NOVEL FORMATI ON OF LOW K DI ELECTRI C BACKGROUND OF THE
QTNVENTICN (1) Field of the Invention. The invention relates to the
. fabri.cation of Integrated Circuit devices and nore specifically to the
formation of air gaps as a |low dielectric constant material between
conductor lines on the sanme or on different |evels. (2) Description of
the Prior Art. The formation of air gaps between conducting lines of
hi gh speed Integrated Circuits (1Cs) is tiypically a conbination of the
deposition of a netal | ayeiQVEHelF&€&MATEON @R HIGYY KoPIERECHRI@I | ayer to form
the desired line patterns, the deposition of a porous dielectric |ayer or
a disposable liquid layer which is then selectively renpoved to formthe
desired air-gaps. - The continuing effort to reduce the size of

i ndi vi dual transistors and GATNGROEWDCEOS THENMINVERTIONt egrated on a

sem conductor chip and to increase the density of Integrated Crcuits
results in a continuing reduction of the separation between conducti ng

| ayers of
(1) Field of the Invention.
The invention relates to the fabrication of Integrated
Circuit devices and meore specifically to the formation of

air gaps as a low dielectric constant material between

conductor lines on the same or on different levels.

(2) Description of the Prior Art.

The formation of air gaps between -conducting lines
of high speed Integrated Circuits (IC’s)'is typically a
coﬁbination of the deposition of a metal layer, selective
etching of the metal layer to form the desired line
patterns, the dgposition of a porous dielectric layer or
a dispcsable liquid layer which is then selectively

removed to form the desired air-gapé.

. The continuing effort to reduce the size of
individual transistors and other devices commonly
integrated on a semiconductor chip and to increase the
density of Integrated Circuits results in a continuing

reduction of the separation between conducting layers of

A 72 ROy /Ay 7 7 e
3k I - X 3 7 -
GO D OR b B



2 materials. This reduction results in an increase of capacitive crosstalk
bet ween adj acent conductor lines of a sem conductor circuit, that is the
vpltage on the first conductor line alters or affects the voltage on the
sécond conductor line. This alteration in voltage can cause erroneous
voltage levels in the Integrated Crcuit naking the IC increasingly prone
to faulty operation. It becomes therefore inperative to reduce the

resi stance capacitance (RC) time constant and the crosstal k between

adj acent conducfipg. Lip tance_bet ween adéacent

conducting lines is %n ghlrlilhl ergﬁagﬁfo%nr%«? Sndlh 8Fot" o i %I%ct ri ¢ used

to separate the conducti n(% zk Conventional sem conductor. fabrication
typically uses §FPF86T‘|1¥I? d ccfété‘ Deiresb@dlpcent nFenddstor dildrscefi ¢

constant of about 3. The use of nmany of the low dielectric
constant nater IaaFEmi‘%O‘?l%‘fthcéa§|15Fé1Elue“iQ} tiife thactoi hade euitheedtrsts not
avai l abl e to properly process the new dielectric material in various

i ntegrated circ@GPReuCHPSolinehelteranpead fimctshydecaplpropan itde of many | ow

dielectric
second conductor line. This alteration in voltage can

cause erroneous voltage levels in the Integrated Circuit
making the IC increasingly prone to faulty operation. It
becomes therefore imperative to reduce the resistance

capacitance (RC) time constant and the crosstalk between

adjacent conducting lines.

The capacitance between adjacent ¢onducting lines is
highly dependént on the insulator or dielectric used to
separate the conducting lines. Conventional semiconductor
fabrication typically uses silicon dioxide as a

dielectric; this has a dielectric ccnstant of about 3.9.

The use of many of the low dielectric constant
materials is not feasible due to the fact that equipment
is not available to properly process the new dielectric
material in various integrated circuits. Also, the
chemical or physical.properties of many low dielectric

constant materials are usually difficult to make



constant materials are usually difficult to make

3 conpatible with or integrate into conventional integrated circuit
processi ng. The | owest possible and therefore the idea

di el-ectric constant is 1.0, this is the dielectric constant of a vacuum
whereas air has a dielectric constant of slightly larger than 1.0.

To reduce said capacitive coupling and reduce the capacitive crosstalk, a
maj or objective in the design of |Cs is t@& reduce the duﬁeectrlc constant

(k) of the |nsuFQFPﬁbl?%@éPtﬁepﬁeéﬁt%&ﬁ%ﬁ%ﬁ?iBOHGDX?Qﬁqu gngfgrate

sem conductor circuits. The present invention nakes a significant

contribution wtHhiAcehe RERSSaNgthis effort. US 5, 461, 003
(Haveman et al.) shows a nethod of formng air gaps between netal |ines
by: 1) formng a photoresist |ayer (disposable |ayer) 18 (see table 1)

bet ween and over netal lines; 2) formng a lowk dielectric (HSQ (20 see’

table 1) (but not by hewilmguest possible and therefore the ideal

dielectric censtant is 1.0, this is the dielectric
constant of a vacuum whereas air has a dielectric

constant of slightly larger than 1.0.

To reduce said capacitive coupling and reduce the
capacitive crosstalk, a major objective in the design of
IC's is to reduce the dieleqtric constant (k) of the
insulating layer between adjacent conductor lines of
semicﬁnductor circuits. The present invention makes a

significant contribution within the scope of this effort.

US 5,461,003 (Haveman et al.) shows a method of
forming air gaps between metal lines by: 1) forming a
photoresist layer (disposable layer) 18 (see table 1)
between and over metal lines; 2) forming a low-k
diélectric (HSQ) (20 see table 1) (but not by having
openings.thereover); 3) removing the photoresist 18 and
thereby forming air gaps and 4) by forming a capping
oxide layer to close up the air gaps. However, this

patent differs from the present invention in step 2).



openi ngs thereover); 3) rempving the photoresist 18 and thereby form ng
air gaps and 4) by formng a capping oxide layer to close up the air gaps.
However, this patent differs fromthe present invention in step 2).

43 US 5, 750, 415 (Gnade et al.) US 5,792,706 (Mchael et al.) and US
5,407,860 (Stotz et al.) show air gap processes. SUMVARY
OF THE | NVENTI ON The principle object of the present invention is

to provide an effectiye andgranyf @@ﬁél&@béte dreyhodsof, for Mow (Michagaps
bet ween conductive Iayers ‘of raterial Anot her objectlve of the

present inventi op.i 5,3 1 hed sokgnedsi sk o gheptuisy sansiapt k

bet ween conductlve mat er { Anot her objecti've of the
present invention | a_ met hod of reducing capacitive coupling between
conducting |ayeP§°5F Relerial .

SUMMARY OF THE INVENTION

The principle object of the present invention is to
provide an effective and manufacturable method of forming

air gaps between conductive layers of material.

Another objective of the present invention is a
method of reducing the dielectric constant k between

conductive layers of material.

