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invention relates to passivation or dielectric [ayers used in, for
exanple, cireuit structures. - Backgr ound 100021 Dielectric |ayers or filns
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i nt erconnect systens such.as found in many integrated ci rCU|t structures :
A m croprocessor, for exanple, may have five or nore |evels of

I nt erconnect over a substrate such as a sem conductor substrate. [000: 11
There can be_a_ significant difference between various dielectric |ayers or
films in a n@ﬂiﬁgélﬁém’%connect system or structure. For exanple,
pre-metal dielectric (PI\/D) | ayers or filns are typically used between the

her o nl ¢ hor Soo “or oniearopion febes HpadRRofi ST PR S Sl T

t herei n/thereo ,

[ nterconnectfmexahp(eecgcultmahréb) PMD | ayers or filnms can typically be
deposited (and densified if necessary) at a higher tenperature than is
possible for internetal dielectric |layers. Furthernore, PMD filns can be
flowed and reflowed at tenperatures in excess of 700C to pronote gap fill.
As interconnect structures are introduced over a substrate, the naxi mum

t enper at ur e Bagkgiotndoducti on of a dielectric layer or filmtends to be
reduced, because netal interconnects tend to rrelt at tenperatures in

excess of 4 m num co per ng rrperatures) [ 00041
The PMD | aygw(fl I mqlé eﬁ%%ﬁ%@ useditn i@g’mﬁailéﬂ%q late gme deyiiequct ur e
in two ways frdrh ansmeaﬁzea clieiit SRactreahd bﬁéhévBéI bt &mdd&i&fﬁaﬁ%%fthér%er S,

and it isol atel VI ces physically fromcontam nation sources such
nobi | e ti-level interconriect 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/thereony), or other local-interconnect level material, and the first
intercormect 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
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essential device characteristics such as the threshold voltage of a
transi stor device. [00051 As device densities increase on a circuit

structure or ionhietg-drem poasé-progeissingyancf hardire)DOMabjlerions sich as sastiughi eve
voi d-free gap fill_becones,.increasingl y. i AROr t. JFar.. I I.n sub
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is 0.1 mcrorisrechold wiltalgedf a tiahsistondpded. rati o. 100061 Bor ophosphosilicate
gl ass (BPSG) -silicon dioxide (Si62) is one well known material for a PMD

| ayer or fil BPSG typi cal | ont ains about two to six weight percent
each of boro@%ﬁ phos%ﬁ&ﬁ&fédcmsilﬁ@@?ﬁﬁ%?FVCUIEI@EB?PF%HT g&’ﬁﬁatﬁﬁg‘ﬁml
chem cal vapgg; g ; 2 al ed

(refl owed) at9 B%B??él%lgfg)éa%ﬁ&ég%%?g%}ht@ K%Qg@aggﬁg?%gn%c%%%% acts as a
gettering agéwredsinglyimpootant.cFormamypla; inrssap GRS fnicren{omgrdevides, onkevi ces
(e.qg., transistor ile the b rovi de 00d fillsb e it
Lends o cor Fafereve: filihe £ g1 § 2 END AR S5 d8R5or g imith 23 BE ca
fabrication agpe@-emimf a state of the art integrated -circuit structure, a
thin layer of 'silicon nitride (Si3N4) is introduced over the substrate as

an initial dielectric Jayer or, filmfo]lo ..for. exa e. .a BPSG | ayer
or 111 m 1 n 19996} on” BOPPhoEhasics glas I Rican AOTIE SEIAs OFF de. al 20
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I ntroduced PMD layer or film such das a BPSG | ayer“or film [00081 As

not ed above, twte sikweight percens gagh of berort andphespharpuasBREGyis typigadht ant  as
devi ce densi k) €S . ' r J r film
Is optim zed&ﬁ&gﬁﬁg%ﬁ?ﬁgmé%gﬁ%}%cﬁgﬁﬁé%% S%ﬁiﬁ‘é’ﬁﬁfzg’fr?)fa ét %plaé?%? gch‘f’ aé‘%neal
t.ends to i nctheasmnesed (sdflosved) it 700 yo HO00°Ge HBp&ieralithephosphwras in 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.

