USE OF PHOSLON (PNO) FOR BORDERLESS CONTACT FABRI CATI ON, ETCH STOP/ BARRI ER
LAYER FOR DUAL DAMASCENE FABRI CATION AND METHOD OF FORM NG PHOSLON FI ELD
OF THE | NVENTI ON The present invention relates generally to fabrication of
sem conduct or devices, and nore specifically to nethods of form ng phoslon
and wusing phoslon in the fabrication of sem conductor devices. |
BACKGROUND OF THE | NVENTI ON As conplinmentary netal - oxi de sem conduct or
(CMOS) device dinensions are scal ed down, borderless contacts becone
necessary in order to fulfill the stringent design rule and to provide

wi der pr odESONIGOS3.QN (PINEY) GO B4 R DERY. BSSSGONTAE Rt FAIBRIGA TEON, act

maski ng. For borderless contact schenes, a layer of dielectric filmis

needed to FXOEISTOPASA RRIER IASERFORPUAL EAMASTENE EABRIGAQRONY €T
protects the shallowtrench-isolation (STI) oxide during the contact-hole

ani sot ropi ¢ pl asnma- et {ROMIISSOFFPOFFEK IePIhsppessi ve STl oxide |oss
is crucial in order to_m—ﬁrm—Z‘e_fUTT‘e‘m_%'e_rﬁ‘rvugh t he
active-isolation region. Current borderless contact practices use silicon
nitride (SiN) and/or silicon oxynitride (SION) as the ESL. Current dual

damascene fabrication practice
FIELD OF THE INVENTION

The present invention relates generally to fabrication of
semiconductor devices, and more specifically to methods of forming phoslon and

using phoslon in the fabrication of semiconductor devices.




use SiN and/or SiCO, SICNor SIC as the etch stop |ayer/barrier layer. Etch
selectivity remains an issue for both of these current practices as these
materials are silicon-based and standard etch chem stry woul d be
chal l enging for advanced aspect-ratio etching. 2 U S. Patent No. 6,274,517
131 to Hsia describes a nethod of fabricating a PNO (phoslon) spacer. U. S
Patent No. 6,194,762 131 to Yanmzaki et al. describes a borderless process
using SiN as the etch stop layer. U S. Patent No. 6,072,237 to Jang et at
describes a nethod for formng a borderless contact structure with a SiN
etch stop layer. U S. PRAGKGROUNIBO¥ PRE INVIKCIIGN et al. describes a
process for 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. describes reducing poisoned vias in subm cron process technol ogy by

reduci ng the occuryrence af over-etc .yias through the_ ] usi.on. of an
etch stop layer. 0°S.9 qgﬁ‘r’“‘ﬁfﬁ.’ E‘e?aei]go%ﬂég tsgmﬁonglggiar i ﬁg@ﬁ]@é}mfiﬁ‘ffﬂe of
form ng an anor phous phosphorus-nit rogen-oxy%en (PNO or phoslon) material.
3 dimensions are scaled down, borderless contacts become necessary in order to

fulfill the stringent design rule and to provide wider process margins to
accommodate the misalignment during contact masking. For borderless contact
schemes, a layer of dielectric film is needed to function as an etch stop layer (ESL).
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 (5iON) 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.




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 to provide a nmethod of wusing phoslon (PNO for
borderl ess contact fabrication. Yet another object of the present invention
is to provide a nethod of using phoslon (PNO for etch stop/barrier |ayer
for dual danascene fabrication. Oher objects will appear hereinafter. It
has now been di scovered that the above and ot her objects of the present

i nvention may be acconplished in the follow ng manner. Specifically, a CVD

reacti on chanber bayipg.a Pﬁ&flﬁ#z;%?t eﬁgigq{egc%esf{)gﬁﬁ%gb%fgﬁ%g%%lQ%GOOC IS

provi ded. From about 10 to 200 séem gas, froma ccm N2
gas andljrﬁgﬁgbqut 50 to 1000 seem NH3 gas are introduced into the CVD

reacti off L1% QFONESRAGE from about 10 to 200 seem 02 gas or from about 50
to 1000 seem N20 gas is introduced into the CVD reaction chanber. An HFRF
power of from about O watts to 4 kilowatts is also enployed. An LFRF power
of fromabout 0 to 4 5000 watts may al so be enpl oyed. Enploying a phosl on

etch stop layer iU.S Papandes|Enst moreRel YimbrilgakiaDiesEMs0Y bodicalepos! on
| ower etch stop layer and/or a phoslon mddle etch stop |ayer in a dual

damasceng,fab Hbfﬁ@@iﬂ% the etch stop layer.

U.5. 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.

