A METHOD TO ENHANCE INDUCTOR Q FACTOR BY FORMING AIR GAPS BELOW INDUCTORS
FIELD OF THE INVENTION The present invention relates generally to fabrication of semiconductor
devices, and more specifically to methods of enhancing the performance of inductors. 1 BACKGROUND
OF THE INVENTION The quality factor (Q factor) is affected by capacitance loss due to coupling to
underlying metals and substrate loss duo to eddy current. U.S. Patent No. 6,180,995 B1 to Herbert
describes an air gap under a field oxide under inductors. U.S. Patent No. 6,307,247 B1 to Davies
describes an inductor process with low-k layers. U.S. Patent No. 6,287,979 B1 to Zhou of at. describes
an air gap process between conductive lines. U.S. Patent No. 4,634,494 to Taji of at. describes a process
to selectively etch a doped oxide layer. U.S. Patent No. 5,742,091 to Hobert describes a semiconductor

device
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semiconductor devices, and more specifically to methods of enhancing the

performance of inductors.



within which parasitic capacitances are minimized and a method of fabricating same. U.S. Patent No.
6,303,423 to Lin describes a method for forming high performance system-on-chip using post passivation
process. 2 SUMMARY OF THE INVENTION Accordingly, it is an object of the present invention to
provide improved methods of fabricating inductor devices with reduced capacitance loss. Other objects
will appear hereinafter. It has now been discovered that the above and other objects of the present

invention may be accomplished i%R%I%@@@EBE%%%Nﬁ&{]ucture having a first oxide layer
formed thereover is provided. A | = he first oxide layer. A second
oxide layer is formed over the lower low-k dielectric layer. The second oxide layer is patterned to form at
[cast one hole there through exposing a portion of the lower low-k dielectric layer. Etching through the
exposed portion of the lowBndogukldigléattior| (g factdints thfeldad ripvekpdidiecteic lagerdodrom at [cast
one respective air gap within the etched |lower low-k dielectric layer. An upper low-k dielectric layer is

formed over BRI IRSHSlsEbHa H Rtaks M Afsisp o sR P isdem i RTthin the upper low-

U.S. Patent No. 6,180,995 Bl to Herbert describes an air gap under a

field oxide under inductors.

U.S. Patent No. 6,307,247 Bl to Davies describes an inductor process

with low-k layers.

U.S. Patent No. 6,287,979 B1 to Zhou et al. describes an air gap process

between conductive lines.

U.S. Patent No. 4,634,494 to Taji et al. describes a process to selectively

etch a doped oxide layer.

U.S. Patent No. 5,742,091 to Hébert describes a semiconductor device
within which parasitic capacitances are minimized and a method of fabricating

same.

U.S. Patent No. 6,303,423 to Lin describes a method for forming high

performance system-on-chip using post passivation process.



k dielectric layer and over the at [cast one air gap whereby the performance of the inductor is enhanced.
3 BRIEF DESCRIPTION OF THE DRAWINGS The features and advantages of the present invention will
be more clearly understood from the following description taken in conjunction with the accompanying
drawings in which like reference numerals designate similar or corresponding elements, regions and
portions and in which: Figs. 1 to 5 schematically illustrate in cross-sectional representation a preferred
embodiment of the present inventio P éﬁﬁi HE PREFERRED
EMBODIMENTS Initial Structure Firs lI:V}- BPE‘?{%‘?N i 95 of a structure 10 that is
preferably a silicon (Si), germanium (Ge), gallium arsenide (GaAs), or any compounded semiconductor
or polymeric material substrate, is more preferably a silicon substrate and is understood to possibly

include a semiconductor wafeowtirgllystiates aativelgjadt passihe dendsestfanmedtivithitothprweide,

conductive layers and dielectric layers (e.g., inter-poly oxide (IPQZ intermetal dielectric (IMD), etc.)
improved methods of tabricating inductor devices with reduced capacitance loss.

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
structure having a first oxide layer formed thereover is provided. A lower low-k
dielectric layer is formed over the first oxide layer. A second oxide layer is formed
over the lower low-k dielectric layer. The second oxide layer is patterned to form at
least one hole there through exposing a portion of the lower low-k dielectric layer.
Etching through the exposed portion of the lower low-k dielectric layer and into the
lower low-k dielectric layer to from at least one respective air gap within the etched
lower low-k dielectric layer. An upper low-k dielectric layer is formed over the
patterned second oxide layer. At least one inductor is formed within the upper low-
k dielectric layer and over the at least one air gap whereby the performance of the

inductor is enhanced.



formed over the wafer surface. The term "semiconductor structure” is meant to include devices formed
within a semiconductor wafer and the layers overlying the wafer. Structure 10 may include several levels
of metal interconnects with an uppermost exposed metal interconnect 11. A first oxide layer 12 is formed
over structure 10 to a thickness of preferably from about 1000 A to 5m and may be from about 3000 to
6000A. First oxide layer 10 is preferably comprised of silicon oxide (SiO2), doped silicon oxide, BPSG,
PSG, silicon carbide (SiC), Cor. A | ig, more preferably silicon
oxide (SiO2). A via opening 17%‘\;’%%&&1 gl“ él u&&ﬁi%é@mmnarized metal plug 18 is
formed within via opening 17. A low-k dielectric layer 14 is formed over first oxide layer 12 and metal plug
18 to a thickness of preferably from about 1000 to 10,000A and more 5 preferably from about 2000 to
6000A. LOW-k dielectric I1dyur febtsmef@ndbhd cantpgies dbiisdigmesexitlen@&0R2yrberdhlopedrsilicon
oxide, phosphorous-doped silicon oxide, BPSG, PSG, SiN or carbon doped silicon oxide such as
CoralTM or BAERDMHIBIRITRA RET thsréoplevera | exFBBHAD SRk ith F HXRCROReHdH o Hhing 19 is

formed W'th'QJ@%‘%)Q}%@I%“%BW&%@ 4R9Bhich like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Figs. 1 to 5 schematically illustrate in cross-sectional representation a

preferred embodiment of the present invention.



