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A METHOD TO FABRICATE HORIZONTAL AIR COLUMNS UNDERNEATH METAL

INDUCTOR

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to the fabrication §f integrated
circuit devices; and more particularly, to‘a method of forming
air gaps under metal RF inductors that are used in the |

.integration of RF Integrated Circuits on silicon substrates.

(2) Description of the Prior Art

In the fabriCation of semiconductor devices, these
devices can typically perform functions of digital data
manipulation and data storage. In addition, these devicgs can
also be used to serve as Radio Frequéncy (RF) amplifiers.
.Conventional RF amplifieré ﬁse a tuned circuit that consists
of inductive and capacitive components. This tuned circuit can
be used as a filter to filter out or remove signals of certain
frequencies or to remdve noise from a circuit configuration.
fhe tuned circuit cah also be used to form a high electrical
impedance by-ﬁsing the LC resonance of the ciréuit and to
thereby counteract the effect-qf parasitic capacitances that

form part of a circuit. There are a number of significant



advantages in integrating on one semiconductor monolithic
substrate "the functions of data manipulation and data storage
with fhe indicated funqtions that ére typically pefformed by a
RF amplifier. For instance, manufactufing costs can be
significantly reduced while power consumption for the combined
functions is also limited. Inductors however typically are 6f
significant'siée and therefore require a significant area of”
the semiconductor device to be implemented. The inductors are
typically formed'on the surface of a substrate in a spiral
form; The physiéal size of fhe inductor that is cfeated-in-
this manner howéver‘makes"the appearance of a significant
amount of parasitic capacitances unavoidable. These parasitic
capacitances exist.betweeﬁ the inductor wiring and the
undeflyiné substrate. These parasitic capacitances héveua
serious negative effect on the functionality of the-créate& LC
circuit by sharply reducing the frequency of resonance of this

circuit.

It is,.as p;eviously stated, desirable to be able ﬁo
create the required inductance on the same monoliﬁhic
substrate on which additional semiconductor devices are’
created (in order to realize the advantages that have been
stated above). The parasitic capacitanceé that occur as par;

of this creation however limit the quality factor of the
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inductor that can be achieved using the conventional silicon
process to about 10. This limitation is, for many
applications, not acceptable. Dépendent on the frequency at
which the LC is designedlto resonate, significaﬁtly larger
values of quality factor, of for instance 100 or more, must be
available. Prior Art has in this been iimited_to_creating
values of higher quélity factor 55 separate units and
ihtegrating these sepafate units with the surrounding device

functions. This negates the advantages that can be obtained

‘when using the monolithic construction of creating both the

. inductor and the surrounding devices on one and the same

semiconductor substratef The non-monolithic approach also has
the disadvantage that-additional wiring is required to
inferconnect the sub—componehts'of the assembly thereby again
introducing additional parasitic capacitances and'resistive
losseé ofer the intercdnneqting wiring network. For many 6f
the applications of the RF amplifier, such as portable battery
powered applications, power consumption.is at a premium and

must therefore be as low as possible. By raising the power

consumption, the effects of parasitic capacitances and

resistive power loss céan be partially compensated but there
are limitations to even this approach. These problems take on
even greater urgency with the rapid expansion of wireless

applications such as portable telephones and the like.



«

Wireless communications is a rapidly expanding market where
the integration of RF infegrated circuits is one of the most
important challenoes. One of the approaches is to
significantly incréase the frequency of operation to for
instance the range of 10 to 100 GHz. For such high
frequencies, the values of the quality factorﬂobtained from
silicon-based inductors are significantly degraded. For |
applicationo in. this frequency range, monolithic inductors
have been researched using other than silicon as the base for
the creation of the inductors. Such monolithic inductors have
for instance been created using sapphire or GaAs és_a base.
These inductors.have a considerably lower parasitic
capacitance thon their siiicon counterparfs and thereforo
provide higher frequehcies of resonance_of the LC cirouit.
Where however more complex applications are required, ﬁhe need
still exists to create inductors using silicon as a substrate.
For those applications, the approach of uoing a base material
other than silicon has proven to be too cumbersome while for
instance GaAs as a medium for the creation of semiconduotor
devices is as yet a technical challenge that needs ﬁo be

addressed.

