;e3e' b;' _667L9L9(; 6”; T; MYBUSE OF PHOSLON (PNO FOR BORDERLESS CONTACT
FABRI CATI ON ETCH STOPBARRI ER LAYER FOR DUAL DAMASCENE FABRI CATI ON AND
METHOD OF FORM NG PHOSLON FI ELD OF THE | NVENTI ON The present invention

rel ates generally to fabrication of sem conductor devices, and nore
specifically to nmethods of form ng phoslon and using phoslon in the
fabrication of sem conductor devices. BACKGROUND OF THE | NVENTI ON As
conpl i mentary netal -oxi de sem conductor (CMOS) device di mensions are scal ed
down, borderless contacts become necessary in order to fulfill the
stringent d 2 Dr 0ocess _mar gins to acconnodat e
the m sal i gri? LESS GONIALE FABRIKCATIONenes, a
| ayer of dielectric fI|mIS needed to functlon as an etch stop | ayer (ESL)
Thi s et ch- std{EH STOL/BARRIERT ¢ R BWAT PAMASCH ABRISATIONI de
during the contact-hole arusotroplc plasna etchlng process Prevention of
excessi ve STl oxide | osaNP METEHQD (OF FORMINGPHOSIXDRE current | eakage
through the active-isolation region. Current borderless contact practices
use silicon nitride (SiN) and/or silicon oxynitride (SiON) as the ESL.
Current dual damascene fabrication practices use SiN and/or Si CO SiCN or
SIC as the etch stop Iayer/b%rI tﬁrof ectivity remains an issue
for both of these current pr ials are silicon-based
and standard etch chem stry woul d be chall enging for advanced aspect-ratio
etching. 2 U S. Patent No. 6,274,517 Bl to Hsia describes a nethod of
fabricating a PNO (phoslon) spacer. U S. Patent No. 6,194,762 Bl to
Yamazaki et al. desthé bgmesenborideehidss pehtess gusérally Sitd atatiratioh chofst op
| ayer. U.S. Patent No. 6,072,237 to Jang et al. describes a nethod for

form ng ashnicdagheass d@@ﬁb@%@ﬁo@@% éeﬁmt @n@&%cﬁtﬁqom%&aﬁé‘ﬁfm atdS:
Patent No. 5,384,281 to Kenney et desCri bes a process

using phoslon in the fabrication of semiconductor devices.




etching narrow features, particularly subm cron borderl ess contacts using
an SiN etch stop layer. U S. Patent No. 6,239,026 Bl to Liu et al.

descri bes reduci ng poi soned vial in submcron process technol ogy by

reduci ng the occurrence of over-etched vias through the inclusion of an
etch stop layer. U S. Patent No. 4,172,158 to Li describes a nethod of
form ng an anor phous phosphorus-nitrogen-oxygen (PNO or phoslon) material.
3 SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present
invention to provide a method of form ng phoslon (PNO. Another object of
the present invention is provide a net hod of usi ng phoslon (PNO for
borderl ess contact fabri AESRGROUNDQ ! the present invention
is to provide a nethod of usi ng phoslon (PNO) for etch stop/barrier |ayer
for dual damascene fabrication. O her objects will appear hereinafter. It
has now been discovered that the above and other objects of the present

invention may be acgenrbhfieflen hgekAldxaqd nQeri‘I]%Bﬁ&ﬁ tooP al a CvD
reaction chanber having taﬁﬁr]eacttigro}{n terrperature of ro(FnOabﬁ %O c%éé”%eooc is

provi ded S m about 50 to. 4000 seem N2
gas and fr%ngﬂ%gﬁgg%%?dgﬁéggg Ye S%ﬁg? ggnfgﬂg HOPB OSSN B PHErA0D
reaction g@%ﬂb# Either from about 10 to 200 seem Oz gas or from about 50
to 1000 s N2be gdEngent gesigauanle iapdo t heraids rwidari procsharerginAntoHFRF
power of fromabout O waits to 4 kilowatts is al so enpl oyed. An LFRF power
of from abewmmodatethe BOGlignatdns duajngicontaot neaskigy skbr Fofletl¥is Borahos! on
etch stop layer in a borderless contact fabrication. Enploying a phoslon

| over et clcifni, h aR% oaraﬂéle&ma HRO05HRBAEA 49 ken RloaMhsSHOAch 6 1ahBr Gistya!

damascene fabricati‘on.
This etch-stop layer protects the shallow-trench-isolation (STI) oxide during the

contact-hole anisotropic plasma-etching process. Prevention of excessive STI oxide

loss is crucial in order to minimize current leakage through the active-isolation

region.

Current borderless contact practices use silicon nitride (SiN) and/or
silicon oxynitride (SION) as the ESL. Current dual damascene fabrication practices

use SiN and/or SiCO, SiCN or SIC as the etch stop layer/barrier layer.

Etch selectivity remains an issue for both of these current practices as
these materials are silicon-based and standard etch chemistry would be challenging

for advanced aspect-ratio etching.



BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advant ages of the
present invention will be nore clearly understood fromthe follow ng
description taken in conjunction with the acconmpanyi ng drawi ngs i n which
| i ke reference nuneral s designate simlar or correspondi ng el enents,

regions and portions and in which: Figs. 1 to 3 schematically illustrate in
cross-sectional representation a first preferred enbodi nent of the present
invention. Figs. 4 and 5 schematically illustrate in cross-sectional

representation a second preferred enbodi nent of the present invention. 6
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Met hod of Forming P, NO
(Phosl on) I n accor deife Eatant INa. 96278,58 8 Bittoilisia desaibes aymeihedi of fabrikiiag
(phosl on) may be achi eved using a comrercially avail able HDPCVD tool or a
PECVD t ook PNRbigphddlon)Npacand Oz are used in the high density plasnma
chem cal vapor deposition (HDPCVD) process while PH3, N2 NH3 and N2O are
used in the plasma enhanced chem cal vapor deposition (PECVD) process. The
preferred HDPCVD tool is known as the Utinmatmtool \nmanufactured by AVAT
or the SPEEDTM t ool gia?,uf ac%ed by NVLS The preferred PECVD tool is known
as the Producer TM t' 9ot TRERENNR GuP%4d68\Blannampzalh et ai-depuribes adusirderless
manuf actured by NVLS. Further, for the HDPCVD process:

process using SiN as the etch stop layer.

U.S. Patent No. 6,072,237 to Jang et al. describes a method for forming

a borderless contact structure with a SiN etch stop layer.

U.S. Patent No. 5,384,281 to Kenney et al. describes a process for
etching narrow features, particularly submicron borderless contacts using an SiN

etch stop layer.