planarized metal structure 20 is formed within trench opening 19. Metal plug 18 and metal structure 20
comprise a dual damascene structure 22 and is preferably comprised of copper (Cu), tungsten (W),
aluminum (Al), tantalum (Ta) or tantalum nitride (TaN) and is more preferably copper. A second oxide
layer 16 is formed over low-k dielectric layer 14 and metal structure 20 to a thickness of preferably from
about 1000 to 10,000A and more preferably from about 4000 to 8000A. Second oxide layer 16 is
preferably comprisegt 15iieg e (SR AoPSE plisoprexide RRS G BB Rl o Black
DiamondTM, SiN or siticorn carbide (SiC)and 1s more preterably siicom oxide (ofo2). Formation of Holes
24, 26 As shown in Fig. 2, one or more holes 24, 26 are formed through second oxide layer 16 preferably
using a dry etch, a wet etch or a combination wet/dry etch and more preferably a dry etch. Holes 24, 26
have a widthhoitipkSteraiiywrérom about 1.0 to 10.0m and more preferably from about 2.0 to 6.0m and
expose portions 25, 27 of low-k dielectric layer 14. 6 Holes 24, 26 may be formed by, for example,
forming a patterned masking layer (not shown) over the second oxide layer 16 and then using the

patterned masking layer ag;a mask;{Qe1dnqles 54, 28 INIR PGP MAKINAIAYE 10 that is

preferably a silicon (Si), germanium (Ge), gallium arsenide (GaAs), or any

compounded semiconductor or polymeric material substrate, is more preferably a
silicon substrate and is understood to possibly include a semiconductor wafer or
substrate, active and passive devices formed within the wafer, conductive layers
and dielectric layers (e.g., inter-poly oxide (IPO), intermetal dielectric (IMD), etc.)
formed over the wafer surface. The term “semiconductor structure” is meant to
include devices formed within a semiconductor wafer and the layers overlying the
wafer. Structure 10 may include several levels of metal interconnects with an

uppermost exposed metal interconnect 11.

A first oxide layer 12 is formed over structure 10 to a thickness of
preferably from about 1000 A to 5um and may be from about 3000 to 6000A. First
oxide layer 10 is preferably comprised of silicon oxide (S5iO2), doped silicon oxide,
BPSG, FSG, silicon carbide (SiC), Coral™, Black Diamond™, SiN or TEOS and is

more preferably silicon oxide (SiO»).

A via opening 17 is formed within first oxide layer 12 and a

planarized metal plug 18 is formed within via opening 17.

A low-k dielectric layer 14 is formed over first oxide layer 12 and

metal plug 18 to a thickness of preferably from about 1000 to 10,000A and more



may be comprised of, for example, a photoresist layer. Formation of Lower Air Gaps 28, 30 As shown in
Fig. 3, a solvent etch is used to etch low-k dielectric layer 14 through the exposed portions 25, 27 of
low-k dielectric layer 14 to form respective air gaps 28, 39 within etched low-k dielectric layer 14'. The
solvent etch is selected to have a second/first oxide layer 16/12: low-k dielectric layer 14 etch selectivity
of preferably about 1 to 10 and more preferably from about 150 to 1100 so that only low-k dielectric layer

14 is appreciabI%/ ?f{gldeg%% ;h%%s%v%b tggé FBB'& éobfg\%g_skthgti é}?gg itco Pa?xlv% zlie?étg;%e&e% ik layer

formed over®tché cond o ayer 16 ore the solvent etching of 10 ayer 3. Air gaps

28, 39 have ¢g tug dipgigters §§¥icﬁ3(Sf(DESf%@QJMH%ESE@QH%&QQQ&% &nggg@r&feramy
from about 200.0 to 400.0m. Formation of Upper Low-k Dielectric Laver 32 As shown in Fig. 4, an upper
low-k dielectsititayep3Rlis BBRHEM BSEtr, Bidhed sacbnd odagedayidicd6, sgafioghdieaL@6l&Mdthus air
gaps 28, 30. Upper_low-k dielectric layer 32 has a thickness of preferably from about 0.1 to 10.0m and
more prefer%@ﬁ@%ﬁ%ﬂ@?@% !?.@hﬁ’F@JBb‘JefFF@\W-K %m%qaﬁér%@%n%@%rably comprised of
silicon oxide, TEOS, SiC, SiN, PSG, BPSG or carbon-doped

A trench opening 19 is formed within low-k dielectric layer 14 and a
planarized metal structure 20 is formed within trench opening 19. Metal plug 18
and metal structure 20 comprise a dual damascene structure 22 and is preferably
comprised of copper (Cu), tungsten (W), aluminum (Al), tantalum (Ta) or tantalum

nitride (TaN) and is more preferably copper.