[0607] 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 nitrogeh
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| ayer or film The nitride consunption tends to degrade the insulating
properties of the silicon nitride material. Thus, what is needed is a way
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ni t rogen- cont |n| ers or, films in c J ction with a thermal
processing i %’% ﬁEls’BFh‘bWE‘}é%‘FR?erLPg‘ sp RY OF THE | NVENTI ON [ 00091
I n one enbodi mant a met hod includes, over a circuit substrate, formng an
aggregate conpri si ng a barrier |ayer between a first dielectric |ayer
conprising nitrogen and a second dielectric |ayer conprising phosphorus. In
this enbodi ment, the nethod al so includes, after form ng the aggregate,

thermal |y treating the circuSUMMARYQETHE INVENAION nt r oduct i on poi nt for

I npl ementing the method described hereinis in a FVMD layer or film wherein
the circuit rate Y ﬂ?ﬁ{s Iﬂnﬂ HIRL | ayer
and the agg eg§¥e S I|\hn %@‘Z%ﬁbeq‘?ﬁ/éefei% f evi ¢ 3’86 egggﬁg%e a?é | east
one net al Iﬁqmnngﬁmatggtégaté)mmpnsmgmmﬂer Iagrbnblﬁwﬁenlaefmnst diclentie layek s,
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silicon nit rﬂfi@exfnbbmxﬁ&ct MH%@ECI&&B% Fo t@geraRAs UMt i on
during reflow (thermal |y annealing) the BPSG._ 10010F I n anot her

enbodi ment, thesmaly dieating th@cla@@tsqlﬁfraﬁp ap suitablgdntroduetinppedfers i ncl udes,
In one aspeciy, Irstgéhee I ci&é ribRd HPeiR99EEIRPMD 1 I QR 11 er

| ayer betmeen a ctric ayer conprising nitrogen and a second

di el ectri c |thgsircutispbstsata gopipsispha device base andiableastianeanetal ipyecgnde as a
PND | ayer or gl ol SOMP iRt Bubd Bitieth thé¥&ic@badd MLihe %k iddst one metal

layer. Suitable barrier layers include dielectric materials, part;cularly 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.

[ooz0] 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.
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way of exanple and not by way o I m e trgures of the
acconpanyi ng drahvvi ngs in which like references indicate simlar elenments.
I't shoul d belO®led t hathe rwansionds iltustrated by maydfrexample andinot by sedyosiur e

are not nec -]y t ' . .1 he a t | east one.
[ 00131 Fi gure%ﬁ%gisl%%éﬁna ei ﬁ;%r §gfﬁ%l?§?‘?%‘§§§§’§3§}g¥égse%kﬁ?§ﬂﬁ%% rﬁlgerW‘ée\f/ of a
portion of dndicategimilaedlemients)i It sholilsl beaheted nhdtudicrende\td tas' f or med t her eon

and therein_i,n accordapce.with an enbodi ment of the invention. [00141
Figure 2 shcﬁﬁb?‘ﬁg‘% i"h&‘%@’éc}(t?fsuﬁ Pemot nepessadlytaghe same eRy t,@adof a

portion of &ne}agg;raﬁgmésig,y@r or filmincluding a nitrogen- contai ning
dielectric layer and a barrier layer in accordance with an enbodi nent of

t he inventi(jn. 3&00151 Figure 3 shows the structure of Figure 2 follow ng
the introdd@33n and Figarul schematicaBy illustratese crass-sectionat sideariewrof a

phosphorus i : | : ﬂ[gja | -of the ipventjon. [00161
Figure 4 shg&énﬁgpér?rﬁﬂ%gggo |sgure%gé§?ﬁ£drmgﬁgvﬁcﬁ§ ot p‘#‘?‘ﬁ?‘%’faﬂf
i nt er connec thereiniintascesianvewithen anbodimesichfdhe iraehtion. fi | m  DETAI LED
DESCRI PTI ON [ 00171 An aggregate suitable as a dielectric or passivation

I f ' ted ci | t t ' ' ., .as J nbodi t
of " mot noa 9588 P e Bt £ thdne® e bt o Ko LBBlabafE 6 1l uci ng tho

aggregat e. 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



[00181 In one enbodinment, a nethod is disclosed including, over a circuit
substrate, fornming an aggregate conpri sing a barri erplessdail We E366986H0UE | r st
dielectric layer conprising nitrogen and a second dielectric |ayer '
conpri sing phosphorus; and, after formng the aggregate, thermally treating

the circuit leyeserfinethads adilmttiegateridsuck aabprosilisateglasyBXgare i s a

mater al sacha ekl sl OReERpAretng Yo istide et tr Al AgftLE 'se?b[c,'ef
separating ab@*ophcsphosﬂimtw@aéw(wsma yerr loffil 0 &his Lﬁmtm@hﬂwmﬂeﬂ

gl ass (BPSGQ yer or film s matter, the barrier yer

reduces or n‘5?r veskuces,ar W@%g@#“@éﬁ‘%’ﬂﬁ% rqmug&rmrbgwre ﬁe%\elt"mé’@ﬁn t he
BPSG | ayer xh%lbﬁ [SToTgN | A

during the(r)tgrlalfm:lrsg;f\%ggvrél 1gllidl n t]ﬁ&&;hﬁq ie)?gli"l %t [ Sﬁﬂ gjrl&g}g]g egate
i s descri bedhemmalireflow.be appreci ated that the word aggregate incl udes
multiple layers or filnms introduced or fornmed on a circuit substrate.

