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circuit devices and nore particularly, to a nmethod of creating a network
of air gaps that is located in a layer of Inter Metal Delectric of. a

sem conduct O 8 iron To2kok A ERISO MEtokREOFTARE dEs wrTHINT 3D

i ncreased device density that is par sem conduct or devi ce fabrication
| eads to the placing of nunerous devi on one nmonolithic substrate. The
I ndi vidual devices are electrically i50l R ed from each other and are '
i nterconnected to other sem conductor devices of the total package to
performcertain desired circuit functions. Decreased device dinensions

result in a reduction of electrical_ ener that can_be stored in a device.
This reduction of device sP2EKFRPYYR O é[glé ngpﬂ'%%OI?'educt ion of the

The invention relates to the fabrication of integrated
circuit devices and more particularly, to a methodlof creating
a network of air gaps that is located in a layer of Inter .

Metal Dielectric of a semiconductor device.

(2) Description of the Prior Art
The increased device density that is part of

semiconductor device fabrication leads to the placing of

numerous devices on one monolithic substrate. The in&ividual

devices are eleptrically isolated from each other and are'

interconnected to other semiconductor devices of t#e-total

package to perform certain desired circuit functioés.

Decreased device dimensions result in a reduction of

electrical energy that can be stored in a device. This

. ' reauction of device size further results in a reduction of the
internal device capacitances'sﬁch as parasitic capacitances at
source and drain regions of a gate electrode of MOS devices.

At these reduced devices capacitances, the relative parasitic



I nternal device capacitances such as parasitic capacitances at source and
drain regions of a gate electrode of MOS devices. At these reduced devices
capaci tances, the relative parasitic capaci tance of the device

i nterconnect |ines becone nore inportant in the design of the

sem conductor device and in the ability of the device to performthe
required functions at the required frequency and the required power |evel.

The inter 68RABEFAREDRY tHiRc depdeanbRteRFINAsstt AADCPr BREPBN BATQ he
capaci tance of each circuit, an effect that is especiall pronounced as

t he oper at ingorkantiehe ythst desd gueof cthe ssemimondassar Yevhcemand davitde

function packed in snaller device geonetry, nore signal I[nes are in

cl oser physbéafitproXivhie devivzen tevper beforthe eeguirad Ennabioms radadde

I npact of parasitic capacitances of the signal lines. This probl em of

i nt er conneckequpaedsitéguarapacindanbe negiitdrepeiwere lbwedddieessed wher eby

sprocesses or solutions that result in reducing this capacitance are the

i0bj ecti ve. interconnécuptaparitanael baocess kat \dm@@r&dnaCEﬁhctiditeSoﬁrtme

dependent on a nunber of factors such as the length of the
capacitance of each circuit, an effect that is espec1ally
pronounced as the operating frequency of the device is
'increased. With more device function packed in smaller device
geometry, more signal lines are in closer physical proximity
than ever before resulting in an increased impact of parasitic
capacitances of the signal lines. This problem of interconnect
parasitic capacitance must therefore be addressed whereby

- processes or solutions that result in reducing this

capacitance are the objective.

Coupling capacitances between adjacent lines are
dependent on a number of factors such as the iéngth of the
lines, the proximity of the lines and the distance over which
the lines runs adjacent to lines in close proximity. Longer
lines result in increased capacitive coupling, as does closer

- proximity between lines. Of equal importance in determining
the capacitive coupling that oecurs between adjacent lines is
the material that is used to separate adjacent linés.

Materials (that are used between adjacent lines) that have a



lines, the proximty of the lines and the distance over which the |ines
runs adjacent to lines in close proximty. Longer |lines result in
i'ncreased capacitive coupling, as does closer proximty between lines. O
equal inportance in determning the capacitive coupling that occurs

bet ween adjacent lines is the material that is used to separate adjacent
lines. Materijals ithat, are used, between adj acent Iines% tharl.have a

2 nighgfiet eF kT iONE5AEE aHRCTIRT%RA0E PABACHIHES 134T0l i ng
bet ween the adjacent lines while materials wth |ow dielectric_ constant
decrease theteapactie \aJdIasEpti Adnpet Wleh? MHLECLALs YirRsloy diied eCREi&s or e
inportant to select materials (dielectrics) that are used to separate .
i nt er connecenstart desrgastEbeasapati bltg QWPLing botwemtadiagsddsi bl e. -
Conventional sem conductor fabrication typically uses silicon dioxide as a
di el ectriclingps Rhsiw Wianederei émporaninttofelgpubaBemialy her exanpl es
.are silicon.with a dielectric constant of 11.7, silicon nitride with a
di el ectric (dbateahricaf thay agpi ns€W-1& mppaxatie anteeternedt ldmest ant of
4.0. Al of these exanples are of -dielectric materials that have a

that have as low a dielectric constant as possible.

Conventional semiconductor fabrication typically uses silicon

dioxide as a dielectric; this has a dielectric conétant of

about 3.9. Other examples are silicon with a dieleqtric

constant of 11.7, silicon nitride with a dielectric constant

of 7.0, Spin-On-Glass with a dielectric constant of 4.0. All

of these examples are of dieleétric materials that have a

dielectric constant that is too high for applicatién with sub-

micron device feature sizes and that would impose serious

limitations on device performance both in the frequency range

in which the device can be used and in the power or switching

level of the device. For high frequency operation, 'power

consumption increases proportionally with frequency. For a

given interconnect layout, both power consumption and

crosstalk decrease, and performance increases, as the

dielectric constant of the insulator decreases.

The use of many of the low dielectric constant materials,

such as aerogel with a dielectric constant of 1.2, is ‘not



dielectric constant that is too high for application with sub- mcron
device feature sizes and that would i npose serious I|imtations on device’
per formance both in the frequency range in which the device can be used
and in the power or switching |evel of the device. For high frequency
operati on, power consunption increases proportionally with frequency. For
a given interconnect |ayout, both power consunptjon and Qrogitalk

decrease, aRePPRIOIHNEL ther Baglethats eaydpmgp IJe%trfqtc £ 5P t.he

I nsul at or decr eases. The use of many of the | ow dielectric constant
mat eri al s, PxeR¢rhy RRACGEGE thethew dicdlestriccmabasiahtinnfvaripus) s' not
3 feasible due to the fact that equipnent is not available to
properly prboeegratrd miwcyiisbeer rvecanmenithaisei maverials raqwiagr at ed
circuits or because these materials require <critical steps of processing
whi ch si gni érteitdly stepseaseptbees s fwidichr sagntbscantAlys gnareasehéhecal or
physical properties of many |low dielectric constant materials are usually

manufacturing cost. Also, the chemical or physical properties

of many low dielectric constant materials are usually

difficult to make compatible with or integrate into

conventional integrated circuit processing. For instance,

aerogel requires a very sensitive drying step that is not well

suited for a high volume, low cost process of semiconductor

device manufacturing.

The lowest possible and therefore the ideal dielectric
constant is 1.0, this is the dielectric constant of a vacuum

whereas air has a dielectric constant of slightly larger than

1.0.

