19 AUG 2005 AGGREGATE DI ELECTRI C LAYER TO REDUCE NI TRI DE CONSUMPTI ON Fi el d
of the Invention [00011 The invention relates to passivation or ghel ECt ric
| ayers used in, for exanple, circuit structures. Background [ 00 )AU 2005
‘Dielectric layers or filns are used to electrically isolate one device
fromanother in _a circuit structure and one |evel of conductor from another

in multi-l eYeCREHeATEJAHEHCERKT A ERI IR REDUHuB NITIRIFEG O W HEFISHN

circuit structures . A mcroprocessor, for exanple, may have five or nore
| evel s of interconnect over a substrate such as a sem conductor substrate.
[ 00031 There can be a significant difference between various dielectric

| ayers or films in a nulti-level interconnect systemor structure. For

exanpl e, prieldref die Igivehgotiric (PVMD) |ayers or filns are typically used
between the substrate or device base (e.g., the substrate containing

active devi thereimn/thereon),. or other.lqcal-interconnect |evel

materi al , a[ﬁgayhe fir e'ﬁ"ﬁf@PBJﬁﬁgﬁtq ]gqﬁérva?t@ruqr, glﬁgchﬁlc WET®W$H§ers or
films can tmpbgajﬂpye,%cuﬁmmﬁg_ (and densified if necessary) at a higher
tenperature than is possible for internetal dielectric |ayers.

Furthernore, PMD filns can be flowed and reflowed at tenperatures in
excess of 700C to pronote gap fill. As interconnect structures are
i ntroduced over a substrate, the maxi num tenperature for introduction of a

diel ectri c]ja:aegfo&qdfi | mtends to be reduced, because netal interconnects
tend to nelT at tenperatures in excess-of 400C (e.g., at alum num or

copper nelting tenperatures). [00041 The PMD | ayer or filmisolates devices
in an intedf@Ad cir ddielectric layeruwefilms amused /o electricaly asadatedond devsice
el ectricall r | nt.erc I I 1, 1,50l at vices .physically
from cont ar%yoréta?l?rt\hés%ﬁracég&gﬁ%ﬁu%é?ér%%cll IOZ'%Iq&é1 of anaug%rq:?om arother
multi-level interconnect systems such as found in many integrated circuit
structures . A microprocessor, for example, may have five or more levels of

interconnect over a substrate such as a semiconductor substrate.

[0003] There can be a significant difference between various dielectric
layers or films in a multi-level interconnect system or structure. For example,
pre-metal dielectric (PMD) layers or films are typically used between the
substrate or device base (e.g., the substrate containing active devices "
therein/thereon), or other local-interconnect level material, and the first
interconnect level (e.g., Metal 1). PMD layers or films can typically be
deposited (and densified if necessary) at a higher temperature than is possible
for intermetal dielectric layers. Furthermore, PMD films can be flowed and
reflowed at temperatures in excess of 700°C to promote gap fill. As
interconnect structures are introduced over a substrate, the maximum
temperature for introduction of a dielectric layer or film tends to be reduced,
because metal interconnects tend to melt at temperatures in excess of 400°C

(e.g., at aluminum or copper melting temperatures).

[0004] The PMD layer or film isolates devices in an integrated circuit
structure in two ways. It isolates devices electrically from interconnect layers,

and it isolates devices physically from contamination sources such as mobile



19 AUG 2005 ions (e.g., from post-processing and handling). Mbile ions
such as sodium and potassiumtend to degrade essential device
characteristics such as the threshold voltage of a transistor devichlG 2005

[ 0005] As device densities increase on a circuit structure or substrate,
the abili t;orts:f(etgmefrm[pbayfmrocessmgIamndt}mmﬂhng)vevimbildjcﬁmsem@ﬂas bbdliunRecones