this sense, ggr eg ed ein_ inc ferenced
as a "layer [6&595} for @?ﬁo@o@gﬁ Bﬁ%‘q 5&?3? il atjer‘?g?iggcrli%r%% l?‘fsto%

described. LppRedatedfithatthogvdrd dggeedatitichideshgliiple layeshenfileal | y shows ‘a
Cr oss- sectronal si de |ew of a port n of anﬁé’g grated circuit substrate

‘having devilB&edy ormed g Gt ErlaFf-‘ Inghisisensea pRpggEegale ttire 100

| nct udes S esbitaiPhddh iBRidel Br hitly IRRIBERCAI SAMERRIUS|BF eRaRpl 8! ©

i ncl udi ng - N—tyBe transi stor device>105 and P -type transistor dgw ce 115.

Tr ansi st or dév d@xermsnteamtdiaeamd@spbcdt ed fromone other and forned in
active device regions defined by shallow trench isolation (STlI) structures

150. N-typeg psr Stokefe‘i’%%?&{lﬂe%ﬁﬂ gﬁg@h&gﬁgygﬁgwya% rmed over

t he surface 0 substrate y“over a gate ectric) and
junction or Senﬁmbsdnwsgpéapom obamirdegmatedcibmtit sitbstrat2haviingnsi st or

device 115 HQ%CQQFO%%% &MC&&QSI&.OSE)Q&EF&}E Ylicture 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 overa gate dielectric) and junction er 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

substrate 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.
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the surface of substrate 102 and junction or diffusion regions 140 forpmed
in substrate 102 (00211 As device densities of an i Riesgfaki EErEg0Us

structure increase, the |ocation between transistor devices generally

decr ease as re devices are ., introduced in a.given area on a,substrate
(e.g., chip) R}D s, el &PF‘F %éll‘o‘VégTea?tF%“reoq&dg\ﬁecje%@%é & RZodtion of

difficult. Ageendinohts nfRfendeNihfnhediBltIcTRsteRE] SuctPhd YBEY RitrigldCh as i
1, a“PNMD fil

illustrated in Figure ayer “or mis introduced over the -
surface of t 5N raver smefacecl 08 substratad02.nki thisiregard, mitmegen-contdininges and

dovi cos. et of Bl 0 bieridiatet kRt SR RBRSEbAERE 102 . oap
fill to fillandapergaieelecasd@si0bed 108 vepactily t Natbeget @ntaidmgERyer 5 press
Mai | No. EL635698650US [ 00221 Figure 2 shows the structyre of Figure 1
after the i revflandq %ﬁ%"’%?b@gtaﬁiarﬁlf-‘ligeﬂﬂfd?fPéS?hVPF%EWﬁE%Weﬁ e el ectri c

material, s I '5'1%’ 1 &d J&S : - substrate
102. In thi ??%8‘3@ nitr genéécgﬁ?% n?%%gﬁqallg}eir&9§&§(?%al gféicgicconfornabl y
i ntroduced oweterialias wilk beasneéleatinsthe foldowd paragrapher Sijiwon nitrigtetisodes 110
and 120, respectiwely..Nit n- cont ai ni.ng | g OF [ 70 _seryes both
as a dielect WIQR/Y %’é@@e&%‘i f’q’;ﬁawea@@}e?%ag?frs%%g tg‘?‘nt lﬁf?f’rid&‘t 8[5“?%551\£f orm ng
openi ngs t hrspigbleasadarpletr PMD laper. odverdutplyinché embodBheit wheres Wil |

becone clear _in the fo] l'omi ng paragraphs. Silicon ni } ide is gen,er_al |y

consi der ed ts8iteaatridessselestedias rdbRgenRentpming fayer 66 il d#0: Blierniaityide
suttabl e as iRRsRicel SubVak b ¥Rémicf ¢p6H delokitidr(CVID), BERTIIRA olfRé ©

silicon nitride is selected as nitro aining layer or film170,

silicon ni trqrd@roﬁéoriwm@bcutmto%mmsmmwéemmwpgsmmh (CVD),
as a thin fis{ on the order of, for exanple, about 20 to 200 angstrons to
serve a purpose as an etch stop. [00231 Figure 2 also shows the structure

of Figure 1 follow ng the
[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 fﬁtrogen—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.