The formation of air gaps petween conducting lines of
high speed Integrated Circuits (IC’S) is typically a
combination of the deposition of a metal layer, seie&tive
s etching of the metal layer to form the desired line patterns,
the deposition of a porous dielectric layer or a disposable
liquid layer which is then selectively removed to form the

desired air-gaps.



difficult to nmake conpatible with or integrate into conventional

I ntegrated circuit processing. For instance, aerogel requires a very
sensitive drying step that is not well suited for a high volune, |ow cost
process of sem coriductor device nmanufacturing. The | owest possible
and therefore the ideal dielectric constant is 1.0, this is the dielectric
constant of a vacuum whereas air has a dielectric constant of slightly

larger than 1.@he presenceief rihiigh d8vet af roapasd t¥eweeHPoRbuct i ng

~lines of high speed Integrated Circuits (ICs) is typically a conbination
of the depdstwesn gidjaceptasignalerlines| eani yesukl dii #g dnceraesaePil | ayer

to formthe desired |ine patterns, the deposition of a porous dielectric

| ayer or a.¢bpqnx§ﬂmeecrbsquatkIbgnﬂeemhﬁdbapsntknnnduﬂﬂan|h#ﬂeF eéneved to

formthe desired air-gaps.

The presencsemifcenducglor| evetudtf, campeaciitsi vhecvoptagry on a flxst

” conductor line alters or affects the voltage on a 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.therefﬁfe

imperative to reduce the resistance capacitance (RC) time

constant and the crosstalk between adjacent conducting lines,

The invention addresses the creation of air gaps that are’
created in a layer of Inter Metal Dielectric (IMD). For Prior
Art applications of a layer of IMD, the layer of IMD has to be
thick in order to significantly reduce crosstalk and the RC
delay of the adjacent metal lines. However, this thickneés by
its very nature limits the aspect ratio of the confact
openings that can be established in the layer of IMD, which is
contrary to the requirement of sub-micron device features. In
addition, dielectric materials that have the required low-k

- value do not have the mechéﬁical strength to support overlying .
device features if high aspect ratio openings are created in
the dielectric. It is therefore required to provide a method

that reduces the capacitive coupling through the layer of IMD



bet ween adj acent signal lines can result in an increase of capacitive
crosstal k between adj acent conductor lines of a sem conductor circuit,
that s the voltage on a first conductor line alters or affects the

vol tage on a sSecond conductor line. This alteration in voltage can cause
erroneous voltage levels in the Integrated Crcuit making the IC

increasingly prone to faulty operation, It becones therefore. inperative to
reduce t he WddfsphnEBe SRttt é’rPﬁEﬁuWrﬁme(,cgﬁé‘lléﬁﬁé{nﬁt?l%ec%&%‘l% k

bet ween adj acent conducting |ines. The invention addresses the
creation ofstauctyapswikbhin the semdgeaduciorn depi&e-of Inter Metal Dielectric
(IMD). For Prior Art applications of a |ayer of IMD, the |ayer of |INMD has
to be thick in order to significantly reduce crosstalk and the RC del ay
of the adjacent netal lines. However, this thickness by its very nature
limts the aspe®® PaBi®, b2lttlisixcent adt) opews regs ailfagapahebweentmdtalshed in
.the layer of IMD, which is contrary to the requirenent of sub-mcron
devi ce featlimes. akndiffiei¢norevedilal bgt etchimd artienldsieflleatrhaviayéesr equi r ed
| ow-k value do not have the mechanical strength to support overlying.
devi ce featetegenf theghetspeking dleivelspeDhigsi B cseeabedhenintégtion.
*dielectric. It is therefore required to provide a nethod that reduces the
capacitive coupling through the |ayer of |M

US 5,783,864 (Dawson et al.) shows air gaps and pillars

between metal layers. This is close to the invention.

US 5,561,085 (Gorowitz et al.) shows a method for forming

air gap bridges.

Us 5,461,003 (Havemann et al.) and US 5,527,137 (Jeng)

show other air gap processes.
UsS 5,908,318 (Wang et al.) shows an air gap in an ILD by
etch out.
SUMMARY OF THE INVENTION
A principle objective of the invention is to provide a

method to form air gaps between metal lines thereby reducing

capacitive coupling through a layer of Inter Metal Dielectric.



5 while at the sane tinme providing a nechanically stable support
structure within the sem conduct or devi ce. US 5, 828, 121 (Lur et
al.) shows an air gap between netal lines at different |evels by etching
the dielectric |ayers between the netal line levels. This is close to the
I nventi on. US 5, 783,864 (Dawson et al.) shows air gaps and pillars
between netal layers. This is close to the invention. ) US 5, 561, 085
(Corowitz et al AROERGHOR SFHANSIOF obNe o} HYSTF L% ASghp PFPEfR 2 Us
5,461, 003 (Havemann et al.) and US 5,527,137 (Jeng) show other air gap
processes. Structure gf Rpigngap) fovaagler M .3 leRsCAnI¥Prthadp i5H an ILD by

etch out. SUMVARY OF THE | NVENTI ON
mechanically stable.’ .

In accordance with the objectives of the invention a new
method is provided for cféating air gaps in a layei of IMD. A
first layer of dielectric is deposited over a surface; the
surface contains metal 1iﬁes running in an Y—direéfion.
Trenches are etched in this first layer of dielectric in the
X-direction. The trenches in the X-direction are filled wifh_a
first layer of nitride and polished. A second layer of
dielectric is deposited over the polished surface of the first
layer of dielectric thereby including the trenches that have
been filled with nitride. Trenches are formed in the Y-
direction in the second layer of dielectric, a second layer of
nitride is deposited over the second layer of dielectric |
thereby including the trenches that have been formed in the Y-
direction in the second layer of dielectric. The layer of
nitride is polished thereby including the surface 6f the
second layer of dielectric. It must be noted at this point

. that the trenches that havé'been filled wifh the first layer
of nitride in the first layer of dielectric intersect the
trenches that have been filled with the second layer of

nitride in the second layer of dielectric intersect under an



A principle objective of the invention is to provide a nethod to formair

gaps between netal |ines thereby reducing capacitive coupling through a
l-ayer “of Inter Metal Dielectric. 6
Anot her objective of the invention is to provide a structure of air gap
formation in a layer of IMD that is nmechanically stable. In

accordance with the qgbjectives of the_invention a new nethod i s provided
for creati rd%ia 9fafd PRIBCERy S WY HBYeA Of i9%6kde FFefeBPSiFefet?Tc is
deposited over a surface; the surface contains netal lines running in an
Y- di r ect i orthe Pugf@ses ofr Ehet 2erand Aayrrsof i dkelachrdc shegeblectric in the
X-direction. The trenches in the X-direction are filled with a first layer
of nitride iavalysdinioskbe. palsekerhdiltayide on thi eeaand dayerdefosited over
t he polished surface of the first |layer of dielectric thereby including
t he trenchesidleattrigveThe thin layer of oxide is masked and etched
thereby creating openings in this thin layer of oxide whereby
these openings align with the points of intersect of the
nitride in the trenches in the first layer of dieléctric and
the nitride in the trenches in the second layer of dielectric.
The nitride is removed from the trenches by a wet etch thereby
opening trenches in-the first layer of dielectric while also
opening trenches in the second layer of dielectric .with both
sets of trenches being interconnected. The openings in the
thin layer of oxide are closed off leaving a network of

trenches that are filled with air in the two layers of

dielectric that now function as the Inter Level Dielectric.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. la shows an expanded view of a surface over which a
first layer of dielectric has been deposited. Fig. 1lb shows a

. corresponding cross section taken in the X-direction.

