O 00 1 N W R W N =

NN N N RN NN N N = = = e e e e s e
o0 ~1 O W AW = O v 0NN R WD = O

1 4 5H GH DENSI TY PLASMA AND BI AS RF PONER PROCESS TO
MAKE 6 STABLE FSG W TH LESS FREE F AND SIN W TH LESS H
TO ENHANCE THE ESG SI N | NTEGRATI ON RELIABILITY 8 9 10
11 Background of Invention 131) Field of the Invention
14The present invention relates to the manufacture of
integrated circuits, | 5and nore specifically, to

nmet hods, apparatus and systens for form ng fluorinated
silicate 16glass ("FSG') filnms and silicon nitride
(SSIN) with inproved characteristics in a high- 17
densi ty-pl asma chem cal - vapor - deposi ti on ( HDP- CVD")
envi ronnent. 18 192) Description of the Prior Art 20
21 22 23 in conventional integrated circuit
fabrication, circuit elenents are 24 fornmed by etching
a pattern of gaps in a layer of netal such as

al umi num The gaps are 25then filled with a dielectric
such as silicon dioxide. Copper is poised to take over
as the 26main on-chip conductor for all gges of

i nt dEHGHQENSFIOPLADEAANE BIAS RE POYYER FROCESA@ MAKE
[ ISR u .

SEAA SREPRIRY LESS AR E AR SIR WILR TE3s HhYB ENTANCE THE
damascene pr oceBSESINAINTIDERA TIONe IREIdABIOATY
fabricating copper-based lintegrated circuits. In
damascene processes, dielectric layers are deposited
and then etched 2to form gaps that arc subsequently
filled with copper. 4Fl uorine-doped silicon oxide,
al so known as fluorosilicate glass, is an attractive
solution to replace conventional silicon dioxide as
internietal dielectrics for 6 daml b ene structures.
FSG can be deposited iBackgronadtdf dmedntibidP- CVD syst ens,

g tgﬁge been wi dely used for undoped silicate

dddd o InxeRHN=SG di el ectrics in al um num

8' nt er connectige phEchid8NGish kdlaba® the ﬂl@ﬂ&fa&ﬁx‘é%@%ﬁegrated circuits,
schenme in terns of reliability, stability, 9and
end wagrpetificaly thaethode appareiueinsctypicms forjamiiag fupreratesksilicate

[

B PE ST s iR o BRAARSHIP e e RARh b FRRLEE) o high
dempa{pwntacchémrballvépmr depxm/tmmt(f dPRICEDI") awwmoonéndes) .
The I ower dielectric constant reduces the capacitance
12between netal lines in the sane |ayer and reduces
oF Deseripdiok REROBS o} Ayers. 13 1l4Unfortunately, the
formation of FSG filnms rai ses other issues. First,
15bl anket deposition FSG filns typically have a
di el ectric constant of about 3.7. It is l1l6desirable,
in sone instances, to further reduce this dielectric
constant to inprove device 17quality and performance.
18 19Second, ESG | ayer hn{e rquon.QﬁprFns have i
arisen as a r BNt HE e§%‘ﬁer L TabReption, ciFyull elerpenigare
fforhiea bly%&iﬁlﬂgrh phmreﬁs@teghps B DReSSHSnddlishilz® sdurhidy@l The gaps are

slop to provide for selective

éheerfﬁwg Wt 3 q'isleftrllc IS ks PSS Gerpsisagef to fake over as the

%WW tiip %gnd’&ﬁg f@tsalﬁtgpgst mnt%él%ﬁed' I HRRSHRPSF its lower resistance
app |cat|ons [1Tar ex when form ng vias between

szbleay@nsare@m mnnﬁmgmnbalmmmunnék)ys 1 Becpigg ipiadifficulieragch copper,
B G R R R B 4R R AR b fber-basca
overlylng | ayer of FSG 25Specifically, the FSG tends
to outgas at tenperatures of about 450 C. formng
"bubbl es" in 26an overlying Si-,Ny |ayer. The bubbl es
| ead to delam nation of the Previous attenpts to

i nprove the adhesion by, for exanple, reducing the
2.fluorine content in the FSIG nerely postpone the

& am nation. Simlarly, other problens arise when, in
an attenpt to reduce the hydrogen content in the FSC
film the hydrogen 4source is reduced (e.g., the
anmount of silane is reduced). In sonme cases, F50
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7US 6, 489, 230 - Huang Decenber 3, 2002 - Integration

of lowk SiefF 8as inter-layer dielectric. US

6,593,650 (Towe ci al. ) shows a HDP FSG process.