A second oxide layer 16 is formed over low-k dielectric layer 14 and
metal structure 20 to a thickness of preferably from about 1000 to 10,000A and more
preferably from about 4000 to 8000A. Second oxide layer 16 is preferably comprised
of silicon oxide (5iO2), doped silicon oxide, BPSG, FSG, Coral™, Black Diamond™,

SiN or silicon carbide (SiC) and is more preferably silicon oxide (SiOz).

Formation of Holes 24, 26

As shown in Fig. 2, one or more holes 24, 26 are formed through
second oxide layer 16 preferably using a dry etch, a wet etch or a combination
wet/dry etch and more preferably a dry etch. Holes 24, 26 have a width of
preferably from about 1.0 to 10.0um and more preferably from about 2.0 to 6.0um

and expose portions 25, 27 of low-k dielectric layer 14.



silicon oxide such as CoralTM or Black DiamondTM and is more preferably PSG. Formation of Inductor
34 As shown in Fig. 5, an inductor 34 is formed within upper low-k dielectric layer 32 over air gap(s) 28,
30. The presence of air gaps 28, 30 decreases the dielectric constant (k) of the material underlying the
inductor 34 and therefore decreases: (1) the capacitance loss of the inductor 34 duo to coupling to

underlying metal layers, i.e., c.g. dual damascene structure 22 as illustrated in the Figures; and (2) the
substrate loss due to edd)i—foulgs?rit T%s enhagggfsothe incélgjét%m. Such edgy currents arg closed loops

of induced current circulating m pﬁanes f)%ar%endlculig} % margﬁéﬁrcnﬁl& rél)}lﬂgrr%éf@/ Fave parallel to

the coil's W'H%@Eiﬁgdlgﬂz%ﬂ%’d{? QHBU%H)"Q)VI% HiA Qcﬁﬁdngk‘ﬁgglmgn%'faﬂ@cﬁ:h@g%ﬁ%r?ﬁés
concentrate near the surface adjacent to a coil and their strength decreases with the distance from the
coil as showpatt¢heedhagekidlagarrant oengity dedndasied 24 dittajip tvdtineldpilaskiisgrlatest that only
one, or more than two air gaps 28, 30 may be formed within low-k dielectric layer 14 so that any
inductors 34RSnRRISORMATISRshel ke w<aiBrlarR PhRiPEistdd8fied over the air gaps 28, 30 so formed.
It is also noted that the air-gap(s) 28, 30 and the inductor 34 can be at any relative layers. For example,
the 'first oxide layer 12' may be from M1 through

Formation of Lower Air Gaps 28, 30

As shown in Fig. 3, a solvent etch is used to etch low-k dielectric layer
14 through the exposed portions 25, 27 of low-k dielectric layer 14 to form
respective air gaps 28, 39 within etched low-k dielectric layer 14'. The solvent etch is
selected to have a second/first oxide layer 16/12 : low-k dielectric layer 14 etch
selectivity of preferably about 1 to 10 and more preferably from about 1:50 to 1:100
so that only low-k dielectric layer 14 is appreciably affected by the solvent etch.
This obviates the need to have a patterned mask layer formed over etched second

oxide layer 16" before the solvent etching of low-k dielectric layer 14.

Air gaps 28, 39 have respective diameters 31, 33 of preferably from
about 100.0 to 500.0um and more preferably from about 200.0 to 400.0pum.

Formation of Upper Low-k Dielectric Layer 32

As shown in Fig. 4, an upper low-k dielectric layer 32 is formed over
etched second oxide layer 16, sealing holes 24, 26 and thus air gaps 28, 30. Upper
low-k dielectric layer 32 has a thickness of preferably from about 0.1 to 10.0um and

more preferably from about 2.0. to 5.0um. Upper low-k dielectric layer 32 is



8 M6 with the air gap(s) 28, 30 and the inductor 34 at M7 and M8, respectively. Thus, a thick 'first oxide
layer 12" is given. Advantages of the Invention The advantages of one or more embodiments of the
present invention include: 1) the reduction of coupling with the substrate thereby enhancing the quality
factor of the metal inductors formed in accordance with the present invention; and 2) the method of the
present invention can be integrated with any back-end-of line (BEOL) technologies, regardless of
whether Cu or Al is implemented., While. particulgr [ ts.Qf t r inventipn hgve been
lustrated sty AL BEE TG TSPt T e o LS A0 HaNE By e FiRibing
clamjs.. 9 C'—ﬁlM&Wﬁ&@&ﬂéHa@@&ﬁmﬁd&f ﬁf&'@ﬁ@iﬁ&&‘?&m%{%ﬁ%?@ﬁ?e@mﬂ?%”B@Fhe steps of:
providing a structure having a first oxide layer formed thereover; forming a lower low-k dielectric layer
over the first oxide layer;

Formation of Inductor 34

As shown in Fig. 5, an inductor 34 is formed within upper low-k
dielectric layer 32 over air gap(s) 28, 30. The presence of air gaps 28, 30 decreases
the dielectric constant (k) of the material underlying the inductor 34 and therefore
decreases: (1) the capacitance loss of the inductor 34 due to coupling to underlying
metal layers, i.e., e.g. dual damascene structure 22 as illustrated in the Figures; and

(2) the substrate loss due to eddy current. This enhances the inductor 34.