Fig. 2a shows an expanded view of a surface after

trenches have been etched in the X-direction in the first



been filled with nitride. Trenches are forned in the Y- direction in the
second | ayer of dielectric, a second layer of nitride is deposited over
the second | ayer of dielectric thereby including the trenches that have
been fornmed in the Y- direction in the second | ayer of dielectric. The

| ayer of nitride is polished t hereby including the surface of the second
| ayer of dielectric. # nmust be notgg h this 0|nt t hat the trenches that
have been fia¥edd Qfi GHeLREEFHEstF iy PWAI 21§ ?ﬁ?qﬁP G FEPSPayer of

dielectric intersect the trenches that have been filled with the second

| ayer of mfeqtigd itakeRelBeklmdK1dyr@ctdPrndi el ectric intersect under an

7 angl e of 90 degrees. A thin layer of oxide is deposited over
the surface of the second | ayer of dielectric thereby including the
polished nitride in the second |layer of dielectric. The thin layer of

oxi de is masked Fdgd SBchRbEvWS tdrereipandedaviayg obehisupface wifitert kha | ayer of
.0xi de whereby these openings align with the points of intersect of the
nitride in tienahesndmethenfihst fiaysr lodydiebéctrit detve bemmd filled

with nitride. Fig. 3b shows a corresponding cross section

taken in the X-direction.

Fig. 4a shows an expanded view of a surface after a
second layer of dielectric has been deposited and after
trenches have been etched in the Y-direction in the second
layer of dielectric. Fig. 4b shows a corresponding cross

section taken in the X-direction.

Fig. 5a shows an expanded view of a surface after the
trenches in the second layer of dielectric have been filled
with nitride. Fig. 5b shows a corresponding cross $ection'

taken in the X-direction.

Fig. 6a shows an expanded view of a surface after a first
* thin layer of oxide has beén deposited over the.su;face of the
second layer of dielectric and affér dpenings have been etched

in this first thin layer of oxide. Fig. 6b shows a

corresponding cross section taken in the X-direction.



the nitride in the trenches in the second |ayer of dielectric. The nitride
Is renoved fromthe trenches by a wet etch thereby opening trenches in the
first 'l ayer of dielectric while also opening trenches in the second | ayer
of dielectric with both sets of trenches being interconnected. The
openings in the thin layer of oxide are closed of f Ieaving a network of

trenches that a LS fI% q% th alr Ln th I wo e%%r ace | ectric that now
function as the fﬁfe Sk %ﬁs o PEREPAR view ° 1BE’SCRIPTICN
OF THE DRAW NGS$ . ms an eﬁpand d vi,ew of g surfac over

whi ch a { PLEELRgyBRS ot Gielioverc PGB DRt e iB. <BrofiFS’ st o
correspondi ng cross sectlon taken in the X-direction I g. 2a shows
an expande&hﬁléﬁFBP al 2¥FY ffe dredertrireirhethidsy @ S@&ﬁngtEhﬁﬂ }ﬁyﬁﬁe
X-direction in the first : 8 | ayer

of di el ect BfcCVRi X198 ShRing C6PPELRRACINPFIAsss T the openings in

the first thin layer of oxide. Fig. 7b shows a corresponding

cross section taken in the X-direction.

Fig. 8a shows an expanded view of a surface after metal
lines have been deposited and patterned over the surface of
the second thin layer of oxide. Fig. 8b shows a corresponding

cross section taken in the X-direction.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now specifically to Fig. la, there is shawn an
expanded three~dimensional view of a surface 10 ovér which a
first layer 14 of dielectric has been deposited. Metal
contacts 12 have been provided in the layer 10. Layer 10 can
typically be the surface of a dielectric layer. The surface 10
is however not limited to the surface of a substrate but can
- be any surface that is used in the creation of a semiconductor

device.

10



section taken in the X-direction. Fig. 3a shows an expanded vi ew of
a surface after the trenches in the first layer of dielectric have been
firlled with nitride. Fig. 3b shows a corresponding cross section taken in
the X-direction. Fig. 4a shows an expanded view of a-surface after
a second | ayer of dielectric has been deposited and after trenches have

been etched in the Y-directjon | ayer of ielectrlc._Flg. 4b

shows a corresp&rﬁﬁerfgqér Bg ints%rc'ﬁ‘? ii&@ﬁef:ﬁr%‘ﬁ cag fPEatPofnY Fig.

5a shows an expanded view of a surface after the trenches in the second

| ayer of disdideakliec Hetechetn Futh &f LAkt AnAkerceicsSildicon SR oXRERs a
correspondi ng cross section taken in the X-direction. Fig. 6a
shows an ex{oriate v dapef ers@ﬂﬁQRﬁﬁJaﬁﬁe51él¢Pns@ltnﬂﬂQ1(P@yéﬁléﬁ”bX|de has
been deposited over the surface of the second |ayer of dielectric and

af ter openisigkl ¢y @xyediréde hetiludnopdiiymeti r paryhéne | Ppdiviofidexi detr&ig. 6b

.shows a corresponding cross section taken in the X-direction.

9 ethyl-ortho-silicate {TEOS) based oxides, boro-phosphate-
silicate—-glass (BPSG), phospho-silicate-glass (PSG), boro-
silicate-glass (BSG), oxide-nitride-oxide (ONO), a low
dielectric constant material, such as hydrogen silsesquio#éne

and HDP-FSG (high-density-plasma fluorine-doped silicate

glass.

The most commonly used and therefore the preferred
dielectrics are silicon dioxide (doped or undoped), silicon
oxynitride, parylene or polyimide, spin-on-glass, plasma oxide
or LPCVD oxide. The preferred dielectric material to be used

for the invention is Si0a3.

: ’ The deposition of the layer 14 of dielectric uses
conventional deposition teghnology and can, for instance, be
deposited using PECVD procedures at a temperature of between
about 350 and 450 degrees C. to a thickness between about 5000

and 10,000 Angstrom using TEOS as a source.

11



Fig. 7a shows an expanded view of a surface after the nitride has been
renoved fromthe trenches in the first and the second | ayer of dielectric
and while a second thin layer of CVD oxide is being deposited to close off
the openings in ..the first thin |layer of oxide. Fig. 7b shows a
corresponding cross section taken in the X-direction. Fig. 8a
shows an expanded view of a surface after nmetal |ines have been deposited
and patterned ovE¥9+¢ H® ShrFgca 67053 heatdoanatt ArRtacs 0 oftheximgdalri g. 8b
shows a corresponding cross section taken in the X-direction,
DESCRI PTI ONC@Ft SRHE FEREEERREDL EVBEDR VENTSNd  the layer ek4 iqfy diekestadict i cal |y
to Fig. la, there is shown an expanded three-dinensional view of a surface
10 over whithat h¥s rbgen geppsinedfokr|the sucfhgs beerlhkeposissededidpal
contacts 12 have been provided in the |ayer 10. Layer 10 can typically be
t he surfacetiit aislisfiows dincFligyeltb ihea sunossceetdion sihdves 8i-diatedtiiomnt ed
.to the surface of a substrate but can

of the surface 10.

Fig. 2a shows an expanded view of the surface 10 after
the first layer of oxide has been masked and etched to form
trenches 15 in the first layer 14.of IMD. These trenches run
in the X-direction of the surface 10. Standard
photolithography and RIE procedures, using CF4/CHF3 as etchant

gas, are used to create the trenches in the first layer 14 of

dielectric.

Fig. 2b shows a cross section of surface 10, the metal
contact points 12 in layer 10 and the layer 14 of dielectric
that has been deposited over the surface 10. The cross section
that is shown in Fig. 2b is a cross section in the X-~direction
of the surface 10 and does therefore not show the trenches 15

that have been created in the first layer of dielectric 14.