The incorporation of RF inductors without sacrificing

device performance due to substrate losses has been
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extensively researched in recent years. Some of the techniques

that have been used for this approach include:

the selective removing (by éféhing) of the silicon

underneath the inductof (using methodg of miéro—machining)

- using multiple.layers of metal (such és aluminum)
interconnects or of copper damascene interconnects

- using é.high resiéﬁivitf siliCﬁn substrate

- employing biased welis underneath a spifal conductor

- inserting various types of patterned ground shields between

the spiral inductor and the silicon substrate

.~ increasing the thickness of the inter-layér dielectric.

The above listing of researched alternatives is not meant

to be complete or all incqnclusiﬁe. All of the above

approaches have as common objectives to:

1) enhance the quality (Q) value of the inductor, and
2) increase the frequency of the LC self-resonance thereby
increasing the frequency rangé over which the inductor can

be used.

' The quality factor Q of an inductor can be described-as
follows: Q = Es/El wherein Es is the energy that is stored in
the reactive portion of the component while El is the energy

that is lost in the reactive portion of the componenf. The
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better the quality of the component, the closer the resistive |
value of the component abproaChes zero while the Q factor of
the component appfoaches infinity.'The quality factor for
components differs from the quality thgt is associated with
filters or resonators. For components, the quality factor
serves as a measure of the purity of the reactance (or the
susceptancé) of the compqnent which can be dégraded.due to
parasitics. In an actual configuration, there are always sbme
bhysical resistors that will dissipate power thereby |
decreasing the power that can be recdvgred. The quality factor
Q is dimensionless. ‘A Q value of greater than 100 is
considered'very high for discrete inductors that are mounted
on the surfaceﬂof Printed-circuit Boards.;For iﬁductors that
form part.of an inteérated circuit, the Q value is fypigally

in the range between about 3 and 10.

As has previously been stated, the self?resonance ﬁhat is
caused by the parasitic capgcitance between the (spifal)
inductor and the undérlying substrate will limit the use of
the inductor at high frequencies. Furthermore, the series
spreading resistance associated with the substrate will
degrade the Q factor of the inductor. This than has a direct
effect on the usefulness of a monolithic or iﬁtegrated

inductor that is implemented on silicon substrates. This
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effect can be overcome if the area underneath the inductbr can
be made to appear locally insulating by'selectively rembving
the underlying silicon-reéultiné in inductors that are
suspended in air. Air, having the’lowest dielectric constant,
forms an ideal barrier. The lowest possible and therefore the
ideal_dielectric constant is 1.0.-Thi$ is the dielectric
constant 6f’a vacuum whereas aifzhas a die;ecﬁric constanﬁ of

slightly larger than 1.0.

The invention providgs oxidelfins beneath the metal
inductor. The oxid; fins provide the stability support for the
overlying metél while also allowing horizontal aif columns to
simultaneously.exist underneath the inductor. More than two
air.éolumns can be created by the technique presented in this
invention by repetitive application of the mask used. The
preseﬁce of the air wells on the surface_of the substrate
significantly reduces parasitic capacitances and series

resistance associated with the substrate.

Us 5,828,121 (Lur eﬁ al.) shows air gaps between metal

lines at different levels by etching the dielectric layers

between thé métal line levels. This is close to the invention;
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Us 5,539,241 (Abidi et al.) and US 5,844,299 (Merrill et

al.) show-air gaps under inductors.

Us 5,880,026 (Xing et al.) shows a process to form air gaps

between conductors.

Us 5;880,018 (Boeck et al.) shows another air gap process

between lines.

SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a
method of creating a high quality inductor on the surface of é

silicon semiconductor substrate.

Another objective of thelinvention is to reduce parasitic’

capacitances associated with an inductor that is created on

the surface of a silicon substrate.

Another objective of the invention is to reduce series
resistance associated with the silicon substrate upon which

the inductor is built.
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A-still further objective of the invention is to inérease
the value of the self-resonant frequency of.an inductor-
capacitor circuit that is creatéd on the surface of a silicon
substrate'theréby increaéing the usable_frequenéy.range_of the

inductor.