Such eddy currents are closed loops of induced current circulating in
planes perpendicular to the magnetic flux. They normally travel parallel to the
coil’s winding and the flow is limited to the area of the inducing magnetic filed.
Eddy currents concentrate near the surface adjacent to a coil and their strength
decreases with the distance from the coil as shown in the image. Eddy current

density decreased exponentially with depth.

It is noted that only one, or more than two air gaps 28, 30 may be
formed within low-k dielectric layer 14 so that any inductors 34 formed within

upper low-k dielectric layer 32 are formed over the air gaps 28, 30 so formed.

It is also noted that the air-gap(s) 28, 30 and the inductor 34 can be at

any relative layers. For example, the ‘first oxide layer 12" may be from M1 through



forming a second oxide layer over the lower low-k dielectric layer; patterning the second oxide layer to
form at least one hole there through exposing a portion of the lower low-k dielectric layer; etching through
the exposed portion of the lower low-k dielectric layer and into the lower low-k dielectric layer to from at
least one respective air gap within the etched lower low-k dielectric layer; forming an upper low-k
dielectric layer over the patterned second oxide layer; and forming at least one inductor within the upper
low-k dielectyic la d overt legst one air her, t erf nce of the at least one
inductor is en 6avr¥§éd?pf %@ﬁ?&%%’oﬁ arilra\ ﬁevx}%%fr{égiﬁo{hgfs%uc ur%nl(s?si icon s 8?%1‘56;’1%m, élasrlium
arsenide, any gggmﬁggggiagqgg;@pnggggye%polymeric material. 3. The method of claim 1, wherein the
structure is comprised of silicon. 4. The method of claim 1, wherein the structure includes one or more
levels of metal interconnects with an uppermost exposed metal interconnect. 10 5. The method of claim 1,
wherein the first oxide layer has a thickness of from about 1000 A to 5m; the lower low-k layer has a
thickness of A-GNARERTRSINNME DEDGHA

The advantages of one or more embodiments of the present invention
include:
1) the reduction of coupling with the substrate thereby enhancing the quality
factor of the metal inductors formed in accordance with the present invention; and
2) the method of the present invention can be integrated with any back-end-of line

(BEOL) technologies, regardless of whether Cu or Al is implemented.

While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.



and the second oxide layer has a thickness of from about 1000 to 10,000A. 6. The method of claim 1,
wherein the first oxide layer has a thickness of from about 3000 to 6000A; the lower low-k layer has a
thickness of from about 2000 to 6000A and the second oxide laver has a thickness of from about 4000 to
8000A. 7. The method of claim 1, wherein the upper low-k dielectric layer has a thickness of from about
0.1 to 10.0m. 8. The method of claim 1, wherein the upper low-k dielectric layer has a thickness of from
about 2.0. to 5.0m. 9. The method of claim 1, wherein the first oxide layer is comprised of silicon oxide,
doped silicon oxide, BPSG, PSG, silicon carbide (SiC), CoralTM, Black DiamondTM, SiN or TEOS; the
lower low-k dielectric layer is comprised of silicon gxidgpjpgron- doped silicon oxide, phosphorous-doped
silicon oxide, BPSG, PSG, SiN or carbon doped silicon oxide such as CoralTM or Black DiamondTM and
the upper oxWe @yan:is comprised of silicon oxide, doped silicon oxide, BPSG, PSG, CoralTM, Black
DiamondTM, SiN or silicon carbide (SiC). 10. The method of claim 1, wherein the first oxide layer is
comprised of silicon oxide; the lower low-k dielectric layer is comprised of carbon-doped silicon oxide

and the uppgr Q\X}%gt 0§ roifS e%%rgggf%egdir%l%iéigo%np%)rq%%n]a]ﬁce, comprising the steps of:

providing a structure having a first oxide layer formed thereover;

forming a lower low-k dielectric layer over the first oxide layer;

forming a second oxide layer over the lower low-k dielectric layer;
patterning the second oxide layer to form at least one hole there through exposing a
portion of the lower low-k dielectric layer;

etching through the exposed portion of the lower low-k dielectric layer and
into the lower low-k dielectric layer to from at least one respective air gap within
the etched lower low-k dielectric layer;

forming an upper low-k dielectric layer over the patterned second oxide
layer; and

forming at least one inductor within the upper low-k dielectric layer and
over the at least one air gap whereby the performance of the at least one inductor is

enhanced.

2. The method of claim 1, wherein the structure is silicon, germanium, gallium

arsenide, any compounded semiconductor or a polymeric material.
3. The method of claim 1, wherein the structure is comprised of silicon.

4. The method of claim 1, wherein the structure includes one or more levels of metal

interconnects with an uppermost exposed metal interconnect.