Fig. 3a shows an expanded view of the surface 10 after

the trenches in the first layer 14 of dielectric have been

12



be any surface that is used in the creation of a sem conductor device.
10 Layer 14 of Inter Metal Dielectric can contain any
suitabl e dielectric such as for instance silicon dioxide ("oxide", doped
or undoped) or silicon nitride ("nitride"), silicon oxynitride,

fluoropol yner, parylene, polyinmde, tetra- ethyl-ortho-silicate (TECS)

based oxi de‘f’c]e& 5l %O%?Egg Bfé)l | %tellg&g?slé%?@r §8)e can be

phospho- si | ass e-glass

i de-ni d di el
ﬁ;hrgggktgh?e = 6&&ﬁé Eaﬁgcéé¥¥53§§%PﬁftLl é%g?%%%gtag%h Vfugrlﬁgugoped
silicate

pref erred géﬂ%sel“g&% &ad ?80§ ’PT (ﬁctognggm¥8’g%§‘gr% d S g)re tpggon

and 450 degrees C., using NH: and SiH4 as source, to a
thickness that is adequate to fill the trenches in.the first
layer of dielectric and ﬁo slightly overlay the exposed
surface of the first layer of dielectric. The deposited
nitride is polished using standard CMP to at leas£ the surface

of the first layer 14 of dielectric.

Fig. 3b shows a cross section of surface 10, the metal
contact points 12 in layer 10 and the layer 14 of dielectric
that has been deposited over the surface 10. The cross section
that is shown in Fig. 3b is a.cross section in the X-direction
of the surface 10 and does therefore not show the nitride~that
has been deposited in the trenches in the first layer of

dielectric 14.

Fig. 4a shows an expanded view of the surface 10 after a

: second layer 18 of dielectric has been deposited and after
trenches 19 have been etched in the Y—direction in the second
layer 18 of dielectric. The methods and processing conditions

for this step can be the same as previously have been

13



oxynitride, parylene or polyimde, spin-on-glass, plasm oxide or LPCVD
oxide. The preferred dielectric material to be used for the invention i's
Si. The deposition of the layer 14 of dielectric uses
conventional deposition technology and can, for instance, be deposited
usi ng PECVD procedures at a tenperature of between about 350 and 450

%%rsegi g S}'Ed'i.ol?rhc e.lt ehNee8 PRL VB AR 29800 aé‘f’eljeclzlt%% ARgaL’ 9%95é£gi .
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surface 10. The cross section that is shown in Fig. b is a cross section
in the X dif¥&%on of the surface 10. Fig. 2a shows an expanded
view of the surface 10 after

Fig. 4b shows a cross section of surface 10, the metal
contact points 12 in layer 10 and the layer 14 of dielectfic
that has been deposited over the surface 10. The cross section
that is shown in Fig. 4b is a cross section in the. X-direction
of the surface 10 and shows the second layer 18 of dielectric
that has been deposited over the first layer of dielectric 14
and the trenches 19 that have been created in the second layer

of dielectric 18.

Fig. 5a shows an expanded view of the surface 10 after
the trenches in the second layer 18 of dielectric have been
filled with nitride (20). The methods and proéessing
conditions for this step can be the same as previously have
been highlighted for the nitride deposition under Fig. 3a and

do therefore not need to be further highlighted at this point.

Fig. 5b shows a cross section of surface 10, the metal

contact points 12 in layer 10 and the layer 14 of dielectric

14



the first layer of oxide has been nmasked and etched to form trenches 15 in
the first layer 14 of I MD. These trenches run in the X-direction of the
sturface 10. Standard photolithography and R E procedures, using. CF4/CHF3
as etchant gas, are used to create the trenches in the first |ayer 14 of
dielectric. Fig. 2b shows-a cross section of surface 10, the neta
contact points 12 in layer 10.and the | ayer 14 of djelectric that has been
deposi t ed o¥BAtt ﬁ@sg}ﬁ??%c%pf@.l%?ﬁeog?ﬁs@%&ﬁééﬁe ?hat % S SR 20
is a cross section in the X-direction of the surface 10 and does therefore
not show t hhakehEh8RoWr in Fig-habeliperrciosntsestinnt ke Fhe st-diratisn

dielectric 14. Fi g. 3a shows an expanded view of the surface 10
after the pfetbfesurfresd (s pns: shayerthe sgcapdeflayeri &8 hal dirlgrtric
12 filled wwth nitride (16). The |ayer 16 of nitride can be

that has been deposited over the first layer of dielectric 14
and the nitride 20 in the trenches (19, Figs. 4a and 4b) that

have been created in the second layer of dielectric 18.

Fig. 6a shows an expanded view of the surface 10 after a
first thin layer 22 of oxide has been deposited over the
surface of the second layer 18 of dielectric thereby including
the nitride (20) that has been deposited in the trgnches of
the second layer of dielectric. Openings 24 have been etched
in this thin layer 22 of oxide. The nitride that has been used
to £ill the trenches (15, Fig. 2a) that have been created in
the first layer 14 of dielectric intersect is in contact with
the nitride that has been used to fill the trenches (19, Figs.
4a and 4b) that have been created in the second layer 18 of
dielectric. The angle of intersection of the trenches in the
first (etched in the X-direction of the surface 10) and second
(etched in the Y-direction of the surface 10) layer of
dielectric is 90 degrees. Openings 24 that have beén created
in the thin layer 22 of oxide align with the intersections of

these trenches.
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deposi ted usi ng PECVD procedures at a pressure between about 200 mflorr and
2000 mrorr, at a tenperature between about 350 and 450 degrees C., using
NH3 and SiH4 as source, to a thickness that is adequate to fill the
trenches in the first - layer of dielectric and to slightly overlay the
exposed surface of the first layer of dielectric. The deposited nitride
is polished using standard CVMP to at Ieast Ehe surface, of the first |ayer

14 of dielectric®® dep°51tl°?|% 32cPHs L A¥IgE BSSur f ace 10,
the metal contact points 12 in |ayer 10 and the layer 14 of dielectric
that has be@@nHRIPISINAed dgpepithen sftﬁq*m?éow anf L odL L dAStERcerhke i s
shown in Fig. 3b is a cross section in the X-direction of the surface 10
and does t RerdsrtehasisgoRECVR pregddiweshat ah@%mnﬁﬁﬁtqﬁﬂuﬂﬁ edwesnt he
trenches in the first layer of dielectric 14. Fig. 4a shows an
expanded vi@dwewf 33 andr #20edagregs . &0 §e§bh@km%§ﬁerbelt8’ﬁﬂh @bougcflPPe has
.been deposited and after trenches 19 have been etched in the Y-direction
in the secoamfl 4G0feAng8topmdieleetTEQS oFhéiHewrlsodssandcer ocessi ng
conditions for this step can be the sanme as previously have been

Standard photolithography and RIE procedures, ‘using
CF4/CHF3; as etchant gas, can be used to create the openings 24

in the thin layer 22 of oxide.