I ncr easi ngl rtant r, e l,e, S 0,25 mcron evi ces, one
criteria fo% ‘Frﬁ%ﬁ?ﬁ?&lfé‘ f&&@ tPrFi(%T e ’é‘ige"?e@hfr?ﬁtﬁléﬂ%s %‘p&) apthén a 5 to
1 aspect T giresholldO8E] é?@fré)glagm&gsdé‘hg@te gl ass (BPSG) -silicon dioxide
(SiAz) is one well known material for a PVMD layer or film BPSG typically

contains about _two to si x wei ght percent each of boron and phosphorous.
BPSG i s typEOé)Q ly depesdevge densigies frnergase cherrirealit stapcurd eposibsirete, (i@/D)

t 400 t 7 | fl d 700 t 000cC. | |
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may di ffuselmmmglyhmpmmc%r(eaam lef ihadifH BB isikcromiinrg deicd20bhge

provi des good 9 i because |é éends to soften the |ayer after the
ref | ow annedHte l[adeét?”m&aa%awﬁh% MD pspressis 8 wiceas {ner) withia® &0 &f t he
art integradsp@dcet fFdtfcuit structure, a thin layer of silicon nitride (Si 3N4)
I's introduced over the substrate as an initial dielectric layer or film
“foll oned by, for exanple, a BPSG l|ayer or film In addition to its

passi vat i orl0 POiperty, omlmspm@ﬂlcnta glad@(Bﬂ?&@)-sﬂmomezhoxrd&)@eoghstmce as
etch st ntI nt f | m
2Ech as a %&%ﬂ ﬁklngb\g'? ﬂ.([)érté ﬁﬁ%‘g@g% < %% {hlérh %ﬁ%@ b“ﬁ@yﬁqu I
| ayer or fitwn tessixiveeighs plagieylt eactpof bamn asd gities hoﬁﬁml BPSS ik W}bi%laﬂﬁ The
ap fill pr rt of PS e or f mso anneal i ng_at
Tore t han SOBESITH st e shaniral vapmaapasdiers (¢ WL e ADRsa JORECnd ow
cability of thég aﬁBSQedwemaﬁEea) 8100 wmﬁ@)@@k ThgehBfalniph6SRSSAsYh B eal

and refl ow process is that the BPSG
acts as a gettering agent for any mobile ions that may diffuse toward the

devices (e.g., transistors), while the boron provides good gap fill because it

tends to soften the layer after the reflow anneal.

[0007] In a typical fabrication process of a state of the art integrated
circuit structure, a thin layer of silicon nitride (Si,N,) is introduced over the
substrate as an initial dielectric layer or film followed by, for example, a BPSG
layer or film. In addition to its passivation property, the silicon nitride also
serves in one instance as an etch stop in planarizing a subsequently introduced
PMD layer or film, such as a BPSG layer or film.

[0008] As noted above, gap fill of a PMD layer or film is increasingly
important as device densities increase. The gap fill properties of a BPSG layer
or film is optimized by annealing at more than 800°C. The high temperature
anneal tends to increase the reflow ability of the BPSG. However, one
drawback to the high temperature anneal and reflow process is that the BPSG
material tends to consume nitrogen from the underlying silicon nitride layer or
film. The nitride consumption tends to degrade the insulating properties of the

silicon nitride material. Thus, what is needed is a way to control the nitrogen



- material tends to consune nitrogen fromthe underlying silicon nitride
layer or film The nitride consunption tends to degrade the insul %ti ng
properties of the silicon nitride material. Thus, what is needed 1i¥sAU§ gy
"to control the nitrogen 2 19 AUG 2005 consunption of nitrogen-containing

| ayers or ftdammgti@ﬁmjfmmﬁb'@mcmam@g Thhersed filpiOeastjitctioh With Br esence
of phosphor%sr. ? MVARY OF THE | NVENTI (0009] In one enbodi ment, a nethod
i ncl udes, olErmal preesssingsipderaesencess phasghafrusygr egat e conprising a
barrier layer between a first dielectric layer conprising nitrogen and a
second dielectric layer conprising phosphorus. In this enbodi nent, the
nmet hod al so includes, after formng the aggregate, thermally treating the
circuit substrate. A suitable introduction point for inplenmenting the

met hod described herein is SUMMNMRY FTHHE INVENTION ein the circuit
substrate conprises a device base and at | east one netal |ayer and the

te iga] duced bet .t he, devi d the at | tal
aversui 10808 Lar i B org Ot Rt PR L el s Ao BF APt SHERA ar | 5
ientos o b : ar
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filmand BESCWREEESMITOgER s 3 tecoagudielectic layes aampirsing phiosgherds. dw
(thernmal |y @neabbRheht) the Ble¥ibd L&%gjﬁgdg&sﬁg@%m&nﬁggggée TEBlegdile