10



11. The method of claim 1, wherein the upper low-k dielectric layer is comprised of silicon oxide, TEOS,
SiC, SiN, PSG, BPSG, carbon-doped silicon oxide, CoralTM or Black DiamondTM. 12. The method of
claim 1, wherein the upper low-k dielectric layer is comprised of FSG. 13. The method of claim 1,
including the step of forming a dual damascene structure within the first oxide layor and the lower low-k
dielectric layor proximate the at least one air gap before formation of the at least one air gap. 14. The
method of claim 1, wherein two or more air gaps are formed. 15. The method of claim 1, wherein two or
more inductors are formed over the air gap. 16. The method of claim 1, wherein two or more air gaps are

formed and BvqRs ﬁ&ﬁ‘o@@%ﬁg{&aﬁv@{&‘&% PMEIFhe 8%%1@1&3‘7%&%%@ JRRUhesd BFM&Q&&CHW 1,
wherein the at least one hole has a diameter of from about 1.0to 10.0m and the at least one air gap has

a diameter of@f8rAalochibO6HR lovEa0lOw-KI BlyEhdmetibitbhetainf fravheatsin tié0bte haHaddameter of

from about 2.0 to 6.0m and the air gap has a diameter of from about 200.0 to 400.0m. 12
and the second oxide layer has a thickness of from about 1000 to 10,000A.

6. The method of claim 1, wherein the first oxide layer has a thickness of from about
3000 to 6000A; the lower low-k layer has a thickness of from about 2000 to 6000A

and the second oxide layer has a thickness of from about 4000 to 8000A.

7. The method of claim 1, wherein the upper low-k dielectric layer has a thickness

of from about 0.1 to 10.0um.

8. The method of claim 1, wherein the upper low-k dielectric layer has a thickness

of from about 2.0. to 5.0um.

9. The method of claim 1, wherein the first oxide layer is comprised of silicon oxide,
doped silicon oxide, BPSG, FSG, silicon carbide (SiC), Coral™, Black Diamond™,
SiN or TEOS; the lower low-k dielectric layer is comprised of silicon oxide, boron-
doped silicon oxide, phosphorous-doped silicon oxide, BPSG, FSG, SiN or carbon
doped silicon oxide such as Coral™ or Black Diamond™ and the upper oxide layer
is comprised of silicon oxide, doped silicon oxide, BPSG, FSG, Coral™, Black

Diamond™, SiN or silicon carbide (SiC).

10. The method of claim 1, wherein the first oxide layer is comprised of silicon
oxide; the lower low-k dielectric layer is comprised of carbon-doped silicon oxide

and the upper oxide layer is comprised of silicon oxide.

11



19. The method of claim 1, wherein the lower low-k dielectric layer is etched using an etch selected from
the group consisting of: a dry etch, a wet etch and a combination wet and dry etch. 20. The method of
claim 1, wherein the lower low-k dielectric layer is etched using a dry etch. 21. The method of claim 1,
wherein the lower low-k dielectric layer is etched using an etch having an oxide : lower low-k dielectric
selectivity of about 1:10. 22. The method of claim 1, wherein the lower low-k dielectric layer 14 is etched
using an etch having an oxide : lower low-k dielectric selectivity of from about 150 to 1100 . 23. The
method of claim 1, wherein the performance of the inductor is enhanced by lowering the capacitance loss

of the inductey, %Jﬁetmaf@ﬂc%%iwhmﬁ{qmn?p&rwﬁgfegcm IRGUEtRr i3, AphRReeskbY

lowering the substrate loss due to eddy currents. 25. The method of claim 1, wherein the performance of
the inductor sslieohaoxzte b HOGe 6i(G, tREN; afaGit B itedosabicthel mokidteiliand byideyetiopte substrate

loss due to eddy currents. 13 26. A method of enhancing inductor performance, comprising the steps of:
Black Diamond™.,

12. The method of claim 1, wherein the upper low-k dielectric layer is comprised of

FSG.

13. The method of claim 1, including the step of forming a dual damascene
structure within the first oxide layer and the lower low-k dielectric layer proximate

the at least one air gap before formation of the at least one air gap.
14. The method of claim 1, wherein two or more air gaps are formed.

15. The method of claim 1, wherein two or more inductors are formed over the air

&ap-

16. The method of claim 1, wherein two or more air gaps are formed and two or

more inductors are formed over the two or more air gaps.

17. The method of claim 1, wherein the at least one hole has a diameter of from
about 1.0 to 10.0um and the at least one air gap has a diameter of from about 100.0
to 500.0pum.

18. The method of claim 1, wherein the hole has a diameter of from about 2.0 to

6.0um and the air gap has a diameter of from about 200.0 to 400.0pum.

12



providing a structure having a first oxide layer formed thereover to a thickness of from about 1000 A to
5m; forming a lower low-k dielectric layer over the first oxide layer to a thickness of from about 1000 to
10,000A; forming a second oxide layer over the lower low-k dielectric layer to a thickness of from about
1000 to 10,000A; patterning the second oxide layer to form one or more holes there through exposing
one or more respective portions of the lower low-k dielectric layer; etching through the one or more
exposed portions of the lower low-k dielectric layer and into the lower low-k dielectric layer to from one or
more respective air gaps within the etched lower low-k dielectric layer; forming an upper low-k dielectric

quer over th%@%rﬂ?&%&m%iﬁeﬂ%«)’R&@i‘?ﬂtf@%ﬂ&PWHﬂ@&ei‘BﬂHqgﬂ’@r%"@l@ﬁ@& UBRES low-k
dielectric layer and over the one or more air gaps whereby the performance of the one or more " inductors

is enhancedafi7efthe sakitted dirolaintiz6 guvepeicothe singtofe s chomprisbd of siltoatclyeamdiraum,

gallium arsenide, any compounded semiconductor or a polymeric material.
combination wet and dry etch.

20. The method of claim 1, wherein the lower low-k dielectric layer is etched using a

dry etch.