Fig. 6b shows a cross section of surface 10, the metal
contact points 12 in layer 10 and the léyer 14 of dielectric
that has been deposited over the surface 10. The,crosé section
that is shown in Fig. 6b is a cross section in the.x—diregtion
of the surface 10 and shows the first layer of dielectric 14,
the second layer 18 of dielectric that has beeﬁ deposited'over
the first layer of dielectric 14 and the nitride 20 in the

- trenches that have been created in thé second layer of
diélectric 18. Also shown is a cross section of thé deposited

thin layer 22 of oxide.
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13 hi ghlighted for the first layer 14 of dielectric under Fig. 2a
and do therefore not need to be further highlighted at this point. -
Fig. 4b shows a cross section of surface 10, the netal contact points 12
in layer 10 and the layer 14 of dielectric that has been deposited over
~the surface 10. The cross section that is shown in Fig. 4b is a cross

section in the gﬁgl?:'; et%ei go%eer?%g;g%gadsggégcbeee Oﬁgg téﬁ%ﬁaé}gg %fi%gﬁ Je@yer 18

of dielectric has St éd over I TSt iel"ectric
14 and the_trenches 19 .t hat, have ep created i.n_the second | ayer  of

di el ectri 03389% oxice, theFi“&.tr%gesgge\g B3p Z’fﬁgnagaoﬁfgﬁgo*nt%“éo SH¥ESe 10
after the trenches, in the second Ia¥e£ ég of dielectric have been filled
with nitri @& ?%B SCHEAC et MO 355851 Bt s I g ™P8RY ti ons for this step can
be the sane as previously have

Fig. 7a shows an expanded view of the surface 10 after

. ' the nitride has been removed from the trenches in the first
layer (14) and the second layer (18) of dielectric and while a
second thin layer 26 of PECVD oxide is being deposited to |
close off the openings 24 in the first thin layer 22 of oxide.
This thin layer 26 of oxide is required to close the openings
24 thereby making the structure a self contained and complete
structure and thereby furthermore enclosing the trenches that
have been created in the first and the second layer of
dielectric. Methods and techniques that can be used to deposit
this layer 26 of oxide have previously been detéiled an& do
therefore not need to be discussed any further at this point.
The thickness of the thin oxide layer 26 is to be optimized
such that adequate surface tension can be created such that

- the oxide of this layer 26 does not penetrate into openings 25
or into the trenches that have been created by the: removal of

the layers of nitride.

17



been highlighted for the nitride deposition under Fig. 3a and do therefore

not need to be further highlighted at this point. Fig. 5b shows a
Cross sectlon of surface 10, the netal contact points 12 in |ayer 10 and
the |ayer 94 of dielectric 14

t hat has been dep05|ted over the surface 10. The cross section that is
shown in Fig. 4p; GRS 3OEEbOD Libdith ¥rdsheehbom o of cAdiGetyf ace 10
and shows the sec ayer ectrl c that een deposited over

he f .c 14 0 h 19,

Li Ss s aﬁﬂxﬁ?ﬁg ane'iﬁ‘iéli% 1%eéﬁys?2f’? R g “1938%0%,%“ LB i
d f 10 aft

f| rst thi ntbﬁgle}tlgﬁzb%?n ‘%ptfglﬁﬁ(éxgggﬁe e\gglc?gjivgt 8¢%o 3§rs?ﬁea&(§ QUPT at aaec%i[or{ he-

second | ayer 18, of dielectrj.c ger eby i ncl udi n t he, n|£1[1| d)?_é that has

been deposFPeh 9 THRVR ridhdids cross section in the X-diréction

of the surface 10 and shows the first layer of dielectric 14
the second layer 18 of dielectric that has been deposited over
the first layer of dielectric 14 and the trenches 19 that have
been created in the second layer of dielectric 18.”Also shown
is a cross section of the deposited thin layer 22 of oxide.
Trenches 19 together with the trenches (not shown in Fig. 7b)
that have been created in the first layer 14 of dielectric are
inferconnected and, after the removal of tHe nitride layers,
filled with air thereby creating an excellent low-k layer of
IMD. The nitride layers can be removed from the trenches

. created in the IMD by dipping the structure into hot

phosphoric acid (H3PO4) (standard wet nitride removal).

Fig. 8a shows an expanded view of the surface 10 after
- metal lines have been deposited and patterned over the surface
of the second thin layer 2§ of oxide. Before the metal pattern
28 is deposited that layer 6f oxide that overlays the created
IMD is gfown to a thickness of between 3000 and 6000 Angstrom,
this to complete the desired thickness of the layer of IMD.

The thickness of the IMD is, among others, determined by the

18



the second |l ayer of dielectric. Openings 24 have been etched in this thin

| ayer 22 of oxide. The nitride that has been used to fill the trenches
(25, Fig. 2a) that have been created in the first layer 14 of dielectric
intersect is in contact with the nitride that has been used to fill the

trenches (19, Figs. 4a and 4b) that have been created in the second | ayer
18 of dielectric. The angle of intersection of the trenches in the first
(etched in eRPeXRtdraeke iofn the pRENENES dehati MAVahavsetorke Fxaadfsd im t he
Y-direction of the surface 10) layer of dielectric is 90 degrees. Openings
24 that havéhbeehayverarfedMD.nThheovarall astackn2ssf obxthe kdyem ofi MO, he

I ntersections of these trenches. ' 15

The deposititbatofist tiee |lcomring?2 dhicknessxefldayses 1épnV@nt22na86 dapbsi tion
technol ogy and can, for instance, be deposited using PECVD procedures at a
t enper at ur e30f, heywelerefdreuhalb0tande 4&bt aleipde ¢ Betweem dbowk e, Ddget ween
_about 1000 .. and 4000 Angstrom using TECS or SiH4 as a source.

and 14,000 Angstrom.

Conventional methods can be used for the creation of the
metal line pattern 28; a Ti/TiN/AlCﬁ/TiN process is the
preferred method to form this line pattern. Electrically
conductive materials that can be used for the metal lines 28
include but are not limited to Al, Ti, Ta, W, Mo, Cu or a

combination of these materials.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof,
it is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will
recognize that variations and modifications can be made
without departing from the spirit of the invention. It is
therefore intended to include within the invention all such

- variations and modificatiéﬁs which fall within the.scope of

the appended claims and equivalents thereof.
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St andard photolithography and R E procedures, using CF4/CHF3 as etchant
gas, can be used to create the openings 24 in the thin_|layer 22 of oxide.
Fi'y. 6b shows a cross section of surface 10, the netal contact points 12

in layer 10 and-the layer 14 of dielectric that h over
the surface 10. The cross section that is shown. lmmlgmllmﬂﬂmmoss
section in the X-direction of the surface 10 and shows ttherfisst+] ayer of
di el ectric 1What tife d@dsRd L&yer 18 of dielectric that has been deposited
over the first layer of dielectric 14 and the nitride 20 in the trenches
t hat have bekn Rmeihad of fRembeg onkr |IARSr betveen anetal ileat® oAl 80 shown is

a cross section of the deposited thin |layer 22 of oxide.
16 semiconductor device, comprising the steps of:

providing a semiconductor substrate whereby the surface of
.said semiconductor substrate has been provided with points of
electrical contact; |
forming a first network of nitride filled trenches in a first
level of dielectric said first level of dielectriclhaviné been
deposited on the surface of said substrate;
forming a second network of nitride filled trenches in a
second level of dielectric said second level 6f dielectric
having been deposited on the-surface of sgid firsttlevel of
dielectric whereby furtﬁermore said second network of nitride
filled £renches is in physical contact with and intersects
with said fifst network of nitride filled trenches; |
depositing a first thin layer of oxide over the surface 6f
said second layer of dielectric;
etching openings in said first thin layer of oxide:said
openings to align with said intersects between said first
network of nitride filled trenches and said second network of
. nitride filled trenches; |
removing said ﬁitride from said second network of trenches

furthermore removing said nitride from said first network of

trenches; and

20



-

After the openings 24 have been created in the thin layer  "22 of oxide, the

nitride that has been deposited in two |layers of dj i
accessible for renoval . Fig. 7a shows an i H ﬂitﬂﬂh hqﬂﬁt he
surface 10 after the nitride has been renoved froms x1 the
first layer (14) and the second layer (18) of dielectric and while. a
second thin |ayer 26 of PECVD oxide is being deposited to close off the
openi ngs 24 9ePQHEING ¢t SeRPRA| B Lryedt ofxpyide oNf% Hhe Surdger 96 of
oxide is required to close the openings 24 thereby nmeking the structure a
sel f cont ai neafidrfd radnphénelager 1of xddgngherer il Iimh &adeh €PERENSSI ng
the trenches that have been created in the first and the second |ayer of
diel ectric. Metdaids fdwett bhni frieer tdfatoxdde-be used to deposit this layer
26 of oxide have previously been detailed and do therefore not need to be
di scussed any further at this point. The thickness of the thin oxide |ayer
26 is to be-optimzed such that adequate surface tension can be created
such that the The dethodt bfsclajmrl 2theteds noidpfomting e ifiretopeniwvogk 25
or into the trenches that have been created by the removal of the layers
of nitride. of nitride filled trenches in a first level of dielectric is:

depositing a first layer of dielectric over the surface of

said substrate;

patterning and etching said first layer of dielectric thereby

creating a first network of trenches in said first layer of

dielectric;

depositing a first layer of ﬁitride over the surface of said

first laye; of dielectric thereby including said first network

of trenches; and

polishing said first layer of nitride thereby essentially

removing said first layer of nitride from the surface of said

first layer of dielectric.