A still further objective of the invention is to decrease
the real'part of the impedance at-resonancg_of an inductor-

capacitor circuit that is created on the surface of a silicon

“substrate thereby increasing the quality value of the

inductor.

In accordéndé with the objectives of the invention a new
metﬂéd is provided for creating an inductor on_the surface of
a silicon substrate._Thg invention provides overlying layers
of oxide fins beneath a metal. inductor. The oxide fins provide
the stability support for the overlying metal inductor while
allowing horizontal air columns to simultanéously exist
underneath the inductor. Overlying layers of air cavities that

are spatially inserted between. the created overlying layers of

oxide fins can be created under the invention by repetitive

application Qf the mask used. The presence of the air wells on

the surface of ﬁhe substrate significantly reduces parasitic



(2]

capacitances and series resistance associated with the

substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section of a layer of dielectric on

the surface of which has been created a metal iayer.

Fig. 2 shows a cross section after the deposition of a

layer of oxide liner.

N

Fig. 3 shows a cross section after the deposition of a

first layer of nitride.

Fig. 4 shows a cross section after the creation of an

opening in the first layer of nitride.

Fig. 5 shows a cross section after the deposition of a

first layer of oxide.

Fig. 6 shows a cross section after the creation of

openings in the first layer of oxide.
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Fig. 7 shows a cross section after the deposition of a

secoﬂd layer of nitride.

Fig. 8 shows a cross section after the creation of an

opening in the second layer of nitride.

Fig. 9 shows a cross sectioh'after the deposition of a

second layer of oxide.

Fig. 10 shows a cross section after the creation of

openings in the second layer of oxide.

Fig. 11 shows a cross section after the removal of the

layers of nitride.

Fig. ‘12 shows a cross section after the deposition of a

thin layer of CVD oxide.

Fig. 13 shows a cross section after the patterning and
creation of the top metal of the inductor over the surface of

the CVD oxide.
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DESCRIPTION OF-THE'PREFERRED EMBODIMENTS

Referring now specifically to-Fig. 1, there is shown a
cross section of allayer 10 of either inte; Level Dielectric
(ILD) or Inter Metal Dielectric (IMD) that forms a surface in
the creation o; a semiconductor device. The.layer'lo can be
deposited airectly on the surface of a silicon substrate or it
can be created as an overlying layer within the creation of a
semiconductor device. Layer 10 can.exist at any level within

the creation of a semiconductor device.

Layer 10 can contain any suitable dielectric such as for
instance silicon dioxide (“oxide”, doped or undoped) or
silicon nitride (*nitride”), silicon oxynitride,
fiuoropolymer, parylene, poyimide, tetra—ethyl—ortho—silicéte
(TEOS) based oxides, boro—phosphate-siliéate-glass-(BPSG),
phospho-silicate-glass (PSG), boro-silicate-glass (BSG),
oxide-nitride-oxide (ONO), Plasmalenhanced silicon nitride
(PSiNx) , oxynitride, a low dielectric constant material, such
‘as hydrogen silsesquio#ane and HDP-FSG (high-density—plasma

fluorine-doped silicate glass.

12



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 deposition of the layer 10 of dielectric uses
conventional deposition technology and can, for instance, be
| deposited using LPCVD, PECVD, or APCVD procedures at a
temperature of between about 400 and 800 degrees C. to a
thickness between abOut'SOOO and 10000 Angst;om using TEOS as

a source.

The metal layer 12 préférably has vertical sidewa;ls and
can be composed of aluminum, tungsten, titanium copper
polysilicon, polycide or alloys of fheSe metal. Layer 12 .
preferably has a thickness of between about_3000 and 10,000
Angstrom and more preferably 4000 Angstrom. The layer 12
preferably has a width in the range between'about 4000 and
8000 Angstrom and mo;e-éreferably about 5000 Angstroﬁ. A
pfeferred process to form the métai layer 12 ig a |

Ti/TiN/AlCu/TiN process.
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The method used for forming the metal pattern 12 uses
conventional deposition and planarization techniques. Standard
- photolithographic and RIE_procedurés, using Clz2-BCls as

etchant, can bé used to form the metal structure 12.