21. The method of claim 1, wherein the lower low-k dielectric layer is etched using

an etch having an oxide : lower low-k dielectric selectivity of about 1:10.

22. The method of claim 1, wherein the lower low-k dielectric layer 14 is etched
using an etch having an oxide : lower low-k dielectric selectivity of from about 1:50

to 1:100 .

23. The method of claim 1, wherein the performance of the inductor is enhanced by

lowering the capacitance loss of the inductor.

24. The method of claim 1, wherein the performance of the inductor is enhanced by

lowering the substrate loss due to eddy currents.
25. The method of claim 1, wherein the performance of the inductor is enhanced by

lowering the capacitance loss of the inductor and by lowering the substrate loss due

to eddy currents.

13



28. The method of claim 26, wherein the structure is comprised of silicon. 29. The method of claim 26,
wherein the structure includes one or more levels of metal interconnects with an uppermost exposed
metal interconnect. 14 30. The method of claim 26, wherein the first oxide layer has a thickness of from
about 3000 to 6000A; the lower low-k layer has a thickness of from about 2000 to 6000A and the second
oxide layer has a thickness of from about 4000 to SOO0A. 31. The method of claim 26, wherein the upper

low-k dielecgié: layer H?sdaotpiclﬁ\ess of frgm boutrq.l to 10.0m. 32. The r%%;h d of cg_aim 26, wherein

the upper low-k iCISCHTc Iay(g%1 28 A RCRNESS T oM AB0Gt £ 8BS0, Péthod of claim 26,

whereln th? first Oxiﬁx%{ﬁ}fi%i S%‘Bﬂib‘%ﬁ?e‘)flﬁ{ﬁﬁg Xjsie: doped Sﬂél?@f‘ %ﬁiﬁe@ '?ﬁ&egv%?"t%“ﬁon_
carbide (SiC), CoralTM, Black DiamondTM, SiN or TEOS; the lower low-k dielectric layer is comprised of
silicon oxidehbdnoessiopédsilisboudxide) ghosphonpus-doped silicon oxide, BPSG, PSG, SiN or carbon
doped silicon oxide such as CoralTM or Black DiamondTM and the upper oxide layer is comprised of
silicon oxide, doped%iRiEE axiaw s Fskpdgiecisis ayan BigtkhsibirbRig 151k &p Sifbdrkessside (Sic).

34. The metg?grggncla irgu%%w@%eli&gaﬁﬂ,rst oxide layer is comprised of silicon

forming a second oxide layer over the lower low-k dielectric layer to a
thickness of from about 1000 to 10,000A;
patterning the second oxide layer to form one or more holes there through
exposing one or more respective portions of the lower low-k dielectric layer;

etching through the one or more exposed portions of the lower low-k
dielectric layer and into the lower low-k dielectric layer to from one or more
respective air gaps within the etched lower low-k dielectric layer;

forming an upper low-k dielectric layer over the patterned second oxide
layer; and

forming one or more inductors within the upper low-k dielectric layer and
over the one or more air gaps whereby the performance of the one or more

inductors is enhanced.

27. The method of claim 26, wherein the structure is comprised of silicon,
germanium, gallium arsenide, any compounded semiconductor or a polymeric

material.
28. The method of claim 26, wherein the structure is comprised of silicon.

29. The method of claim 26, wherein the structure includes one or more levels of

metal interconnects with an uppermost exposed metal interconnect.
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oxide; the lower low-k dielectric layer is comprised of carbon-doped silicon oxide and the upper oxide
layer is comprised of silicon oxide. 35. The method of claim 26, wherein the upper low-k dielectric layer is
comprised of silicon oxide, TEOS, SiC, SiN, PSG, BPSG, carbon-doped silicon oxide, CoralTM or Black
DiamondTM. 15 36. The method of claim 26, wherein the upper low-k dielectric layer is comprised of
FSG. 37. The method of claim 26, including the step of forming a dual damascene structure within the
first oxide layer and the lower low-k dielectric layer proximate the one or more air gaps before formation
of the one or more air gaps. 38. The method of claim 26, wherein the one or more holes have respective

diameters ofxfomabeidd Lyt ACSm and Wﬁe&@&%@?fﬁtﬁg)&agqﬁ’é{el{%Féeﬂﬁ%ﬁn@@naﬁtﬁr&ﬁf from
about 100.0 to 500.0m. 39. The method of claim 26, wherein the on€ or more holes have respective

diameters ofafpomnt 00t 2. GOOGA0rthanih ther doerek tapre hingaphithvesespdctive ationte2860 abfrom
about 200.0 to 400.0m. 40. The method of claim 26, wherein the lower low-k dielectri%(l)%yl/&er is etched

using an etdPYMecied fhermesrngretisednertiigsst thigkpeteef drpat dhatahdlq to 8

31. The method of claim 26, wherein the upper low-k dielectric layer has a thickness

of from about 0.1 to 10.0um.

32. The method of claim 26, wherein the upper low-k dielectric layer has a thickness

of from about 2.0. to 5.0um.

