?reforeqso ﬁg rp N

FItErpratt i onee6"al to enconpass all such

modi fi cat i ongnlesdxpiigiily atated zaleamrsamgeﬂfamﬁesicamdﬂuc and range
rocedures. 24 25 17 1 2 3 3t is clained is:
ould be interpreted as being approximale as if the word about or approximately

preceded the value of the value or range.

Given the variety of embodiments of the present invention just
described, the above description and illustrations show not be taken as limiting the scope
of the present invention defined by the claims.

While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without departing {rom the
spirit and scope of the invention. It is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended claims therefore should be

accorded the broadest interpretation so as to encompass all such modifications and similar

arrangements and procedures.
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6 1. A nethod of fabrication of a fluorosilicate gl ass

| ayer adjacent to a silicon nitride layer 7 in a

sem conduct or device conprising the steps of: 8 a)

provi ding a sem conductor structure conprised of a
substrate; 9 said top surface of said sem conductor
structure is essentially level; 10 b) formng a
fluorosilicate glass layer using a high density plasna
deposition | | process wth a high bias power over

sai d sem conductor structure; said 12 high bias has
sufficient energy to break the F-Si bonds in the 13
fluorosilicate glass layer; 14 c) forming a silicon
nitride |layer adjacent to said fluorosilicate gl ass

| ayer 15 using a high density plasma deposition

process with a high bias power; 16 said high bias has
sufficient energy to break the HSi bonds in the 17
Waial jsebmmpd 5t i de. 18 19 2. The nethod of claiml

wherein said fluorosilicate glass layer is on said

silicon nitride 20 layer or said silicon nitride

1] ay etcthiod o@fabsiahtﬁbrfdfmdhmsdsﬁlimb;t@asgIla/srsadjfaynﬁrto a2flicn nifhde layer
met hod .of cl ai whi ch quth? cludes form ng an

i Ht BIEUHITEEE O HFﬁG”WH“§5§H§ P50 Fluor03|llcate gl ass
layer ang) sadidingialsb@RBndididsdacthRNSmpasdd dfarsabigea

cooper interconnect 23 in said interconnect opening.

24 4. The netabepstriegesif 53id soipEpPrdusios girepture is essentially {evel;

fl uorosi|, I Mol

densi ty DI Songed BR%s AR LR utl {aR P plaSia deposition
density bet weercsi B1® adnigh HJE& 15owe26>vmmasi/ S@mlca)nducamtﬁtrasiure; said

bet 00,and 4000 Wat . a, f .
356 N Mg D8 Nt oS P T T ShG A i g

fluor03|I|cayﬁmg§§§§eg@¥gawﬁorned using a hlgh 2
density plasnma deposition process with a

densi ty beforpies apiiven aigda BYY adiscende sd ﬂwoghw%\giass layer
pover betveep;6, 4 Q500 JELIHE G

13. 56. Mhz. \Hsngg. ti"%ﬁ%agngda c?al m 1&0 eer el n saé’l1 185 pOwer;
16 fl uorosili casad highdmshayerfiiontrmedgy ¢ Mgakathhityhi bonds in the

17 silicon nitlride.

18

19 2. The method of claim | wherein said fluorosilicate glass Jayer is on said silicon nitride

OOND G0~ S U B e e e

e et e T
| - Y

20 layer or said silicon nitride layer is on said fluorosilicate glass layer.

21 3. The method of claim | which further includes forming an interconnect opening in said
22 fluorosilicate glass layer and said silicon nitride layer and forming a cooper interconnect
23 in said interconnect opening.

24 4. The method of claim 1 wherein said fluorosilicate glass layer formed using a high

25 density plasma deposition process with a plasma density between 1E12 and IEI5

26 ions/cc and a bias power between 2000 and 4000 W at a frequency of 13.56. Mhz.