10US 6, 468, 927(Thang et al.) shows a HDPCVD FSG

process wth N2 1doping. 12US 6,303,51881 :fain et al.

- di scusses HPDCVD PSG processes. 13 4 7Sunmary of

the Invention The enbodi nents of the present invention
provides a structure and a 4nethod of manufacturing a
:PSG and SIN | ayers to have inproved reliability,. 5

An exanpl e enbodinent is a nethod of fabrication of a

fluorosilicate glass |ayer adjacent to a silicon

Nhiepiactd chrayies I duntass@Bipe@Bshds tdidlectteviages arthieposited and then etched

odi nent. 8conpri ses t foll owm ng steps: 9a)

ﬁigg FaRg that ?@ﬁ’r‘*&?ﬂ‘éﬁ%‘@’gﬁegt‘? CPRR conpri sed of a.

substrate; 10said top surface of said sem conductor

structure is essentially level; h) formng a

finorosili catlélugn@s@neéyrémomwﬁg aggo Mpgkin aefieirosili@iteaglags, s an
a%t?actqive 0n2t aecsésc’:ometnplogal gﬂl%g%&loglﬁg R M{]nng‘}é?ﬁleﬁe@tngs for
sem conductor st ructure

sdafrfab@he Eﬁ’uoﬁﬁ&i Mthan e de;b’osttétblnl-_eoﬁl/enbom $IDMCMIBsyREGS, which

14c) forraing on n tride | [ a t to sal

fhaM6Ptf§|Wlﬂ%lwéedgt% qpa%l icafg E@Fsr@%g}) ﬁpglﬁ'gﬁéﬂétws n aluminum

Ph@?d@ﬁnéi?soﬁ§6tg'eﬁé}alﬂ3}r% ofpEdted sBheht 19't@§1s9)@¥‘ﬁfablhty, stability,
16sai d high bitas has sufticient energy to break t

Hagithrbughast. Farthérmosd, Hicodertirat pirfemamive shigerate Cireuts can be
fl | t
SRR Aol Dok beealard e e g

Nt &rfcaventiedal silbitdd (B)MdéBsQiCI&leS@wﬂfdldlktEHd%(glbtabti ra8u20 the capacitance
wer. 21 An enbodi nent of invention is HOP CVO

&@Ueqné?ﬁ‘étl I SBEY §dNF?Sa?{f&F “t(ﬁf tﬂowﬁwr&

stability (e.g., less free F and less free H. A

feature is that the 24FSG and SIN use a high plasm _

density bet weldnfortumtely sthel formpgon offsy(E Blmsasehptlpr ipjugs First,

e bilic) SO ERRASXpkPRARS dcjfie BTk 4 Pis
td’e:elrd’dléSnn hmn:imstamnet he figtHer crncanihtsrdielectrid-omsexatopgrova device
a%ure that the bias 27 power is between 2000 and
YWEFPQTm?HQC%nbodlnents is preferably used on
snoot h 28surfaces (non-gap fill applications). The
above and bel ow advant ages and features are of
repr esent at i veecSedhiol entategatign prahigmg haverstsen as a result of the
i
R B e e g ==
uchestqt loqalortifrafor Bﬁaylvaree:hmgtof ﬂree[}'dme §dt¢t>amt1vée @fix Nly) is commonly
t he. i nvent.i ons. def i ned ons
14564 5t %%hs Gh RE P HVE ﬁﬁﬁ?l%?ﬁ“%{‘s d’eF eP © %Be‘t Onn"tga‘”asebetween
Qhydré fantahin® Rfetd line U thalped} hereQatdligees h)ﬁibﬂﬁns in@btaining good

i nstance, sone of these advanta s. may be_ rnut ual
coRes v emyhe pifcapinderad ag ARROD e SXF TS 5‘15(%‘0‘{@5393