Another objective of the present invention is a
method of reducing capacitive coupling between conducting

layers of material.

Another objective of the present invention is a

method of reducing capacitive crosstalk between

conductive layers of material.



Anot her objective of the present invention is a nmethod of reducing
capacitive crosstal k between conductive |ayers of materi al

5 Anot her objective of the present invention is to reduce the
potential for false or incorrect logic levels of the circuits in the IC s.
Anot her objective of the present invention is a nethod of reducing

Resi stive Capacitive delays of the circuigs in the ICs. Anot her

obj ective of the presgdtHdenteenis & tHepreasetr Smiattiey Sseed of the
circuits in the IC s. Anot her objective of the present invention is

to allow dumy blLagks Nﬂérﬂd%ehﬁ@aﬁoﬁéfrfgﬂséoBrthﬁcoﬁﬁ%@ﬁﬂma@ﬁ%tQév@léCU|tS
whi | e mai ntai ning the k val ue. In accordance with the objects of

the present |nvggt£9g é&fEﬂQL%EEHOQthIE‘H'“ ng air gaps between adjacent
conducting |ines of sem conductor circuit is achieved.

Another cbjective of the present invention is a

method of reducing Resistive Capacitive delays of the

circuits in the IC’s

Another objective of the present invention is to

increase Switching Speed of the circuits in the IC's.

Another objective of the present invention is to
allow dummy blocks within the construct of the

semiconductor circuits while maintaining the k value.

In accordance with the objects of the present
invention a new method of forming air gaps between
adjacent conducting lines of a semiconductor circuit is

achieved.

A pattern of (disposable) photo resist is deposited
using reverse metal masking followed by a blanket
deposition of metal across and in between the photo

resist pattern. This metal can be deposited by



A pattern of (disposable) photo resist is deposited using reverse netal
maski ng foll owed by a bl anket deposition of netal across and in between
the photo resist pattern. This netal can be deposited by

65 el ectroplating, electroless plating, etc. Chem cal Mechanical

Pl anarization (CW) is applied to the deposited netal |ayer to planarize
the top surface of the deposited netal down to the top of the previously

deposited photo resist patt.ern. ttégp of, _| diele i nst ant (k)
material is depoSttedr Y i'op st ef\?ﬁgr ea”r?alpil‘z%gwgm tgéé'eccﬁ{se%m%ggg dunmy

deposition mask, the dielectric material is etched .I%_peﬁgssary, a
barrier can be Hepoahied FIETESHZRhsPanC¥PS RF pPPLIET o € deposition of
the low k dielectric. The previously deposited pattern OflﬁhOtO %esist is
removed | eavi ng 8FPOSHER MsdPhedAYEhet rat AN ar R8s L AR PR RHIHG SEhBT phtS er n
of deposited low k dielectric material in place. An Inter Level
Di el ectric (1LD)depgeited npdgdsiipsd by Ehenitglh Opr BB UPEHIWSHY enhanced CVD
process and is supported by the previously deposited pattern of | ow
dielectri.c constapbsie¢dritaltot hesisorpatfera .l dyeptheroset tYf¥ deposited
netal | eads w thout penetrating into the openings or air gaps that exist
bet ween these neiablectric constant (k) material is deposited on top of

the planarized surface using a dummy deposition mask, the

dielectric material is etched. If necessary, a barrier

can be deposited (of for instance SiN) prior to the

deposition of the low k dielectric. The previously

deposited pattern of photo resist is removed leaving‘air

gaps between the metal lines and leaving the pattern of

deposited low k dielectric material in place. An Inter

Level Dielectric (ILD) layer is deposited by a high

. pressure plasma enhanced CVD process and is supported by

the previously déposited pattern of low dielectric

constarit material thus forming a layer across the

deposited metal 1éads without penetrating into the

openings or air gaps that exist between these metal

leads. The gaps between the conducting leads remain thus

filled with air establishing a very low dielectric

constant between the conducting leads. A layer of low

dielectric constant material is deposited on top of the



|'eads. The gaps between the conducting | eads remain thus filled with air
establishing a very low dielectric constant between the conducting | eads.
A | ayer of low dielectric constant material is deposited on top of the
7sformed intra-level layer to forma low k inter-level dielectric

The formation of the inter-level dielectric layer wthin the scope of the
present invention further enables the renoval of dummy bl ocks or patterns.
These dunmy bl ocks are added to the regular pattern of a sem conductor

circuit design in order to inprove and facilitate the step of

pl anari zati-on of “§GPEdceRtranEvelntayer eI fYiitedOli K 1Ay 16 ethe present
invention provides and facilitates the planarization process thus

enabl i ng the red9éeil8RtB:Cel i i nati on of the dummy pattern. The
inter-level dielectric |ayer of the present invention can further enable
the addition of dummy blocks to facilitate planarization while at the sane
time maintaining the k val ue. BRI EF DESCRI PTI ON OF THE

DRAW NGS The fcrmation of the inter-level dielectric layer

within the scope of the present invention further enables
the removal of dummy blocks or patterns. These dummy
blocks are added to the'reguiar pattern of a
semiccnductor circuit design in crder to improve and
facilitate the step of plenarization of surfaces. The
inter-level dielectric 1éyer of the present invention
prcvides and facilitates the plenarization process thus
enabling the reduction or elimination:of the dummy
pattern. The inter-level dielectric layer of the present
invention can further enable the addition of dummy blocks
to facilitate planarization while at the same time

maintaining the k value.

ERIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the deposited pattern of photo resist.

Fig. 2 shows the deposited metal lines between the

pattern of photo resist.



Fig. 1 shows the deposited pattern of photo resist. Fig. 2 shows the

deposited netal |ines between the pattern of photo resist.

8 Fig. 3 shows the formation of a pattern of low k dielectric formed on
top of the pattern of photo resist and netal |ines. Fig. 4 shows after
the renoval of the photo resist. Fig. 5 shows the formation of the
inter-level layer and the intra-Ilevel airsgaps. DETAI LED
DESCRI PTI ON OF THE PREFERRED ENMBODI MENT The maki ng and use of the

presently preferFéd. enbodisrame dbrraelqr esferst pehtentioh iayw & scussed
bel ow. However, it should be appreciated that the present invention
provi des many apgkelabteid meamicidvencoosept She pattern of photo resist:

and metal lines.
Fig. 4 shcws after the removal of the photo resist.

Fig. 5 shows the formation of the inter-level layer and

the intra-level air gaps.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The making and use of the presently preferred
embediment ¢f the present invention is discussed below.
Hcwever, it should be appreciated that the present
invention prcvides many epplicable inventive concepts
that can be ccmbined with a variety of specific contexts.
The specific embodiment discussed here is merely
illustrative of specific ways to make and use the present
invention and does not delimit the scope of the

invention.