U.S. Patent No. 6,239,026 B1 to Liu et al. describes reducing poisoned
vias in submicron process technology by reducing the occurrence of over-etched

vias through the inclusion of an etch stop layer.

U.S. Patent No. 4,172,158 to Li describes a method of forming an

amorphous phosphorus-nitrogen-oxygen (PNO or phoslon) material.



tenperature: preferably from about 300 to 600C and nore preferably from
about 350 to 550C; P133 gas flow. preferably fromabout 10 to 200 seem and
nore preferably fromabout 30 to 150 seem 7 N2 gas flow preferably from
about 50 to 4000 seem and nore preferably fromabout 100 to 3000 seem N A
gas flow preferably from about 50 to 1000 seem and nore preferably from
about 100 to 800 seem Oz gas flow preferably fromabout 10 to 200 seem
and nore preferably fromabout 30 to 150sccm HFRF power: preferably from
about 0 watts to 4 kilowatts and nore preferably from about 100 watts to
3.5 kilowatts; and LFRF power: preferably from about 1000 watts to 5000
watts and nore preferably SUMMARY OFIEINMENTIONS00 wads. Further, for

t he PECVD process: tenperature: preferably fromabout 300 to 600C and nore
preferably from about 350 to 550C, PFD gas flow preferably from about 10
to 200 seem and nore preferably fromabout 30 to 150 seem N2 gas flow

preferably from abo}%ecﬁ@iﬂ@yﬂﬂ% ﬁ%ﬁj&?%fr@lreepﬁrs&fmteﬁ%%ln&on to provide a

method of forming phoslon (PNO).

Another object of the present invention is to provide a method of

using phoslon (PNO) for borderless contact fabrication.

Yet another object of the present invention is to provide a method of

using phoslon (PNO) for etch stop/ barrier layer for dual damascene fabrication.
- Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
CVD reaction chamber having a reaction temperature of from about 300 to 600°C is
provided. From about 10 to 200 sccm PHs gas, from about 50 to 4000 sccm Nz gas
and from about 50 to 1000 scem NH;s gas are introduced into the CVD reaction
chamber. Either from about 10 to 200 sccm Oz gas or from about 50 to 1000 sccm
N20 gas is infroduced into the CVD reaction chamber. An HFRF power of from

about 0 watts to 4 kilowatts is also employed. An LFRF power of from about 0 to



fromabout 100 to 3000 seeny NH3 gas flow preferably fromabout 50 to 1000
seem and nore preferably fromabout 100 to 800 seem 8 N20O gas fl ow
preferably from about 50 to 1000 scan and nore preferably from about 100 to
800 seem HFRF power: preferably fromabout 50 to 1000 watts and nore
preferably from about 100 watts to 700 watts; and LFRF power: preferably
fromabout 0 to 1000 watts and nore preferably fromabout 50 to 700 watts.
The advant ages of synthesi zi ng phoslon in accordance with one or nore of

t he above enbodi ments of the present invention include: 1) uniform and
stable fil and 2) high throughput. The inventors have di scovered that
phosl on, 2RO sprts mayailsp, be feenplhped.oRmplotingsa zémbsion arbostEpNagemis iy t he
present invention is admrable suited for use as: a) an etch stop | ayer

ESL) in dobduritssk ' b6 ' : t,eh
(ESL) in &o b estactcfabtiagtion. @ﬁﬁpl@?@ﬁ?yﬁéﬁgn Rver dre ?to?lax@aar{gf/ﬁ?;ac

stop layer (ESL) in a dual damascene cation (see gs. and

phoslon middle etch stop layer in a dual damascene fabrication.



c) a barrier layer in a dual damascene fabrication (see Figs. 4 and 5) 9
because: a) the non-silicon based phoslon | ayers provide good etch
selectivity; b) ESLs and barrier |layers conprised of phoslon may have
tunabl e reflective index (n) and dielectric constant (k) values for

| owering the effective k values as well as controlling etch selectivity; by
changing the PH3, NH3, N2 and 2/ N20 gas flow ratios the film conpositions
wi || change and the reflective index (n) and dielectric constant (k) wll

al so change accordingly; c) a buffering capability is achieved through the
phosphorous (P) in that phoslon filnms will help to block nobile ion

di ffusion to the transiEﬁiﬂEl@EEﬁEﬂﬁiﬂgﬁﬁﬁﬂﬂaﬂﬁlmbéﬂﬂ@gﬁg as an ESL in a
borderl ess contact process/structure; d) phoslon is very stable as it
cont ai ns phosphorous, nitrogen and oxygen (PNO but not silicon (Si) and is
thus inert to alnost all chem cals comonly used in the sem conductor

industry and so hasTge %%Hh £ i vit 0 _oxi.de | O2) as
conpared to SiN and ST ON F)Ig &Efég %#Qgérbgaﬁrgﬁﬁgéﬁvﬁpgﬁgé’ﬁl %il’é‘P’@ctri c
br eakdown yo0l;t slo far ter than SiN, and f) good barrier
to pr evenFY ﬁg ‘%aelmt © 2{‘% @'Sp% PW(“E& es@iﬂ?ﬁ‘dﬁlﬁ’eusmngm]m@wuwuthdﬁmascene
dielectric | ayers. LBe of Phoslon Etch Stop Layer 26 in Borderless
Cont act Faﬁ?@ﬁéﬁﬁymg ﬂrawglg tro véhich like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Figs. 1 to 3 schematically illustrate in cross-sectional representation a

first preferred embodiment of the present invention.

Figs. 4 and 5 schematically illustrate in cross-sectional representation

a second preferred embodiment of the present invention.



As shown in Fig. 1, substrate 10 may have an isolation structure 12 forned
therein. Isolation structure 12 nay be, for exanple, a shallow trench
isolation (STT) structure conprised of silicon oxide. Substrate 10 is
preferably conprised of silicon (Si) or germanium (Ge), is nore preferably
a silicon substrate and is understood to possibly include a sem conduct or
waf er or substrate. A gate electrode 14 having an underlying gate oxide

| ayer 16 is fornmed over substrate 10 proxinate isolation structure 12. Gate
el ectrode 14 has sidewal | spacers 24 and may have an overlying gate
silicide portion 18. Source/draln (S/D) inplants 20 are formed within the
substrate 10 oMAdLAD BESCRIEIZON OFXBEPREFERRED ENBODINIENTS portion 22
may be fornmed the S/D |nplants as shown in Fig. 1. An etch stop layer (ESL)
26- conpri sed of phoslon, and nore preferably phoslon synthesized in
accordance wth the present invention, is forned over the substrate 10 and
the gate g&gﬁé&ggpoﬂﬁnl LB s of preferably from about 100 to 1000A
and nore preferably to 500A. 11 The phoslon ESL 26 has a
reflective index (n) value of preferably fromabout 1.6 to 2.2 and nore
preferably fromabout 1.8 to 2.0; and has a dielectric constant (k) val ue
of preferably fromabout 5.0 to 9.0 and nore preferably fromabout 6.0 to
7.0. A dielectric |layascorBnie withethefpreserd inventidn) syiphesis of PEBY. (Zsitijch may
comprise multiple dielectric sub-layers. Dielectric layer 28 is preferably

conpri sedmaly by gthicksiSusisig Rl asimetdhiy) avatne fvbd e é@&p
phosphosilicate gl ass (PS%E sub- atlm)sgherl C (SA) boro phOSp1|6”|OSI |caFP