&ﬁéﬁ@&ll}} fhedr 4 féﬂh@to‘%ﬂfﬁ’%&g LR Rbera®rdd Jr@bdif 456 @ Meorming "bubbles” in
vantagés arc applicable 9to one aspect of the

i amcevatlyiop Sixdin dryiendpp bielded lead © dstanenraionpf erspr e,
certain aspects of 10 the clained invention have not
been. di scussed herein. However, no inference should
be 11ldrawn regardi ng those di scussed heroin relative
to those not discussed herein other than fix

12pur poses of space and reducing repetition. Thus,
this summary of features and advantages 13shoul d not
be consi dered dispositive in determ ning equival ence.
Addi ti onal features and l14advantages of the invention
wi || becone apparent in the follow ng description,
fromthe 15drawi ngs, and fromthe clains. 16 1 Brief
Description of the Drawi ngs 4The features and

advant ages of a sem conductor device according to the
present invention and further details of a process of
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21nore S1F4 and are expensive processes, 23SiN film

interfaces with PSGfilmin the integration. The H2 in

the SiN 24determ nes the FSE SiN interface stability

because the free Fluorine tends to react with the z-H

during integration thermal cycle, formng TIF and

resulting in bubbles, delarnination and 26reliability

issue. To namke F80/SIN integration stable, we need to

reduce free Fluorine in BCand Hin SINfilnms. The

enbodi nents of the invention reduce the free Fluorine

in FSG and 4H in SIN filns by- using a high bias rf

power. The high bias rf power has enough energy to

Sbreak the FIrsiousgtdep(sitniimscye isddhdsonlpysfor syaasle(redncing the
t

E'}l!é\pem téalélgﬂlstgg g?&lr%érglsltpog E_prgertg g%i%%ﬁujggll&)%lél %51, oth%PSroblems

adat wh®, suarf aeepiobietideyhandrsgacbnent ienergyG A the hydrogen

| ower, ich is cond ve.to th i ssoci ation, .
LStel s el & ReLcenducive £ oL, di s20ct atl 905 Bleoiion
ughg |SiF4XN1ﬁ46dt Sivr, hae 810 A8LH R o8 PAE an PA &Bowl&ﬂ with both SiF,
£ro uce nore stable single-bonded Sit in
end St FerthentoreeSiEs fendetofticwlostiustive v qefpenia ommn@leutsrqf thee chamber.
F a d I h
Pkl y M Ao R M AN s R B e e
tdiact@Eiin aifwhe Séshutllmmr@s@lr(&gﬂaaa@ljxmfehﬁmba ceapbnagither
and forma FSGE SiN interface. The FSG and Si N | ayers
can be 1:3formed in any order. For exanple, the FSG
llayer can be WM&l FIG &It Neld@Y&ite@bn ¥ 53801 BERR bahi®¥ layer in
exanple figure 1 shows an exanpl e of an enbodi nents
R80asAer a3iBaNIdmeAzesns applncgumes, iall@rmtmsntagrgeﬁheﬁm wathghe barrier
{ rat
PSR B O oS OB O TRV S e Pa BB ES S pacauare
Awﬁkkﬁﬂedh&&ﬁmﬁmlc | ayer 22 17and i nt er connect 24. The
dielectric layer is 22 can be a ESCi | ayer of an
enbodi nent. Note, 18"First" , "second ", etc in the
description ifheRMbe¥, PaRdh esefstse}n RaE: BPE nARY dfreteposmng an FSG
si gni fyi ng 19any order or limtation. 20Firs
iﬁhn &itionmedted 2afegraiorhandestabpelital Furthes nasphedsts mﬁ@ﬁh@rslower the
| ayer 28 is formed over the
rcé%ﬁé%@ E?{ égﬁﬁ% first 23dielectric |ayer 22.
The first cap layer 28 :is preferably conprised of SIN
d preferabl. as 24a thickness hetween 3
R R 0o, R 200, RN 500 idering
eablibhpgf i rst cap |ayer 2628. Preferably t he surface
that the second dielectric layer is fornmed over is

about | evel 75001 hE& Keskara) cbd. 300 EIBBPEYREFSG and SIN
t opol H%):ssé%‘ a 1sb §e fate% 1 115!d 6350P885 arajtlAt al.)

