200001833-0 305 2

A METHOD TO TRAP AIR AT THE SILICON SUBSTRATE FOR IMPROVING

THE QUALITY FACTOR OF RF INDUCTORS IN CMOS TECHNOLOGY
BACKGROUND OF THE-iNVENTION

(1) Field of the'Invention

The invention relates to a-méthod of
forming an ‘inductor in the'fab;ication of integrated
'circuits, ahd mére particuiarly, to a method of forming a .
high quality inductor using air as a barrief in the

manufacture of integrated circuits.

(2) Description of the Prior Art

The integratioﬁ of radio frequency (RF)
- integrated circuits on silicon is one 6f the greatest
challengés for the growing markets of wireless |
communications. The incorporafion of RF inductors on silicon
without sacrificing the quality factor (Q) due to sﬁhstraté
losses has been researched heavily in recent years. Some of
the techniques include: (i) selectively etching out siliéon
under the inductor by micro-machining, (ii) employing multi-‘
metal layér of aluminum interconnects or copper'damascene
intérconnects, (iii) using a high reSistivify silicon
substrate, (iv) émployingta biased_well underneath a spiral

inductor, (v) inserting various tYpes'of patterned ground
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) shield between the spiral inductor and the silicon substrate,

and (vi) increasing the thickness of the interlayer

dielectric. This is not an exhaustive listing. The common

objectives of all of these techniques are: 1) to enhance the

Q value of the inductor and 2) to increase the selffresonance
frequency so that the usable frequency range of the inductor

is widened.

The self-resonance caused by the parasitic

~capacitance of the spiral induotor to the silicon substrate

will limit the use of these inductors at high frequencies.

The increasing series.spreading resistance will degrade the Q

- factor. This impacts the usefulness of integrated spiral

inductors implemented on silicon substrates. These problems

' can be overcome if the area under the inductor is made to

appear'locally insulating by selectively removing the
onderlying silicon resulting in inducto;s "hanging” in air.
Air, which has the lowest dielectric constant, is the most
ideal barrier. However, micro-machining, ueed to etch away
the silicon under the inductor, is complex and is not
compatible with any normal process flow. It is“desired to
utilize air as a barrier in a process that 1s 1mp1emented

ea51ly and is compatible with any process flow with minimal

changes.




U.S. Patent 5,539,241 to Abidi et al shows a
method of'etching out a éit under én inductor'during CMOS
processing. U.S. Patent 5,844,299 to Merrill ét al shows an
inductor. formed over a pit containihg silicbn'OXide. U.s.
Papent.5,742;091'to Hebert et al teaches deep trehches filled
with a low dielectric constant materiai; U.é;-Patent
5,773,870 to Su et al discioses backside etching,of.the
substrate under én inductor. luks. Patent 5,770,509 to Yu et

‘al teaches another inductor'process.
SUMMARY OF THE INVENTION
A principal objective of the present invention
is to provide an effective and very manufacturable method of
forming a high guality inductor in the'fabrication of

integrated circuit devices.

Another objective of the invention is to

~ provide a method of fabricating an inductor utilizing air as

an underlying barrier in the manufacture of integrated

circuits.

| A'further objective of the invention is to
provide a method of fabricafing an inductor having an air

well within the silicon substrate fhereunder.-
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. In accordance with the objectives of this

invention a new method of fabricating an inductor utilizing

.air as an underlying barrier -in the manufacture of integrated

circuits is achieved. A field oxide region is_forméd in and
on é semiconductor substrate and then removed whergby a well
is left in the semiconduétor"substrate. A polish stop layer
is deposited over the substrate and ﬁithin the well. The
polish stop layer is éovered and the well filled with a spin—
on-glass layer. The spin-on-glass layer is polished back to
the polishlstop iayer., The pdlish_stop layer is removed."A
first oxide layer is deposited”overlying the spin—on-gléss
layer and the semiconductor substrate and is patterned using
an inductor reticle whereby a plurality ofnopenings are made

through the first oxide layer to the spin-on-glass layer.