Referring now more specifically to Fig. 1, there is
shown a cross-sectional view of a substrate 14 on which a

photo resist (PR) pattern 12 has been deposited. This



that can be conbined with a variety of specific contexts. The specific

enbodi nent di scussed here is nerely illustrative of specific ways to nake
and use the present invention and does not delimt the scope of the
irnventi on. Ref erring now nore specifically to Fig. 1, there is

shown a cross-sectional view of a substrate 14 on which a photo resi st
(PR) pattern 12 has been deposited. This '
9 pattern 12 is the mrror image of the pattern of netal lines that is to

be establi shed %llattt%%oflzt he sMOSEIAlE 1k4g@ndstishdgnasiekadodshagas everse

met al maski ng. IS process is within the state of the art of

sem conduct or "%Urfefysa%th%fti y@g- £ d & Séﬂ@:%%ﬁ@%ﬁeé%ﬁ %%Pro%f ehabl ¥y s fRgE: of

silicon, which is pically single crystalline. substrate 14 can al so

be made of epitaxjal_ farmations ermani um sili j 1 o, | psul at or
mat eri al and/ ora‘?(éiarﬁc{ a- SOBSTIATR Frt S irglvgfsé éa)gshel ?Agfé{gg% ﬁ%lsgbeen
deposited over the sutlst,rat gtég @gg cqqcrlttai n? ﬂnl i con ofdi oxi.de.dThg base

| ayer can al so OMRSEST dthdr taiRI B ¢ en8feral & ad i°STVRAMCATT Ve t hat
the construct of the present invention can_be applied at _any level _wthin
the fabricatiordtie TETEENdIRT oF “RA THREG lgei‘ﬁg ‘H‘?ﬁqetr@g’lﬁ’o made "ot

silicon, which is typically single crystalline. The
substrate 14 can also be made of epitaxial formations,
germenium silicon, silicon on insulator material and/or
similar substrate materials. A base layer 16 has been
deposited over the substrate 14 and contains silicon
dicxide. The Lbase layer can &lso contain cther dielectric
materiels and is indicative that the ccnstruct of the
cresent invention can be eapplied at any level within the
fabrication of a semicenductor without being limited to

fcrmation directly on the surface of a wafer.

Fig. 2 shows the pattern of conductive lines 22
after deposition onto the photo resist pattern 12 and the
surface of the wafer 14 ana after the éompletion of CMP
up to the top of the resist, if required. The metal
deposition that is part of this processing step is a low
temperature (below 250 degrees C.) metal deposition. This
cold metal deposition can for instance be a deposition of

Al approximately 200 degrees C. Copper can be deposited



formation directly on the surface of a wafer. Fig. 2 shows the
pattern of conductive lines 22 after deposition onto the photo resi st
pattern 12 and the surface of the wafer 14 and after the conpletion of CW
up to the top of the resist, if required. The nmetal deposition that is
part of this processing step is a | ow terrperature (bel ow 250 degrees C.)
net al dep05|t|on coI net al osi t! pn_ca far tapce be a
deposition of égﬁFﬁipnﬁ Tvnédﬁ'ﬁgﬁFéég égﬁHEP ﬁ gh%ep05|ted
10 by el ectro- pI ating or electroless-platin In the preferred form the
regi ons 22 are dowdeeredelaifering reqicasi ?gb@@e FEEICAR VENES tRfes® Al or  any
ot her sem conductor conpati bl e conductive layer. This cross-section can
i ndi cate any | ewaliteoleondtieriag inalage22Al hax awedshes speifendugtay and is
etched in a predeterm ned pattern to formnetal | eads. The net al
i s deposited undemmpedndilei oasdeftivewlavenpef il urerass Flecénr ¢4 resi st
fromburning off, to reduce the thermal budget, to prevent the degradation
of transistor perdigrireneeyi letdle afr mesidstbisg al ired2exhst needs t assure
t hat the |l ow k value is maintained at a constant |ow val ue.

be isclated and is etched in a predetermined pattern to

form metal leads.

The metal is deposited under conditions of low
temperature to prevent the resist from burning off, to
reduce the thermal budget, to prevent the degradation of
transistor perfcrmance if the transistors already exist
and to assure that the low k value is maintained at a

constant low value.

Fig. 3a shows the pattern 32 formed by using the
dummy depcsition mask 33 shown in Fig. 3b. Pattern 32 is.
formed using a low dielectric ccnstant material, such as
hydrogen silsesquioxané (HSG) . Pattern 32 is formed using
any of the existing deposition method, for instance high
speed spin on. The essence of the dummy dielectric
deposition mesk 33 is that it has a dense array of holes,
this high hole or cpening density is required in orxder to

make the subsequent processing step possible. To further



Fig. 3a shows the pattern 32 fornmed by using the dumy deposition mask 33
shown in Fig. 3b. Pattern 32 is fornmed using a |ow dielectric constant
materi al, such as hydrogen sil sesqui oxane (HSG - Pattern 32 is forned
using any of the existing deposition nethod, for instance high speed spin
on. The essence of the dummy dielectric deposition mask 33 is that it has
a dense array of holes, this high hole or @pening density is required in
order to make tdithassidesegaehdw pr oddidsgisngeshepi possithleagtBe UVr¢ueing,

11 enhance the low k films mechanical strength, UV curing, E-beam curing
or thermal curi ngram berusedot amu@as cubéngsedvent used to outday e use
of mask 33 no alignnent to previous layers is needed, the mask is
applicable to anyjlyayer of netal. The nmask can be formed by using a sinple
phase shift mask since the mask has a regular pattern. The spacing

bet ween the openings in the mask nust be such that the spacing of the
opening is smaller than the netal |line pitch in the design rule. For the

0.18 design rule the gotal Lo, 3lacP3Si BY L ket poEvifes O- 25
p gis 36 U

design rule the netal To netal spacin

layers 1s needed, the mask is applicable to any layer of
metal. The mask can be fcrmed by using a simple phase
shift mask since the mask has a regular pat?ern. The
spacing between the openings in the mask must be such
that the spacing of the opening is smaller than the metal
line pitch in the design rule. Fcr the 0.18 design rule
the metal to metal spacing is 0.26 um, for the 0.25

design rule the metal to metal spacing is 0.36 um.

.Fig. 4 cshows cross sectional view after the photo
resist material 12 has been removed. The removal of the
photo resist can be accomplished by for instance using a
photo-resist strip process using 02 plasma. It is
noteworthy to oﬁserve that the previously deposited loQ k
dielectric pattern 32 that was deposited on top of the
conducting lines 22 remains in place. After the removal
of the photo resist 12 the inter-metal spaces 34 are now

filled with air.