i nvention relates to an appar at us. aratus 1n offe aspect,
a circuit ghesnalydreatihgaheapguggabstratonfsusiablp intimahrdtien peiyefobet ween a

first dielectric |ayer,.conpkisi nitrogen .and ond dielectric layer
conpr i 51 ng BHIERIERE ETRREeH diferibed 2en 8 H TaBLBYEr B AR apter T 1 m
conpri si ng the kaxcuitgubbBUES cothpaiseh £4eoiceibase BRESH lést HHE nég] BYerahdUSG

di sposed befween a silicon pitride |ayer and a. BPSG.| ayer as the aqgregate
of g PVD f ithe@ggregate }s introduced betweerx the S'evice base and th%/ at least one mqul J

layer. Suitable barrier Jayers include dielectric materials, particularly silicates
such as borosilicate glass (BSG) or undoped silicate glass (USG). A thin film of,
for example, BSG or USG between a silicon nitride film and BPSG material
tends to reduce the consumption during reflow (thermally annealing) the
BPSG.

[0010] In another embodiment, the invention relates to an apparatus.
The apparatus includes, in one aspect, a circuit substrate and an aggregate
comprising a barrier layer between a first dielectric layer comprising nitrogen
and a second dielectric layer comprising phosphorus. One example is an
aggregate as a PMD layer or film comprising a barrier layer of a dielectric
material such as BSG or USG disposed between a silicon nitride layer and a
BPSG layer as the aggregate of a PMD film.

[0011] Additional features, embodiments, and benefits will be evident in

view of the figures and detailed description presented herein.



- 10011] Additional features, enbodi nents, and benefits will be evident in
view of the figures and detail ed description presented herein. 3 19 AUG
2005 BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] The invention is il l8d463805d
by way of exanple and not by way of limtation in the figures of the
acconpanyi ng draw ngs i BRMIFGQDESCIREPTRON €METHE DRIAVRIRGY N | ar el enent s.
It should be noted that references to "an™ enbodi nment Tn this disclosure
are not necessarily to the sane enbodi nent, and they nmean at | east one.
[0013] Fi glfiPd2h schendhe swenjion isadestarted by weysy-eemplenad rotdy waywlhf a

i iy : : ' . o :
bod | ¢ ner elifitatRnaBT e 86 b6 BF e SXBBSAHnk Mralih QO PRHIGT RIS SERBE R °°"
Fi gure 2 shalasatelsembbr eletnares.oft shogild ee hoted koti raerthees tioiandduct i on of a

portion of a regate . lgyer or filmincludi a pitrogen-. containin

i el ect ri cETEPEIMSR RIS oS Ur & gis Mot R er ST M NG R RO SBBER BRE of

t he invent{}@?mgmgﬁeaﬁw_e 3 shows the structure of Figure 2 follow ng
the introducCtion and planarization of a dielectric film containing
phosphorus in accordance with one enbodi ment of the invention. [00161
Figure 4 sl98¥8l t he stkiguraileclhempatigaibwilbissrates a cressisectionalctideview of a

I nt er conn r . | Z. P ' | T

DESCR PT1 Ry OB St ity B PR G Fevlced b bk

| ayer of aherdintingradeldnce with hn giibsdimienticf tHedevdriiesh. as i s an enbodi ment
of a method of inplenenting the aggregate and an apparatus including the

2% Pou ORI r ot o FRRBFR AGOUA B SPEGHTS aHERIS) FOaVEes Moy | ayer

bet ween a introduction of a portion of an aggregate layer or film including a nitrogen-

containing dielectric layer and a barrier layer in accordance with an

embodiment of the invention.

[0015] Figure 3 shows the structure of Figure 2 following the
introduction and planarization of a dielectric film containing phosphorus in

accordance with one embodiment of the invention.

[0016] Figure 4 shows the structure of Figure 3 after the introduction of

interconnect structures over the planarized dielectric film.

DETAILED DESCRIPTION

{0017] An aggregate suitable as a dielectric or passivation layer of an
integrated circuit structure is described, as is an embodiment of a method of

implementing the aggregate and an apparatus including the aggregate.