(BPSG, p r}bﬂgc T Qr pref erably HDP USG
or HDP PSicjilﬁig,rg\sIN shovvn iﬁﬁil(é3 I§‘}92 Llj::srggsped“‘f? Sgoa ?ig)s tcgﬂr%" OV4P$% are

t hen patt&rne I%§923Q36|60trlc | ayer 28 over the gate silicon portion
18/ gate e WFesess yvhile ki, NIdnamd No arkaispd s HenplE@ba26 and
over at least a portion of the S/D silicide portion 22 to expose a second
porti on 3gnksnced cherhive] vapdEslepasitioNi(EEAVE) pebedsssel ectivity of the phoslon
ESL 26 conpared to the dielectric layer 28 inproves the etch process. 12

As shown in Fig. 3, the first exposed phoslon ESL portion 31 and the second
exposed phosl on ESL portion 33 are renmoved using a dry etch process. Since

t he high etch sel e¢hjvi t o] ortions 3 vis a vis the
i sol ation structure I}X{ ?ﬁdaﬁgﬁgiﬁk poé’i gﬂ‘i‘“@?d%s p’é?t iﬁﬁmf%“ tad ESL
renmoval dry etch process can stop on the top of STT 12 and gate silicide
portion M%Uﬁegﬂpy g hpr the SPEED™ tool manufactured by NVLS. The

preferred PECVD tool is known as the Producer™ tool manufactured by AMAT or

the SEQUAL™ tool manufactured by NVLS.

Further, for the HDPCVD process:

temperature: preferably from about 300 to 600°C and more preferably from

about 350 to 550°C:;

PHs gas flow: preferably from about 10 to 200 sccm and more preferably

from about 30 to 150 scem;



Use of Phoslon Etch Stop Layer sl144 48 Dual Danascene Fabrication Fps 4 and
5 As shown in Fig. 4, substrate 40 is preferably conprised of silicon (Si),
germanium (Ge) or gallium arsenide (GaAs), is nore preferably a silicon
substrate and is understood to possibly include a sem conductor wafer or
substrate. An exposed netal structure 42 is forned into substrate 10. Metal
structure 42 is preferably conprised of copper, alum num silver, gold,

pl ati num or tungsten and is nore preferably conprised of copper (Cu). A

| ower etch stop layer (ESL) and netal barrier |ayer 44 conprised of

Phosl on, and nore preferably phosl on synthesized in accordance with the
present invent i\brgasrﬂ‘ylwbl?l‘ﬁffélfa%l%dﬁmmbgubéﬂ rtat 4908 Geemdarek posre dprekdrably
structure 42 to a thickness of fromabout 100 to 1000A and nore preferably
f r om aboufro2®8bme ID0AA300Bscem;ower phosl on ESL and netal barrier |ayer 44
has a reflective index (n) value of preferably fromabout 1.6 to 2.2 and

nor e preferabl r u ; jelectric consta (k)
val ue of pref e?‘%%% gf)%fﬁt bgeg%frgag&%d%dqngjsrlr@ordgkglrneﬁé gﬁ?r)? l?rre%eﬁ? out
6.0 to 7.0, A]girsl(&p?i g@ﬁctri_c | ayer 46 is then formed over the |ower
phosl on EECAPYE HOLRPRUMETE of preferably from about 1500 to 7000A and
nore preferably from about 2000 to 6000A. First dielectric |layer 46 is
preferably corrélz gae fowt puserabhsEonBatimi 10! tAR0BBTvh and méddiirefdzablg! Fddf r om
NVLS or other lowk dielectric materials and is nore preferably conprised
of FSG Bhbéudt ADItANENEIEM; f r om AMAT or Coral TM from NVLS. A middl e etch stop
| ayer (ESL) 48 conprised of phoslon, and nore preferably phoslon

synt hesi zed i nH@*‘R?Obg%ﬁe p\‘\gffegbi}h%r%ecsf&&t b%ERL ' Q"s TRYWAAE "ind more
preferably from about 100 watts to 3.5 kilowatts; and

LERF power: preferably from about 1000 watts to 5000 watts and more

preferably from about 1500 watts to 4500 watts.

Further, for the PECVD process:

temperature: preferably from about 300 to 600°C and more preferably from
about 350 to 550°C;

PHs gas flow: preferably from about 10 to 200 sccm and more preferably
from about 30 to 150 sccm;

N2 gas flow: preferably from about 50 to 4000 sccm and more preferably
from about 100 to 3000 sccm;

NHs gas flow: preferably from about 50 to 1000 sccm and more preferably

from about 100 to 800 scem;



be fornmed over the first dielectric layer 46 to a thickness of from about
100 to 1000A and nore preferably from about 200 to 700A. M ddl e phosl on ESL
48 has reflective index (n) value of preferably fromabout 1.6 to 2.2 and
nore preferably fromabout 1.8 to 2.0; and has a dielectric 14 const ant
(k) value of preferably fromabout 5.0 to 9.0 and nore preferably from
about 6.0 to 7.0. A second dielectric layer 50 is then forned over the

m ddl e phoslon ESL 48 to a thickness of preferably from about 2000 to

10, 0O00A and nore preferably from about 2500 to 9000A. Second dielectric

| ayer 50 is preferably conprised of USG FSG BLACK DI AMONDTM from ANAT,
Cor al TM from NX28 &s é@waapref@wbbf éioot ebowt 50 tm 800 sicsn and msrenmweéerably
preferably conmprised of FSG BLACK DI AMONDTM from AVAT or Coral TM from
NVLS. The fisee abohitdiO8lte 800 s@mt;ayer 50, m ddl e phoslon ESL 48 and the first
dielectric |ayer 46 are patterned and etched to forma via opening 52

exposi ng a por HERE pSwes: tal ;barrier |ayer 44.
As shown in Fig. S,Et he gg%ﬁ%}ﬁgﬁ{é‘f’gc r|u§%|0§§élr()%g§vl %%inﬁorsagrtegqrﬁléla and
et ched, stoppi m ddl e oslon ESL 48, to formtrench openi ng 54
overlyi ng%ﬁoﬁrgagcgfﬁﬁ%ﬂi‘?%gﬁapﬁpwtﬁ a opening 52'. Trench opening 54 and
remai ni ng via oEening 52' conprise dual danmascene opening 60. The portion
53 of the | owekFBRaEAWRT: PSkfcratdy feyml ativant 10 & 1080 evatibdarics more preferably

from about 50 to 700 watts.