Fig. 4 shows cross sectional view after the photo resist material 12 has
been renoved. The renoval of the photo resist can be acconplished by for
i.nstance using a photo-resist strip process using O[err] plasma. It is
noteworthy to observe that the previously deposited |low k dielectric
pattern 32 that was deposited on top of the <conducting lines 22 remains in
pl ace. After the renoval of the photo resist 12 the inter-netal spaces 34
are now filled with air. 12 12 Fig.
5 shows the final procesgsi Bgsséwep tMd Hiinslhproseopismgofstepi sithyentheon. A
inter-level layer 50, consisting of a low dielectric (if necessary)
constant materisdopd $fCERAL €OnHIN TIRANS AOK nbé g1 PreSIERerob0hi gh
tenperature fast reflow CVD deposition where the high pressure and/or high
tenperat ure assw diRatingher gdepasidied deewik ¢di elacdddsarimt ebhatamedheres to
and rapidly builds up between the previously deposited pattern 32 of |ow

k dielectric mterial,1This deposdd i@”me@hgcgﬁs‘oﬁ_{m%ﬁ%s‘éﬂréhérw 4 Ngs
between the low k- dielectric pattern 32. This inter-level layer 50 forns

the base or. f Ouﬂ%% ie‘%’étE?Ve the fidale AeReShLhol &P lindr@in@Migp of this
base | ayer 50. mé@er, ow k“dielectric
- pressure and/or high temperature assure that the

deposited low k dielectric matefial adheres to and
.rapidly builds up between the previously deposited
pattern 32 of low k dielectric material. This deposition
pr;tess clcses up the openings'between the low k
dielectric pattern 32. This inter-level layer 50 fcrms
the bese or fcundaticn for the final depositioﬁ 52 of Si02
cn top of this kese layer 50. However, low k dielectric
materials can be deposited at this time if it is required
to minimize the CR delay. This latter depositién 52,
also referred to as the inter-level dielecéric, forms a
layer of dielectric material supper-imposed and
cverlaying the depoéited metal lines 22 and inéorporating
the previously deposited low k dielectric pattern 32. The
gaps or spaces 34 bétwéén the coﬁducting liﬁes are filled

with air thus establishing a construction with very low

dielectric ccnstant between the conducting lines 22.

N



materials can be deposited at this tinme if it is required to nmininize the
CR delay. This latter deposition 52, also referred to as the inter-1|evel
dielectric, forms a |ayer of dielectric material supper-inposed and
overlaying the deposited netal lines 22 and incorporating the previously
deposited low k dielectric pattern 32. The gaps or spaces 34 between the
conducting lines are filled wth air thus establishing a construction with
very low dielectric constant between thelconducting |ines 22. .
13 The pref erredhsr 668E8TTeH RKOASRgIAp ST 3B SPEC8S A gH Hlessure
FECVD di el ectric deposition. The processing tenperatures are between 350
and 450 degr ees Mdchiintdesgurpr BESUH il elsdrhe eRe Y HA®2 08N FoPFOCaH M gh
pressure accelerates the sealing of the gap. SiH4 gas is to be used as.
t he precursor becayse wdfurkewecoste traknb@blerngdedd dpgreggabi- | ¥iyh tthan TECS.
Whil e the present invention has been described with reference to an
illustrative enmhodigmitte cifhbstdescriptandn200sTaot . tThebdigbnpressdre n a
limting sense. Various nodifications and conbinations, as well as other
embodi nents of thecdenrlisonne ef &1 Binre dfo thBegaglesirt,pyasnis I to ite ulserdef ore
i ntended that the appended

as the precurscr because of low cost and better sealing

capability than TEOS.

While the present invention has been described with
reference to an illustrative embodiment, this description
is not to be ccnstrued in a limiting sense. Various
modifications and combinations, as well as other
emtodiments of the invention reference to the
description. It is therefore intended that the appended

‘claims encompass any such modifications or embodiments.



cl ai nms enconpass any such nodifications or enbodi nents.

14 What is clainmed is: 1. A nethod for fcrmng a physical structure,
conprising: securing a sem conductor substrate in which a base |ayer is
foermed; fornming a pattern of photo resist on top of said seniconductor
substrate said pattern being the mrror imge of the desired conducting
line pattern on top of said sem conductor substrate . thereby form ng an
intra-level pattern of photoresist; formng said desired conducting |ine

pattern saighgesid eflzigeadueting |ine pattern being formed within the
spaces or holes within said intra-level pattern of photcresist said

desired congucifgHddeRatrterind W thefsiRahnge Whéhife t Renplabengof said
intra-level pattern of photoresist thereby formng a [|ayer of conducting

[ine patterfe @l ANtd &dngehabal dLTdufilc 1 ROLAT @S S 1o pRLENELYZE NG the oD
surface of said | ayer of conducting line pattern and intra-level pattern
of photoresigf .qformng a hirgh density pattern of |ow dielectric constant

materi al overlaying said |ayer of conducting line pattern and intra-Ievel
patter n. of PhP,FPA s ta;“c’cefrgr g}n nétnt rr%_sli%\éel ajcé aﬁos avi/idt glerrr]llg 1!12?.i clztac}/er of
conducti ng |ne‘%51gbrn and |H?ra- evel pa??erﬁ)%? 6%otore5|s$ %eréﬁy
substrate said pattern being the mirror image of the desired
conducting line rpattern on top of said semiconductor substrate
thereby forming an intre-level pattern of photoresist;
forming éaid:desired conducting line pattern said desired
ccnducting line pettern being formed within the spaces or
hcles within said intra-level pattern of photcresist said
desired conducting line pattern further being within the plane
of said intra-level pattern of photcresist thereby forming a
layer of ccnducting line pattern and intra-level pattern of
photcresist;
planarizing the top surface of said layer of conduéting line
pattern and intra-level pattern of photoresist;
fcrming a high density pattern of low dielectric constant
material overlaying said layer of conducting line pattern and
intra-level pattern of photoresist;
forming intra-level air gaps within said layer of conducting

line pattern and intra-level pattern of photoresist thereby

forming a layer of conducting line pattern and intra~level air

gaps;

I
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forming a | ayer of conducting line pattern and intra-level air gaps;

15 closing the gaps within said high density pattern of low dielectric
constant material to forma low dielectric constant |ayer on top of said

| ayer -of conducting line pattern and intra-level air gaps; and depositing
an inter-level dielectric on top of said low dielectric constant |ayer.

2. The method of claim1l wherein formng a pattern of photo resist on top
of said sem conductor substrate uses conventional deposition and etching

techniques. _ 3. The nmethod of claim.1 wWhRerein form ng said.desired
conducting FiReipatths warSes1EbhvetribAHICNIEpBE tY RPEhTF? FfahdVi zati on
t echni ques. A. The method of claim1 wherein said form ng said desired

conducti ng Hinkephrierarrsszatenetoplal itey fgeposi tpwrdiflectgpperonstant The
met hod of claim1 wherein said formng said desired
layer on tcp cf said layer of cenducting line pattern and
intraflével air gaps; and

depcsiting an inter-level dielectric on top of said low

dielectric constant layer.