Fig. 2 shows a cross section after a thin layer 14 of
oxide has been deposited over the surface of £he-dielectric
layer 10. The function of layer 14 is to serve.as stress
relieve layer between the underlying layer 10 of dielectric
-anq the overlying strucﬁuré of the invention. Layer 14 can.se
deposited using PECVD at a temperature between about 350 and
450 degrees C. to a.thickness betweén about 50 and 250
angstrom. Other materialélthat can be considered for layer 14
can contain maferialé'such as TEOS'(tetraethosiloxane), Plasma
Enhanced TEOS (PETEOS), boron phosphate silicate glasg'(B§SG),
borosilicate glass (BSG), phosphosilicate glass (PSG) or any
other material that has the properties of a dielectric. Layer
14 is preferably formed by a plasma enhanced CVD deposition

process.

- Fig. 3 is a cross section after the layer 16 of nitride
has been deposited over the surface of the layer 14 of oxide.
Nitride is frequently used in the art as a structural

dielectric layer. The layer 16 of nitride can be deposited
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using PECVD procedureé at a pressure between about 200 mTorr
and 2 Torr, at a temperature between about 350 and 450 degrees

C., to a thickness between about 1000 and 5000 Angstrom using

NH3; and SiHa.

Fig. 4 shows a cross.section after an opening has been
etched in the first layer 16 of nitride. The-opening 18 can.be_
anisotropically etched with a plasma gas coptaining
fluorcarbon gasses such as CF4/CHF3 chemistry or Co/CsFg
.chemistry, in a commercial RIE etcher or an electron cyclotron
resonance (ECR) plés@a reactor; Nitride layer 16 can also.be

etched using hot H3POs as an etchant.

.Fig. 5 sh§ws a cross section after a first layer 29 of
oxide has been deposited over the surface of layer 16 6#
nitride thereby including the inside of opening 18;_The method
of deposition of layer 20 can use conventional PECVD
deposition at a temperature betweeﬁ about 350 and 450 degrees
C. and a pressure between about 200 mTorr and 2 Torr,
deposited to a thickness between about 5000 and 10,000
Angstrom. The layer 20 of oxide can also be deposited using
APCVD, LPCVD or PECVD ﬁrocessing at altemperatﬁre between

about 350 and 450 degrees C.
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Fié. 6 shows a cross section after openings 22 and 24
have been- etched throﬁgh'the first layer of oxide 20. It is to
| be noted that these openings peﬁetfate the layer 20 of first
oxide down to the Surface_of'the firsf 1ayer 16 of nitride.
fhese openings will, during following steps of the process of
the invention, be filled with nitride forming columns of
nitride that support the;overlying structure of the.inventioﬁ.
Standard'thtolithography and RIE procedures, using CF;/CHFs

as etchants, are used to create the openings 22 and 24.

Fig. 7 shows a cross section after ; second_layer 26 of
gitride has been deposited over the surface of the first oxide
layer 20 thereby also filling opeﬁings 22:and 24 with nitride.
The'layer.26 of nitride can be deéosited using PECVD
procedures af a pressure between about 200 mTorr and 2lTofr,
at é temperature between aboutl350 and 450 degrees C., to a

thickness between about 1000 and 5000 Angstrom. '

Fig. 8 shows a cross sectiqn after the layer 26 of
nitride has been etchéd thereby forming opening 28 in the
layer 26 of nitride. It must be noted that the opening"is.
aligned with the opening 18 (Fig. 4) whicﬁ hag been aligned
wi;h the metal pattern 12. The opening 28 can be

anisotropically etched with a plasma gas containing CF4/CHFs,

le



in a commercial RIE etcher or .an electron cyclotron resonance

(ECR) plasma reactor.’

Fig. 9 shows a crosshsecti§h after the second layer 30 of
oxide has been dépositéd §ver the surface of the second layer
26 of nitride thereby filling the opening 28 (Fig. 8). The
method and processing conditions”thaf are applied fpr_the
deposition of layer 3Q"are the same as preYiously detailed for
the deposition of the first layer 20 of oxide, Fig. 5. TheSe
-parémeters will therefq;e hot be further discussed at this

point. If required, CMP will be used to planarize layer 30.