secon eap |l ayer referably funned over
second di el ectric 2Iayer A third dielectric la.yer 38

is preferabl r.med r.fhe seco S 3
Preferably t ﬁég E?f?‘?taggxﬁﬁ%]i _&Ff‘é‘ sggag §)Eg, Zér Z(g(fr i cﬁDP R
HapesitionréREme fidu@rhigisaspbauitid @pel surface (e.g., +/ -
300 angstrons topology) that is not a gap til

t opography. 6 7A third cap |layer 40 is preferably

formed over hys €g, @5’7‘24’3 ell\@@ﬁard' c e@élal%ﬁo\gga fﬁl'(:)}‘lg’a&%@ s1%cate glass
shows an interconnect opening formed tin the [ayers
Bresy dep3d8edontanie slbpogt ngng He higit-éerstynpeena.24.,

11Fi gure 2 shows a damascene interconnect 44 forned

thru the layers 28 1232 34 38 40 and contacting the

i ni erconnect 24. 13Any and/or all of the dielectric

| ayers 22 32 38 can for the F80 layers of i 4 the

enbodi nent, Any andlor all of the cap |ayers 28 34 40
can be the SiN layers of the 15 enbodinent. 7 18

I V. Processes to form FSG using a | MP process with a

hi gh bias 19We preferably forma Fluorine silicate

glass (FS(3) layer over a. 20 sem conductor structure
u3|ng a EDF process mnth a hlgh blas In an option,

— . o~~~
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US 6,383,954 - Wang , etal. May 7,2002 - Process gas distribution
for forming stable fluorine-doped silicate glass and other films.

US Patent 6,323,119 - Xi, etal. November 27, 2001 - CVD
deposition method to improve adhesion of F-containing dielectric metal lines for VLSI
application.

US 6,489,230 - Huang December 3, 2002 - Integration of low-k SiOF
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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Range 100--200 50 - 100 40-- 100 6000- 10000
oxygen SiH4 SiF4 Top RE at a frequency @ 2.0 VHZ)
Top RE - WenR at a frequency of 2.0 MHZ) Side RI: at
a frequency 2.0 M\HZ Side RE Wsqg-cm at a frequency
2.0 Tv1l1l-17, Bias RE (at frequency of 11.56 rval z)
Bias RE (Wsqg-cm at frequency of 1356 MHZ,) Pressure
140 seem

Summary of the Invention
The embodiments of the present invention provides a structure and a

method of manufacturing a FSG and SiN layers to have improved reliability.

An example embodiment is a method of fabrication of a fluorosilicate
glass layer adjacent to a silicon nitride layer in a semiconductor device. The embodiment
comprises the following steps:

a) providing a semiconductor structure comprised of a substrate;
said top surface of said semiconductor structure is essentially level,

b) forming a 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-Si bonds in the FSG;

c) forming a 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-Si bonds in the
silicon nitride;

Whereby the fluorosilicate glass layer has less F and the silicon nitride
layer has less 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 F 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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The above and below advantages and features are of representative
embodiments only, and are not exhaustive and/or exclusive. They are presented only to
assist in understanding the invention. It should be understood that they are not
representative of all the inventions defined by the claims, to be considered limitations on
the invention as defined by the claims, or limitations on equivalents to the claims. For
instance, some of these advantages may be mutually contradictory, in that they cannot be
simultaneously present in a single embodiment. Similarly, some advantages are applicable
to one aspect of the invention, and inapplicable to others. Furthermore, certain aspects of
the claimed invention have not been discussed herein. However, no inference should be
drawn regarding those discussed herein relative to those not discussed herein other than for
purposes of space and reducing repetition. Thus, this summary of features and advantages
should not be considered dispositive in determining equivalence. Additional features and
advantages of the invention will become apparent in the following description, from the

drawings, and from the claims.
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Brief Description of the Drawings