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

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




5 BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advantages of the
present invention will be nore clearly understood fromthe foll ow ng
description taken in conjunction with the acconpanying draw ngs in which
| i ke reference nuneral s designate simlar or corresponding 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 TsENERERERRAPT VRSN Met hod of Forning PNO
(Phosl on) In accordance wﬁéﬁmﬁﬁm synt hesi s of PNO

(phosl on) may be achieved using a commercially avail abl e HDPCVD tool or a
PECVD tool. PH3, N2, NH3 and 02 are used in the high density plasna

chem cal vapor deposition (HDPCVD) process while PH3, N2, NH3 and N20 are
used in the pl asmeiccerHagbedt dhami ebiecty apdhe qupessit tinven{@EGYDropidecess. The
preferred HDPCVD tool is known as the UtinmTMtool \manufactured by AVAT
or the SREEOIM{tfonhingpphuishat (Med).by NVLS. The

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 PH3 gas, from about 50 to 4000 sccm N2 gas
and from about 50 to 1000 sccm NH; gas are introduced into the CVD reaction
chamber. Either from about 10 to 200 scem Oz gas or from about 50 to 1000 sccm
N2O gas is introduced into the CVD reaction chamber. An HFRF power of from

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




preferred PECVD tool is known as the ProducerTM tool manufactured by AVAT
‘or the SEQUALTM tool manufactured by NVLS. Further, for the HDPCVD
process: tenperature: preferably fromabout 300 to 600C and nore preferably
from about 350 to 550C, P1-13 gas flow preferably fromabout 10 to 200
seem and nore preferably fromabout 30 to 150 seem 7 N2 gas flow
preferably fromabout 50 to 4000 seem and nore preferably from about 100
to 3000 seem NH3 gas flow preferably from about 50 to 1000 seem and nore
preferably from about 100 to 800 seem 02 gas flow preferably from about

10 to 2 oyt 0 HERE power :
pret or abi o e ABBuETS barraPPacd ErRT Ao LRt st SERE e ooy Bom
about 1Q0 ts to, 3 kilowatts;. and LFRF power: preferably fraom about
1000 wat °§§/‘Fa%e%686t%?aﬁ’§‘c HW'%FBIOYHF%T‘Q?SM\,}SWSW%&H‘?P 550 apdl e52t 0 4500
watts. Further, for the PECVD process: tenperature: preferably from about
300 to GlOdoarndidde etchrstdrelaybt yn 4 doah damascene fabrication.




about 350 to 550C, PH3 gas flow. preferably fromabout 10 to 200 seem and
nore preferably fromabout 30 to 150 seem N2 gas flow preferably from
about 50 to 4000 seem and nore preferably from about 100 to 3000 seem NH3
gas flow preferably fromabout 50 to 1000 seem and nore preferably from
about 100 to 800 seem 8 N20 gas flow preferably fromabout 50 to 1000
seem 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 O to 1000 watts
and nore preferably BRORF@TEBCRAOTTION GOTYE bRAWIRESVant ages of

synt hesi zi ng phosl on 1 n accordance w oné or nore of the above

enbodi ments of the present invention include: 1) uniformand stable film
and 2) high throughput. The inventors have di scovered that phoslon, and

specifically, the,  phos|lon s Ht Qiesi zed in accordance with the present
invention is adm ria Baties advantages of 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:

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.




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 c) a barrier layer in a dual
darmascene fabrication (see Figs. 4 and 5) 9 because: a) the non-silicon
based phoslon | ayers provide good etch selectivity; b) ESLs and barrier

| ayers conprised 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 PH3, NH3, N2 and 02/ N20

gas flow ratm@mntmafnmﬁ;n_ﬂia@t@gmggm gﬁﬁ%ﬁmf&s’oggﬁagﬁfrbect' ve index
(n) and dielectric cons

buffering capability is achieved through the phosphorous (P) in that
phoslon filnms will help to block nmobile ion diffusion to the transistor
which is inportant when used as an ESL in a borderless contact

process/ For very stable as it contai ns phosphorous,
nitrogen and oxygen (PNO but not silicon (Si) and is thus inert to al nost
all chem cals commonly used in the sem conductor industry and so has a
much hi gher etch selectivity to oxide

In accordance with the present invention, synthesis of PNO (phoslon)

may be achieved using a commercially available HDPCVD tool or a PECVD tool.
PHs, N2, NHs and Oz are used in the high density plasma chemical vapor
deposition (HDPCVD) process while PHs, N2, NHs and N2O are used in the plasma

enhanced chemical vapor deposition (PECVD) process.

The preferred HDPCVD tool is known as the Ulima™ tool
\manufactured by AMAT or 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 sccm;




(SIi2) as conpared to SiN and SiO\;, e) the dielectric breakdown strength
(dielectric breakdown voltage) of phoslon is far better than SiN, and 0
~good barrier to prevent netal, i.e. e.g. copper (Cu), fromdiffusing into
dual damascene dielectric layers. 10 Use of Phoslon Etch Stop Layer 26 in
Borderl ess Contact Fabrication; Figs. 1 to 3 As shown in Fig. 1, substrate
10 may have an isolation structure 12 forned therein. Isolation structure
12 may be, for exanple, a shallow trench isolation (STI) structure
conprised of silicon oxide. Substrate 10 is preferably conprised of silicon

(Si) or germay g&a f6R), prefefabIPrEom! AR 16 20 bdcgPAndUhstd ?}sﬁelaﬂﬁlyi S
understood to possibly“include a sem conductor wafer or subsStrate.” A gate
el ectrode_ 14, hayij nderlying gate oxide layer 16 is forned over
substraténﬁﬁbﬁ?%§#%§?@0¢g%Pﬁtion structure 12. Gate el ectrode 14 has
sidewal | spacers 24 and may have an overlgin%ﬁgate silicide portion 18.
Sour ce/ dr ai n NI pis flap: aaeferaty dvam rabort §0up t1IRDA seere asdbsorapeefembiyit boar d
the sidewall spacers 24 and a S/ID silicide portion 22 may be forned the
S/ D i nplfemhaboasl@howdliscenki g. 1. An etch stop | ayer (ESL) 26 conprised of
phosl on, and nore
Oz gas flow: preferably from about 10 to 200 sccm and more preferably from
about 30 to 150scem;
HERF power: preferably from about 0 watts to 4 kilowatts and more
preferably from about 100 watts to 3.5 kilowatts; and
LFRF 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;