:Al; of the spin-on-glass layer within the well is removed

through the plurality of openings. Thereafter, a second

oxide layer is depbsited'overlying the.first oxide layef‘and
capping the plﬁrality of openings thereby forming an air |
barrier within the well. A metal layer is deposited
qverl&ing'the second oxide layer aﬁd patterned using the same
inductor reticle to form the inductor in the fabrication of

an integrated circuit de#ice.



BRIEF DESCRIPTION OF THE DRAWINGS

In thefaccompanying drawings forming a

material part of this description, there is shown:

Figs. 1 through 10 schematicélly illustrate in
cross—sectional':epresentation a preferred embodiment of the

present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process of the present invention forms an

air well at the substrate underlying the inductor. It is

' expected that the presence of the air well will reduce

substantially the parasitic capacitance and series

resistance.

Refetring now to Fig. 1, there is showh a
portion of a semiconductor substrate 10,'preferably composed
of monocrystalline silicon. In the first step to form an air

well at the substrate underlying an inductor, a field oxide

‘region 12 is formed in and on the semiconductor substrate 10

using a_conventional local oxidation of silicon (LOCOS)

process. The field oxidation should be performed so that the

"thickness A of the field oxide region into the substrate is



between about 2000 and 5000 Angstroms.

Next;'as shown in Fig. 2, the field oxide
reg1on 12 is removed by wet etching, for example using a
hydrofluorlc acid solution, 1eav1ng a well 14 in the
substrate. The depth of the welliis between about 2000 and
5000 Angstroms. A thin layer of undoped si;icate glass (USG)
16 is deposited over the surface of the substrate and lining
the well, as shown. The USG layer 16 has a thickness of
between about 1b60 and 1500 Angstroms. Alternativeiy; thié
1ayer 16 may be a stacked nltrlde-oxlde layer, for example
1000 Angstroms of nitride and 500 Angstroms of oxlde, or

layer 16 may be a thin thermally grown oxide.

'Referring now to Fig. 3, a spin—on-glass 1a§er
18 is formed on the_éubstrate aﬁd filiing the well. The
spin-on-glass iayer iS'formed as is conventional in the art.
That is, a spin-on-glass layer is coated over the wafer by a
spin-on method and then baked and cured. The spin-on-glass
layer 18 may be formed by multiple spin-on steps followed by
baking and curing of the layers. The thickness of the final
spin-on-glass film 18 may be between about 3000 and 6000

Angstroms.



"The spin{on—glass Layer 18 is polished back,
such as by chemical mechanical polishing (CMP). The USG (or
other material) 1ayer.16 acts_as a polish stop. The
remaining spin-on-glass layer 18 hés a flat surface just

below the surface of the USG layer 16, as shown in Fig. 4.

Referring now to Fig. 5, an oﬁide layer 20 is
deposited by chemical vapor deposition (CVD) over the surface
of the substrate énd over the spin—on&glaSSinlled'ﬁell 18.5
" The oxide layer has a preferred thickness of between about

2000 and 3000 Angstroms.

Next, a layer of phdtoresist is coated over
the surface of the oxide layer 20. A photoresist mask 25 is
formed over the oxide using the inductor reticle, as shown in

Fig. 6.

Referring to Fig.-7, the oxide 20 is efched“
through to the spin-on-glass layer 18 where the oxide layer
is not covered by the photoresist mask 25 using a dry etch;ng
process.. For example, etching chemistries may include

- CaFs/Co, CaFe/CHFs, or CHF3/CFa.

Referring now to Fig. 8, the photoresist mask

25 is stripped, for éxample, using a plasma reactive strip



| such alez plasma and/or a chemical reactive strip such as
H2804/H20z2. Now, the spin-on-glass 18 underlying the
openings 28 within fhe oxide layer is removed using a dilute
hydrofludric acid (HF)“solgtion.having a selectivity of spin-
on-glass to oxide of at least 100:17 After the spin—on-glass
18 hés been removed from the“wel;, onlylair 30 remains, as

shown in Fig. 8.