[0018] In one embodiment, a method is disclosed including, over a
circuit substrate, forming an aggregate comprising a barrier layer between a
first dielectric layer comprising nitrogen and a second dielectric layer
comprising phosphorus; and, after forming the aggregate, thermally treating

the circuit substrate. Asa PMD layer, one example of an aggregate is a barrier



~first dielectric layer conprising nitrogen and a second dielectric |ayer
conpri si ng phosphorus; and, after formng the aggregate, thermally treating
the circuit substrate. As a PMD | ayer, one exanple of an aggregat e 1i3sAUS 2005
barrier 4 19 AUG 2005 |ayer or filmthat is a dielectric material such as
bor osi | i cat BY§F 88 filpedey 1vp digledpeanateript svd e bews{lis) glasp4BSE) Ay a
silicon nityj f p. Lo 4l PSG
ayer or 1P aopr¥Rlce® glere (USGHRribraBREIACATARAARY G, AL ARE £ 2

m ni mi zes therophosphesilicetesglaw (BRSYdagendt firs e@m thie reesr, thidbaBRSGay ey er
or filmand rgnhf sil,icon nitride layer. or film particul arli/ during thernal
reflow [ 00T fedHees o mmée%%&lﬁﬁaearﬁonaﬁnggwrbw%a ly sges SEiween |t
s 1o be aPRBIES@IAkdiatint BRd W GIRBALEGHCIVBF LI ARR, BUtd&HLAY AN O

filnmse introduced or forned on a circuit su ate. I'S sen

aggregat e dhermabreflewd herein includes or may be referenced as a "l ayer”
as, for exanple, a PMD layer or internetal |ayer is described. [00201

Ref i t fi haur: , i cal | h PS§- t |
S de vi o dPOSIC 11 O TiPRe CABWIRG HSBIRARY ARt R e SiBRT 1 S fe bRres
formed therappreaated treteha wdddegigregatelifcluges nolltpte M9Qrs bEfiides substrate

102 that is_for, exanpl.e a sem conductor substrate including Ntype
transi stor ”aé'\‘?ljb’ée‘géﬁ faﬁﬁe‘%-o%@r‘%méﬁ%b%tfﬁﬁ- & VS Semse; anpgTegaiedi® devi ces

105 and 1HesafiBed PRASALRE UL B MG, BE ReferaNdal Ard™eyd M a8Chdr Rafliie GP
regi ons defined by shall ow trench i sol atiron ?élﬁﬁrugtgﬁﬁrdés %%gxé'l\l-type
transi st or FNdBViayer eointeroetad dayegds desdréend-ode 110 formed over the surface

of substrate 102 (typically over a gate dielectric) and junction or

ncl udes gl oot r SR CAS0E ForieaEarer Fane srriRltaRh Shelfa fs1s) o

j uncti on osedfidrialsidmviesgbbapotiGn b anedtegnatesdintuitdubstfi®e having
devices formed thereon and therein. Specifically, structure 100 includes
substrate 102 that is for example a semiconductor substrate including N-type
transistor device 105 and P-type transistor device 115. Transistor devices 105
and 115 are separated from one other and formed in active device regions
defined by shallow trench isolation (STI) structures 150. N-type transistor
device 105 includes gate electrode 110 formed over the surface of substrate 102
(typically over a gate dielectric) and junction or diffusion regions 130 formed in
substrate 102. Transistor device 115 includes gate electrode 120 formed over
the surface of substrate 102 and junction or diffusion regions 140 formed in

subs'trate 102.

[0021] As device densities of an integrated circuit structure increase, the
location between transistor devices generally decrease as more devices are
introduced in a given area on a substrate (e.g., chip). Thus, electrical isolation
of devices becomes more difficult. Accordingly, once devices are formed on a
structure, such as is illustrated in Figure 1, a PMD layer or film is introduced
over the surface of the structure to isolate the individual transistor devices and
the interconnect structures that form the electrical connections to the devices.
Among other properties, the PMD layer should have adequate gap fill to fill
gaps, such as gap 160 between the transistor devices.