I8




T« R o Y L

[N T T - S N S N S o T NG T N T N R e e e e e e e el
00 =~ L B W N e O 0 Y Y R W N — O

5 density plasnma deposition process with a plasm
density between 1E14 and 1E15 6 ions/cc and a bias
bet ween 2000 and 4000 Wat a frequency of 13.56 Mz. 7
7. The nmethod of claiml wherein said fluorosilicate
gl ass layer formed using a high 8 density plasm
deposition process with a plasnma density between | E14
and I E15 9 ions/cc and a bias between 2000 and 4000 W
at a frequency of 2 Mz, a flowratio of 02 10 to
SiHA to SiF4 of 2to |l tol within plus/mnus 10%
limts ; at a pressure between Ito 11 4 torr; a
St”élnmecthbcﬂm%cibet WwebmreB5enidAdosilicde glee la@er fonmed W@ a high

type.re
SHPR ik SRR HenaTiodpareroPTb AP fefh g Stk Phh o e R DS
Pls/a8 a6te Rsdstpot@r Mt@@@ﬁ@él Rh@&SIR WeRsin ¥t ﬂe&q&emjx c&holﬂﬁ Mhz.
| E12 and 1E15 ions/ce and a 14 bias between 6,4 and

6 1§hc7mW1gqlq otgtnigt 1 wheicly ueg@l, Hpogsilicgtendasgpyer fpemeyd usipga high

”ﬁ&;{&ﬂg e 'd@;sdzhﬂonﬁ%e% Vit Qﬁigisﬁ';h 'dbx‘?sﬂ? Bk 4814 AYENELS

f orred Pusi n density 'asma” deposi tion
prcms&s angpk hssrhct@zems?@@@ dnét%@ﬁv amﬁnqubr@mf dAdoIMIELS

7t Pleroened Sh s Ssits ST 5O TE e e e Pk Ao
WaBHsRly Plasmk deSdsttiodProdss Witkle plasye dedsak edvdds | IFY 4andi 1gm 5

density 19 asm d?gPSItlon process plasma densjt
béanuse Andpbias beweerEP0l ad ¢040 1 8f 4 fepipesy drdMbae f!@w ratio of O;

h [ f.r , :
DR BSIREEEN S0 AR AN o6 2k stptel s 1o
tdt@rpﬂm&mmauuabﬁh@@nlﬁﬁmﬂe%028@©6§nwzmQQOyMﬁuﬁgorat a
ﬁ%@g{qgégg(%gx 16rcaaesdl} esélécoe mtréxglb Eaéfﬁr f%é:geﬁsm% ] ehndc dSIty
Off’izfsﬁllardbﬁ(&hkﬂrpr@cfcsﬁp Eémm@ﬁw baate @oassElAyeRr 1E15 ions/cc and a
adjacent to a silicon nitride 26 layer in a

s érﬁs osfitsge £ granddvi’c &/ eofprf 3R YRLOSHes M- . 27 a)
9%’@31111951189 09cl§1%m %@gﬂga‘ﬁf siBEIUGEE Say e PRPILS 8n@Ta 1ch density

trate; said top surface of said sem conductor
S ﬁ’ﬁasniauilcleosutsme;smi p1a$1hayd¢n@kmbctwcqr9abDUb)l Efl emd Aglaions/ce and a

glglégi)gtfl L] %%t ?29 ‘a/?sq cn?%tea frgc?ulepi & 1'3".%“1\)9?.”5' ty Plasm

10. The method of claim | wherein said silicon nitride layer formed using a high density

m

Plasma deposition process plasma density between about a 1E12 and 1E15 ions/cc and
a high bias between 2000 and 4000 W at a frequency of 2.0 Mhz; a SiHs to N, flow
ratio between 1: 0.005 to 0.03:1; at a bias between 2000 and 4000 Watts; at a pressure

between 1 and 4 torr; at a temperature between 350 and 450 degrees C.