PH3 gas flow: preferably from about 10 to 200 sccm and more preferably
from about 30 to 150 sccmy

N> gas flow: preferably from about 50 to 4000 sccm and more preferably
from about 100 to 3000 scem;

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

from about 100 to 800 scem




preferably phosl on synthesized in accordance with the present invention, is
forimed over the substrate 10 and the gate electrode 14 to a thickness of
“preferably from about 100 to 1000A and nore preferably from about 200 to
500A. 11 The phoslon ESL 26 has a reflective index (n) value of preferably
from about 1.6 to 2.2 and nore preferably fromabout 1.8 to 2.0; and has a
dielectric constant (k) value of preferably fromabout 5.0 to 9.0 and nore
preferably from about 6.0 to 7.0. A dielectric layer 28 is then forned
over the phoslon ESL 26 which may conprise nultiple dielectric sub-Iayers.

Di el ectric | ayey %&8%%; g&)&%ﬁ%'@bm GRBRF 58 %4 1000 Biah aﬁar}%&apmf@%@y ( HDP)

undoped silica glass (U phosphosilicate glass (PSG

sub- at mpspheyic A ro _phosphosilicate (BPSG, plasma-enhanced (PE)
TEGCS or P %ﬁgt%gBﬁﬁﬁggpreferably HDP USG or HDP PSG As shown in Fig.
2, respective borderless contacts 30, 32 are then patterned through

di el ectric | &Y pgwstdrrefarablyaremsabawtcl) fsotd00owattgagdimor Btﬁtfer@@g/ 14 to
expose a first portion 31 of the phoslon ESL 26 and over at |east a portion
of t he fiSnaboht ideatpotot 100rwads; tadexpose a second portion 33 of the
phosl on ESL 26. The high etch selectivity of the phoslon ESL 26 conpared
to the diel echRRCHIBUE PréRrablPLONESbdfteD &b GROPPARS End 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

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




12 As shown in Fig. 3, the first exposed phoslon ESL portion 31 and the
second exposed phoslon ESL portion 33 are renoved using a dry etch process.
Since the high etch selectivity of the phoslon ESL portions 31, 33 vis a
vis the isolation structure 12 material and the gate silicide portion 18,
the ESL renpval dry etch process can stop on the top of STI 12 and gate
silicide portion 18 without STl gouging. Use of Phoslon Etch Stop Layer(s)
44,48 Dual Damascene Fabrication; Figs. 4 and 5 As shown in Fig. 4,
substrate 40 is preferably conprised of silicon (Si), germanium (CGe) 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
i s pref dFSBTST conpri sed of copper, aluninum silver, gold, platinum or
tungsten and is nore preferably conprised of copper (Cu). A lower etch stop
| ayer (ESL) and netal barrier |ayer 44 conprised of Phoslon, and nore

pref erably phosl on synthesized in accordance with the present invention,

may be formed) dweforssitisén bhed4thalch RypESRGy IR @odétth6élbFe/id2 to a
t hi ckness of from about 100 to 1000A an nor e S?Lferably froﬁ?about 200 to

700A. 13 Lowpicphadh %ﬁrgél-la?&@ cgﬁ{ﬁksega(ffrﬂh%rsﬂn%ggr nade has.ie LEIdgEL1 Ve

i ndex

index (n) and dielectric constant (k) values for Jowering the effective k values as
well as controlling etch selectivity; by changing the PHa, NHa, N2 and O2/N2O gas
flow ratios the film compositions will change and the reflective index (n) and -
dielectric constant (k) will also change accordingly;

c) a buffering capability is achieved through the pﬁosphorous (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
{(PNOj 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
(5i0z2) as compared to SiN and SiON;

e) the dielectric breakdown strength (dielectric breakdown voltage) of
phoslon is far better than SilN; and

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

dual damascene dielectric layers.

10




(n) value of preferably fromabout 1.6 to 2.2 and nore preferably from
about 1.8 to 2.0; and has a dielectric constant (k) value of preferably
fromabout 5.0 to 9.0 and nore preferably fromabout 6.0 to 7.0. A first
dielectric layer 46 is then fornmed over the | ower phoslon ESL 44 to a

t hi ckness of preferably from about 1500 to 7000A and nore preferably from
about 2000 to 6000A. First dielectric layer 46 is preferably conprised of
USG FSG  BLACK DI AMONDTM from AVAT, Coral TM from NVLS or other |owk
dielectric materials and is nore preferably conprised of FSG BLACK

DI AMONDEM of $e QR0 s MR R Bt el Wb iif 8Bk dYtess O%n@ﬁc:gﬁé?_ﬁl%lf’x §¥%§pl 't@yle.r (ESL)
48 conprised of phosion, ‘and nore prefe 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 nore
preferably from about 200 to 700A. M ddl e phoslon ESL 48 has reflective

i ndex (n) val ue ofAspihemar abFig. 1 sehstade 0 hag hayenrpisghdionpsteugines é2 abl y
fromabout 1.8 to 2.0; and has a dielectric 14 constant (k) val ue of

pr ef er afbyméd ateaoulsotdnt enlc@rand wuiye bpy €hekerbinyld, rOthalb@Utrefic® tO
7.0. A second dielectric layer 50 is then forned over the m ddl e phosl on