[ 00211 As device densities of an integrated circuit structure increase, the
| ocati on between transi stor devices generally decrease as nore devices are

introduced in a given area on a substrate (e.g., chip). Thus, el ecthsi Al 2005
Accor di ngl once_devices are

‘i solation vi ces .hecones nore difficult. A , \

f ormed on a%@ﬁucturﬁggﬂ% shawisdhe pirpstyrgid Fignred Qﬁ?éé@, ingrqelumtioayvefr or
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tho tr ansi stBEtaL ARk Mt shropioss £URT girface oA e S Pact ur o
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dielectric ma (Si 3N4) , “over surface 8 of
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substrate 16pfilmd Prﬁeé"ffsggcah&,s arflielasian Ot pasvationy layieapewelt as phetdv0 i s
conf or mabl ysioBt (P 44GH : o 02 n ver gate
el ectrodes ?Ltl(l) Fggd 12%1,8%{%;%@%% ?@gﬁ?ﬁ%@% g@@%#‘%?é}l %d ?éﬁj%‘%ncor film
170 serves hatéeriasasavi] béwme cleapm treskilloatingrpdragerplas Siddn Aftride iet ch

top for forn i h a.subs: tl troduced diel ectri
Tateri ol kMg RERL Aol B R s PSRk ARt ahalge AR ESersre Akt i 1 i de
i's  generalduitatdess devetple WJ%Q.: @lc@@idihglgg?ﬁ%é‘efnﬁoﬁ%ehg mte ehigh to

make it sui_éabl e.as, a conplete P ayer. AC ingly, int odi ment
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t he struct of Figure 1 following the confornmal introduction of barrier
| ayer or film180 over nitrogen-containing layer or film170. Barrier
| ayer or film 180 is selected, in one enbodi nent, as a

[0023] Figure 2 also shows the structure of Figure 1 following the

conformal introduction of barrier layer or film 180 over nitrogen-containing
layer or film 170. Barrier layer or film 180 is selected, in one embodiment, as a
material that would tend not to consume the nitrogen in hit-rogen-containing
layer or film 170 during subsequent thermal processing or annealing. In
another aspect, barrier layer or film 180 is selected to be a material that'has
properties (e.g., reflow properties) enabling the achievement of suitable gap fill

criteria with state of the art device densities.

[0024] Suitable materials for barrier layer or film 180 include, but are not
limited to, dielectric materials that do not contain phosphorous. It is believed
during reflow or thermal processing that phosphorus consumes nitrogen. By
adding a barrier layer or film that is free of phosphorous, the nitrogen
consumption during subsequent thermal processing may be controlled.
Representative materials for barrier layer or film 180, include, but are not
limited to, borosilicate glass (BSG) and undoped silicate glass (USG). Each of
BSG and USG may be introduced as thin films on the order of, in one example,
less than 1000 pm (where the subsequently applied layer or film is BPSG). One
way to introduce such thin films of BSG or USG is by a CVD process with rapid
thermal processing (RTP) on the order of about 30 seconds.

6



-material that would tend not to consune the nitrogen in nitrogen-containing
| ayer or film 170 during subsequent thermal processing or annealing rl]
anot her aspect, barrier layer or film180 is selected to be a materi"gllA b A
“has properties (e.g., reflow properties) enabling the achi evenent of

suitabl e gdpofs)l | crFigeied shidws iedteu@lird bEFRIUredefvllodvidlgnhit i es. [ 00241
Suitable materials for harrier layer or film 180 jncl ude, ut are not
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the nit rogenatecmrhseheplteﬁcfmrdtsrg'a}ngﬁﬁqh@pqm pamﬁailypaimheses w}gemnlye be
controll ed. r entative materh@&? ?grmer layer or .fil m,180,
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on the ordeéer o I n. one exanple, less than 1000 pm (where the subsequently

appl i ed | ayentaining layer er BEnd90 @b@romhgsp}msﬂmart@glnsé (BHEG)t B enei | ms of

order of aliodp R HRERES At BR Sy R B aRIRCGRRERRHYT D) O (1

structure depbsiged eo 2 thivkhewd og thé erdémdf; fatuatainyplepg reatesthiaer 2009- cont ai ni ng

| ayer or film 190 over. the truct ure. one emnbodi nmen
phosphor ougPESHPRISHORtAte PbF %?”fquﬂriﬁgl Rt HTREIEIeS é‘tyif?éccaéri al selected

for its gamﬁ-bahc@@,@%ﬁ@elg@m_cul arly, as here, where the nmaterial
forms a portion of a PMD Fayer. The gettering properties of the

phosphorou ari al so desirous, One suitable _material for phosphorous-
r

cont ai ni ngld or fIIEienty 1BPERYS Hitostinbd piopst deyphte Udbs@yer| n one |

enbodi nent ﬂé Q@W@&%F?m& L %QWH fQramb

deposi ted to a thickness on eﬂ%}ﬁ%ﬁ%@'&}lﬁ% fg? égxa gl@wga({}er tgan 2000

angstrons barrienlayer of ﬁhhéifi@r andl m&@gph@e@mcmmammgtlam or fabn 180}, ypi cal
structure 100 may be subjected to thermal processing or annealing following
introduction of the PMD layer. Annealing or thermal processing temperatures

greater than 700°C, such as 830°C in the presence of steam or nitrogen gas in an
RTP process for BPSG is suitable.