The features and advantages of a semiconductor device according to the
present invention and further details of a process of fabricating such a semiconductor
device in accordance with the present invention will be more clearly understood from the
following description taken in conjunction with the accompanying drawings in which like
reference numerals designate similar or corresponding elements, regions and portions and
in which:

Figures 1 and 2 are cross sectional views for illustrating a method for
manufacturing FSG/SiN interface according to an example embodiment of the present

invention.
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Detailed Description of the Example Embodiments

The example embodiments of the present invention will be described in
detail with reference to the accompanying drawings. An example embodiment is a
method of fabrication of a fluorosilicate glass layer adjacent to a silicon nitride layer in a

semiconductor device.

1I. Introduction

Fluorine exists in the FSG film in two states: 1) stable or single-bonded
Fluorine: Si-F2) free Fluorine or unstable Fluorine: SiF2 or SiF3. The desirable FSG film
is with more stable Fluorine and less free Fluorine. The stable Fluorine helps reduce 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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To make FSG/SiN integration stable, we need to reduce free Fluorine in FSG and H in SiN
films.

The embodiments of the invention reduce the free Fluorine in FSG and
H in SiN films by using a high bias rf power. The high bias rf power has enough energy to
break the F-Si bonds (in FSG) and the H-Si bonds (in SiN). It is thought that this reduces
the free F and Free H because 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 free Fluorine in the film.

I11. Fluorine silicate glass (FSG) layer and SiN layers have interface

In example embodiments of the invention the FSG and SiN layers are
adjacent to each other and form a FSG/SiN interface. 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 ¢, etc 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 dielectric layer is formed over is about level

surface (e.g., +/- 300 angstroms topology) that is not a gap fill topography.
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A second cap layer 34 is preferably formed over the second dielectric
layer.

A third dielectric layer 38 is preferably formed over the second cap
layer 34. Preferably the surface that the second dielectric layer is formed over is about

level surface (e.g., +/- 300 angstroms topology) that is not a gap fill topography.

A third cap layer 40 is preferably formed over the second dielectric
layer 38.

Figure 2 shows an interconnect opening formed thru the layers 28 32 34
38 40 and exposing the interconnect 24.

Figure 2 shows a damascene interconnect 44 formed thru the layers 28
32 34 38 40 and contacting the interconnect 24.

Any and/or all of the dielectric layers 22 32 38 can for the FSG layers of
the embodiment. Any and/or all of the cap layers 28 34 40 can be the SiN layers of the

embodiment.

Iv. 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 free 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 free Fluorine in the film.

10
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In an option, the FSG layer formed using a high density plasma
deposition process with a plasma density between 1E12 and 1E15 and more preferably
between 1E14 and 1E 15 and preferably above 1E14 ions/cc; 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 O, to SiHy to SiF4 of 2 to 1 to 1 within plus/minus 10% limits ;
at a pressure between 1 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
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Table A: an example FSG process

FSG Film Setting Range

oxygen 140 sccm 100 —200

SiH4 70 sccm 50—-100

SiF4 70 sccm 40—100

Top RF ata 8000 W 6000- 10000
frequency of 2.0

MHZ)

Top RF - 25.5 W/em® 19.1 to 31.8 W/em®
W/cm?2 at a

frequency of 2.0

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 W/em’
W/sq-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
(W/sg-cm at

frequency of

13.56 MHZ)

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

1E14 ions/cc

12

** 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).
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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.

The embodiment can by performed in a different types of HDP tools,
such as a ECR.
Also, a parallel plate plasma chamber with top, side and bottom RF

design can be used.

A. Non-gap fill applications

Note the embodiment’s FSG and SIN process are performed on
relatively smooth surface with minimal topography (not gap-fill applications). For
example, a smoother surface is level or smooth (maximum bump or hole) within plus or

minus 500 angstroms and more preferably plus minus 300 angstroms.
embodiment’s HPD FSG Film with low bias over smooth (non-gapfill surface)

1) To obtain the single-bonded Si-F in the Si0, matrix, the SiF4 needs to be
dissociated completely as much as possible in the plasma. Normal PECVD plasma
density is only about 10 *-10"" jon/cm®. To achieve this, high density plasma 10 '-
10" ion/cm® or above 1E14 jon/cm® will help a great deal to produce more stable
and less free Fluorine in the film.