ESL 48 t@y}éﬁcsrhtsq*fmtme R SR kit ofB@pQUt 2000 to 10, 000A and nore

preferab

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




from about 2500 to 9000A. Second dielectric layer 50 is preferably
conprised of USG FSG BLACK DI AMONDTM from AMAT, Coral TM from NVLS or
‘other lowk dielectric materials and is nore preferably conprised of FSG
BLACK DI AMONDTM from AVAT or Coral TM from NVLS. The second dielectric

| ayer 50, m ddl e phoslon ESL 48 and the first dielectric |ayer 46 are
patterned and etched to forma via opening 52 exposing a portion 53 of the
| ower phoslon ESL and netal barrier layer 44. As shown in Fig. 5, the
second dielectric layer 50 is again patterned and etched, stopping on

m ddl e phoslon ESL 48, to formtrench opening 54 overlying the remaining
portion of via opening 52'. Trench opening 54 and remaining via opening

52' conprise dual ng 60, The rt 3 e.lo phoslon
ESL and netal barri ﬁ’cﬁsgﬁﬁﬁﬂsgb g?éﬂ%ﬁ@ﬁe€§%3§hﬁ§a€‘ﬁgﬁFF ﬁﬂ%% met al
structure 42. 15 A barrier layer 56 conprised of Ta, TaN, Ti or TiN, and
more pradout dt yo P2 end Tanvenpieferablyo fioed akbuhil 8 wual; daddwsendidesricng 60,

lining dual danmascene opening 60. Barrier |ayer 56 has a thickness of

pr ef er aldoyisfane k) ddlaytofSHetaaBRORAmanicbws.e torel ahdbhyrd pestelbdHtrckR0 t o
250A. A planarized nmetal dual damascene structure 58 may then be forned
wi thin dyal..damgsgene opening 60. Metal dual damascene structure 58 is

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 S/ 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




preferably conprised of copper, alumnum silver, gold, platinumor
tungsten and nore preferably copper (Cu). Advantages of the Invention The
advant ages of one or nore enbodi nents of the present invention further
i nclude: 1) the non-silicon based phoslon | ayers provide good etch
selectivity; 2) ESLs and barrier |layers conprised of phoslon nmay have
tunable reflective index (n) and dielectric constant (k) values for
| owering the effective k values as well as controlling etch selectively;
16 3) a buffering capability is achieved through the phosphorus (P) in the
phoslon filnms wll Kk i when
phoslon is used éghﬁkgggﬁlF%P%oggﬁg#tgé @%ﬁﬁgg%“%$§§%§£7§§€§§F§P3§e 4) the
dielectric b eakdo Etren hogéua is far better than, SiN, and 5)
phosl on 5s%'% 5%88“%@? ?%?ng%ﬁbp8gﬁﬁl T2 TSR g AR StFuBFo e amscene
dielectric layers. Wile particular enbodi nents of the present invention
have becfncd Fic bighn et %ﬁﬁ%ﬁtﬂfétyc@f el phpslopsESle porhienmdbddd id anvis thhe
i nvention, except as defined by the following clains. 17

isolation structure 12 material and 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 Laver(s) 44, 48 Dual Damascene Fabrication; Figs. 4 and 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




CLALIMS We claim 1. A nethod of form ng borderl ess contact openings,
conprising the steps of: providing a substrate having a gate el ectrode
formed thereover; the gate electrode having a gate silicide |ayer forned

t hereover; formng source/drain inplants into the substrate proxi mate the
gate electrode; formng a phoslon etch stop | ayer over the substrate and
over the gate electrode; formng a dielectric |ayer over the phoslon etch
stop layer; and patterning and etching the dielectric |layer and the phoslon
etch stop layer to format |east one borderl ess contact opening over at

| east the gate el ectrode or at |east one of the source/drain inplants. 2.
The nmethod of claim1l, wherein the phoslon etch stop layer is from about

100 to 1000A thick. 3. Th od of claim11, .wherein the phoslan. etch stop
layer is from ab BF%Eé%O%SQQ%gﬁﬁFﬁf%%??h?”¥ﬂéqﬁgfﬁ5ﬁm%?r egtye idiher ei n

t he phoslon etch stop Iaégr has a refl ective index value of fromabout 1.6
to 2.2 &ndvalugiobpedierably Eems abeit Latwd 2omd mene pirferably fomalnw. 1.8t The

met hod of claim 1, wherein the phoslon etch stop |layer has a reflective
i ndex valendfhdsraodickduttit cdndlatto(ld valenef preférabBctronCalgans @nd o\edne of
fromabout 6.0 to 7.0.

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 DIAMONDT'.“ 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.