' [o024) 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 um {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



conformal introduction of barrier layer or film 180 over nitrogen
containing layer or film170. Barrier layer or fil m 36 NisiNe&Eesiedesous
one enbodinment, as a material that would tend not to consune the nitrogen
i n.nitrogen- cont ai ni ng layer or film 170 during subsequent thernal
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contai n phosphdferakselected fortitsi gapvial propertiag paei?uégl;ra,lraestrhﬁafemhemmf?fﬁ]l ?ﬁat
0%t be of pEReHErRHIES ANrhEREF R N 1R, TR SR rgpetisaidhac « er mal
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undoped si | i E2RtBIYNg dayer ouhjn llggéfn begop S@’l%]élca@séaﬁ& )}-dreuced as

thin films opmbagimesss hok %tﬁ%ﬁ-@ ' 16 %ﬂi:& 9!5'1} (where the
subsequently appl i ed Isé;) 8r(ﬁ% mis §z§rocﬁﬁﬁ 6] l%f‘ uce such
thin filns oflepsitedrtod wema&@\mgproﬁémsempie; Naaférthd&eﬂ?%)g{)ggggggagng
(RTP) onthe 0. s nds res | _ :
[ 00251 Fi gure %sﬁm@for?ﬁa%‘é{r}& f’rg T%Fﬂﬂ?‘ﬁpﬁr‘?%?}'%‘%@’mﬁ i nt roduction
of phosphor oirdroziuetion tedhgriduee/isCWD. fi |l m 190 over the structure. In one
enbodi nent, phosphorous-containing | ayer or f| Im190 is a dielectric

materi al sel d for Jits fill erti. artlclar shere wher e
the nmat eri # rms aIBc?Ffig‘ba{??IB?Pr Vglf%p Pr‘l’ %fttfr‘é kééﬁa %ig‘ért |hes of
t he phosph lrépmsafted&ilv' dieSIdseﬂaudQ(genﬁMgbﬁ%ﬁtdlﬁﬁ\glh 9§ pPhor ous-
cont aPnl ng IO( f| I 1%& r ophosphosilicate Zé BPSG . 'In one
embodi nent ptf‘%? gi.’)ﬂ Qrﬁ"ﬁ& %‘RP@PWS“FQT}W% ayer ebflm198b| y .
structure IOO 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 njtrogen-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 givex{ the
subsequent thermal processing to which the materials may be exposed,

combined in an additive or reactive fashion.
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struct ure of ARerpatively, aalry @bdhmay be usednari zati on of phosphorous- cont ai ni ng
| ayer or film 190 and the formation and filling of vias or openings to

diffusion oryghygiction ﬂ&&hg'}&xﬂéd bﬁ&hﬁkg YPbias 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 Iéyer 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 aluminum 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. '
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pl anari zati on of phosphorous-containing |ayer or fi l.prd8MadNoBRSESEI8650US
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phosphorous-containi ng dielectric material (e.g., BPSG is often used in
conj uncti on Wtﬂﬁ ap eSECHVE §8753% ni ng material (e.g., Si3N4). The presence
of the-barrier layer or filmtends to reduce nitrogen consunption generally
seen during thermal processing between directly-di sposed 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 consunption in the presence of phosphorous is a-concern. Such
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applications include, but are not limted to, internetal dielectric |ayers
or-films. 8 ..press Mail No. EL635698650US 100321 [.npresseatliNec BI35a§8650US
detail ed description, a method and apparatus are described wth reference
t6 specific enbodinents thereof. It will, however, be evident that various

nmodi fi cati ons and changes may be nade ther eto V\nthout—de*paﬁh—ﬁg—f—rmﬂ—t—he

broader spirit and scope of the invention as set forth or
exanple, in the preceding detail ed description, the mg mﬂl
are described with reference to an inm circuit
structures include, but are not limt | ectrical and opti cal
structures. Substrates over which the aggregate may be forned may thus
include, but gt 3Uaihiedis.ed to, sem conductor, ceramc, and glass
substrates or a conbination of a sem conductor, ceramc, and/or glass
substrate. The specrfr cation and drawi ngs are, accordingly, to be regarded
inan illustrativ .restrictive sense. 9 ...,.press Mal No.
EL635698650U§ 111%?@1@@3@?& f1 11111111111 CLAIMS * CL MS Wat is
claimed is: 1. A méh@dubafaie;fsrmgtgm regatelretmpaising & bamierdaper aggr egat e
conprising a_barrier ween a first dielectry c | a r1sing