The advantages of synthesizing phoslon in accordance with one or
more of the above embodiments of the present invention include:
1) uniform and stable film; and

2) high throughput.

The inventors have discovered that phoslon, and specifically, the

phoslon synthesized in accordance with the present invention is admirable suited

for use as:

a) an etch stop layer (ESL) in a borderless contact fabrication (see Figs. 1
to 3);

b) an etch stop layer (ESL) in a dual damascene fabrication (see Figs. 4
and 5); and

¢) a barrier layer in a dual damascene fabrication (see Figs. 4 and 5)



removed exposing a portion 63 of metal structure 42. 15 A barrier |ayer
56 conprised of Ta, TaN, Ti or TiN, and nore preferably Ta or TaN may be
formed within dual danascene opening 60, |ining dual damascene openi ng 60.
Barrier |layer 56 has a thickness of preferably fromabout 50 to 3000A and
nore preferably from about 100 to 250A. A planarized netal dual damascene
structure 58 may then be fornmed wi thin dual danascene openi ng 60. Metal
dual damascene structure 58 is preferably conprised of copper, al um num
silver, gold, platinumor tungsten and nore preferably copper (Cu).

Advant ages of the Invention The advantages of one or nore enbodi nents of
the present invention further include: 1) the non-silicon based phoslon

| ayers provide good etch selectivity; 2) ESLs and barrier |ayers conprised
of phosl ometmisehave tunabl e reflective index (n) and dielectric constant
(k) values for lowering the effective k values as well as controlling etch
sel ectively; 16 3) a buffering capability is achieved through the
phosphorus (P) in the

a) the non-silicon based phoslon layers provide good etch selectivity;

b) ESLs and barrier layers comprised of phoslon may have tunable reflective
index (n) and dielectric constant (k) values for lowering the effective k values as
well as controlling etch selectivity; by changing the PHs, NHzs, N2 and 02/N20 gas
flow ratios the film compositions will change and the reflective index (n) and
dielectric constant (k) will also change accordingly;

¢) a buffering capability is achieved through the phosphorous (P) in that
phoslon films will help to block mobile ion diffusion to the transistor which is
important when used as an ESL in a borderless contact process/ structure;

d) phoslon is very stable as it contains phosphorous, nitrogen and oxygen
(PNO) but not silicon (Si) and is thus inert to almost all chemicals commonly used
in the semiconductor industry and so has a much higher etch selectivity to oxide
(5i02) as compared to SiN and SiON;

e) the dieleciric breakdown strength (dieleciric breakdown voltage) of
phoslon is far better than SiN; and

f) good barrier to prevent metal, i.e. e.g. copper (Cu), from diffusing into

dual damascene dielectric layers.

10



T e

phoslon filins wll help to block nobile ion diffusion to transistor when
phoslon is used as an ESL in borderless contact process/structures; 4) the
di el ectric breakdown strength of phoslon is far better than Si N, and 5)
phoslon is a good barrier to prevent Cu fromdiffusing into dual damascene
dielectric layers. Wiile particular enbodi ments of the present invention
have been illustrated and described, it is not intended to limt the

i nvention, except as defined by the followi ng clainms. 17 CLAIMS W claim
1. A nethod of form ng phoslon, conprising the steps of: providing a CVD
reaction chanber having a reaction tenperature of from about300to 600C;

i ntroduci &l pd.a%e)26 keBoiddslesSonatoFabrRatbn58c4.q 300 seem 5
Nz gas and fron1about 50 to 1000 seem NIi 3 gas into the CVD reaction
chanber; introducing either fromabout 10 to 200 stem Oz gas or from about
50 to 1000 scan N20 gas into the CVD reacti on chanber; and enpl oyi ng an

HFRF power of from t ts.to Ki | tts.or from about 50 to 1000
watts: 10 to synth egi?%gl Wﬁ'emp S|1OT°;|ubstr'c1te 285 may have an isolation structure 12

formed therein. Isolation structure 12 may be, for example, a shallow trench

isolation (STI) structure comprised of silicon oxide,

Substrate 10 is preferably comprised of silicon (Si) or germanium (Ge),
is more preferably a silicon substrate and is understood to possibly include a

semiconductor wafer or substrate.

A gate electrode 14 having an underlying gate oxide layer 16 is
formed over substrate 10 proximate isolation structure 12. Gate electrode 14 has
sidewall spacers 24 and may have an overlying gate silicide portion 18.
Source/drain (S/D) implants 20 are formed within the substrate 10 outboard the
sidewall spacers 24 and a 5/D silicide portion 22 may be formed the S/D implants

as shown in Fig. 1.

An etch stop layer (ESL) 26 comprised of phoslon, and more
preferably phoslon synthesized in accordance with the present invention, is formed
over the substrate 10 and the gate electrode 14 to a thickness of preferably from

about 100 to 1000A and more preferably from about 200 to 500A.

11



2. The nethod of claim1l1, wherein the CVD chanber is an HDPCVD tool and
fromabout 10 to 200 seem Oz gas is introduced into the HDPCVD tool. 3. The
met hod of claim1, wherein the CVD chanber is an PECVD tool and from about
50 to 1000 seem NzO gas is introduced into the PECVD tool. 18 cs of
-1~7~1ss 4. The method of claim1l, wherein the reaction tenperature is from
about 350 to 550C; from about 30 to 150 seem PH3 gas, from about 100 to
3000 seem Nz gas and from about 100 to 800 seem NH3 gas into the CVD
reacti on chanber; introducing either fromabout 30 to 150 seem Oz gas or
from about 100 to 800 seem NzO gas into the CVD reaction chanber; and an
HFRF power of from about 100 watts to 3.5 kilowatts or from about 100 to
700 watts is enployed. 5. The nmethod of claim1, mherein the CVD reaction

chanber is an U ti mpM,FdORCYR L

HDPCVD t ool nanufactu@%d by NVL QLw ?%ﬁ?é E %% €p§%%§555? S is

i ntroduced.in t.he, Ef DPCVD t ool thod of clalml wherein the CVD
reaction %ngtg)glﬁ iios?"g %H}?&'grpft?fergéb%)m outphfifta &Qirad By andiglesirica
SEQUALTA~ PECVD tool manufactured by NVLS and from about 50 to 1000 seem
NzO gas i §onstntodilcesdug et prefieabbr @i tabolit 50, toTHE aret haste qirefdrabl fiom

i ncluding the step of enploying an LFRF power of from about 1000 to 5000
watts or fabou @den?.00 to 1000 watts. 19

A dielectric layer 28 is then formed over the phoslon ESL 26 which
may comprise multiple dielectric sub-layers. Dielectric layer 28 is preferably
comprised of high density plasma (HDP) undoped silica glass (USG), HDP
phosphosilicate glass (PSG), sub-atmospheric (SA) boro phosphosilicate (BPSG),
plasma-enhanced (PE) TEOS or PE PSG and is more preferably HDP USG or HDP

PSG.