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
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6. The nmethod of claiml, wherein at |east one of the source/drain inplants
has an overlying silicide portion. 7. The nethod of claim1, wherein the
substrate is conprised of a material selected fromthe group consisting of
silicon and germanium 8. The nmethod of claim1, wherein the substrate is a
silicon substrate. 18 9. The nethod of claim1, wherein the phoslon etch
stop layer is forned using the follow ng steps: providing a chem cal vapor
deposition (CVD) reaction chanber having a reaction tenperature of from
about 300 to 600C; introducing fromabout 10 to 200 sccm PH3 gas, from

about 5Qoh&aAPRY SA8NINGERSabIF okl MV APt I LAG LAR §ﬁ9@9aw fi3Rs 1 Nto
the CVD reaction chanber; introducing either fromabout 10 to 200 sccm 02

gas intob%hﬁ%5¥?7beaction chanber; enploying an high frequency radio
frequen@y ? power of fromabout O watts to 4 kilowatts; and enpl oyi ng
an | ow frequency radi o frequency (LFRF) power of from about 1000 to 5000
watts; to synthesize the phoslon using a high density plasma chem cal vapor
deposition (HDPCVD) nethod. 10. The nmethod of claim 1, wherein the phoslon
etch stop layer i34 fapnddielsctng hher 5®Id tenrfgrsicépsrer tie avitddienphaslehen cal
vapor deposition (CVD) reaction chanber having a reaction

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.
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tenperature of from about 350 to 550C; introducing fromabout 30 to 150
sccm PH3 gas, from about 100 to 3000 seem N2 gas and from about 100 to 800
seem NH3 gas into the CVD reaction chanber; introducing fromabout 30 to
150 seem 02 gas into the CVD reaction chanber; enploying an high frequency
radi o frequency (HFRF) power of from about 100 watts to 3.5 kilowatts; and
enpl oying an | ow frequency radi o frequency (LFRF) power of from about 1500
to 4500 watts; to synthesize the phoslon using a high density plasna

chem cal vapor deposition (HDPCVD) nethod. 11. A nethod of form ng a dual
damascene structure, conprising the steps of: providing a substrate having
an exposed netal structure fornmed therein; formng a | ower etch stop |ayer

over the substrat nd th Xp ed net al ct Ine; or a first
dielectric |ayer ?\/erar?ﬁr omgéeﬁogwmtegp % lﬁo;rh‘?{gqlé nicdid BBech st op
| ayer over the first dielectric layer; _ form ng a second dielectric |ayer
over thetrfeaehls Bt on Talbpayahe rfornp%d wﬂﬁnr@uad AEAN §PERB S dining
dielectric layer, the mddle etch stop layer and the first dielectric

| ayer t aldabrdunsaseése opemninggoleXfaosiendpver 36r haoa thickhbes bbpedferibbh fRimp

| ayer; 19 patterning and etching the second dielectric |ayer, stopping on

the pat t:g50e80 i #4808 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 Inventon

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;
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etch .stop layer, to forma trench opening over the remaining via opening;
the trench opening and the underlying remaining via opening conprising a
dual damascene opening; the dual danascene openi ng havi ng exposed wal | s;
removi ng the exposed portion of the |ower etch stop |layer to expose a
portion of the netal structure; formng a barrier |ayer at |east over the
exposed wal |l s of the dual danmascene opening; and formng a dual danascene
structure within the barrier layer lined dual damascene opening; wherein
either the mddle etch stop layer or the lower etch stop layer is conprised
of phoslon. 312 bikeriagt &edbifty ChaddRidld WeHEh thkhsnidptidles ¢brin shep | ayer
or the ower etch stop |ayer <conprised of phoslon is formed using the

fol |l ow . kdin hem.cal. r..deposition (CVD) reacti.on
charber Mo PARXHELTE Aot RIAR oK ARL-ERRA s R Eh ebBEEN €
introducing frog;igg t %0 to 200 seem PH3 gas, from about 50 to 4000 sccm
N2 gas USRd 2F ABHRS E%Or ¢rless capigot RSHISKEBUEASeS nt o t he CVD reaction
chanber; introducing fromabout 10 to 200 seem 02 gas into the CVD reaction
chanber; end) tyd digleatridiirghkdoven uerogtir afdilwsioreiq anesttet HERFFiN)@wer of from
about 0 watts to 4 kilowatts; and enploying an | ow frequency radio

frequency (LBRBhdaLris Of ddodMbaRMt +d QAQvER 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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5000 watts; to synthesize the phoslon using a high density plasma chem cal
vapor deposition (HDPCVD) nethod. 13. The nethod of claim1ll, wherein the
m ddl e etch stop layer and the | ower etch stop |layer are each conprised of
phosl on. 14. The nmethod of claim 11, wherein the mddle etch stop | ayer has
a thickness of fromabout 100 to %g%éand the |l ower etch stop |ayer has
a thickness of from about 100 to | .~ 20 15. The nethod of claim 11,
wher ei wddngmm ddl e etch stop |layer has a thickness of fromabout 200 to
700A and the barrier |layer has a thickness of from about 200 to 700th. 16.
The net-Hbanegfodafdprming b@\ﬂﬁ’é’ﬂ%’isﬁof“ﬁé‘ BrBEEroRPERg PSRy dr i s formed using

the foll ow wd%ngSsubﬁfa?é/th nger ﬁ@%ﬁ@cﬁ?h? VAR AERESL 'n%ngétgi\é@cﬁ@&@ctl on

chanmber hav eaction ture o rom about 300 to

i Nt r oduiimga gxtamhabiauayei&brtmdzmcmm PH3 gas, from about 50 to 4000 sccm
N2 gas and_from about 50.to 1000 sccm NH3 gas.intao, the action
chanber; i niqr@mﬁcﬁowe%%mlgawmm t@tﬁ%s%gge% e A %?/Pt(‘io ‘he CvD
reaction chagher apﬁﬁmn%mo@my@ﬂ Ol IHEANRREY ad BSlicP iHe! BAUGEGNHAEHFRF)  power
of from about 5(% 1000 watts; and enpl oying an | ow frequency tadio
frequency (foERR)g q:)«hmbctrmﬂa}fen“ eratb@ghosmort gcligop layer; and

patterning and etching the dielectric layer and the phoslon etch stop layer to form at
fcast one borderless contact opening over at least the gate electrode or at least one of the

source/drain implants,

2. The method of claim 1, wherein the phoslon etch stop layer is from

about 100 to 1000A thick.