2. The method ¢f claim 1 wherein forming a pattexrn of photo
resist on top of said semiconductor substrate uses

conventional deposition and etching techniques.

3. The method of claim 1 wherein forming said desired
conducting line pattern uses conventional deposition and

planarization techniques.

4. The method of claim 1 wherein said forming said desired
cenducting line pattern is electroplating deposition of

copper.

5. The method of claim 1 wherein said forming said desired
conducting line pattern is electroless plating deposition of

copper.

RO
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conducting line pattern i.s electroless plating deposition of copper.

16 6. The nethod of claim 1l wherein said form ng said desired conducting
lI'ine pattern is ccld-nmetal deposition of alum num said deposition to cccur
at a tenmperature within the range of between 150 and 200 degrees C. 7.
The nmethod of claim2 wherein said formng said desired conducting line
pattern is col d-netal deposition of COppg sai d deposition to occur at a

r
tenperat ure W"lr’hr%I r?nettkl%dr g@gglé)lfm glbgvthr\%?gﬁnﬁl59i§%r%g%gdggﬁge elired 8 The

met hod of clfai'm1 wherein formn density pattern of Tow dielectric
constant materja overLagi

l, . ng, said . pla of said | ayer. of con fi l'ine
pattern andPHYEIPGy&rD p%%fiéﬁ*]?{’ stpﬁﬁg?c_)?'%ts‘fgtcdeipso:sx%slgguro:fn%ﬂg'%l udr;n‘gry mask
that exhibits a pattern of openings; positioning said.du mask such that
sai d dunmmy $isk & itéPPytﬁl%%%‘g tar’featéﬁmg?:ﬁ%‘t% dﬁl?g‘é?“d%y’é?“%? ot
conducting line pattern and intra-|evel pattern of photoresist from
exposur e t 0PV deCofPAat 8P i S ITRSFoSiti on; exposing said top surface to
a lowk dielectric material such that said mask partially intercepts the
deposition of the | ow

7. The method of claim 1 wherein said forming said desired
cenducting line pettern is ccld-metal deposition of copper
said derosition to occur at a temperature within the range of

between 150 and 200 degrees C.

8. The method of claim 1 wherein forming a high density
pattern of low dielectric constant material overlaying said
plane of said layer of conducting line pattern and intra-level

pattern of photoresist is:

securing a dummy mask that exhibits a pattern of openings;
positioning said dummy mask such that said dummy mask
partially blocks the top surface of said layer of conducting
line patterﬁ and intra-level pattern of photoresist from
exposure to a source of material deposition;

exposing said top surface to a low k dielectric material such
that said mask partially intercepts the deposition of the low
k dielectric material on top of said layer-of conducting line
pattern and intra-level pattern of photoresist thereby forming
a low-k high density dielectric pattern on the surface of said

Ry
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K dielectric material on top of said |layer of conducting line pattern and
intra-level pattern of photoresist thereby forming a |lowk high density
dielectric pattern on the surface of said

17 layer of conducting line pattern and intra-level pattern of

photoresist; and etching said |owk high density dielectric pattern
thereby formng a high denS|ty pattern of | ow di el ectric constant

material on said surface of said |ayer of Eonductlngﬁll eBFg ttern. and

i ntra-| evel lpe% & GNOPARLEDY ebing Fattery, a7 el Heth S herei n
forming intra-level air gaps within said |ayer of conducting line pattern
and i ntra- |@viorqsdsttér aN6f photoresist is renoving said intra-|evel
pattern of photo resist using conventional photo strip techniques. 10.
The met hod QﬁCRﬂmﬁrﬁaﬁdwﬁeweknhtghxﬂqnjiﬁhedéagécﬁﬁ%quﬁﬁﬁ§§Fﬂ thegPP¥ensity
pattern of | ow dielectric constant material is a high pressure Plasma
Enhanced CVibxriBEGQVE) hdighl depsity mdpesint pdnlagi dieleprrdcessnpgarenperature
within the range of between 350 and 450 degrees C. and a pressure within
the range mitdetateem bRidandu2icélarfr skier ébyerisohgrBidittasgal precur sor
gas. -

pattern and intra-level pattern of photoresist.

9. The method of claim 1 wherein forming intra-level air gaps
within said layer of conducting line pattern and intra-level
pattern of photoresist is removing said intra-level pattern of

photo resist using ccnventicnal photo strip techniques.

10. The method of claim 1 wherein closing the gaps within said
high density pattern of low dielectric constant material is a
high pressure Plasma Enhanced CVD (PECVD) dielectric
deposition using a processing temperature within the range of
between 350 and 450 degrees C. and a pressure within the range
of between 10 and 200 Torr thereby using SiHs as a precursor

gas.

11. The method of claim 1 wherein depositing a inter-level
dielectric on top of said high density pattern of low

dielectric constant layer is a high temperature fast reflow

CVD deposition of $iOa.

I HHEH I jl HIIE 1l

L4 Cc oy



11. The nethod of claim 1l wherein depositing a inter-level dielectric on
top of said high density pattern of low dielectric constant |layer is a

hi gh tenperature fast reflow CVD deposition of SiO[err].

18 12. The nethod of claim 1l wherein depositing a inter-level dielectric
on top of said high density pattern of |lo dielectric constant layer is a
hi gh tenperature fast reflow CVD deposition of a low k dielectric thereby
mnimzing RC deleaynethod &8.cIdian rlewhededh dépdsnting ehinkeradeyel onal
step of depositing a barrier |layer containing SiN said step to occur
prior to sagfksdefyif ohorbpngr asdiidhid@ensiehyi patparteraf ofohowdi el ectric
constant material. 14. The nmethod of claiml1l wth the additional step

of curing gaidhigh densibit pasfar nofh hayhdi ehgeatatuvrecdastantflomt eri al
t her eby out gassing the solvent thereby enhancing the nechanical strength

of said hi ghyglensids: tAaht 8 Na of o W aidileleet i eneast anhimEenyakcsai d step
to be perfornmed prior to said step of formng intra-|evel air gaps.

delay.

13. The method of claim 1 with the additional step of
depositing a barrier layer containing SiN said step to occur
prior to said step of forming a high-density pattern of low

dielectric constant material.

14. The method of claim 1 with the additional step of

curing said high density pattern of low diélectric constant
material thereby outgassing the solvent thereby enhancing the
mechanical strength of said high density pattern of low
dielectric constant material said step to be performed prior

to said step of forming intra-level air gaps.

15. The method of claim 14 whereby said curing is

thermally curing.

16. The method of claim 14 whereby said curing is E-beam

curing.
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15. The nethod of claim 14 whereby said curing is thermally curing.