3. The method of claim 1 wherein said forming a second network
of nitride filled trenches in a second level of dielectric is:
. depositing a second layer-of dielectric over the surface of
said first layer of diélectric thereby including said first

layer of nitride;
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17 Fig. 7b shows a cross section-of surface 10 e netal
contact points 12 in layer 10 and the |ayer 14 of _.di 1&“@“ t has been
deposited over the surface 10. The cross secti on\\‘ am *

n Fig. 7b
is a cross section in the X-direction of the su ce 19 dnd shows the

first layer of dielectric 14, the second |layer 18 of dielectric that has
been deposited over, the first. |ayer of dielectric 14 and the trenches 19
Chat have  BeGhSEPARECATS FiTNShB0Md PESRI dRYRPaPEeaiPrea iy St

is a cross section of the deposited thin |ayer 22 of qoxide. Trenches 19
t oget her wi CFepkdNEr BnEfednY MATWORSEWAT FrercPes7eP sehdt SRGORA pkayel at ed

in the first layer 14 of dielectric are interconnected and, after the
renoval of CHELRCEFiBé |ayers, filled with air thereby creating an
excellent lowk layer of |IMD. The nitride |ayers can be renoved fromthe
trenches crepesdtingt AesedmdbylagepppPiigniteids averutbei prsiaee ohhwishori c
.acid (Herr]PO[err]) (standard wet nitride renoval).

first layer of dielectric thereby including said second

network of trenches; and
polishing said second layer of nitride thereby essentially
removing said second layer of nitride from the surface of said

second layer of dielectric.

4, The method of claim 1 wherein said first network of
trenches intersects said secénd network of trenches under an

angle of about 90 degrees.

5. The method of claim 1 wherein said first network of
trenches intersects said second network of trenches under an

angle other than 90 degrees.

6. Thé method of claim 1 with the additional steb of further
extending the thickness of the combined said first thin layer
- of oxide and said second iayer of oxide thereby enabling the
cfeation of openings of high aspect ratio in the extended
layer of oxide combined with said first layer and said second

layer of dielectric.
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Fig. 8a shows an expanded view of the surface 10 after { lidgnes have
been deposited and patterned over the surface o m “ﬁx@@\ﬂm | ayer 26
of” oxide. Before the netal pattern 28 is deposi‘\ reof oxide-

that overlays the created IMDis grown to a thickneSs of between 3000 and

6000 Angstrom this to conplete the desired thickness of the |ayer of I MD.
The thick th IS, t d ' by th .
1B A POrhPR o BicTHIE o dhthgEe AT PRy LED BE SFRRRIAS i n

this layer of IVMD. The overall thickness of the layer of IMD, that is the
combi ned t hidcRe&¥9xEf of Wetal fatergonpoct phingy) omFhengyrpeeePbredithve to
be extended to between about 12,000 and 14,000 Angstrom

Convent i onale¥kenRgds laspr ef ddef-or the creation of the netal line
pattern 28; a Ti/TiNA Cu/ Ti N process is the preferred nmethod to formthis
line pattern. Electrically conductive materials that can be used for the

metal lines 28 include but are not limted to Al, Ti, Ta, W M, Cu or a
8. The method of claim 1 with the additional step of forming a

network of interconnect lines on the surface of said second

thin layer of oxide.

9. The method of claim 1 with the additional steps of baking
said first level of dielectric and/or said second level of
dielectric said baking at a temperature between about 150 and

300 degrees C.

10. The method of claim 1 with the additional steps of curing
said first level of dielectric and/or said second level of
dielectric at an elevated temperature said curing at a

temperature in excess of about 300 degrees C.

11. A ﬁethod of forming air gaps between metal leads of a
semiconductor device, comprising the steps of:

- providing a semiconductor.substrate whereby the sufface of
said semiconductor substrate has been provided with points of

electrical contact;
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conbi nation of these materials. Although the i'n'vention has been
described and illustrated wth referencetos Ive
enbodi ments thereof, it is not intended that Ha | |I|mtedto
those illustrative enbodi nents. Those skill ed recogni ze
that variations and nodifications can be nmade W|thout departing fromthe
spirit of the invention. It is therefore intended to include within the
i nvention afbrmimdy a \EHiristt netwoakdofoetidrichesi dnsawhiest flavelwiathi n t he
scope of the appended clains and equival ents thereof.

19 didhettric daidfdriss: letel AofMetikddcor it ohawing haergaps bet ween
netal | eads of a sem conductor device, conprising the steps of: providing
a sem conduaépbsst@atdsrattexevvlsalrebyetdﬂﬁ safird aubsatat s avlde seivy cxmdmmafst
substrate has been provided with points of

network of trenches is filled with a disposable solid layer;
forming a second network of trenches in a second level of
dielectric said second level of dielectric having been

deposited on the surface of said first level of dielectric
whereby said second network of trenches is in physical cohtact
with and intersects with said first network of nitride filled
trenches whereby furthermore said second network of trenches

is filled with a disposable solid layer;

depositing a first thin layerlof oxide over the surface of

said second layer of dielectric;

etching'openings in said first thin layer of oxide said

openings to align with said intersects between said firét
network of trenches and said second network of trenches;

removing said disposable solid layer from said second network

of trenches furthermore removing said disposable solid layer
from said first network of trenches; and

depositing a second thin layer of oxide over the surface of

) said first thin layer of oxide thereby cloSing said openings

in said first thin layef of oxide.
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el ectrical contact; formng a first network of nitrid lal trenches in
a frrst level of dielectric said first |evel m‘“‘“ﬁ‘ﬂm@&\{-\ww ng been
deposifed on the surface of said substrate; \ ! nd networ k of
nitride filled trenches in a second level of diefectric said second Ievel

of dielectric having been deposited on the surface of said first |evel of
dielectric whereby furthernore said, ,second netwark of nitrjde jl1ed
trenches is#n pﬁé?i EﬁFh%%rﬁé\&la\va“t Fliaﬂlaie‘f?‘ﬁrbrs?égéilsﬁofﬁgiﬁi TS st
network of nitride filled trenches; depositing a first thin, |ayer of oxide
over the surfY8& &f 2sBPHYRYTAM W??é?bgfs%ﬁiﬂﬁﬁﬂﬂm¥99 SatEnfhgpP ihgs in
said first thin |ayer of oxide said openings to align with said intersects
bet ween sai oA LaYREt hBrRXRASING FRAE PRPPERTT dfc ResORYRPR R1PsTecond
network of nitride filled trenches; renoving said nitride from said
second net wihiergbyt pEARAERL 1Y) Sarelr AbFROSRPAR | /) ishil@dVertri de from said
JgJirst network of trenches; and : 20

13. The method of claim 11 wherein said removing said
disposable solid layer is introducing a solvent to said

substrate thereby dissolving said disposable solid:layer.'