As shown in Fig. 2, respective borderless contacts 30, 32 are then
patterned through dielectric layer 28 over the gate silicon portion 18/ gate electrode
14 to expose a first portion 31 of the phoslon ESL 26 and over at least a portion of
the S5/D silicide portion 22 to expose a second portion 33 of the phoslon ESL 26. The
high etch selectivity of the phoslon ESL 26 compared to the dielectric layer 28

improves the etch process.

12



CS 01-177/183 8. The nethod of claim11, including the step of enploying an
LFRF power of from about 1500 to 4500 watts or from about 50 to 700 watts.
9. A nethod of form ng phoslon, conprising the steps of: providing a C/D
reacti on chanber having a reaction tenperature of from about 350to 550C,

i ntroducing fromabout 30 to 350 seem PHa gas, from about 100 to 3000 seem
5 Nz gas and from about 100 to 800 seem NHs gas into the CVD reaction
chanber; introducing either fromabout 30 to 150 seem Oz gas or from about
100 to 800 seem NzO gas into the CVD reaction chamber; and enploying an
HFRF power of from about 100 waits to 3.5 kilowatts or fromabout 100 to
700 watts; 10 to syAsisbeizeintFig. Hithelfipst exidsed Plosieh FH. Slrtohd 1M mpher ein
the CVD chanber is an HDPCVD tool and from about 30 to 150 seem Oz gas is

i i i i he CVD
i nt r oducededodoetiediFMR 88t pdkion THE AfE} G [ e‘ggﬁr FNINY
chanber is an PECVD ;ooIDand rrJE1a ogt i%§;$§g?§§;%gfnlﬁé?n1g I&Eejein .
i ntroduced.jnte t gl . ) . 9 w

C\VD react %olﬂﬁ:@ c grﬁgp ?I%gl\‘/a?ﬁfeﬂlﬁt}(ré)%\hhﬁlﬁ@%ﬂ PRtberactluBdavipye migptheor a
SPEEDTM HDPCVD t ool manufactured by NVLS; and from about 30 to 150 seem Oz
gas is i nﬁo%ﬁbﬂrﬁ% Fmapqpiatend the gate silicide portion 18, the ESL removal dry

etch process can stop on the top of STI 12 and gate silicide portion 18 without STI

gouging.

Use of Phoslon Etch Stop Layer(s) 44, 48 Dual Damascene Fabrication: Figs.4and 5

As shown in Fig. 4, substrate 40 is preferably comprised of silicon (Si),
germanium (Ge) or gallium arsenide (GaAs), is more preferably a silicon substrate

and is understood to possibly include a semiconductor wafer or substrate.

An exposed metal structure 42 is formed into substrate 10. Metal
structure 42 is preferably comprised of copper, aluminum, silver, gold, platinum or

tungsten and is more preferably comprised of copper (Cu).

A lower etch stop layer (ESL) and metal barrier layer 44 comprised of
Phoslon, and more preferably phoslon synthesized in accordance with the present
invention, may be formed over substrate 40 and exposed metal structure 42 to a

thickness of from about 100 to 1000A and more preferably from about 200 to 700A.

13



tool. 13. The nethod of claim9, wherein the CVD reaction chanber is a
Producer' M PECVD t ool manufactured by AMAT or a SEQUAL'' M PECVD t oo
manuf act ured by NVLS and from about 100 to 800 seem N20 gas is introduced
into the PECVD tool. 14. The nethod of claim9, including the step of

enpl oyi ng an LFRF power of from about 1000 to 5000 waits or fromabout O to
1000 watts. 15. The nmethod of claim9, including the step of enploying an
LFI ZF power of from about 1500 to 4500 watts or from about 50 to 700 watts.
16. A method of form ng borderl ess contact openings, conprising the steps
of : providing a substrate having a gate el ectrode fornmed thereover; the
gate el ectrode; 21 formng source/drain inplants into the substrate

proxi mate the gate 5 el ectrode; form ng a phoslon etch stop | ayer over the

substrate and over Lowegphesleh &L e mdal eirfigr fayd AUGGisrd fefleades iRUEr the
phosl on etch stop | ayer; patterning and etching the dielectric |ayer and

the phosl gp @ﬁ@ Cc ct
opent g oo, e pEbRleraBPhrohbatithy 13 8 25 ahB3Rbr A AEHE Ho dhei? 1645
source/dr %' AN g%as a 31e1ectrlc constant (k) value of preferably from about 5.0 to 9.0 and

more preferably from about 6.0 to 7.0.

A first dielectric layer 46 is then formed over the lower phoslon ESL
44 to a thickness of preferably from about 1500 to 7000A and more preferably from
about 2000 to 6000A. First dielectric layer 46 is preferably comprised of USG, FSG,
BLACK DIAMOND™ from AMAT, Coral™ from NVLS or other low-k dielectric
materjals and is more preferably comprised of FSG, BLACK DIAMOND™ from

AMAT or Coral™ from NVLS.

A middle etch stop layer (ESL) 48 comprised of phoslon, and more
preferably phoslon synthesized in accordance with the present invention, may then
be formed over the first dielectric layer 46 to a thickness of from about 100 to 1000A

and more preferably from about 200 to 700A.

Middle phoslon ESL 48 has reflective index (n) value of preferably

from about 1.6 to 2.2 and more preferably from about 1.8 to 2.0; and has a dielectric

14



17. The method of claim 16, wherein the phoslon etch stop layer is from
about 100 to 1000.5 thick. 18. The nethod of claim 16, wherein the phoslon
etch stop layer is fromabout 200 to 500A thick. 19. The nmethod of claim
16, wherein the phoslon etch stop |layer has a reflective index val ue of
fromabout 1.6 to 2.2 and a dielectric constant value of fromabout 5.0 to
9.0. 22 20. The nethod of claim 16, wherein the phoslon etch stop | ayer
has a reflective index value of fromabout 1.8 to 2.0 and a dielectric
constant value of fromabout 6.0 to 7.0. 21. The nmethod of claim 16,
wherein the gate el ectrode includes an overlying silicide portion. 22. The
met hod of cengamt (ig, vakixe oéipnefatatle feim abeudB.0t tre 9 Hoattd: edate aprefdratly aptm has
an overlying silicide portion. 23. The nethod of claim 16, wherein the
substr at e absutehps 79ed of a material selected fromthe group consisting of
silicon and germanium 24. The nethod of claim 16, wherein the substrate is
a silicon substrate. 25. The nethod of claim 16, wherein the phoslon etch
stop layer is formed using the follow ng steps: providing a CVD reaction

chanber having a rggction t enperature of from
second dielectric layer 50 is then formed over the middle phoslon

ESL 48 to a thickness of preferably from about 2000 to 10,000A and more preferably
from about 2500 to 9000A. Second dielectric layer 50 is preferably comprised of
USG, FSG, BLACK DIAMOND™ from AMAT, Coral™ from NVLS or other low-k
dielectric materials and is more preferably comprised of FSG, BLACK

DIAMOND™ from AMAT or Coral™ from NVLS.