_ A thin oxide layer is deposited by chemical
vapor deposition (CVD) over the oxide layer 20.  This thin
oxide laYer, having a thickness of_between about 500 and 2000
Angstroms, does not penetrate through the openings 28 into
the air well 30. The oxide layer provides.a cap.over the
openings 28 and together with the firsf oxide 1aYer 20 forms
the oxide layer 32 illustrated.in Fig.-é. The thibkness of
-the combined first_and second o#ide layers is between apout
2500 and SOOOIAngstroms. This completes formation of the air

well 30 within the substrate.

Now, as shown in Fig. 10, a layer of metal
is depésited:and patterngd to form the ihductor 36. The
metal may be alumihum/copper or copper; for example, and have
a thickness of between about 4000 and 10,000 Angstroms. Thé

inductor 36 may either be a square or a circular spiral.
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The ﬁrocess of the present invention provides
a method for.forming an air well ih a silicon substrate
underlying the inductor. This_proeess does not involve
micro~mechining and is simple and compatible with exisfing
processesf At a frequency of about 2egigahertz (GHz), the
inductor fabricated according to the process of the invention

can have a quality factor (Q) as high as 6 to 7.

While the 1nvent10n has been partlcularly
shown and described with reference to the preferred
emqu1ments thereof, it will be understood by those skilled
in the art that'various changes in form and details may be
made without departing from the epirit and scope of the

invention.
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~ CLAIMS _ |
1. A method of fabricating an inductor in the -

fabricatibn of an integréted circuit device comprising:

forming a field oxide region in and on a
semiconductor substrate; |

removing said field oxide region whereby é wgll_is
left in said semiconductor substrate;

depositing a polish stop layer 6ver said substrate
and within said well;

covering said polish stop layer and filling said-.
well with a spin-on-glass'layef;_ '

polishing back said spin-on-glass layer to said
polish stop layer; | |

deposifing a first oxide layer Ovérlying said spin-
on;glass layer and said semiconductor substrate;

‘patterning said firsf oxide léyer using an inductor
reticle whereby a plufality of openings are made through
said first oxide layer to said spih-on—glasé layer;

removing all of said spin-on-glass layér within
said well through said plurality of openings; |

thereafter depositing a second oxide layer

overlying said first oxide layer and capping said

- plurality of openings thereby fo?ming an air barrier

within said well; and -
depositing a metal layer .overlying said second

oxide layer and patterning said metal layer using same

10
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said inductor reticle to form said inductor in the

,fabrication of said integrated circuit.

2. The method according to Ciaim 1 wherein said wéll has
a depth of between'about 2000 and SOOO.Angstroms into

said semiconductor substrate.

3. The method according_td'C1aim 1 wherein said polish
stop layer'comprises undoped - silicon glass having a

thickness of between about 1000 and 1500 Angstroms.

4. The method according to Claim 1 wherein said polish

stop layer comprises thermally grown silicon oxide.

5. The method according to Claim 1 wheréin said polish
stop 1ayer comprises a stacked silicon nitride/siliqon
oxide layer having a thickness of between about 1000 and

1500 Angstroms.
6. The method according to Claim 1 wherein said first
oxide layer is deposited to a thickness of between about

2000 and 3000 Angstroms.

7. The method according to Claim 1 wherein said step of

removing said spin-on-glass layer is performed using a

11
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dilute hydrofluoric acid solution having a selectivity

of spin-on-glass to oxide of at least 100:1.

8. The method according to Claim 1 wherein said second
oxide layer is depdsited to a thickness of between about

500 and 2000 Angstroms.

9. The method according to Claim 1 wherein said metal
layer comprises aluminum-copper and is déposited to a.

thickness of between about 4000 and 10,000 Angstroms.

10. The method according to Claim 1 wherein said metal
layer cbmpriSes copper and is-deposited to a thickness

of'between about 4000 and 10,000 Angstroms.

11. The method according to Claim 1 wherein said

inductor has a square shape.

12. The method according to Claim 1 wherein said'

inductor has a circular spiral shape.