14. The method of claim 11 wherein said removing said
disposable solid layer is heating said substrate thereby

evaporating said disposable solid layer.

15. The method of claim 11 wherein said removing said
disposable solid layer is applying a vacuum to said substrate

thereby dissolving said disposable solid layer.

16. The method of claim 11 wherein said first network of
trenches intersects said second network of trenches under an

angle of about 90 degrees.

17. The method of claim 11 wherein said first network of

trenches intersects said second network of trenches under an

angle other than 90 degrees.
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depositing a second thin |ayer of oxide over the surface of said first

thin | ayer of oxide thereby closing said op ﬂﬂlm ulrst thin | ayer
of oxi de. 2. The method of claiml V\herefmlmmluln || first network
of nitride filled trenches in a first |evel &f Qietectri®% i's: depositing a
first layer of dielectric over the surface of said substrate; patterning

and etehi ngy8al duber fbehdy $is A oAhehechib GPRlyiBRER 4% tof |1 ot

net wor k of trenc es In sal |rst ayer S6ct i c siting a first
thor ey i neiBACRE S SR PErE hE RBTR IaHS ot itie s otk heS et Sifii LA o
i ride 1 oRPiReIeYPFagE TTAELART Prrd: or o e Brcptife CherefY Th "
[ enches. | R BLEBAAC B\ETeAHLom 3&2‘858%n$§co°f"§eg§s??¥»§§t Gratlorts s of
dielectric over thétfurface of , said flrst .yer qof dielectric thereby

i ncl udi ng sSFGepre aygyé} 6F1HptFpﬂglne w1 h said first layer and

said second layer of dlelectrlc.

19. The method of claim 18 with the additional step of
creating a network of metal interconnect lines on the surface

of said extended layer of oxide.

20. The method of claim 11 with the addifional step of
forming a network of interconnect lines on the surface of said

 second thin layer of oxide.

21.The method of claim 11 with the additional step:-of baking
said first level of dielectric and/or said second level of

dielectric said baking at a temperature between about 150 and

300 degrees C.

. 22. The method of claim 11 with the additional step of curing
said first level of dielectric and/or said second level of
dielectric at an elevated temperature said curing at a

temperature in excess of about 300 degrees C.
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21 patterning and etching said second Iayer of dlelectrlc thereby
creatiing a second network of trenches in said g\ “l“ﬂmm‘wl electric;
depositing a second | ayer of nitride over the 3““““ u i rst Iayer
of dielectric thereby including said second networtk of ¥r ehches; and

pol i shing said second |ayer of nitride thereby essentially renoving said
second | ayer of nitride fromthe surface of said second |ayer of

di el ectric. 23.4 ATrethad odd fermingi a1 9aRs @ieﬁw§8¥‘d“?fr§3stler?§ﬁ/\(9rﬁ< of
trenches intersects said second network of trenches under an angle of
about 90 degsemicondudtorTifevieehodonprisanthewstersnofaid first network of
trenches intersects said second network of trenches under an angl e other
than 90 degreesviding a semiconductor substrate;

depositing a layer of metal on the surface of said substrate;
etching said metal layer in a pattern to form metal leads,
said metal leads running in a Y-direction said metal leads -
furthermore having top surfaces;

depositing a first layer of dielectric over the surface of
said substrate thereby including said metal leads;

creating trenches in said first level of dielectric said
t;enches running in a X~direction;

filling said trenches in said first layer of dieiectric with a
first layer of nitride or another disposable solid;

depositing a second layer of dielectric over the surface of
said first layer of dielectric thereby including said first
layer of nitride or another disposable solid;

creating trenches in said second level of dieiectric said
trenches running in a Y-direction said trenches furthermore
having intersects with said trenches created in séid first
layer of dielectric;

- : filling said trenches in said second layer of dielectric with

a second layer of nitride or another disposable-solid;
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6. The nethod of claiml1l with the additional step of” further extend| ng the
t hi ckness of the conbined said first thin |ayer “‘l‘sm“\ second

| ayer of oxide thereby enabling the creation of h“g‘ @“ w aspect
ratio in the extended |ayer of oxide conbined WI al drfi¥st® | ayer and
said second layer of dielectric.

7. The nethod of claim®6 w thtg fdlt o t.ep_of creatl vvork of
metal inter cBRARRBIEIRRRA T Sthéhilr 1Y & §§|18e BYEENHR ?‘é‘g@ OXI de.
8. The method of claiml1l with the additional step of formn netvvork of

i nt er connect spifAeseernd Havay Picdisleghyir SbesrRY %ﬁ?%u‘lha‘}%rtltﬁ G
9. The nethod of claim1 with the additional steps of baking said fi rst
| evel of diebcsaid seehndt lgaled ofcbhtirids/ @ir otheyi disppsakleaselishki ng at

a tenperature between about 150 and
etching openings in said first thin layer of oxide said

.Qpenings to align with said intersects between said trenches
created in said first level of dielectric and said trenches
created in said second layer of dielectric;

removing said second layer of nitride or other disposablé'
solid from said trenches created in said second layer of
dielectric furthermore removing said first layer of nitride
or other disposable solid from said ﬁrenches created in said
first layer of dielectric théieby creating a network of
trenches in said first layer of dielectric and in said second
layer of dielectric whereby said trenches in said first layer
of dielectric intersect said trenches in said second layer of
dielectric under an angle of about 90 degrees; and

depositing a second thin layer of oxide over the surface of
said first thin layer of oxide thereby closing off said

openings in said first thin layer of oxide.

- 24. The method of claim 23 wherein said whereby said trenches
in said first layer of dielectric intersect said trenches in
said second layer of dielectric under an angle other than 90

degrees.
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300 degrees C. 10. The method of claim 1 with the additional steps of

curirng _said first level of dielectric and/or sai u\m . .
dielectric at an el evated tenperature said curi ng‘ ﬁ%ﬂ“] “r ein .
excess of about 300 degrees C. 11. A nethod of "JOfm ng ®irs gaps bet ween
metal |eads of a sem conductor device, conprising the steps of: providing

S berr eondh el 2 URE G ehelic At AUEkGELOLe, ~AbARTEINACt O

substrate has been provi ectri cal® contact;

i £l f h ' first.| | . of
§i3el ectric s%{%ngl‘Jr}g}&lcé:i?%fggg%c\ll\%rté’c#r ihf:arsﬁggleﬁs %‘g‘éﬁdeddé’é'&gi fe)\égnB% Phe

surface of said substrate whereby said first _network of trenches is filled
with a di sposHhTe <6y &W’&?gg;mftbl?"rﬁsr‘r‘&féc?e%nﬁa}rll\@t% G5¥ trenches in a

second Ievelaogirst layer of dielectric deposited on said semiconductor
surface said first layer of dielectric containing a first
network of trenches filled with.air;

a second layer of dielectric deposited on.said semiconductor
surface said second layer of dielectric containing a second
network of trenches filled with air whereby said second
network of trenches is in physical contact with and intersects
with said first network of trenches under an angle of known
value; and

a layer of oxide deposited over the surface Of.said second

layer of dielectric.

26. The multilevel interconnect structure of claim 25 whereby
furthermore a network of metal interconnect lines is created

on the surface of said layer of oxide.