33. The method of claim 26, wherein the first oxide layer is comprised of silicon
oxide, doped silicon oxide, BPSG, FSG, silicon carbide (SiC), Coral™, Black
Diamond™, SiN or TEOS; the lower low-k dielectric layer is comprised of silicon
oxide, boron-doped silicon oxide, phosphorous-doped silicon oxide, BPSG, FSG,
SiN or carbon doped silicon oxide such as Coral™ or Black Diamond™ and the
upper oxide layer is comprised of silicon oxide, doped silicon oxide, BPSG, FSG,

Coral™, Black Diamond™, SiN or silicon carbide (SiC).

34. The method of claim 26, wherein the first oxide layer is comprised of silicon
oxide; the lower low-k dielectric layer is comprised of carbon-doped silicon oxide

and the upper oxide layer is comprised of silicon oxide.

35. The method of claim 26, wherein the upper low-k dielectric layer is comprised
of silicon oxide, TEOS, SiC, SiN, FSG, BPSG, carbon-doped silicon oxide, Coral™ or

Black Diamond™.
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combination dry and wet etch. 41. The method of claim 26, wherein the lower low-k dielectric layer is
etched using a dry etch. 42. The method of claim 26, wherein the lower low-k dielectric layer is etched
using an etch having an oxide : lower low-k dielectric selectivity of about 1:10. 16 43. The method of
claim 26, wherein the lower low-k dielectric layer is etched using an etch having an oxide : lower low-k
dielectric selectivity of from about 150 to 1100. 44. The method of claim 26, wherein the performance of
the one or more inductors is enhanced by lowering the capacitance loss of the one or more inductors. 45.
The method of claim 26, wherein the performance of the one or more inductors is enhanced by lowering

the SUbStrat%é?%@%é%%@ﬂ&fc&gﬁﬁt%ﬂ@f}é&ﬁhﬁg 9]{3%?@8&1[19 mgl&@{&ﬁﬁt@f%BS&ﬁQ&Wismg the
steps of: providing a structure having a first oxide layer formed thereover; forming a lower low-k

dielectric layef Bver the first oxide layer; forming a second oxide layer over the lower low-k dielectric
layer; patterning the second oxide layer to form one or more holes there through exposing one or more
respective portions of the lower low-k dielectric layer;

37. The method of claim 26, including the step of forming a dual damascene
structure within the first oxide layer and the lower low-k dielectric layer proximate

the one or more air gaps before formation of the one or more air gaps.

38. The method of claim 26, wherein the one or more holes have respective
diameters of from about 1.0 to 10.0um and the one or more air gaps have respective

diameters of from about 100.0 to 500.0um.

39. The method of claim 26, wherein the one or more holes have respective
diameters of from about 2.0 to 6.0um and the one or more air gaps have respective

diameters of from about 200.0 to 400.0um.
40. The method of claim 26, wherein the lower low-k dielectric layer is etched using
an etch selected from the group consisting of: a dry etch, a wet etch and a

combination dry and wet etch.

41. The method of claim 26, wherein the lower low-k dielectric layer is etched using

a dry etch.

42. The method of claim 26, wherein the lower low-k dielectric layer is etched using

an etch having an oxide : lower low-k dielectric selectivity of about 1:10.
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etching through the one or more exposed portions of the lower low-k dielectric layer and into the lower
low-k dielectric layer to from one or more respective air gaps within the etched lower low-k dielectric layer;
the one or more air gaps having respective diameters of from about 100.0 to 500.0m; forming an upper
low-k dielectric layer over the patterned second oxide layer; and forming one or more inductors within the
upper low-k dielectric layer and over the one or more air gaps whereby the performance of the one or

more inductors.is enhanced. 17.47. Igre ethad of claim 46, wherein the first oxide layer has. a thickness
o abod 1086 e e e Bt e B B TR B LB388A anc

the second oyide YRR AR thiskngss obfremahout 4018 Q004 fB oF emetRshofckim,46,

wherein the first oxide layer has a thickness of from about 3000 to 6000A; the lower low-k layer has a
thickness of Trdtd.about 2000 to 6000A and the second oxide layer has a thickness of from about 4000 to
8000A. 49. The method of claim 46, wherein the upper low-k dielectric layer has a thickness of from
about 0.1 to 10.0m. 50. The method of claim 46, wherein the upper low-k dielectric layer has a thickness

44. The method of claim 26, wherein the performance of the one or more inductors

is enhanced by lowering the capacitance loss of the one or more inductors.

45. The method of claim 26, wherein the performance of the one or more inductors

is enhanced by lowering the substrate loss due to eddy currents.

46. A method of enhancing inductor performance, comprising the steps of:

providing a structure having a first oxide layer formed thereover;

forming a lower low-k dielectric layer over the first oxide layer;

forming a second oxide layer over the lower low-k dielectric layer;
patterning the second oxide layer to form one or more holes there through
exposing one or more respective portions of the lower low-k dielectric layer;

etching through the one or more exposed portions of the lower low-k
dielectric layer and into the lower low-k dielectric layer to from one or more
respective air gaps within the etched lower low-k dielectric layer; the one or more
air gaps having respective diameters of from about 100.0 to 500.0pm;

forming an upper low-k dielectric layer over the patterned second oxide
layer; and

forming one or more inductors within the upper low-k dielectric layer and
over the one or more air gaps whereby the performance of the one or more

inductors is enhanced.
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of from about 2.0. to 5.0m. 51. The method of claim 46, wherein the first oxide layer is comprised of
silicon oxide, doped silicon oxide, BPSG, PSG, silicon carbide (SiC), CoralTM, Black DiamondTM, SiN
or TEOS; the lower low-k dielectric layer is comprised of silicon oxide, boron-doped silicon oxide,
phosphorous-doped silicon oxide, BPSG, PSG, SiN or carbon doped silicon oxide such as CoralTM or
Black DiamondTM and the upper oxide layer is comprised of silicon oxide, doped silicon oxide, BPSG,