The second dielectric layer 50, middle phoslon ESL 48 and the first
dielectric layer 46 are patterned and etched to form a via opening 52 exposing a

portion 53 of the lower phoslon ESL and metal barrier layer 44.

As shown in Fig. 5, the second dielectric layer 50 is again patterned
and etched, stopping on middle phoslon ESL 48, to form trench opening 54
overlying the remaining portion of via opening 52'. Trench opening 54 and

remaining via opening 52' comprise dual damascene opening 60.

The portion 53 of the lower phoslon ESL and metal barrier layer 44 is

removed exposing a portion 63 of metal structure 42.

15
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about 300 to 600C; introducing fromabout 10 to 200 seem PHa gas, from
about 50 to 4000 seem NZ gas and from about 50 to 1000 seem Nli3 gas into
the CVD reaction chanber; 23 i ntroducing either fromabout 10 to 200 stem
Oz gas or from about 50 to 1000 seem NzO gas into the CVD reaction chanber;
enpl oyi ng an HF1ZF power of from about O watts to 4 kilowatts or from about
50 to 1000 watts; and enploying an LF12F power of from about 1000 to 5000
watts or fromabout O to 1000 watts; to synthesize the phoslon. 26. The
met hod of claim 16, wherein the phoslon etch stop layer is formed using the
foll owi ng steps: providing a CVD reacti on chanber having a reaction
tenperature of fromabout 350 to 550C, introducing fromabout 30 to 350
seem PHs gas, from about 100 to 3000 seem Nz gas and from about 100 to 800
seem NH3 gas into tAeb@vrr h@r@fi%ﬂc@ﬁgmb@d;ofi Th) TEMG i T ofi TiRE T arfd QRdRDOUL
30 to 150 scan Oz gas or from about 100 to 800 seem NzO gas into the CVD
reaction by A p. I t 100 ts to 3.5
&h y TehH! TXNn&a?gbe;g%h\{/:%it ﬁgﬁﬁéﬁhaf HMa2R94 oﬁénmg\;/\%b, ]?.m.ng

kil owatts or from about 100

dual damascene opening 60. Barrier layer 56 has a thickness of preferably from

about 50 to 3000A and more preferably from about 100 to 250A.

A planarized metal dual damascene structure 58 may then be formed
within dual damascene opening 60. Metal dual damascene structure 58 is
preferably comprised of copper, aluminum, silver, gold, platinum or tungsten and

more preferably copper (Cu).

Advantages of the Invention

The advantages of one or more embodiments of the present invention
further include:
1) the non-silicon based phoslon layers provide good etch selectivity;
2) ESLs and barrier layers comprised of phoslon may have tunable reflective
index (n} and dielectric constant (k) values for lowering the effective k values as

well as controlling etch selectively;

16



enpl oyi ng an LFI ZF power of from about 1500 to 4500 watts or from about 50
to 700 watts; to synthesize the phoslon. 24 27. A nmethod of forming a
dual damascene structure, conprising the steps of: providing a substrate
havi ng an exposed netal structure fornmed therein; formng a | ower etch stop
| ayer over the substrate and the exposed nmetal structure; 5 formng a first
dielectric layer over the |lower etch stop layer; formng a mddle etch stop
| ayer over the first dielectric layer; formng a second dielectric |ayer
over the mddle etch stop |layer; patterning and etching the second
dielectric layer, the mddle etch stop layer and the first dielectric |ayer
to forma via 8penbutferixgespallity porthievedfthtdiegh ohephbepleéres @) dp thayer ;
patterning and etching the second dielectric |ayer, stopping on the

pat t er ned phibsldhdileisohilShelp tb MGk mbBilé PiHFISSNED =ARENP WIS hdh is
remai ni ng via opening; the trench opening and the underlying remaining via

openi ng cg‘gm%é%\l{llaﬁ?g;hg¥@ldeggg;§0%qgﬁq}?§8§eg%%g% he dual damascene opening

havi ng expose renovi ng Sftion of the | ower etch
stop layer to exposg .a portiogn of the netal structure; formng a barrier
| ayer at Ieast%@rﬁ?lﬁgné %é@@%??@%hof RBoglgnfis 93 hadewxthen SIN; and

5) phoslon is a good barrier to prevent Cu from diffusing into dual

damascene dielectric layers.

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.
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openi ng; and formng a dual damascene structure within the barrier |ayer
| i ned dual 20 damascene opening; 25 wherein either the mddle etch stop

| ayer or the |ower etch stop layer is conprised of phoslon. 28. The net hod
of claim27, wherein the mddle etch stop |layer or the |ower etch stop
~layer conprised of phoslon is forned using the follow ng steps: providing a
CVD reaction chanber having a reaction tenperature of from about 300 to
600C, introducing fromabout 10 to 200 seem PH3 gas, from about 50 to 4000
stem Nz gas and from about 50 to 1000 seem NFL gas into the CVD reaction
chanber; introducing either fromabout 10 to 200 seem OZ gas or from about
50 to 1000 seem NzO gas into the CVD reaction chanber; enploying an HFI 2F
power of fromabout O watts to 4 kilowatts or from about 50 to 1000 watts;
and enpl oyi ng an LFRF power of from @paygigsl000 to 5000 watts or from about
O to 1000 watts; to synthesize the phoston. 29. The method of claim 27,
wherein t ke Je etch stop layer and the | ower etch stop |ayer are each

conpri sed o? osl on.

1. A method of forming phoslon, comprising the steps of:

providing a CVD reaction chamber having a reaction temperature of from
about 300 to 600°C;

introducing from about 10 to 200 sccm PHs gas, from about 50 to 4000 sccm

5 N2gas and from about 50 to 1000 sccm NHs gas into the CVD reaction chamber:;

introducing either from about 10 to 200 scem O: gas or from about 50 to 1000
scem N2O gas into the CVD reaction chamber; and

employing an HFRF power of from about 0 watts to 4 kilowatts or from
about 50 to 1000 watts;

10  to synthesize the phoslon.