ni trogen and b&"‘%’%bﬁérﬂr ?IéﬁtF’FHWerICSWS%rB‘rdq%eﬂ éﬁ(ﬁ@%‘g@ﬁd af ter
form ng the % HoYohd; @atli ng t he substrate 2. The met hod of
claim1l, wher n th rate conprises a device base "and at ‘| east one
metal |ayer and mftmﬁmmmg therggregateghermallyberting the substdtRi ng t he

aggregat e between the device base and the at l'east one netal

2. The method of claim 1, wherein the substrate cdmprises 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.  Themethod 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.  Themethod of claim 1, wherein the first dielectric layer comprises
silicon nitride.

6. The method of dlaim 5, wherein the barrier layer comprises a dielectric

material.

7. The method of claim 6, wherein the barrier layer comprises boron.
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| ayer. 3. The nethod of claim11, wherein the substrate conprises a non
planar surface and introduci ng“mﬂu pnpr i s@ess Mail NodE16B5688660145
aggregate directly over the no mmﬁﬂﬂaMF 4. The nmethod of claim1,
wherein the substrate conprises at 9east¥one #rench and introducing the
aggregat e corgri sesniethaddomphginighe aggregate in the at |east one trench.

5. The nmethod of claim wherein.,the first. dielegtri | ayer..c Li Ses

silicon nitride. ®VETREU ﬂ%dnHPdHFlé'grﬂ@mﬁh@g ﬁ“ﬁﬂ@ Be4 f&s?gge&}%cinc

conprises a %}‘rz'ér%h{ﬂrfsin%ﬁftﬁérgeﬁ&- 7. The nethod of  claim®6, wherein the
or ofrr.

barrier |ayer conprises 10 11iiMIIN11111111111111111 _ _ press Mail
No. EL635698650US imtreducing 8 segondedigtpgtriviaper enmprisingghosphensss dixestly

i nt roduci ng a_bapri.er . r . dinectly over a first dielectric |ayer
conpri sing ni%Fb &af{lﬁf%g'ﬁﬁ%f‘ﬁg a second dielectric | ayer conprising
phosphorous di r ecthermallvaredting thasubstrattayer; and thermally treating the
substrate. 9. The nethod of claim8, wherein the substrate conprises a
devi ce base and at |east one netal |ayer, and introducing the first

dielectric | gyer GRuB{dificd cfkraim@umeﬂan& stibgtdte ShRpAissy 4 Gevidy Basdbet ween

the device base and the at [east "one nmetal layer. 10..The nmethod of claim
8, wher ei n t badsitlesstenemetahbayies andinttaduging the firstdielestriclayer epmpdses ng

the 209 egat SrFOARlihg % it BRAE:L fhybl BeAMRNIAR Wovicd bREEAAY /A Teddt®

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 Jeast 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 least one metal material and the aggregate is disposed between the

device base and the at least one metal material.
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11. The method of claim@8, wherein the substrate conprises at |east one

trench and introduci ng the aggaRgtdis introd g%ﬂ@h&ﬁﬁﬂ@g@e@t}e in
the at | east one trench. 12. i mnnﬂglﬁﬁl m 4, erel n the barrier
e nethod of claimb5, wherein

| ayer conprises a dielectric wateria
the barrier |ayer conprises boron. 14. An apparatus conprising: a

substrate; and an aggregate coniprl si_ng_a bar r%{e gtaﬁherl .al between a first
dielectric rﬂ&terlﬁemm§9ﬁgaﬁﬂﬂ§o@@ﬁf%§‘ izst diglertric anaterial cOmpRises o

conpri sing I%lﬁ? t}ﬁ&@ . 15. The apparatus of claim 14, wherein the
substrate conprises-a device base and at |east one netal material and the
aggregat e |s di sposed between the device base and the at |east one netal
mat eri al . 111111 11| 1111 111111 1111 ress Mai EL635698650US
L Ms 16. The1 appdNgARPPAAUS P Flﬁﬂé '06%? etpt??é'nﬁfp?[tela%\lgq SHPTE drat eri al
conpri ses sidible@picthatetifle. 17. The appar at us of claim16, wherein the
barrier material conprises a dielectric material. 18. The apparatus of
claim17, wherein the barrier material conprises boron. 12

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