16. The nmethod of claim 14 whereby said curing is E-beam curing.

19 17. The nethod of claim 14 whereby said curing is U/ curing 18. The
met hod of claim8 wherein said dunmy mask exhibits spacing said spacing
between the openings within said mask to bg smaller than the pitch in the

design rul e or TthghmeQHQ U&f'éhgalkd s Wbibbh sl deshgedsconducting |ine

pattern. e nmethod of claim 18 wherein said design rule is the

0. 18 design ruI with metal to nmetal spacing of 0.26 um 20. The net hod
of cIa|n11é:wheﬁe|n said design rule is the 0.25 design rule with netal to
nmetal spacing of 0.36 um 21. A nmethod for formng air gaps between
conducting lines of a seniconductor devi ce, conprising the steps of :
securing a sem gonduct or substyate o nwhLeh 2 PSR Y §hskSexh HLIES:

spacing said spacing between the openingé within said mask to
be smaller than the pitch in the design rule for the

conducting lines within said desired conducting line pattern.

19. The method of claim 18 wherein said design rule is the

0.18 design rule with metal to metal spacing of 0.26 um.

20. The method of claim 18 wherein said design rule is the

0.25 design rule with metal to metal spacing of 0.36 um.

21. A method for forming air gaps between conducting lines of
a semiconductor device, comprising the steps of:

securing a semiconductor substrate in which a base layer is
formed;

depositing a photo resist layer on said base layer:

e;ching said photo resist layer into a photo resist pattern
that is the mirror image of the pattern of the metal leads
that are to be formed on top of said substrate base layer,
said photo resist pattern having tops and sidewalls with a

spacing or gap between said photo resist pattern, wherein

T



depositing a photo resist |ayer on said base layer; etching said photo
resist layer into a photo resist pattern that is the mrror imge of the
pattern of the netal leads that are to be formed on top of said substrate
base | ayer, said photo resist pattern having tops and sidewalls with a
spacing or gap between said photo resist pattern, wherein

20 portions of said substrate base are ing exposed in the areas of said
gaps betwee

p@r%‘_’% sPQ?:Qair@SQ‘ﬁ} tRatbetse AGPRIihigNIxpod®l aln l@keraredst op of

said photo*resist pattern and on top of sald exposed portions of said

substrate base; . planari zi ng sai I r..d the level of the top
of said d& O§F’i‘8dgf)?|%t%eﬁ'we%nst”ag%??é?%’t es‘r%e tyg\ggitg??ﬁ ng a top surface of

said pattern of photo resist and of conductin | ines withi i attern
of photo réjﬁpﬁs,lel%cﬁr’f‘%rgas]a Wrﬁ?yoﬁagﬂpt%%tsag%ipﬁo g gé%og%{]epf%tge

openi ngs; positioning said dunmy sk such that said du sk _.partially
bl ocks sai d"“@oﬁ“sﬁ??ag% sfarldjmeé‘fﬁtﬁa’?@of%l%f’ss &?lgf Suﬁ%{’%ér/?ezg‘lﬁ‘oadseeﬁosi tion;
depositing |low k dielectric material on top of said tgp sggface sych t hat
sai d mask pdepeairyngnterd dmitalt Aévedepewt thoinsr 1eK8L| 8 KR &hri ¢

material thereby formng a pattern of lowk high density dielectric
mat eri al orsadai depopitedrfhrte resist pattern thereby obtaining a- top

surface of said pattern of photo resist and of conducting
lines within said pattern of photo resist:

securing a dummy mask that exhibits a pattern of openings;
positioning said dummy mask such that said dummy mask
partially tlocks said top surface from exposure to a source of
material deposition;

depositing low k dielectric material on top of said top
surface such that said mask partially intercepts the
deposition of thé low k dielectric material thereby forming a
pattern of low-k high density dielectric material on sald top
surface;

removing said deposited photo resist pattern thereby forming
intra-level air gaps in the plaqe of said conducting lines;
clesing thé openings within said pattern of low-k high density
dielectric material thus forming a low-k intra-level

dielectric base layer; and

i
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renmovi ng said deposited photo resist pattern thereby formng intra-Ievel
air gaps in the plane of said conducting lines;. closing the openings
within said pattern of lowk high density dielectric material thus formng
a*lowk intra-level dielectric base |ayer; and

21 depositing a layer of low k dielectric material on top of said |owk
intra-level dielectric thereby formng a lgwk inter- Jlevel dielectric

| ayer . P& oshha netthadyet &f aiow X1dh el bberi € aEtdrsbngohheostem wfid
formng a passivating |ayer on the sides of said photo resist, after said

step of etching S@«Jt@aph@b@lr@ﬂl%ctlﬁ)ée'f:héf‘e RALTIHGN at 9oty OF M 2 g0t 0
resi st pattern. 23. The nethod of claim?2l1 further conprising the step

of form ng & HassiMaRgc! gL, bet ween said photo resist pattern and on
top of sai exposeg portion o Said substrate base | ayer in addition to a

passivating |layer on the sidewalls of saidphoto resist pattern, after said
step of etching said photo resist pattern in a pattern that is the mrror

| mage of t{be %tt?n%thog EP faoin}c %rlmfﬁgggggtcl:gn?prll%lg)g the step of
forming a passivating layer on the sides of said photo resist,
after said step of etching said photo resist layer in a

pattern to form a photo resist pattern.

23. The method of claim 21 further comprising the step of
forming a passivating iayer between said photo resist pattern
and on top of said exposed portion of said substrate base
layer in addition to a pessivating layer on the sidewalls of
saidphoto resist pattern, after said step of etching said
photo resist pattern in a pattern that is the mirror image of

the pattern of the to form conductive leads.

24. The method of claim 21 further comprising the step of
depositing a structural dielectric layer, after said step of

removing said photo resist.

25. The method of claim 21 wherein said base layer has been

deposited over the substrate.

lﬁlll NIII | IEl
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24. The nethod of claim 21 further conprising the step of depositing a
structural dielectric |ayer, after said step of renoving said photo

resist. 25. The nmethod of claim 21 wherein said base | ayer has been

deposited over the substrate. 22
26. The nethod of claim 21 wherein said base | ayer has been deposited over
the substrate and contains dielectric materRal. 27. The nethod of claim

21 wherei n 3&i Thg gptéeddefosizimgla whegwir 87 &d AT & 2¥&EePPAI PR t op oOf
said top surface is a high speed spin on process using hydrogen
si | sesqui oxdeweomist edlicolegcthecswmseratal and copBaimhealipdtelddiof metarig
wherein said low k dielectric material conprises SiJerr], forned froma
Si H4 source in a plasma enhanced vapor deposition chanber at approximately
375 degrees C. as dielectric material. 29. The nethod of cla'im?21
wher ei n sai 27 1 ermy ale tofodpbat 61 aimm €5l stheaeisi shsd ofteggn odx ygenshaseg Pl asma
renmoval process.
low k dielectric materiazl on top of said top surface is a high
speed spin on process using hydrogen silsesquioxane as

dielectric material.