[0027] It is believed that annealing or thermal processing at greater than
700°C tends to make phosphorous in phosphorous-containing layer or film 190,
mobile. In one regard, barrier layer or film 180, it is also believed, effectively
slows the path of phosphorus to nitrogen in nitrogen-containing layer or film
170. By slowing the path, less nitrogen is consumed. In this regard, the
insulating properties of nitrogen-containing layer or film 170 will not be

diminished due to nitrogen consumption.

[0028] Figures 1-3 show a PMD layer or film that is an aggregate of
nitrogen-containing layer or film 170, barrier layer or film 180, and
phosphorous-containing layer or film 190. It is to be appreciated that the layers
of the aggregate may remain as individual layers or, particularly given' the
subsequent thermal processing to which the materials may be exposed,

combined in an additive or reactive fashion.




I ntroduction technique is CVD. [0026] In order to inprove the gap-fill
properties of the PVMD | ayer (represented in Figure 3 as including
ni trogen-containing layer or film170, barrier layer or film 180, 1%,AU6 2005

“phosphor ous cont aining layer or film 190) structure 100 nmay be subjected
to thermal I[BPessin @mr&ﬁﬁ@QWSﬁbefS@ﬂuCMQﬁ Figure ddodewimg die t he PMVD

| ayer. Ann ;%EE 0C,
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barrier Iayer or fi|m 180, and phaosphoro s cont ai ni ayer or film 190
It is to beh g%wh}a rteﬁ@m Rigenn et Sayg%sgam‘@nﬁﬁﬁ he afailR a

i ndi vi dual ﬂh@f@ &rdlthe 9@1@&& bfla¥edh Vf%?b%ﬂ‘?erﬁ B 6 BEAl1 cggmag%le s%HCGSS' ng

to which the material e expose |ne In an a reactive
fashi on. 7th& %ﬂ@gmh [Cbezéﬁtr}twbe msednm@mmgnsmﬂmng: tleroolfghmcgbr e 3

oL 00 19 SR AR i B ESREPLAO S RRAL ARG LG 8. 11 190,
regi ons of Altednutidely, a dry @nch stagrbedesddzes 105 and 115, respectively. In one
enbodi nent, the planarization of phosphorous-containing layer or film 190
of BPSGis [0030] Having formed openings or vias in the PMD layer, the openings
or vias may be filled with a conductive material. One common approach is to
introduce a titanium adhesion layer along the sidewalls of the opening or via,
followed by a titanium nitride barrier léyer also along the sidewalls. The
remainder of the opening or via is then filled with tungsten. Interconnects 210
of for example, aluminum or copper material (including alloys of alurmninum or
copper) are then introduced and patterned on surface 195 of PMD layer over
the conductive vias or openings. The introduction and patterning of

interconnects 210 may be accomplished as known in the art.

[0031] In the above paragraphs, an aggregate suitable as a PMD layer is
described. The aggregate is described in terms of a PMD layer where a
phosphorous-containing dielectric material {e.g., BPSG) is often used in
conjunction with a nitrogen-containing material (e.g., Si;N,). The presence of
the barrier layer or film tends to reduce nitrogen consumption generally seen
during thermal processing between directly-disposed phosphorous- and
nitrogen-containing materials. It is appreciated, however, that an aggregate
such as described may be used in a variety of situations where nitrogen
consumption in the presence of phosphorous is a concern. Such other

applications include, but are not limited to, intermetal dielectric layers or films.