2. The method of claim 1, wherein the CVD chamber is an HDPCVD tool and from

about 10 to 200 sccm Oz gas is introduced into the HDPCVD tool.

3. The method of claim 1, wherein the CVD chamber is an PECVD tool and from

about 50 to 1000 sccm N2O gas is introduced into the PECVD tool.
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26 30. The nethod of claim 27, wherein the mddle etch stop |layer has a

t hi ckness of from about 100 to 1000A and the |lower etch stop |ayer has a

t hi ckness of from about 100 to 1000A. 31. The nethod of claim 27, wherein

the mddle etch stop |ayer has a thickness of from about 200 to 700A and

the barrier layer has a thickness of fromabout 200 to 700A. 27
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6. The method of claim 1, wherein the CVD reaction chamber is a Producer™
PECVD tool manufactured by AMAT or a SEQUAL™ PECVD tool manufactured

by NVLS and from about 50 to 1000 sccm N2O gas is introduced into the PECVD

tool.

7. The method of claim 1, including the step of employing an LFRF power of from

about 1000 to 5000 watts or from about 0 to 1000 watts,
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10$! 109! 2 *dEbCI10% ) ! 10%@& () -=C y10%@& ()- |"10%@& ()- ,
1 10%@& () -Z Y10%@&' ()- =l 10%@& ()-=*\ xnbC910%40%&&' ()- 10@ 10@
10@ 10%E& () -, 210%@& () -=C/ YI0%@& ()-=I + 10%@& ()- _o zX9.C
10@ 10%@& ()-! & 109%@e ()- | " 109%@& () -

1110%@e% ()-"'t!10%@e% ()-D! ! 10%@e% ()- CMibW.@ 10% 102 102
102: 1092& ()-1109%R& ()- ! 109R& ()-Z3! 109%R& ()-Z 10@ 10@

j dEnbW.@ |C£?)Pée/$778{'1§§ - ZMLOY%S! & () -=!1098l & ()-=I"!1098l & ()-2Z||Z109%! & ()-=10
Bl & ()- | "#$SWKNDCL@0% & ()-Z 10$ 10$1 10%!: 109l & ()-1"1098I & ()- C,
v109%$l & ()-Z 1098l & ()- <V MIEnbCL@5! 109 & ()-YP"! 10% & ()-YC, v10% & ()-
110% & ()- Y109 & ()-Z,J10% & () - =, @EnbCL@4

10% & ()-V2*10% & ()-v/ 10% & ()-s-)10% & ()-=& + 10% & () -

&10% & () 8<Thé HAehdd QY @Hir)1, including the step of employing an LFRF power of from

about 1500 to 4500 watts or from about 50 to 700 watts.

9. A method of forming phoslon, comprising the steps of:

providing a CVD reaction chamber having a reaction temperature of from
about 350 to 550°C;

introducing from about 30 to 350 sccm PHs gas, from about 100 to 3000 sccm

5 N2gas and from about 100 to 800 sccm NHa gas into the CVD reaction chamber;

introducing either from about 30 to 150 sccm Oz gas or from about 100 to 800
scem N20 gas into the CVD reaction chamber; and

employing an HFRF power of from about 100 watts to 3.5 kilowatts or from
about 100 to 700 watts;

10  to synthesize the phoslon.

10. The method of claim 9, wherein the CVD chamber is an HDPCVD tool and from

about 30 to 150 sccm Oz gas is introduced into the HDPCVD tool.

11. The method of claim 9, wherein the CVD chamber is an PECVD tool and from

about 100 to 800 sccm N20 gas is introduced into the PECVD tool.
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10928 ()-=10%@&' ()- 10%& ()-= 10] 10] 10]:10% & () - pHIEbCL@ 0% () -
109%@& ()- | CLO%E ()-, 109%@& ()- S10%@& ()- 10%@& ()-=$8dEbCL@ 10%@& () - =P+
10%@& ()-,))10%@& () -=&10%@& ()-9$) 109%@& ()-="1"10%x& ()- FbdefgxnmbCL@

1091 & ()-= 10@ 10@ .

10@ 1096 () - PA@LOYEE () -, 210%&& ()-=/ 10%& ()-9dEMbCL@ | Y109l & ()-=

10981 & ()- 109l & ()-=110%l & ()-1 109l & ()-=#10%$l & () - <PdEmbCL@

10981 & ()-& 10981 & ()-< $Y1098l & ()-=, 1098l & ()-}10%l & ()- 71098l & () -

- BdE: / 10%l

1081 : t 1098 & ()-s610%l & ()- YA 4109l & () -s2=109%! & ()- YT/ 1098 & ()-- 109l &

"()-Y3E xY:/ 10$I1 !10%@& ()- *10%@& ()-Z!' 10%@& () -

10%4@& () - Z109%@& ()-=3 10%@& ()- 10$IE  +!|!IIdE:/

1031 -) 10%@&’ The ZhethOX@¥ {lhim .9, FRUEE the 28D AUBidn Womber is an Ultima™
HDPCVD tool manufactured by AMAT or a SPEED™ HDPCVD tool manufactured
by NVLS; and from about 30 to 150 sccm Oz gas is introduced into the HDPCVD

tool.

13. The method of claim 9, wherein the CVD reaction chamber is a Producer™
PECVD tool manufactured by AMAT or a SEQUAL™ PECVD tool manufactured
by NVLS and from about 100 to 800 sccm N:O gas is introduced into the PECVD

tool.

14. The method of claim 9, including the step of employing an LFRF power of from

about 1000 to 5000 watts or from about 0 to 1000 watts.

15. The method of claim 9, including the step of employing an LERF power of from

about 1500 to 4500 watts or from about 50 to 700 watts.

16. A method of forming borderless contact openings, comprising the steps of:
providing a substrate having a gate electrode formed thereover; the gate

electrode;
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1081 1211094 & () -ZCOY10% & ()-Z+10% & ()-=1)!10%9 & ()-Z| & =10% & ()-"10% & (
)- W/ B/ ledf0le; 108! ,! 10%@& () - =| Z10%@&' () -

forming a phoslon etch stop layer over the substrate and over the gate

electrode;
forming a dielectric layer over the phoslon etch stop layer;
patterning and etching the dielectric layer and the phoslon etch stop layer to
10 form at least one borderless contact opening over at least the gate electrode or at

least one of the source/drain implants.

17. The method of claim 16, wherein the phoslon etch stop layer is from about 100

to 1000A thick.