13. A method of fabricating an inductor in the
fabrication of an integrated circuit device comprising:
forming a field oxide region in and on a

semiconductor substrate;

12
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removing said field oxide region whereby a well is

left in said semiéonductor substrate; |

depositing'an undoped silicate glass layer over
said substrate and within said well;

éovering said'undoped silicate glass layer and
filling said well with a spin-on-glass layer;

polishing back said spin-on-glass 1ayer to leave
said spin-on-glass layer bnly within said well wherein
said undoped.silicate_glass layer acts as a polish stoﬁ;

depositing a first oxide layer overlyinQ said spin-

~on-glass layer and_said semicondﬁctor substrate;

patterning said first oxide layer using'an inductor
reticle whereby a plurality of openings are made through
said first oxide layer fo said spin4on—g1ass layer;

removing all of said spin-on-glass layer within
said well throughhsaid plurality of 6penings;

thereafter depositing a second oxide Léyer
6ver1ying.said first oxide layer and capping éaid
pluraiity of dpenings thereby forming an air barrier
within said well; and |

depositing a metal layer overlying said second

oxide layer and patterning said metal layer using same

‘said inductor reticle to form said inductor in the

| fabrication of said integrated circuit.

13
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14. The method according to Claim 13 wherein said well
has a depth of between about 2000 and 5000 Angstroms

into said semiconductor substrate.

15. The method according to Claim 13 wherein said
undoped silicate glass layer has a thickness of between

about 1000 and 1500 Angstroms.

16. The method according to Claim 13 wherein said first
oxide layer is deposited to a-thickness of between about

2000 and 3000 Angstroms.

17. The method according to Claim 13 wherein said step
of removing said spin-on-glass layer is performed using

a dilute hydrofluoric acid-solutioh having a selectivity

 of spin-on-glass to oxide of at least 100:1.

18. The method according to Claim 13 wherein said second
oxide layer is deposited to a thickness of between about

500 and 2000 Angstroms.

19. The method according to Claim 13 wherein said metal
layer comprises one of. the group containing aluminum-
copper and copper and is deposited to a thickness of

between about 4000 and 10,000 Angstroms.

14
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20. The method according to Claim 13 wherein said

inductor has a square shape.

21. The method according to Claim 13 wherein said

inductor has a circular spiral shépe.

22. A methbd of fabricating an inductor in the
fabrication of an integratéd circuit device comprising:

forming a field oxide region in and on a
semlconductor substrate; |

removing said field oxide reglon whereby a well is
left in said semiconductor substrate;

depositing an undoped s111cate glass layer over
sa1d substrate and within said well'

-covering said undoped silicate glass layer and
filling said.weil with a spin—on-giass layer;

| polishing back_said-spin—onéglass layer to leave

said spin-on—glass layer only within said well wherein

said undoped silicate glass 1éyer acts as a poliSh.stbp;

depositing a first oxide layer overlying said spin-

on-glass layer and said semiconductor substrate;

patterning said first oxide layer using an inductor
reticle whereby a plurality of openings are made through

said first oxide layer to said spin-on-glass layer;

removing all of said spin-on-glass layer within

15
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said well through said plurality of openihgs using a
dilute hydrofluoric acid soiution having a selectivity
of spin—on—glaés to oxide of at least 100:1;

thereafter depositing a second oxide layer
overlying said first oxide layer and capping said
plurality of openings thereby forming an air barrier
within said well; and |

depositing a metal layer overlying said second
oxide layer aﬁd patterning said metal layer using same
said inductor reticle to form said inductor in the

fabrication of said integrated circuit.

23. The method according to Claim 22 wherein said well
has a depth of between about 2000 and 5000 Angstroms -

into said semiconductor substrate.

24. The method according to Claim 22 whereih the

combined thickness of said first and second oxide layers

is between about 2500 and 5000 Angstroms.

25. The method according to Claim 22 wherein said

- inductor comprises one of the group containing

aluminum-copper and copper and has a thickness of
between about 4000 and 10,000 Angstroms and wherein said

inductor has a circular spiral shape.

16
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26..The method according to Cléim 22 wherein said
inductor compriées one of the group containing aluminum-
copper and coppér and has a thickness of between about
4000 and 10,000 Angstroms and wherein said inductoi has

a square shape.
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