Fig. 10 shows a cross section-after the second layer 30
of'éxide has been etched thereby creating the openings 32 -and
3@. The parameters and oﬁerating conditions that are applied
for this etch are the same as have previously detailed for the
etch 6f openings 22 and 24; Fig. 6. These parameters therefore -
need not further be discussed at this point. It must be noted
that openings 32 and 34 align with openings 22 and 24 (Fig. ©6)
that have previously been created in the first layer 20 of
hdxide. It must furthér~bé'noted that the layers of nitride of
the first layér 16 and the second layer 26 aré-accessible by

means of the opéhings 32 and 34.
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Fig. 11 shows a cross section after the nitride of the

first layer 16 and the nitride of the second layer 26 have
been removed from the structure. The structure is dipped into
hot phosphoric acid (H3PO4) in order fér the ﬁitride-to be
removed (wet nitride removal). The_removal of the nitridé of
the first layer 16 of nitride creates the air gaps 36; the
removal of"thé nitride of the second layer 26 of nitride
creates the;air gaps 38. The air gaps 36 and 38 are
interconnected via openings 22 and 24 while air gaps 38 are,
at_ this time, connected to the surface of the structure via

openings 32 and 34.

Fig. 12 shows a cross section afterla thin layer 42 of
oxidé.is.deposited over the surface of the structuré. This
thin layer of oxide is required to close the openings'32 énd
34.thereby making the structute a self contained and ¢omplete
structure and thefeby furthermore enclosihg the'air gaps 36
and 38. Methods and techniques fhat can be used tb deposit
this thin layer.42 of oxide havg previously been detaiied and
do therefore not need to be discussed any further at.this
' point. The thickness of the thin oxide layer 42 is to be
optimized such that adequate surface tension can be created
such that the oxide of this layer 42 ddes not penetrate inyo

openings 32 and 34 or into the air'gaps 36 and 38 that have

18



been created by the removal of the first and second layet.of

nitride.

Fig. 13 shows a croés section of the structure after the
inductor 44 has been formed on the surface of the thin layer
42 oﬁ oxide. Conventional methods can be used for the creation
of the inductor; the previously iﬁdicated Ti/TiN/AlCu/TiN
process is also the preferred method to fo;m the inductor.
Layer 12 of the structure serves as the electrical point of
. reference (zero point or ground) or the inner port for the
inductor 44. Elect?iéally conductive materials that can be
used for the inductor 44 include but are not limited to Al,
Ti, Ta, W, Mo, Cu, polysilicon or a combination ¢f these

materials.

The parameter 46, which.is the £otal thickness of the
constiuction of the inventiqn that has been discussed up to
this point, can be controlled in order to control the
parasitic capacitance of the inductor 44 with respect to the
underlying layer 10 of ILD/IMD. By increasing the value of 46;
ithe dielecfric constant of the created structure decreases,
which resultsfin a decrease of the.pa;asitic éapacitance. This
increase of the value of.46 eap be accomplished by increasing

the thickness of the layer 42 (Fig. 12) of deposited oxide or
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by increasing the number of cavities (identical to cavities 36
and 38) that are creéted as part of the structure. The

" increased number of cavities can be created usipg tﬁe same
masks that have been used for the creétion of cavities 36 and
38. The structure that is shown in Fig. 13 contains two levels
of cavities, that is cavities 36 and 38. The invention is not
limited to two levels of cavities but éan, b§ éontinuation of
the processing steps that have been highlighted for the
creation of the two cavities, be extended to additional
caYities. The total number of cavities of the structure is.
determined by the functional requirements that are imposed on
the creation of fhe inductor 44 in accordance with the deSign.

considerations that have preﬁiously been'indicated.