2) At lower temperature, the adatoms surface mobility and reaction energy are lower,
which is not conducive to the dissociation. (Adatoms are atoms such as Si-F, Si-F,
Si-F3 Si-Fg, etc. ). By adding the bias RF, it will increase the adatoms mobility and
surface reaction energy, which will produce more stable and less free Fluorine in

the film.

13
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3) The low deposition rate is preferred so that the F has time to desorb or be removed

by low energy 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 1IE12 — 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 SiH, 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.

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

o 0 3 N b b~ W

Table b: Example SiN HDP process

SIN Film Setting Range

SiH4 40 sccm 20—60

N, 3000 sccm 2000- 4000

Ar 150 scem 100- 200

Top RF 8000 W 6000- 10000
(frequency 2.0

MHz)

Top RF - 25.5 W/em® 19.1 to 31.8 W/cm®
W/cm? at a

frequency of

2.0 MHZ)

Side 8000 W 6000 - 10000
RF(frequency

2.0 MHz)

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/sq-cm 6.4- 12.7 W/sq-cm
(W/sq-cm at

frequency of

13.56 MHZ)

Pressure 2 mTorr 1-4

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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The embodiment can by performed in a different types of HDP tools,
such as a ECR.
Also, a parallel plate plasma chamber with top, side and bottom RF

design can be used.

Embodiment’s SiN Film

1) To obtain SiN film with less H2 contamination, the SiH4 needs to be dissociated
completely as much as possible in the plasma. Normal PECVD plasma density is only
about 10 8-10'" ion/cm®. To achieve this, high density plasma 10 12_10" jon/em® will
help a great deal.

2) Itis known that SiN grown at high temperature contains less H, . 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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A. non-limiting embodiments

In the above description numerous specific details are set forth such as
flow rates, pressure settings, thicknesses, etc., in order to provide a more thorough
understanding of the present invention. It will be obvious, however, to one skilled in the
art that the present invention may be practiced without these details. In other instances,
well known process have not been described in detail in order to not unnecessarily obscure
the present invention. Also, the flow rates in the specification can be scaled up or down
keeping the same molar % or ratios to accommodate different sized reactors as is known to
those skilled in the art. Also, the powers can be scaled up or down depending on the
reactor sizes and configurations.

Unless explicitly stated otherwise, each numerical value and range
should be interpreted as being approximate 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 from 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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What is claimed is:

1. 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;

b) forming a fluorosilicate glass layer using a high density plasma
deposition process with a high bias power over said semiconductor
structure; said high bias power has sufficient energy to break F-Si
bonds in the fluorosilicate glass layer; and

c¢) forming a silicon nitride layer adjacent to said fluorosilicate glass layer
using a high density plasma deposition process with a high bias
power; said high bias power has sufficient energy to break H-Si bonds

in the silicon nitride layer.

2. The method of claim 1 wherein said fluorosilicate glass layer is on and in contact with
said silicon nitride layer or said silicon nitride layer is on and in contact with said
fluorosilicate glass layer; a top surface of said semiconductor structure is about

relatively smooth within plus or minus 500 angstroms.

3. The method of claim 1 which further includes forming an interconnect opening in said
fluorosilicate glass layer and said silicon nitride layer; and forming a copper

interconnect in said interconnect opening.

4. The method of claim 1 wherein said fluorosilicate glass layer is 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; and
said bias power has sufficient energy to break F-Sibonds in the fluorosilicate glass
layer and to reduce the free F in the fluorosilicate glass layer; a surface that said
fluorosilicate glass layer is formed on and in contact with is about smooth;

said silicon nitride layer is formed using a high density plasma deposition
process with a plasma density between about 1E14 and 1E15 ions/cc and a SiN bias

18



Tenperat ure 400 C waf er
Size Plasma c.tensiv(ionslcc) 200 mm Pl asma 1CP

power between 6.4 and 12.7 W/sq-cm at a frequency of 13.56 Mhz; the SiN bias
power has sufficient energy to break the H-Si bonds in the silicon nitride and to reduce

the free H in the silicon nitride layer.