28. The method of claim 21 wherein said low k dielectric
material comprises SiOz, fcrmed from a SiHs source in a plasma
enhanced vapor depcsition chamber at approximately 375 degrees

C. as dielectric material.

29. The method of claim 21 wherein said removal of photo-

resist consists of an oxygen based plasma removal process.

30. The method of claim 21 wherein sald step of closing the

openings within said pattern of low-k high density dielectric
material is a high pressure PECVD dielectric deposition using
a processing temperature within fhe range of between 350 and
450 degrees C. and a pressure within the range of between 10

and 200 Torr thereby using SiHs as a precursor gas.

LT
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30. The nethod of claim 21 wherein said step of closing the openings
within said pattern of lowk high density dielectric material is a high
pressure PECVD di el ectric deposition using a processing tenperature within
the range of between 350 and 450 degrees C. and a pressure within the
range of between 10 and 200 Torr thereby using SiH4 as a precursor gas.

23 31. The nethod of claim21 wherein said step of closing the openings
within said pattern of |owk high density?dielectric i i

. terial a

conbi ned hidh JresSGtEORi §h §Erperidt UPBTEVD Seh SR BEﬁ'ﬁf‘a%Je%%. he 32. The
met hod of claim 21 wherein said depositi 2? said desired conducting line
pattern i s ersndngst alithépossid oretdlernapnd eimi JHidh depsstyi dtrirdecur at a
tenperature within the range of between 150 and 200 degrees C. 33. The
met hod of chaienizl \ilsepeicnmshiel ddpbsiprengusaiighddsimpedatvrelUet? ng |ine
pattern is cold-netal deposition of copper said deposition to occur at a
t enper at ur edeapddiitidoherocange of between 150 and 200 degrees C. 34. The
nmet hod of claim 21 wherein depositing a inter |level dielectric on top of
said owk high-density dielectric

32. The method of claim 21 wherein said dépositing said

desired conducting line pattern is cold-metal deposition of

aluminum said deposition to occur at a temperature within the

range of between 150 and 200 degrees C.

33. The method of claim 21 wherein said depositing said
desired conducting line pattern is cold-metal deposition of
copper said deposition to occur at a temperature within the

range of between 150 and 200 degrees C.

34. The method of claim 21 wherein depositing a inter
level dielectric on top of said low-k high-density dielectric
material is a high temperature fast reflow CVD deposition of

Si0s2.

35. The method of claim 21 wherein depositing a inter
level dielectric on top of said low dielectric constant layer

is a high temperature fast reflow CVD deposition of a low k

dielectric thereby minimizing RC delay.
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material is a high tenperature fast reflow CVD deposition of Si(err].
35. The nethod of claim 21 wherein depositing a inter level dielectric on
top of said low dielectric constant layer is a high tenperature fast
refl ow CVD deposition of a low k dielectric thereby mnimzing RC del ay.
24 36. The method of claim?21 with the additional step of depositing a
barrier layer containing SiN said step to &cur _prior to said step of
securing a denmThrgiethod of7claie Hethsd dpecrdfrhippadi 6AePhRf additi onal
step of curing said pattern of lowk high density dielectric materi al
t her eby outdessdiiiginche bekvéar ldwarlppnidahantd nyiN m@idrséRANEaPCSHY engt h
of said pattern of lowk high density dielectric miterial said step to be
performed pptrisr tio salid sstppodfsem@mmivigng samdy phaglor esi st pattern. 38.
The met hod of claim 21 wherein said dummy nmask exhibits spacing said
spaci ng between the openings within said mask to be smaller than the pitch
in the design rule for the conducting lines within said desired conducting
line pattersy. The method of claim 21 with the additional step of
curing said pattern of low-k high density dielectric material
thereby outgassing the solvent thereby enhancing the
mechanical strength of said pattern of low-k high density
dielectric material said step to be performed prior to said

step of removing said photoresist pattern.

38. The method of claim 21 wherein said dummy mask
exhibits spacing said spacing between the dpenings within said
mask to be smaller than the pitch in the design rule for the

conducting lines within said desired conducting line pattern.

39. A method for forming air gaps between conducting lines of
. a semiconductér device, comprising the steps of:

sécuring a semiconductor substrate in which a base layer is

formed;

depoéiting a metal layer on said base layer;

etching said metal layer into a pattern of conductive leads

wherein said conductive leads having tops and sidewalls with a

spécing or gap between said conductive leads, wherein portions
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3%. A.nethod for formng air gaps between conducting |lines of a

sem conduct or device, conprising the steps of: . securi'ng a sem conduct or
substrate in which a base layer is fornmed; depositing a netal |ayer on
said base layer; etching said nmetal layer into a pattern of conductive
| eads wherein-said conductive | eads havpfig tops and sidewalls with a

spaci ng or,gap, Net RN rSRedps98dLLd Y & leeddSng WL gt AN tthenNdreas of
25 of said substrate base | ayer are being exposed in the areas of said

.gaps_bet Weggiéaéadpg:g&gweinvea5@9&&9&&%aeaes siddsH} a photo resist

| ayer on top of” sal attern of conductive | eads and on top of said

xper domntoT e a8 RELLEL AR on, BLRTEE 248 sk inggD (O8I of

| ayer down sai onducti1ve | eads er eby

bt ai ni t f f id tt f i St. d _qf i, d
gonglucr:“t in\g/eg?%‘g‘g%gy‘%ﬁ flcrﬁ% Sgﬁf] a(lﬁ%t{)(gpr e ofgag O§g8§5%<§ g@;rctltfg’%os??t F%gaa | ayer

of lowk..high nechanical strength dielectric material on the surface of
sai d patt efPPoFrPpHoOtRPSSesi st and conductive | eads; securing a dummy mask
that exhibits a pattern of openings; positiagning said du sk, such that
sai d dummyPHaRE* pEe iSALdy PRPEEkESSHT W 125 T s GPFRCE® o’fhesgieg']%ag?e?:ﬁeof phot o

resi st and conductive |eads; etching said |owk high nechanical strength
dielectrictpp of said conductive leads thereby obtaining a top surface _

ofxsaid pattern of photo resist and of said conductive leads
within said pattérn of photo resist;

depositing a layer of low-k.high mechanical strength
dielectr;c material on the surface 6f said pattern of photo
resist and conductive leads;

securing a dummy mask that exhibits a pattern of opeﬁings;
positioning said dummy mask such that said dumﬁy mask
partially blocks said top surface of said pattern of phdto
resist and conductive I;ads} |
etching said low-k high mechanical strength dielectric
material on the surface of said pattern of photo resist and .
conductive leads such thaL said mask partially inhibits said
etching thereby forming a low-k high dénsity dielectric’
pattern on top of said sﬁrfacé; : .
remoying saia deposited photo resist fro¢ said pattern of

photo resist and conductive leads thereby forming intra-level

air gaps;

G

[ L M



material on the surface of said pattern of photo resist and conductive
I'eads such that said mask partially inhibits said etching thereby formng
a lowk high density dielectric pattern on top of said surface; renoving
sai d deposited photo resist fromsaid pattern of photo resist and
conductive leads thereby formng intra-levgf air gaps;

26 closing thesPpeniOopentings watklid ok hoghkdengh tderbielyeatielectpast ern
t hus fornlng a lowk inter-level dielectric base layer; and depositing a

| ayer of pktgfﬁlﬁﬁig%rmhgrhaiom tiof f 189k 0 gi OMde dift gaskevel
dielectric thereby formng a lowk inter- |evel dielectric |ayer. 40.