acconplished through a polish (e.g., a chem cal -nmechani cal polish) as known
inthe art. Vias or openings are formed through phosphorous-containing

layer or film 190, barrier layer or film 180 and nitrogen-contai ni pg&[j@qm
“or film170 through etching, with for exanple, an etch chem stry as known
in the art.[0032] this Iegar grecelingdérdledatesofiptiohes nadthbdarkleappaatdsayer or

film180 ma such, that single etch chem str b se o form an
openi ng th!’%ﬁgf?sﬁﬁﬁﬁd Vﬁ‘%%ﬁ?f%ﬁ?%ﬁgpéﬁﬁFg}Cﬁrﬂ Oﬁwétsgﬁgﬁepﬁnﬂl‘g 1, D&rier
layer or fidaBli@@nt tHittvaitals MBH¥icafiodk Yaret &ix px g@ﬁ%aé@@%&b Havi ng

formed openings or vias in the PMD | ayer, the enings or vias may be
filled w t Wdhevhdeperting framethebroades spoitnand sgprecefcheiisvention as setduce a

titani ianl I £ i dewal | £. th i Vi
LY SOBER Ak 2L S SO 2B R e e
remai nder efethivel apdappgraus dr@describeelwithl teferenté bo binaepested|dtcitconnect s

210 of for exanple um num or copper material (including alloys of

al um num o tTUEHMSe AUy ETYHBFLS iﬁ‘F]rl{fgfla@é’éi aggaopEMiEded elestiacal pageoptonl of
PMD | ayer QM&ktutdde se®Rayedsi ' i [ j and
patterning of ¢ tiutrétger connegssd%{éb%qhgggggécg%§%ﬂge gs éﬁ‘gm {r?lﬂltshe art.
[0031] | n imdudbobet prermgriapited tarseagignadatorscemaiit carabghsPbibitagtes or s

descri bed. _The ;agqr.eqate i s desqgribed in t.ermns, pf PMVD .| r ere a
phosphor oudOTERRHERG  sTniPRAREE: soehmic A or daiaSundeie, dhelced i n
conj unct i osp#difidationiahdafamiaghted, RicagrdER, itdbe r@gfrdedShdWillusihagiver esence
of the barrier |ayer or.filmtends to reduce nitrogen consunption

general |y ﬁrﬂaﬂ%{?ﬁﬁsmﬁ’ﬁé?nﬁ*ocessi ng between directly-disposed
phosphorous- and nitrogen-containing naterials. It is appreciated,

however, that an aggregate such as described may be used in a variety of
situations where nitrogen consunption in the presence of phosphorous is a
concern. Such other applications include, but are not limted to,
internetal dielectric layers or filnms. 8



19 AUG 2005 [00321 In the preceding detail ed description, a method and
apparatus are described with reference to specific enbodinents thereof. It
will, however, be evident that various nodifications and changesl%ﬁMSHES
'nade thereto wthout departing fromthe broader spirit and scope of the
invention as set forth in the clains. For exanple, in the preceding
detail ed description, the nethod and apparatus are described with
reference to an integrated circuit structure. Such structures include, but
are not limted to, electrical and opiﬁ;gﬁzgftructures. Substrat es over

whi ch the aggregate nmay be forned may ncl ude, but are not limted
to, sem conductor, ceram c, and glass substrates or a conbination of a
sem conduct gfhatGEFRINEd 1@nd/ or gl ass substrate. The specification and
drawi ngs are, accordingly, to be regarded in an illustrative rather than a
restrictive sense. 9 19 AUG 2005 CLAI M5 What is clainmed is: 1. A nethod
conpri si ng: ., over bstrate.. formng an aggregate conprising a barrier

| ayer betm%en aAﬂpﬁgyx%?§PBE§Pﬁ% | ayer conprising nitrogen and a second

diel ectric |ayepvecapibsidig, fpbmzp%ahmggregml caﬁi;ﬁismgrarbamet eyerggr egat e,
thermal |y treat| ng he subst r The. nmet hod of a| m 1 341@? ei n the
substrate ¢ eé‘eas 155 ?%‘élc AXRT COIRBTIBNg) @&%eﬁﬁ’é" ?%?C’I}da

i ntroduci ngt,Be bﬁgsand ntroduci ng the aggregate between the
devi ce baseagndct Hfg ast one metal layer. 3. The method of claim1,

wherein the subsaﬁtatf@rmtthgg@gﬁtmﬂp&mw treatihg dhe anbistrater oduci ng t he
aggregate conprises introduci ng the aggregate-

2. The method of claim 1, wherein the substrate comprises a device base
and at least one metal layer and introducing the aggregate comprises

introducing the aggregate between the device base and the at least one metal

layer.