18. The method of claim 16, wherein the phoslon etch stop layer is from about 200

to 500A thick,

19. The method of claim 16, wherein the phoslon etch stop layer has a reflective
index value of from about 1.6 to 2.2 and a dielectric constant value of from about 5.0

t0 9.0.
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21. The method of claim 16, wherein the gate electrode includes an overlying

silicide portion.

22, The method of claim 16, wherein at least one of the source/drain implants has

an overlying silicide portion.

23. The method of claim 16, wherein the substrate is comprised of a méterial

selected from the group consisting of silicon and germanium.
24, The method of claim 16, wherein the substrate is a silicon substrate.

25. The method of claim 16, wherein the phoslon etch stop layer is formed using the

following steps:

providing a CVD reaction chamber having a reaction temperature of from

about 300 to 600°C;
introducing from about 10 to 200 sccm PHa gas, from about 50 to 4000 scem

N2 gas and from about 50 to 1000 sccm NH3 gas into the CVD reaction chamber;

23



100 100 100 : 10%0% ()- 10%0% ()- ! 109%0% () - =>>! 237} ??@EbC 10@ 10%& () -
 110%1& () -  10%1& ()-=110%l& ()- 10%l& ()-=10%l& () - =@ @AABRAJELC

10@ 710%1& () - |+ 10%1& ()- &10%I& ()- $10%I& ()-"*10%l& ()- |

@0%I& () - RAAAAAAAADBLC 10@B! 10%@& () - Z310%@& ()- 10d 10d |

10d1 : 109%1& () -1410%l& ()- , 2! 10%l& ()- DBKBBB$CTCCIEDC 10@ 10%@& () -

&@LOYEE ()- 10%@& ()-=s10%@& ()-=f 10%@& () - Z3&10%@& ()- CCDEEFF FFdE:/ 10@

10@;

109@' ()-610%@& ()-4! 10%& ()-SI)! 10%@& ()-t! 10%G ()-t 10%@& () - FFFnFFFUG7G
xY:/ 10@0%l& ()-f. 10%l& ()-=810%I& ()- f 10%l& ()- & 10%l& ()-=10%l& ()-

10 @ GGGHNHHHd Eradnging eisl: fromgibentdikitq 300 scrm@gigay grfrom about 50 to 1000

sccm N20 gas into the CVD reaction chamber;

employing an HFRF power of from about 0 watts to 4 kilowatts or from
about 50 to 1000 watts; and

employing an LFRF power of from about 1000 to 5000 watts or from about 0
to 1000 watts;

to synthesize the phoslon.

26. The method of claim 16, wherein the phoslon etch stop layer is formed using the
following steps:

providing a CVD reaction chamber having a reaction temperature of from
about 350 to 550°C;

introducing from about 30 to 350 scem PHs gas, from about 100 to 3000 sccm
N2 gas and from about 100 to 800 sccm NH3 gas into the CVD reaction chamber;

introducing either from about 30 to 150 sccm Oz gas or from about 100 to 800
scem N20 gas into the CVD reaction chamber;

employing an HFRF power of from about 100 watts to 3.5 kilowatts or from
about 100 to 700 watts; and

employing an LFRF power of from about 1500 to 4500 watts or from about 50
to 700 watts;

to synthesize the phoslon.
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forming a lower etch stop layer over the substrate and the exposed metal
structure;
5 forming a first dielectric layer over the lower etch stop layer;
forming a middle etch stop layer over the first dielectric layer;
forming a second dielectric layer over the middle etch stop layer;
patterning and etching the second dielectric layer, the middle etch stop layer
and the first dielectric layer to form a via opening exposing a portion of the lower
10  etchstop layer;
patterning and etching the second dielectric layer, stopping on the patterned
middle etch stop layer, to form a trench opening over the remaining via opening;-
the trench opening and the underlying remaining via opening comprising a dual
damascene opening; the dual damascene opening having exposed walls;
15 removing the exposed portion of the lower etch stop layer to expose a
portion of the metal structure;
forming a barrier layer at least over the exposed walls of the dual damascene
opening; and
forming a dual damascene structure within the barrier layer lined dual

20  damascene opening;
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of phoslon.

28. The method of claim 27, wherein the middle etch stop layer or the lower etch
stop layer comprised of phoslon is formed using the following steps:

providing a CVD reaction chamber having a reaction temperature of from
about 300 to 600°C;

introducing from about 10 to 200 sccm PHs gas, from about 50 to 4000 sccm
Nz gas and from about 50 to 1000 sccm NHs gas into the CVD reaction chamber;

introducing either from about 10 to 200 sccm O2 gas or from about 50 to 1000
scem N2O gas into the CVD reaction chamber;

employing an HFRF power of from about 0 watts to 4 kilowatts or from

about 50 to 1000 watts; and

employing an LERF power of from about 1000 to 5000 watts or from abotut 0

to 1000 watts;

to synthesize the phoslon.

29. The method of claim 27, wherein the middle etch stop layer and the lower etch

stop layer are each comprised of phoslon.

26



10d 10 10 10l:10%& ()-6 109& () -
| 4) 109%&' ()-=, 29109 ()-/)10%& ()-=]b] n]]"K*_~dEYNC 10d |10%a& ()-&
109 ()-=10%@& ()-=!10%a& ()-=3&c10%& () - 3! 10%@4‘ ()-z~"~C_o__ _dEYNC 10d
$L0%EE ()-" 10%@ ()- | 10%@& ()- *10%a ()-
109 ()-=*10%& ()-=_") D~ dE: / 10@ 10@ 10%@ ()-1210%@ () -
0! 10%@& ()-=+w 10%@& ()-1)10%a& ()-')10%& ()- " al azaab$bxY:/
10@aL0%0& () -! 10908 () -=!10%0& ()-=, J10%& ()-! 1098 ()-2Z! 1098 () -=
10@b' bzaab$bxY: /
10@@0%3&9& )- 110908 ()-=!10%0& ()-=,J10%& ()-!10%0& ()-2Z,; 109%& () -
Nor mal athegeti®dd of tlamdlZn ghi2sdinthé heiddiagtcR 3hep layee ads B0 ARhESs of
"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
" Def aul t B@naab@m&%noooﬁﬁﬁ&(thél%%&& { AR
. QVAP<Bf KRX) ° bM\IODQ?STUVV\Xg &ggtwgg‘é%%‘ﬂ“% Rk hbout
<>>@QADBCZW 6PCQnRSTUAV\GX6YZP\ 1~ $b bYZ[\]’\_ abcdef ghi j kl mopqgrstu
vwxyz{ |}~ W RomanAri al Courier New'h Root EntryWrdDocunent;
" #B9R () *+,-./0123456789: ;
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kIl mopqr st uvwxyz{| } ~

31. The method of claim 27, wherein the middle etch stop layer has a thickness of

from about 200 to 700A and the barrier layer has a thickness of from about 200 to

700A.
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