~A1though the invention has béen described and iliﬁstrated

with reference to specific illustrative embodiments thereof,
it is not intended that the inventign be Iimited'to those
illustrative embodiments. Those skilled in the.art will
recognize that variétions and modifications can be made
without departing from the spirit of the invention. It is
therefore intended to include within the invention all Ssuch
variations and modificatiohs which fall within the scope of

the appended claims and equivalents thereof.
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What is claimed is:

1. A method of forming air gaps withih an integrated circuit
structure, comprising the stepsiof:

providing'a paitially fabricated integr;ted circuit structure
and depositing a.layer of dielectric thereon;

forming a metal layer on the surface of said dielectric layef;
depositing a thin léYer of oxide”bver the surféce of said
dielectric layer thereby inciuding-said metal layer;

- forming the structure for a first layer of cavities over the
“surface of said thin layer of oxide and aligned with said
metal layer said first.layer of cavities applying and
pattérning a layer of nitride followed by applying and
patterning a 1éyer of oxide;

fofming the structure for a Second layer of cavi£ies above and
aligned with said structure for said first layer of cavities
said Secénd layer of cavities applying and patterning a layer
of nitride followed by applyihg and pétterning a layer of
oxide;

- creating the fifst and the second layer of cavities;
performing an oxide dépdsition over the surface of said second .
.layer of cavities thereby creating a thin layer of oxide; and
forming a metal inductor on the surface of saia thin layer of

oxide.

5 [N



2. The method of claim 1 wherein said forming a metal layer on
the surface of said éielectric layer is forming a layer of
metal that has the cross section of a square or a rectangle
with essentially vertical sides whereby the height of said
metal layer i$ equal to the thickness of a conventional
semiconductor metal layer whereby furthermore the width of
said metal layer is equa} to or exceéds its ﬁeight by a

measurable amount.

3. The method of claim 1 wherein said forming the structure
for a first layer of cavities comprises the steps of:
depositing a first léyer of nitride over the surface of said
thin layer.of oxide;

creating é opening in said first layer of nitride whgrepy-said
opening aligns with said metal layer aﬁd has a dimensién Qhen
measured in the direction along the_surface of said thin layer
of oxide that is smaller than the dimension of the_tép surface
of said metal layer by a measurable amount;

deposifing a first layer of oxide over the surface of said
first layer of nitride thereby including said opening in said
first layer of nitride whereby said first layer of oxide has a
dimension of thickness in addition to having a dimension of

width; and



creating a first and a second opening. in said first layef of
oxide whereby said firstland second openings are.located at
the opposite extremities of saia first layer of oxide whereby
the distance between the.central axis qf'said first and second
openings is lésslthat said dimension of width of said first

layer of oxide by a measurable amount.

4. The method of claim 1 wherein said forming the structure
for a second layér of cavities comprises the steps of;
-depositing a second laygr of nitridé over the surface of said
'_first layef of oxiAe-thereﬁy ihcluding said first and second
openings in said first layer of oxide;

creating a opening in said second layer of nitride whereby
said.opening aligns with said metal layer and has a dimension
when measured in the direétibn along the surface of said first
layerlbf oxide that is approximately equal to the dimension of
the opening created in said first layer of nifride;~
depositing a second layer of oxide over thé Surface of said
second layer of nitride thereby including said opening in said
second layer of nitridé whereby said second layer of oxide has
;~dimension of thicknéss in addition to having a dimension of
width; and

creating a firét”and'a second opening in said second layer of

oxide wheﬁeby said first and second.openings are located at

.23 -
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the opposite extremities of said second layer of oxide whereby
the distance between the central axis of said first and second
openings is less that said dimension of width of said second

layer of oxide by a measurable amount.

5. The method of claim 1 wherein said creating the'first and
the second layer of cavities is removing said.firstland secoﬁd
layer of nipride_saia removal to take place by accessing said
first and second layer of nitride by means of said first and
segoﬁd opening in said second layer of oxide furthermore by
accessing said first layer of nitride by means of said first_

and.second'openings in said first layer of oxide.

6.Tﬁe_method of claim 1 wherein said performing an oxide
deposition over the surface of said second layer of caﬁities
is.creating a thin layer of oxide over the surface ef'said
secend layer of oxide thereby furthermore closing eff said

first and said second openings in said second layer of oxide.