3. The method of claim 1, wherein the substrate comprises a non-planar
surface and introducing the aggregate comprises introducing the aggregate

directly over the non-planar surface.

4. The method of claim 1, wherein the substrate comprises at least one
trench and introducing the aggregate comprises introducing the aggregate in

the at least one trench.

5. The method of claim 1, wherein the first dielectric layer comprises

silicon nitride.

6. The method of claim 5, wherein the barrier layer comprises a dielectric
material.
7. The method of claim 6, wherein the barrier layer comprises boron.

10



directly over the non-planar surface. 4. The nethod of claim11, wherein the
substrate conprises at |east one trench and introducing the aggregate
_conprises introducing the aggregate in the at |east one trench. 5. 156 2005
met hod of claim1, wherein the first dielectric |layer conprises silicon
nitride. 6.8.The Aenbidedoforspesimgs, wherein the barrier |ayer conprises a
dielectric material. 7. The.nethod. of ¢laim; erein the barrier |ayer
conpr 1 ses. bor on 48 At S5 o8 Sk BB G kEY HUPRYY obier TaedBlec e,
I nt roduci nga?elacd}ﬁpfjbﬁfgﬂj@c%@ngi rectly over a first dielectric |ayer
conprising nitrogen;, introducing_a_second dielectric |layer conprising
phosphor ous di r dgfogucig? seqpmdodieledsric lagascomprasingarhrephprevediresdy t he

substrate. 3 ) aim 8, wherein the substrate conprises a
devi ce basg%eéngggﬁ%ggy%ﬁghnet al layer, and introducing the first

di el ectric | ayerthermplly seatingrthe sdbsirate.t he first dielectric |ayer between
the device base and the at |east one netal |ayer. 10. The nethod of claim
8, wherein the substrate conprises a non-planar surface and introducing

the aggreggte COrRYing@fod bf FIRHHE MehdrbR ARYAABALS c&h?@i‘s&é ¥ devde bdre
non- pl anar surface. 11. The nethod of claim8, wherein.the substrate

conpri ses and adeastone metabinayerant imroduciogibe fivet diglctalayes sopimmises
| ntroduci ng. {88, ;tﬁg%gt éii'%lqc?ﬁ@la%ier'b%%%ef??ﬁe ggg{&g@ta?%gndms afRdipd of

claim4, erern arriér layer “conprises a
one metal layer.

10.  The method of claim 8, wherein the substrate comprises a non-planar
surface and introducing the aggregate comprises introducing the aggregate

directly over the non-planar surface.

11.  The method of claim 8, wherein the substrate comprises at least one
trench and introducing the aggregate comprises introducing the aggregate in

the at least one trench.

12.  The method of claim 4, wherein the barrier layer comprises a dielectric

material.
13. The method of claim 5, wherein the barrier layer comprises boron.

14.  An apparatus comprising;:

a substrate; and

an aggregate comprising a barrier material between a first dielectric
material comprising nitrogen and a second dielectric material comprising

phosphorous.

15.  The apparatus of claim 14, wherein the substrate comprises a device
base and at Jeast one metal material and the aggregate is disposed between the

device base and the at least one metal material.

11



-material. 13. The nethod of claim5, wherein the barrier |ayer conprises
boron. 14. An apparatus conprising: a substrate; and an aggregate
~conprising a barrier material between a first dielectric material 19 AUG 2005
conprising nitrogen and a second dielectric material conprising
phosphorous. 15. The apparatus of cl ai m 14, V\/ner ein the substrate conprises

a device base at | east ?g]gmet mater gehhe aggreghage is .

di sposed betfween!ThAPPHAINE 8 aiE ondhereind e| érz% fETiaTaleTiva COFPIISes 11
19 AUG 2004]1idén nitk@eappar atus of claim 15, wherein the first dielectric
material conprises silicon nitride. 17. The apparatus of claim 16, wherein
the barrier material conprises a dielectric material. 18. The apparatus of

claim 17, whereip,f Qﬁp?r%rtﬁ.j; o c]almﬁ.\lréI gvlherelmfme%arriexb %a?enallcompnses a

dielectric material.

18.  The apparatus of claim 17, wherein the barrier material comprises
boron.

12