3. The method of claim 1, wherein the phoslon etch stop layer is from

about 200 to 500A thick.

4. The method of claim 1, 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 to 9.0,
5. The method of claim 1, wherein the phoslon etch stop layer has a
reflective index value of from about 1.8 to 2.0 and a dielectric constant value of from about

6.0t0 7.0,

6. The method of claim 1, wherein at least one of the source/drain implants has

an overlying silicide portion.

7. The method of claim 1, wherein the substrate is comprised of a material selected from the

group consisting of silicon and germanium.

8. The method of claim 1, wherein the substrate is a silicon substrate.
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watts; to synthesize the phoslon using a plasma enhanced chem cal vapor
deposition (PECVD) nethod. 17. The nethod of claim1l, wherein the phoslon
etch stop layer is foamed using the followi ng steps: providing a chem cal
vapor deposition (CVD) reaction chamber having a reaction tenperature of

from .81846,[ égg%gf ég’ipncl 519%@ ofnre%H %ﬁ B/%ISES forthed2Win Qﬁ@foﬂ%@fﬁepsf rom

about sccm rom a to 800 eem NH3 gas 1nto
t he CVD r eagtoiviiing hadhbeigal |v1apaszodhmslmnf((b/fmahmtﬁon1@l&mhmr8taemgezemdkﬁ®n gas

into the CVD reaction chapber nmpl oyi ng an high frequency radi o frequency
(HFRF)teﬁm‘Rﬁ’FWSP?gPBWbé’HB tP(ﬁWt@ 700 watts; and enpl oying an | ow

frequency rﬂ%’ogu{]ﬁgfﬂgﬁp%u( ll-E'ﬁFbO@@W P [Elgfﬁ qmn"i’-gﬁ)&ﬁ 55QO 400F Q&m Waldhs; tO

synt hesi ze t n using l'asma enhanced chem cal vapor deposition
( PECVD)nd fmhrmbdut 8o ma@sm Niﬂd g@$ ntd tier@ 2 reagtien ehambene mi ddl e etch stop

| yer or Lhe Louer, Slh ot on LRV, TR Se oL BRORLan L sy b
reaction chagbekiaviigh feqRA6Y bAlo frequency (HFRF) power of from about 0 watts to
4 kilowatts; and
employing an low frequency radio frequency (LFRF) power of from about 1000 to
5000 watts;
to synthesize the phoston using a high density plasma chemical vapor deposition (HDPCVD)
method.

10. The method of claim 1, wherein the phoslon etch stop layer is formed using the following steps:

providing a chemical vapor deposition (CVD) reaction chamber having a reaction
temperature of from about 350 to 550°C;

introducing from about 30 to 150 sccm PHs gas, from about 100 to 3000 scem Nj gas
and from about 100 to 800 sccm NH; gas into the CVD reaction chamber;

introducing from about 30 to 150 scem O, gas into the CVD reaction chamber;

employing an high frequency radio frequency (HFRF) power of from about 100 watts
to 3.5 kilowatts; and

employing an low frequency radio frequency (LFRF) power of from about 1500 to
4500 watts;
to synthesize the phoslon using a high density plasma chemical vapor deposition (HDPCVD)
method.
11. A method of forming a dual damascene structure, comprising the steps of:

providing a substrate having an exposed metal structure formed theréin;

forming a lower etch stop layer over the substrate and the exposed metal structure;

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 etch stop layer;
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tenperature of from about 300 to 600C; introducing fromabout 10 to 200
seem PH3 gas, from about 50 to 4000 secm N2 gas and from about 50 to 1000
seem NH3 gas into the CVD reaction chanber; introducing fromabout 50 to
1000 seem N20 gas into the CVD reaction chanber; enploying an high

frequency ragdionihis ady adind teREkoRONRleccRic 15&&%@?@% oa0ht PattdBEO n@diks; and
enpl oying an | ow frequency radi o frequency (LﬁRF power of from about O to

1000 wmh s®p lagerstpriohe gi tranch lperphg svarthe signiag pliaspraine Hreagh onerns al

vapor depgsitig PECVD) . nethod..19, The.nethod of claim 1, .wherejn.the

phos! off DB eRgEEdsr e T e e B Bl sl BEU | oy
react i gin&Rard@ienitiaRthgdexpeaatwan; t enperature of from about 350 to 400C.
20. The nmethod of claim 11, wherein the phoslon etch stop layer is_forned

usi ng a cherfnealing hepapowdwsiien ehthedvpyr stetnsiop dpyes Hagpwsc RAPTHRY of theact i on
tenperatzﬁgtqgl%ron1about 350 to 400C. 21. The nmethod of claim 11, wherein
the m ddie et eh Stop layer or the lower etch stop |ayer conprised of

phosl on is femimda bsiieglavheatflalst ovdrnig: sipepst witsafithé dgl dacherhe apenigpor
deposition (CVD) reaction chanber having a reaction tenperature of from
about 8D to 550C;

forming a dual damascene structure within the barrier layer lined dual damascene
opening;

wherein either the middle etch stop layer or the lower etch stop layer is comprised of phoslon.