27. The multilevel interconnect structure of claim 25 whereby
. furthermore said layer of oxide deposited over the surface of
said second layer of dielectric trenches is extended in

thickness by a measurable amount.
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diel ectric said second level of dielectric havitﬂﬂhﬂﬂ“ jilagd on the
surface of said first level of dielectric wher uilugmnl!metwork of
trenches isin physical contact wth and interséct§ witH said=first
network of nitride filled trenches whereby furthernore said- second network
- of trenches 24 s Thid hRdtMéhe P iHtRoaRkot SOtFEddELE cUBRRASRY | W Pely I St
thin | ayer of oxide over the surface of said second |ayer of dielectric;

etching opengjgs,drhotdl g hbtwdri EJf‘mIeQXQriﬂée%ﬂ%&aiﬂinegpggiE‘Eéat’i&éal i gn

with said intersects between said first network of trenches and sai

second net "‘%t e, SuePGRESoE éﬁ’lﬁ‘@x&%néé&dl SPGERLS d%?' id layer from said
second net wor of trenches furthernore renoving sald disposable solid

| ayer fromsaid first network of trenches; and depositing a second thin

| ayer of oxide over the surface of said first thin |ayer of oxide thereby
closing said openings in said first thin layer of oxide.

24 . : - .
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12. -The nmethod of claim 11 wherein said disposable solid layer is a

pol ymer and whereby sai d renoving said disposable solid |ayer is exposing
said substrate to.02 oxygen plasma thereby evaporating said disposable
solid | ayer. 13. The method of claim 11 wherein said renoving said

di sposabl e solid layer is introducing a solvent to said substrate thereby
di ssol ving said di sposable solid IayerABSTRAfz. The nmethod of claim1ll
wherein said renoving said disposable solid |ayer_is hea iyg sai d
SUbStr at & YEYCHEHD T E0R & (GRAT SEPIRS QA i7s Ty B A 15" e
met hod of claim 11 wherein said renoving said disposable solid |layer is
appl yi ng a vacuur® thews fiegthedbis rprevides fopy caeatbhlyiaig Sans dinspodalrs

solid layer. 16. The method of claim 11 wherein said first network of
trenches i ntef sBfl.s Zsfiidssedaner nef vibirdd egit rii cehs hdepesided mveramgl e of
about 90 degrees. 17. The method of claim 11 wherein said first network

of trenchessurfaresedthe sairfiasecoontaletsvmeltadf poivte e aomderctan  angl e

ot her than 90 degrees.
Trenches are etched in this first layer of dielectric. The

-

- trenches are filled with a first layer of nitride or
disposable solid and polished. A second layer of dielectric is
deposited over the first layer of dielectric. Trenches are
formed in the second layer of die;ectric, a second layer of
nitride or disposabie solid is deposited over the second layer
of dielectric. The layer of nitride or disposable solid is
polished. A thin layer of oxide is deposited over the surface
of the second layer of dielectric. The thin layer .of oxide is
masked and etched thereby creating openings in this thin layer
of oxide, these openings align with the points of intersect of
the trenches in the first layer of dielectric and in the
second layer of dielectric. The nitride or removable solid is
removed from the trenches. The openings in the thin layer of
oxide are closed off leaving a network of trenches that are
filled with air in the two layers of dielectric that now
function as the Inter Level Dielectric. :

(FIGURE 1A 1S SUGGESTED FOR: PUBLICATION)
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25 18. The nmethod of claim 1l with the additional step of

furt her, extendi ng the thickness of the conbined said first thin |ayer of
oxi de and said second | ayer of oxide thereby enabling the creation of

openi ngs of high aspect ratio in the extended |ayer of oxide conbined with

said first layer and said second |ayer of dielectric. 19. The net hod of
claim18 with the additional step of creating a network of netal
i nterconnect |ines on the surface of said extended | ayer of oxide. 20.
- The nethod of claim1l with the additional step of forming a network of
~ interconnect lines on the surfac | cond thin | of oxi de.
21. The nethod of claim1l with e additional step of baki said first

| evel of dielectric and/or said second | evel of dielectifc |said baking at
a tenperature between about 0 and
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300 degrees C. 22. The nmethod of claim1l with the additional step of
curing, said first level of dielectric and/or said second |evel of -
dielectric at an elevated tenperature said curing at a tenperature in
excess of about 300 degrees C. 26

23. A nethod of formng air gaps between netal |eads of a sem conductor
devi ce, conprising the steps of: providing a sem conductor substrate;
depositing a layer of metal on the surface of said substrate; etching said
metal layer in a.pattern to formnetal |egds, said nmetal |eads running in
a Y-direction said netal |eads furthernore having top surfaces;
depositing a first layer of dielectric over the surface of said substrate
thereby including said netal |eads; creating trenches in said first |evel
of dielectric said trenches running in a X-direction; filling said
trenches in said first layer of dielectric with a
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first layer of nitride or another disposable solid; depositing a second

| ayer of dielectric over the surface of said first |layer of dielectric
thereby including said first |ayer of nitride or another disposable solid;
creating trenches in said second | evel of dielectric said trenches running
in a Y-direction said trenches furthernore having intersects with said

trenches created in said first l|ayer of dielectric; filling said trenches
in said second | ayer of dielectric with a second |layer of nitride or
anot her di sposabl e solid; 3/7 27

depositing a first thin layer of oxide over the surface of said second

| ayer of dielectric thereby including the surface of said second | ayer of
nitride or other disposable soIi?g et.ching openings in said first thin

| ayer of oxide said openings td@ligd%ithi&ai dd nted8ects between said
trenches created in said first Igvel dieﬂect iC agﬁ said trenches
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created in said second |ayer of dielectric; renoving said second |ayer of
nitride or other disposable solid fromsaid trenches created in said
second | ayer of dielectric furthernore renoving said first |ayer of
nitride or other disposable solid fromsaid trenches created in said
first layer of dielectric thereby creating a network of trenches in said
first layer of dielectric and in said second |ayer of dielectric whereby
said trenches in said first layer of dielectric intersect said trenches in
sai d second |ayer of dielectric under a@i7angl e of about 90 degrees; and
depositing a second thin | ayer of oxide over the surface of said first
thin | ayer of oxide thereby closing off said openings in said first thin
| ayer of oxide. 24. The nethgg of ai m 23 wherein said whereby said
trenches in said first |ayer ofSdielé€trid8inte#@ect1B8ai @Qrenches in
sai d second | ayer of dielectric g\nder 3an angl e otfher tlhan PO degrees.

28 25. Anmultilevel intercongect gtrucfure./comprising:
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a sem conductor surface that has been provided wth points of electrical
contact in the surface of said surface; a first layer of dielectric
deposited on said sem conductor surface said first layer of dielectric
containing a first network of trenches filled with air; a second |ayer of
di el ectric deposited on said sem conductor surface said second | ayer of
dielectric containing a second network of trenches filled with air whereby
said second network of trenches is in pyysical contact with and intersects
with said first network of trenches under an angle of known value; and a
| ayer of oxide deposited over the surface of said second |ayer of

dielectric. 26. The nultilevel interconnect structure of claim25
whereby furthernore a network of netal interconnect lines is created on
the surface of said layer of oxide. . 9¢e nultilevel interconnect

structure”of claim25 whereby furtherngre ﬁald | ayer of OXIg? deposi ted
over the surface of said secqg d Iay r (of electric tre 23 ext ended
“in thickness by a neasurab
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29 28, The multilevel interconnect structure of claim27 whereby
furtheynore a network of metal interconnect lines is created on the
surface of said extended | ayer of oxide.
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