11. A method of fabrication of a fluorosilicate glass layer adjacent to a silicon nitride
layer in a semiconductor device comprising the steps of :
a) providing a semiconductor structure comprised of a substrate;

said top surface of said semiconductor structure is essentially level;
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10
11
12

13
14
15
16

17
18
19
20
21
22
23

24
25
26

2 process with a high bias power over said

sem conduct or structure; said 3 bias power has

sufficient energy to break the F-Si bonds in the 4
fluorosilicate glass layer; 5 (1) said fluorosilicate

gl ass layer formed using a high density plasma 6
deposition process with a plasma density of | E14

ions/cc and 7 above and a bias between 6.4 and 12.7
Wsg-cmat a frequency of 8 13.56.Miz; 9 c) forming a
silicon nitride | ayer adjacent to said fluorosilicate

gl ass layer 10 using a Hi gh density Plasnma deposition
process W fdunanghd Guorbsiilastqeiassdayer 8ding abdgibdcasithpBiawgna deposition
has sufficient ener. t-0. break the H . Si | LN 1 o e
12 silicon nP???&é?g%ﬂ”gﬁgmgg?ﬁaéﬁfﬁ%@%&ﬁﬁggﬁagoﬁﬁ5§?““SMd
formed usi ngbas pb@h e naifienPeesgpioldedapoBisi bomis in the
process plasma density between about IEI4 and | EL5 15

i ons/ cc and HuposicHetiReddys: 4 and 12.7 Wsg-cmat a
frequency of 16 13.56 Mz; 17 whereby the

f1 uorosili cafyRa@l ASfostiRY@ IR faybeSSMEd @itk 4 Meh Fedsitg Phsma
nitride 18 l'ayer has |less H that increases the.

FSG Si N i nt er f depwsitiehipedsicssi wigh a plgsmapdenspy off Hal ingdpnsgg and

of claiml 1 i r j ferm . _

i nt er connect g%%ﬁ@ﬁéH?%ﬂS%Thgﬁéﬁqggﬁdggrgggggﬁﬁf%g?%KmCyOf
gl ass | ayer and3saiMhzsilicon nitride |ayer and form ng

a cooper 22 interconnect in said interconnect

openi ng. c2BribBig aRlécomaithidel laytr asljaxicn (@ said Wveroeiligatp glasy hayer
said fluorosil.icate I [ : ' . .
density pIasH%ngﬁgﬁ%g%%§ﬁ¥F%ﬁgégégggggﬁﬁ%ﬁggwﬁTgg%ngSpowmy
density bet wegd blakpdwarichs 1dulifcici? Gnirgn 8/ weakathd HaSidioads in the
bet ween 2000 and 4OQ%.w/at a frequency of 2 20

silicon nitr
(1) said silicon nitride layer formed using a high density Plasma
deposition process plasma density between about 1E14 and 1E15
ions/cc and a bias between 6.4 and 12.7 W/sq-cmm at a frequency of

13.56 Mhz;

whereby the fluorosilicate glass layer has less F and the silicon nitride

fayer has less H that increases the FSG/SIN interface reliability.

12. The method of claim 11 which further includes forming an interconnect opening in
thru said fluorosilicate glass layer and said silicon nitride layer and forming a cooper
interconnect in said interconnect opeming.

13. The method of claim 11 wherein

(1) said fluorosilicate glass layer formed using a high density plasma
deposition process with a plasma density between 1E14 and 1E15

ions/cc and a bias between 2000 and 4000 W at a frequency of 2
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| Mz, aflowratio of 02 to SiH4 to SiF4 of 2 to Ito
I within 2 plus/mnus 10%limts ; at a pressure
between | to 4 tort; a 3 tenperature between 350 and
450 degree C, in a ICP type reactor; 4 and 5 (2) said
silicon nitride layer formed using a high density
Plasma 6 deposition process plasnma density between
about a 1E14 and IEI5 7 ions/cc and a high bias