12. The method of claim 11, wherein the middle etch stop layer or the lower etch stop layer
comprised of phoslon is formed using the following steps:

providing a chemical vapor deposition (CVD) reaction chamber having a reaction
temperature of from about 300 to 600°C;

introducing from about 10 to 200 sccm PHj gas, from about 50 to 4000 sccem N; gas
and from about 50 to 1000 scerm NH3 gas into the CVD reaction chamber;

introducing from about 10 to 200 sccm O, gas into the CVD reaction chamber,

employing an high frequency radio frequency (HFRF) power of from about 0 watts to
4 kilowatts; and

employing an low frequency radio frequency (LFRF) power of from about 1000 to
5000 watts;
to synthesize the phoslon using a high density plasma chemical vapor deposition (HDPCVD)

method.

13. The method of claim 11, wherein the middle etch stop layer and the lower etch stop layer are

each comprised of phoslon.

14. The method of claim 11, wherein the middle etch stop layer has a thickness of from about

100 to 1000A and the lower ctch stop layer has a thickness of from about 100 to 1000A.
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i ntroducing fromabout 30 to 150 seem PH3 gas, from about 100 to 3000 seem
N2 gas and from about 100 to 800 seem NH3 gas into the CVD reaction
chanber; introducing from about 100 to 800 seem N20 gas into the CVD
reacti on chanber; enploying an high frequency radio frequency (HFRF) power

of fro . 700 .S, ] I , J

Fr equensy LU of i U RS iR BB A P A SOUST RO NP, 1
phos| aroousi7ngAang testarienbaaded a dhiekicsabf frapaboata®dso 0@k, (PECVD)  net hod.
22 22, The method of claim?21, wherein the phoslon etch stop layer is

formed using the follow ng steps: providing a chem cal vapor deposition

( CVD) Lon chanh ' j - a f . 350 to
500 | R B B B R e RS o 3000

sccm N2eggas and from about 100 to 800 sccm NH3 gas into the CVD reaction

chanber; introducing,fromabout 30 to ccm 02 gas ,into the CVD.reaction
chanber . GHBFG)iEnG HPHRRT e aeHEy™ {EaTY) FPEU e Ry (R Eb IR Gt 1 r om
about t%glgelfﬁglréoﬁfroﬁlidbgw:f,(j(ﬁtb gapecenpl oying an | ow frequency radi o frequency
(LFRF) power of from about 1500 to
introducing from about 10 to 200 sccm PHj gas, from about 50 to 4000 scem N, gas
and from about 50 to 1000 scem NH; gas into the CVD reaction chamber;
introducing from about 50 to 1000 sccm N2O gas into the CVD reaction chamber;
employing an high frequency radio frequency (HFRF) power of from about 50 to
1000 watts; and
employing an low frequency radio frequency (LFRF) power of from about 0 to 1000
watts;

to synthesize the phoslon using a plasma enhanced chemical vapor deposition (PECVD)

method.

17. The method of claim 1, wherein the phoslon etch stop layer is formed using the following
steps:

providing a chemical vapor deposition (CVD) reaction chamber having a reaction
temperature of from about 350 to 550°C;

introducing from about 30 to 150 sccm PHj gas, from about 100 to 3000 scem Nj gas
and from about 100 to 800 sccm NH; gas into the CVD reaction chamber;

introducing from about 100 to 800 scem N,O gas into the CVD reaction chamber;

employing an high frequency radio frequency (HFRF) power of from about 100 to
700 watts; and

employing an low frequency radio frequency (LFRF) power of from about 50 to 700
watts;
to synthesize the phoslon using a plasma enhanced chemical vapor deposition (PECVD)

method.

18. The method of claim 11, wherein the middle etch stop layer or the lower etch stop layer

comprised of phoslon is formed uvsing the following steps:
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4500 watts; to synthesize the phoslon using a high density plasma chem cal
vapor deposition (HDPCVD) nethod. 23. A nethod of form ng borderl ess

cont act openings, conprising the steps of: providing a substrate having a
gate el ectrode formed thereover; the gate electrode having a gate silicide

| ayer formed thereover; .formng,source/ i\ inplants .into the substrate
proxi mat e tng@gigeaeq%g@fcragaggo%dqup%()ﬁg(%é&%)hg@?{g%l g%agﬁbeéthgﬁlqga@zgacgérér t he
substr@H@e%ﬂqegygﬁnyh@ugayﬁmqk@agfode at a tenperature of from about 350
to 400C, formng a dielectric Iaéer over the phoslon etch stop |ayer; and

patterning itrddedinhimy ateet §) &0 8649 picen PHy aps. dian ebut RJSIGR0 s¢@h Notgdp | ayer
to for %gplagggtf%)gg qOB@ Eec%gri; Nfﬁségag Rt ﬁﬂ%tC\QlB?%lcﬂgn A SFhodt | east the gate

el ectr t on source/drarn inplants. 24. A method of
form ng a dabddanpseenost SUGL 0O scan MO g hgo tieCSDapsctph:chapboyi di ng a
substrate havi ng an exposed netal structure forned therein; f rning a | owner
etch stop | eyeloyimgern bigh Geystentaiadgareey kpddadarst af fg@w&omé to
fornin&) £ﬁ§gngielectric | ayer over the |ower etch stop layer; formng a
m ddl e etch stop | ayer over the first dielectric layer; formng a second
di el ectric bayeringuariotvhieequedd! edet fbgshop (LERrpow@ 31 from about O to 1000

watts;
to synthesize the phoslon using a plasma enhanced chemical vapor deposition (PECVD)

method.