The met hod F La|§g§9 further conprising the step of formng a
passi vating éy on the sides of said netal |eads, after said step of

etching saig %alnﬁgkﬁﬁcygﬁoo§ P@%tﬁréﬁéf%c*EQEnﬁgp tgﬁ'dﬁatoﬁag§ said4l.

The met hod o 9 further conpr|5|ng the step formng a

passi vati ng Iay bet ald onguctl a o) (o] d exposed
portion of ggwd iﬂﬁﬁ? eve ?%ﬁe%l %f % t?8ﬁgq§?§pﬁé§£ﬁvg ?%E | ayer on

the sidewal s of said cqndgctlve Ieads after said step of etching said
nmet al |ayerlevel dielectric layer

40. The method of claim 39 further comprising the step of
forming a passivating layer on the sides of said metal leads,
after said step of etching said metal layer into a pattern to

form conductive leads.

41. The method of claim 39 further comprising the step of
forming a péssivating layer between séid conductive leads and
on top of said exposed portion of said substrate base layer in
addition to a passivating layer on the sidewalls of said
ccnductive leéds, after said step of etching said metal layer

to form conductive leads.

42. The method of claim 39 further comprising the step of
depositing a structural dielectric layer, after said step of

removing said photo resist.

A



to form conductive | eads. ~42. The nethod of claim 39 further conprising
the step of depositing a structural dielectric |layer, after said step of

renovi ng said photo resist. 27
43. The nethod of claim 39 wherein said base | ayer has been deposited over
t he substrate.- 44. The nmethod of claim 39 wherein said base | ayer has

been deposited over the substrate and contains dielectric materials.

45." The method of claim39 wherein said step?’of depositing a |ow Kk
dielectric it erhalmghadpiotlsan BLomduetinvealddersandysgahdspheed resi st
mat eri al consists of high speed spin on process using hydrogen

si | sesqui oxaagosist ¢l edvent ithe sabetiste. 46. The nethod of claim 39
wherein said | owk high nechanical strength dielectric material conprises
Si2, fornmed froma SiHerr] source in a plasma enhanced vapor deposition
chanber at approximately 375 degrees C. as dielectric material.

44. The method of claim 39 wherein said base layer has been

deposited over the substrate and contains dielectric,

'\ materials.

45. The method of claim 39 wherein said step of depositing a
low k dielectric material on top of said conductive leads and
-said phato resist material consists of high speed spin on

process using hydrogen silsesquioxane as dielectric material.-

46. The method of claim 39 wherein said low-k high mechanical
strength dielectric material comprises $i02, formed from a SiHq
source in a plasma enhanced vapor deposition chamber at

epproximately 375 degrees C. as dielectric material.

47. The method of claim 39 wherein said removal of photo-

resist consists of a silicide based plasma removal process.

48. The method of claim 39 wherein said removal of photo-

resist consists of an oxide based plasma removal process.

-
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47. The method of claim 39 wherein said renoval of photo- resist consists

of a silicide based plasma renoval process. 48. The nethod of claim 39
viher éi n said renoval of photo- resist consists of an oxide based plasma
rermoval process. - 28 49. The

met hod of clai'm 39 wherein said step of closing the openings within said
hi gh dot density low k dielectric patterng consists of a high tenperature

CVD deposi ti;gn PROGRSShod of <50: THE RSN oLl été@%% \wWheisehg €hesing the
i de

gaps within sal nsity pattern of low dielectric constant material

is a high PeERRnASs Pl ASIE, Etggsnﬁfﬁé QR RENR), dh6! ee{dikcidgRophLEOR, uSi ng

a pr ocessi ng rat ure W range vveen egr ees

C. ‘and a pressure_Wwit, in th 0 n_10. nd 200 Torr t her eby
using Si H eFP{ 48t ¢r el g%ratureg%%F$ﬁ8°ﬁ% CI°8i'm 39 wherein

sai d depositing a Iayer of Iom1k dielectric naterlal on top of said | owk
inter-Ievel dielectric base layer is a high tenperature fast refl ow CVvD

deposi tion of Sigerr].
. The method of claim 39 wherein c1051ng the gaps within

séid high density pattern of low dielectric constant material
:is a high pressure Plasma Enhanced CVD (PECVD) dielectric
depdSition using a processing temperature within the range of
between 350 and 450 degrees C. and a pressure within the iange

of between 10 and 200 Torr thereby using SiHs as a precursor

gas.

51. The method of claim 39 wherein said depositing a layer of
low k dielectric material on top of said low-k inter-level
dielectric base layer is a high temperature fast reflow CVD

deposition of SiO;.

52. The method of claim-39 with the additional step of
depositing a barrier layer containing SiN said step to occur
prior to said step of depositing a layer of low-k high

mechanical strength dielectric material on the surface of said

pattern of photo resist and conductive leads.

-

AR

M



52. The method of claim39 with the additi onal step of depositing a
barrier layer containing SiN said step to occur prior to said step of
depositing a layer of lowk high nechanical strength dielectric material
on the surface of said pattern of photo resist and conductive |eads.
29:53. The nmethod of claim39 with the additional step of curing said
pattern of |ow k high nechanical strength dielectric material thereby
out gassi ng the solvent thereby enhancing the nmechanical strength of said
| ow-k high nechanical strength dielectric?dmterial sai.d step to be

| d
performed pPPor T° Btk @5 FLADDI H1y "Hdind tAB et BP0 S5 ePr 85i st from

said pattern of photo resist and conductive | eads, 54. The net hod of
cl ai m 39 whepeing swif dakhpriask L@yt Biigd FpakemralaisFi&p4Elng bet ween the

openings within said mask to be snmaller than the pitch in the design rule
for the coddete¢myid inedenijihihesetyl adsiasedngobitRictdivgnti fbepabyern.

enhancing the mechanical strength of said low-k high
mechanical strength dielectric material said step to be
performed prior to said step removing said deposited photo

resist from said pattern of photo resist and conductive leads.

54. The method of claim 39 wherein said dummy mask
exhikits spacing said spacing between the openings within said
mask to be smaller than the pitch in the design rule for the

conducting lines within said desired conducting line pattern.
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