bet ween 2000 and 4000 Wat a frequency of 8 2.0 Mhz;
a SiH4 to N2 flowratio between 1: 0.005 to 0.03:1; at
a 9 bias between 2000 and 4000 Watts; at a pressure
bet ween 1 and MhzJlOfl¢wratio dtO.atot BHpde &ilifrd 2beti weénviBB0
and 450 degree . .11 .14. A net hod.of f

o a 11 uor ost HMesni Rl oft R aRe e st S S fbeh
nitride 13 | ayfipeiafurdb&@ItcOFHARILB0 ddeiet O irCONIH iyfE Rgctor;
the steps of: 14 a) providing a sem conductor

structure coanF%ed of a substrate; a first 15
dielectric layer and a |ower interconnect; said a

fi di el
over sai  sumerialEr st g iRt MR GR FEbg,

dielectric layes o@xﬁdn@rdces&qﬂasnmcenﬁmememasoma 1Ei4 and 1E15
essential ly Ievel 18 b). form ng rst silico

nitride |ayer Hépacanta 1@?5’?@0‘?"[6’%?%@ qnggp%%ptaasigequncy of

| ayer using a 5"09@1}9%%‘?1[11 xoﬁt%wafaﬂ?e&%béﬂ 0109595 §93:1; at a
with a high bias 20 power; $Said high bias

suf fici ent eneb@ybuwe@réawzmHéOHJﬁhuaamd$ﬂmﬂxeﬁmwmmth@nd4
silicon nitrid orm t f rosilicate
gl ass | ayer us(ﬁldé E%ﬁﬁ”ﬁgﬁ “§mbkgzﬁhékggc ggﬁgltlon

process with a hlgh bi as power over said sem conduct or
24 structure; said high bias has sufficient energy to
lbr esknct e dF-fﬁiricbﬂimﬂ(sf a fﬂuor@ﬁliqameglm@yemij adenf lorarsilgn aitride

cond SI|I§F@ nlt@ er a%k cent .to said
f 'H6F Bt 158 uaf) (*SVICC 00 1lsmg sieps o

a) providing a semiconductor structure comprised of a substrate; a first
dielectric layer and a lower interconnect; said a first dielectric layer and
a lower interconnect over said substrate; said top surface of said first
dielectric layer and a lower interconnect is cssentially level;

b) forming a first silicon nitride layer adjacent to said fluorosilicate glass
layer using a High density Plasma deposition process with a high bias
power; said high bias has sufficient energy to break the H-S1 bonds in
the silicon nitride;

¢) forming a first fluorosilicate glass layer using a High density Plasma
deposition process with a high bias power over said semiconductor
structure; said high bias has sufficient energy to break the F-S1 bonds in
the FSG;

d) forming a second silicon nitride layer adjacent to said fluorosilicate glass

layer using a High density Plasma deposition process with a high bias
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27 layer using a H gh density Plasma deposition

process with a high bias 21 | power; said high bias

has sufficient energy to break the HSi bonds in 2

the silicon nitride; 3 e) formng a second

fluorosilicate glass layer using a H gh density Plasma

4 deposition process with a high bias power over said

sem conductor 5 structure; said high bias has

sufficient energy to break the F-Si bonds in 6 the

FSG 7 f) formng a third silicon nitride |ayer

adj acent to said fluorosilicate glass 8 |ayer u3|ng a

Hi gh densit yp®resinid kieh bt hpowiprent saegie pregk tie ghSi bonds in
bias 9 powe bi as has sufficient energy to
break the H ng%ﬂggh?%m 10 the silicon nitride; 1 I

g) form apfoammgmtsecrcmdnﬂmbslbq:mmgm@ aym sangl afHigisdensity Plasma
silicon nitride |ayer, q1 ﬁ% | uorosilicate

ol ass T ayer | SR8 bR Y6 1 R vits PP e iR serRrguctor
second 13 fLiHQkRShidad %I’?bl@t RESulfRYSE el ®airéhktthé F&i bonds in
silicon nitride |ayer; form ng a copper