PSG, CoralT!. Black DiamtondTh, Sijot sticon carbide (S1C), 83, The methadiof daim 46, wherein the
irst oxide Iayer IS comprised of silicon “okide; the lower [ow-K dielectfic Iayer IS comprised o

Ca(bon'dop%éigﬁFQOWiﬁlet@Bﬁﬁ{} eqﬁ’@%@i‘iﬁﬁ/\}@( qéﬁﬁ%ﬁ%?ﬁ%ﬂgc% H@Qﬁal}&ﬁ% 660%8‘ ethod of
claim 46, wherein the upper low-k dielectric layer is comprised of silicon oxide, TEOS, SiC, SiN, PSG,

BPSG, carbdf,depbdsiiicha seddad@oidld Myanr BiacktDickmess 5Mrém dheutEiitdot GR0MM6, wherein
the upper low-k dielectric layer is comprised of FSG. 55. The method of claim 46, including the step of
forming a dual damascene structure within the first oxide layer and the lower low-k dielectric layer

proximate  4¢ The method of claim 46, wherein the first oxide layer has a thickness of from

about 3000 to 6000A; the lower low-k layer has a thickness of from about 2000 to
6000A and the second oxide layer has a thickness of from about 4000 to 8000A.

49. The method of claim 46, wherein the upper low-k dielectric layer has a thickness

of from about 0.1 to 10.0um.

50. The method of claim 46, wherein the upper low-k dielectric layer has a thickness

of from about 2.0. to 5.0um.

51. The method of claim 46, wherein the first oxide layer is comprised of silicon
oxide, doped silicon oxide, BPSG, FSG, silicon carbide (SiC), Coral™, Black
Diamond™, SiN or TEOS; the lower low-k dielectric layer is comprised of silicon
oxide, boron-doped silicon oxide, phosphorous-doped silicon oxide, BPSG, FSG,
SiN or carbon doped silicon oxide such as Coral™ or Black Diamond™ and the
upper oxide layer is comprised of silicon oxide, doped silicon oxide, BPSG, FSG,

Coral™, Black Diamond™, SiN or silicon carbide (SiC).

52. The method of claim 46, wherein the first oxide layer is comprised of silicon
oxide; the lower low-k dielectric layer is comprised of carbon-doped silicon oxide

and the upper oxide layer is comprised of silicon oxide.
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the one or more air gaps before formation of the one or more air gaps. 56. The method of claim 46,
wherein the one or more holes have respective diameters of from about 1.0 to 10.0m. 57. The method of
claim 46, wherein the one or more holes have respective diameters of from about 2.0 to 6.0m and the
one or more air gaps have respective diameters of from about 200.0 to 400.0m. 58. The method of claim
46, wherein the lower low-k dielectric layer is etched using an etch selected from the group consisting of:

e e SRR ISP vEL SR A S5, Thepahetel a5 ity e

. (<] IIl'le O, W-
lower low-k di€electric layer is etc rye he me wherein the lower

low-k diebc‘ﬂPéﬁWﬂ%ﬁf&@?@E@@%i@ @itﬁ) F@@,@W@%ﬁ%é@ﬂ%%ﬂi%%f&?@8&5@“%9f abogt
1:10. 61. The method of claim 46, wherein the lower low-k dielectric layer is etched using an etch having

an oxide : loRkcloWikmdietetfic selectivity of from about 150 to 1:100. 62. The method of claim 46,
wherein the performance of the one or more inductors is enhanced by lowering the capacitance loss of
the one or more inductors.

54. The method of claim 46, wherein the upper low-k dielectric layer is comprised

of FSG.

55. The method of claim 46, including the step of forming a dual damascene
structure within the first oxide layer and the lower low-k dielectric layer proximate

the one or more air gaps before formation of the one or more air gaps.

56. The method of claim 46, wherein the one or more holes have respective

diameters of from about 1.0 to 10.0um.

57. The method of claim 46, wherein the one or more holes have respective
diameters of from about 2.0 to 6.0um and the one or more air gaps have respective

diameters of from about 200.0 to 400.0um.
58. The method of claim 46, wherein the lower low-k dielectric layer is etched using
an etch selected from the group consisting of: a dry etch, a wet etch and a

combination wet and dry etch.

59. The method of claim 46, wherein the lower low-k dielectric layer is etched using

a dry etch.
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63. The method of claim 46, wherein the performance of the one or more inductors is enhanced by
lowering the substrate loss due to eddy currents. 20

60. The method of claim 46, wherein the lower low-k dielectric layer is etched using

an etch having an oxide : lower low-k dielectric selectivity of about 1:10.
61. The method of claim 46, wherein the lower low-k dielectric layer is etched using
an etch having an oxide : lower low-k dielectric selectivity of from about 1:50 to

1:100.

62. The method of claim 46, wherein the performance of the one or more inductors

is enhanced by lowering the capacitance loss of the one or more inductors.

63. The method of claim 46, wherein the performance of the one or more inductors

is enhanced by lowering the substrate loss due to eddy currents.
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