5. The method of claim 1 wherein said fluorosilicate glass layer is formed using a high
density plasma deposition process with a plasma density between 1E12 and 1E15
ions/cc and a bias power between 6.4 and 12.7 W/sq-cm at a frequency of
13.56.Mhz: and said bias power has sufficient energy to break F-Si bonds in the
fluorosilicate glass layer and to reduce the free F in the fluorosilicate glass layer; a
surface that said fluorosilicate glass layer is formed on and in contact with is about

smooth within plus or minus 500 angstroms.

6. The method of claim 1 wherein said fluorosilicate glass layer is formed using a high
density plasma deposition process with a plasma density between 1E14 and 1E15
ions/cc, and a bias power between 2000 and 4000 W at a frequency of 13.56 Mhz.

7. The method of claim 1 wherein said fluorosilicate glass layer is 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 Mhz, a flow ratio of
O, to SiH, to SiF4 of 2 to 1 to 1 within plus/minus 10% limits; at a pressure between
1 to 4 torr; a temperature between 350 and 450 degree C; in a ICP type reactor.

8. The method of claim 1 wherein said silicon nitride layer is formed using a high
density Plasma deposition process with a plasma density between about 1E12 and

1E15 ions/cc and a bias between 6.4 and 12.7 W/sq-cm at a frequency of 13.56 Mhz.
9. The method of claim 1 wherein said silicon nitride layer is formed using a high

density Plasma deposition process with a plasma density between about 1E14 and

1E15 ions/cc and a bias between 6.4 and 12.7 W/sq-cm at a frequency of 13.56 Mhz.
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between 11312 and 1E15 and preferably above or equal
to 1E14 ions/cc equal or above 1E14

10. The method of claim 1 wherein said silicon nitride layer is formed using a high
density Plasma deposition process with a 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
SiH4 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;
a top surface of said semiconductor structure is relatively smooth ;
b) forming a fluorosilicate glass layer using a High density Plasma
deposition process with a high bias power over said semiconductor
structure; said high bias power has sufficient energy to break the F-
Si bonds in the fluorosilicate glass layer and to reduce the free F in

the fluorosilicate glass layer ;

(1) said fluorosilicate glass layer is formed using a high density plasma
deposition process with a plasma density of 1E14 ions/cc and
above and a bias between 6.4 and 12.7 W/sq-cm at a frequency of
13.56.Mhz;

c¢) forming a silicon nitride layer adjacent to said fluorosilicate glass layer
using a High density Plasma deposition process with a high bias
power; said high bias power has sufficient energy to break the H-Si
bonds in the silicon nitride and to reduce the free H in the silicon

nitride layer;

(1) said silicon nitride layer is 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-cm at a frequency of 13.56

Mhz;
20



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

nitride layer has less free H that increases the FSG/SiN interface reliability.

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

interconnect in said interconnect opening.

13. The method of claim 11 wherein

(1) said fluorosilicate glass layer is 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
Mhz, a flow ratio of O, to SiHy to SiF4 of 2 to 1 to [ within
plus/minus 10% limits; at a pressure between 1 to 4 torr; a
temperature between 350 and 450 degree C; in a ICP type reactor;

and

(2) said silicon nitride layer is formed using a high density Plasma
deposition process plasma density between about a 1E14 and
1E15 ions/cc and a high bias between 2000 and 4000 W at a
frequency of 2.0 Mhz; a SiH, to N; flow ratio between 1: 0.005 to
0.03:1; at a pressure between 1 and 4 torr; at a temperature

between 350 and 450 degrees C.

14. 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, a first
dielectric layer and a lower interconnect; said first dielectric layer and
said lower interconnect over said substrate; said top surface of said
first dielectric layer and said lower interconnect is relatively smooth,;

(b) forming a first silicon nitride layer over and adjacent to said first

dielectric layer using a High density Plasma deposition process with a
21
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