19. The method of claim 1, wherein the phoslon etch stop layer is formed using a chemical
vapor deposition (CVD) reaction chamber having a reaction temperature of from about 350 to

400°C.

20. The method of claim 11, wherein the phoslon etch stop layer is formed using a chemical
vapor deposition (CVD) reaction chamber having a reaction temperature of from about 350 to

400°C.

21. The method of claim 11, wherein the middle etch stop layer or the lower etch stop layer
comprised of phoslon is formed using the following steps:

providing a chemical vapor deposition (CVD) reaction chamber having a reaction
temperature of from about 350 to 550°C;

introducing from about 30 to 150 scem PHj gas, from about 100 to 3000 scem Nj gas
and from about 100 to 800 sccm NHj; gas into the CVD reaction chamber;

introducing from about 100 to 800 scem N,O gas into the CVD reaction chamber;

employing an high frequency radio frequency (HFRF) power of from about 100 to
700 watts; and

employing an low frequency radio frequency (LFRF) power of from about 50 to 700
watts;
to synthesize the phoslon using a plasma enhanced chemical vapor deposition (PECVD)

method.
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patterning and etching the second dielectric layer, the mddle etch stop
| ayer and the first dielectric layer to forma via opening exposing a
portion of the |ower etch stop |ayer; patterning and etching the second
dielectric layer, stopping on the patterned mddle etch stop |ayer, to
forma trench opening over the remaining via opening; the trench opening
and the underlying remaining via opening conprising a dual danascene

openi ngi tihentbdald oflanRECENEewb@en g pledsiodgcel page thysnlis Sornicimosihgght he
exposed portion of the lower etch stop |ayer to expose a portion of the
met al Sllpwerasteps: forming a barrier |ayer at |east over the exposed walls of

t he dual damascene. openi ng, ngl f or.n d - da ur ithin
the barri er PPLyTRE 7 AREM AR ype A8k b e YD Ak AATRRARR b kedkcolll 1l
?tCh Zkﬁmeh&xEBfﬁbnihﬁuim?H?fEDah stop layer is conprised of phoslon

ornmed at a tenperature o rom about 350 to.400C. 25 T t hod. of claim
1, wherei n WHedphesfieR doeh3 &t %ﬂ‘/"é’rpl‘s{%%%ego@sagﬁ tbmof@g%ﬂgg?%& Eqwher eby

| her s ligm Lreh s |
there i 058B! 180 0B0dLLLHRLRD BROUEIVDGRNBS LRMRLCH stop Tayer. 26

The ne erein oslon etch stop layer is forned at a
t enper at ur einabduding frombbott TDO 150 s¢@OC), 27 intT He (EDhreattioh cbarabert 1, wherein

E ge 4888_S| Onen%éi%?zin?gtag%iglg,ha%/rg(ll’ueingy Ia l;o rgqu%}w)? (}& epro%elfl I;)?frg}cn abfogl%) 3 %%Ug 350
kilowatts; and
employing an low frequency radio frequency (LFRF) power of from about 1500 to
4500 watts;
to synthesize the phoslon using a high density plasma chemical vapor deposition (HDPCVD)
method.

23. A method of forming borderless contact openings, comprising the steps of:

providing a substrate having a gate electrode formed thereover; the gate electrode
having a gate silicide layer formed thereover;

forming source/drain implants into the substrate proximate the gate electrode;

5 forming a phoslon etch stop layer over the substrate and over the gate electrode at a

iemiperature of from about 350 to 400°C,

forming a dielectric layer over the phoslon etch stop layer; and

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

10 source/drain implants.

24. A method of forming a dual damascene structure, comprising the steps of:
providing a substrate having an exposed metal structure formed therein;
forming a lower etch stop layer over the substrate and the exposed metal structure,
forming a first dielectric layer over the lower etch stop layer;
forming a middle etch stop layer over the first dielectric layer;

forming a sccond dielectric layer over the middle etch stop layer;
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28. The nethod of claim 11, wherein the phoslon mddle etch stop | ayer or
phosl on |l ower etch stop layer is forned at a tenperature of from about 300
to 400C. 29. The nethod of claim 11, wherein the phoslon mddle etch stop
| ayer or phoslon |ower etch stop layer is fornmed at a tenperature of from

about 350 t Saté?r%gg ang %tching 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 etch stop layer;

patterning and etching the second dielectric Jayer, 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;

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 damascene
opening;
wherein cither the middle etch stop layer or the lower etch stop layer is comprised of phoslon

formed at a temperature of from about 350 to 400°C.

25. The method of claim 1, wherein the phoslon etch stop layer serves as a buffering layer

whereby there is no mobile ion diffusion through the phoslon etch stop layer.

26. The method of claim 1, wherein the phoslon etch stop layer is formed at a temperature of

from about 300 to0 400°C.

277. The method of claim 1, wherein the phoslon etch stop layer is formed at a temperature of

from about 350 to 400°C.

28. The method of claim 11, wherein the phoslon middle etch stop layer or phoslon lower

etch stop layer is formed at a temperature of from about 300 to 400°C.

29. The method of claim 11, wherein the phoslon middle etch stop layer or phoslon lower

etch stop layer is formed at a temperature of from about 350 to 400°C.
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