7. The method of claim 1 whereby this method is further
extended to create additional 1eyers of cavities over a
preceding layer of cavities said extension to occur prior to

performing an oxide deposition over the surface of the upper
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or:last léyer of cavities:ﬁhereby the creation of each
additional layer of cavities comprises the steps. of:
depositing an additional layeriof nitride over the surface of
the layer of dxide.of'thé preceding 1ayer of cavities thereby
including the first and éecond openiﬂgé.in said layer of oxide_
of the preceding layer of cavities;

creating a opening. in said additional layer of nitride whereby
said opening aligns with said metal layer and has a dimension
when measured in the direction along fhe surface of said layer
of oxide of the preceding layer of cavities that is
approximately equai fonéheudimension of the opening createdlin.
the preceding layer of nitride;

depositing an additional layer of oxide over the surface of
said additional layer of nitride thereby including said

. opening in said additionél layer of nitride Qhereby said
additional layer of oxide has a dimension of thicknesé in
addition to ﬁaving a dimension of width;.and

creating a first and a_second opening in said additional layer
of oxide whereby said first and second openings are located at
the opposite extremities of said additional layer of oxide
zwhereby the disﬁance'between,the central axis of said first
and second opénings is less that séid_dimensioﬁ of width of

said additional layer of oxide by a measurable amount.

-—
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8. The method of claim 1 wherein said layers of nitride are

replaced by layers of a disposable solid.

9. The method of claim 8 wheréin said"disposable solid layer
is a polymer and whereby said removing said disposable solid
layer is heating said substrate in oxygen thereby evaporating
said disposable solid 1ayer thereby disposing the polymer |

using O2 plasma.

10. The method of claim 8 wherein removing said disposable
solid layer is introducing a solvent to said substrate thereby

dissolving said disposable solid layer.

11. The method of claim 8 wherein removing said disposable
solid layer is heating said substrate thereby evaporating said

disposable solid layer.

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

dissolving said disposable solid layer.

13. The method of-claim 1 wherein furthermore an insulating
layer is deposited over the surface of said inductor thereby

encapsulating said inductor.
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14.The method of claim 1 wherein said partially fabricated
integrated circuit structure contains transistors wherein said
transistors are bipolar or CMOé'and are interconnected to form

and RF amplifier.

15. The method of claim 1 wherein said'inductor.is_spiral

shaped.

16. The method of claim 15 wherein said spiral of said

-inductor is of circular or polygonal shape.

17. The method of claim 16 wherein the polygonal shape of said
inductor includes'the_shapes of a square, a hexagon and an

octagon.

18. The méthod of claim 1 wherein said inductor has an
inductance in excess of 1 nH and a self-resonance in excess of

10 MHz.

19. A multilevel struéture containing horizoﬁtal air cavities'
in support of a metal inductor, containing:

a semiconductbr surface that has béen_providedlwith a metal
poiﬁt of electri@al'referencé.pr that functions as an inner

port on its the surface;
[
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a thin'layer of oxide overlying said semiconductor surface
thereby including the:exposed surfaces of said metal point of

" electrical referénce or inner port;

a first horizontal cavity overlying said thin layer of oxide
whereby said first horizontal cavity is discontinued above
said metal point of electrical reference or inner port;

a first-la?er of dielectric overlying said fiist~horizonta1 ”
cavity inclgding said regions of discontinuance of said first..
horizontal cavity; |

ve;tical openings in said fifst layer of dielectric that are
located at the near~extremitie$wof said first layer of
dielectric;

a second horizontal cavity oVerlying said first layer of
dielectric whe?eby said second horizontal cavity is
discontinued above said metal point of éleCtrical reféfénce or
inner port;

a second layer of dielectric overlying said second hofizontal
cavity including said regions of discontinuance oflséid second.
horizontal cavity;

vertical'openings in said secoﬁd léyer of dielectric located
at the near extremities of said second layer of dielectric;
and

a thin layer of oxide overlying said second layéf_bf

dielectric.
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20.. The structure of claim 19 whereby said structure is
further extended to include an inductor on the surface of said

thin layer of oxide.

21; The structure of claim 19 whereby said structure is
further extended to include additional layers of horizontal
air cavities in support of a metal inductor each layer
containing one_horiééntal cavity.énd one layer of dielectric
overlying said horizontal cavity with each horizontal cavity

| bging discontinued above said metal point of electrical
‘reference or inner_port"whereby'fﬁrthermore each dielectric

. layer is provided with verticél openings located at the near
extremities of said layer_of dielectric said additionai 1ayers
of hprizontal ai; cavities to be located underneath said thin
layer of oxide overlying the upper or last layer of

dielectric.
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