i nt er connect thed™S§xi d i nt er connect openi ng; sai d copper

15 inter n S T 1

ot ove” SORPRF S REPEHL U008, APIISERNS PURPASILE g

| ayers have le@sms&gaaﬂdighmnsﬁﬂyd’lﬁanes:tcposémop]dc@mWithlmi tnigh bias
silicon nitride |ayers, hav ess .1-1 that jncrea . .
The FSG Si N B8 ety hab B Dt SEhviFpntits o BESTRETESi bonds i

met hod of cl aiemikdnWhgagi n the first and second
fluorosilicate glass layers are 20 formed usj a )
hi gh deng) foymplzasiialetopessi epamgpn ceie dsstwihcpn ampqgea@h% said first

density bet V\‘?l%graﬁ%%alg‘ Eﬂaﬁsolggg\léa%lécbqugf (&% e ?ay@xlz gﬁd second

power between requency o
13. 56. Mhz. 23udbsilithie ghmet lapd aofl sati dhind ddconhitclde baed

first, gp nd.and third silicon nl ride are Zé i
for med udy G SgRPdRST P eF HsThid TSBOEn e SReie ag sorpe
pl asnma densi §yeb&indeeBrBROMing a damascene process.

Whereby the first and second fluorosilicate glass layers have less IF and
the first, second and third silicon nitride layers have less H that increases the FSG/SIN
interface reliability.

15. The method of claim 14 wherein the first and second fluorosilicate glass layers are
formed using a high density plasma deposition process with a plasma density between
1E12 and 1E15 ions/cc and a bias power between 2000 and 4000 W at a frequency of
13.56.Mhz.

16. The method of claim 14 which said first, second and third silicon nitride layer are
formed using a high density Plasma deposition process plasma density between about
1E14 and 1EIS ions/cc and a bias between 2000 and 4000 W at a frequency of 13.56
Mhz.

17. The method of claim 14 wherein :
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25 1E14 and | E15 ions/cc and a bias between 2000 and
4000 Wat a frequency of 13.56 26 Whz. 27 17. The

net hod of claim 14 wherein : 22 1 (1) said
fluorosilicate glass layer fornmed using a high density

pl asma 2 deposition process with a plasma density

between |1 E14 and IE15 3 ions/cc and a bias between

6.4 and 12.7 Wsg-cmat a frequency of 4 2 Mz, a
flowratio of 02 to SiH4 to SiF4 of 2 to 1 to 1 within

5 plus/mnus 10%limts ; at a pressure between | to 4
torr; a 6 tenperature between 350 and 450 degree C, in

a | CP type floaeid Sluorosificaigdlags (uayr foungl using adugh Aty glesma
| ayer forned ugi : i gl Sj SR, Q. FJEROSE T4
process pl asmal&é )E%E?Itl gllogggts\%ggnhg %%@%E%Eggﬁdﬁ;%g %{21 HED
10 i ons/ cc andiocas/hi ghl dbiasbdretansehacl . ankl/sq2ni7atWiragpéncy of

at a frequency 1 qof 2.0 ; SiH4 t P flow, ...
rati o between %.be‘: @ggwtr%mbg@% ﬁf?s’gfr‘ g Sﬂ%zo% fgd 1o 1 within
bet ween 6.4 angiud/ZifusWoSHHG ; Ata jRePi@SSMWen Ded weer

and 4 13 torr; at a tenperature between 350 and 450
degrees C. 14 temperapge batweep3d0 and 450 degree C; in a ICP type reactor;

and

(2) said silicon nitride layer formed using a high density Plasma
deposition process plasma density between about a 1E14 and 1E15
ions/cc and a high bias between 6.4 and 12.7 W/ em’ at a frequency
of 2.0 Mhz; a SiHs to Ny flow ratio between 1: 0.005 10 (.03:1; at a
bias between 6.4 and 12.7 W/sq-cm; at a pressure between 1 and 4

torr; at a temperature between 350 and 450 degrees C.
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