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10 recent research activities to focus on the development of inexpensive, small size, low power
consumption, and low noise level systems. To satisfy these requirements, one of the most
important and indispensable circuit components is the on-chip silicon-based inductor.

As a result, miniaturization of the indu.;:tor on silicon has become a current key
tesearch area and extensive work has been done in this area. However, despite efforts by

15 many researchers having skill in the art, achieving high performance on-chip inductors, i.e.,
high quality factor (Q), still remains a major problem especially when radio frequency
mtegrated circuits (RFICs) are built on silicon.

In addition, high dynamic resistance of metal lines at GHz frequency ranges further
degrades the inductor performance in CMOS technology as compared to those fabricated in

20 monolithic microwave integrated circuits (MMICs).

Many fabricating techniques, processes, and materials have been proposed to improve
the performance of on-chip inductors. Tedious processing techniques such as etching away
the silicon substrate under the inductor have been introduced to remove the substrate parasitic
effects completely. Despite achieving good results, industries are reluctant to adopt such a

25 technique because of reliability issues such as packaging yield, as well as long-term

mechanical stability.
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As a result of the above, the simplest and most commonly used on-chip inductors are
planar silicon-based spiral inductors, which require careful layout optimization techniques to
20 improve performance. _
Solutions to these problems have been long sought, but have long eluded those skilled
in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a spiral inductor including a substrate and an inductor

25 dielectric layer over the substrate having a spiral opening provided therein. A spiral inductor

is in the spiral opening with the inductor including a plurality of parallel spiral vias connected

together at center proximate and center distal ends of the spiral inductor. The parallel spiral

vias increase the surface area of the spiral inductor by over 70% and increase the high quality
factor (Q) by over 70% compared to a conventional spiral inductor.

30 The above and additional advantages of the present invention will become apparent to

those skilled in the art from a reading of the following detailed description when taken in

conjunction with the accompanying drawings.
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conjunction with the acconpanying draw ngs. 2 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG | (PRIOR ART) is a cross-sectional view of a prior art spiral
inductor along line 1-- 1 of FIG 2 (PRROR ART); FIG 2 (PRIOR ART) is a
cross-sectional view of the prior art spiral indycto[ al ong '5':Inet2-%?fo
FIG 1 (PRIOR ART); FI J ross-sectional viewsimlar to
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BEST MODE FOR CARRYING OUT THE INVENTION

15 Referring now to FIG. 1 (PRIOR ART), therein is shown a cross-sectional view of a
prior art on-chip inductor 10 along line 1--1 of FIG. 2 (PRIOR ART). A substrate 12, of a
material such as silicon, has a plurality of dielectric layers formed thereon of a material such
as silicon dioxide. Sequentially, a field dielectric layer 14 (such as a field oxide), a
connecting interlayer dielectric (ILD) layer 16 (such as a silicon oxide), and an inductor ILD

20 layer 18 are formed over the substrate 12. Embedded within the inductor ILD layer 18 is a
prior art spiral inductor 22.

The term “over” as used in herein is defined vertically above a horizontal plane
parallel to the conventional surface of a wafer on which the on-chip inductor is formed
regardless of the orientation of the wafer. Terms, such as “on”, "below", “higher”, “lower”,

25  “‘above”, and “under”, are defined with respect to the horizontal plane.

The term “processed” or “forming” as used herein to refer to the formation of vias and
turns includes conventional semiconductor deposition of conductor deposition, photoresist,
hard and soft mask photolithography, etch, and strip, as appropriate.

In the prior art, the prior art spiral inductor 22 is a two furn inductor. In FIG. 1

30 (PRIOR ART), are shown first and second turns 24 and 26.



hard and soft mask photolithography, etch, and strip, as appropriate. In
the prior art, the prior art spiral inductor 22 is a two turn inductor. In
FIG 1 30 (PRIOR ART), are shown first and second turns 24 and 26. 3 A
first connecting portion 30 having connecting vias 32 connects to tgi pri or
art spiral | ctor 22 at on nd.and a second connecting portion 3
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connectﬁhﬁﬁn@ﬁfrg S%é: i5 Referring nowto FIG 3, therein is shown a
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fornmed over the substrate 112. Enbedded within the diel®ctric l'ayers'is a
vi al | | riPNEpTvEMaierial ée Ermicppnecting Wasa2 i ne spiral inductor 122 is shown as
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as silicon dioxide. Sequentially, a field dielectric layer 114 (such as a field oxide), a
connecting interlayer dielectric (ILD) layer 116 (such as a silicon oxide), and an inductor ILD
20 layer 118 are formed over the substrate 112. Embedded within the dielectric layers is a
via/line spiral inductor 122.

The via/line spiral inductor 122 is shown as being square spiral but it may also be
circular spiral. Similarly, the via/line spiral inductor 122 can be a spiral, which is either
clockwise or counter clockwise as viewed from above.

25 In the described embodiment, the via/line spiral inductor 122 is a two turn inductor,
In FIG. 3, are shown first and second tumns 124 and 126.

Individually, the turns can be flat as shown or circular, and can be made from any
conductive material including copper.

A first connecting portion 130 having connecting vias 132 connects to the via/line

30 spiral inductor 122 at one end and a second connecting portion 134 having connecting vias
133 connects at the other end.

The first turn 126 has an inner diameter 136, a width 138 which is common to each of

the turns, and a spacing 140 between each of the turns. The first connecting portion 130



In FIG 3, are shown first and second turns 124 and 126. Individually, the
turns can be flat as shown or circular, and can be nade from any .

conductive material including copper. A first connecting portion 130 having
connecting vias 132 connects to the via/line 30 spiral inductor 122 at one

d d onnectin ortion 134 having connecting vias _133
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processes, several approaches appeared promising.

In the embodiment of the via/line spiral inductor 122 shown in FIG. 5, a line 142 is

deposited and paralle] vias 144 are formed on the line 142 by a conventional aluminum
20 via/line process. This structure forms additional surface area 146.

The line 142 has a thickness “h”. If h=0, the parallel vias 144 are equivalent to
separate, parallel lines or vias connected at their center proximate and distal ends. It will be
understood that the maximum surface area 146 is obtained when h is slightly above zero.

Referring now to FIG. 6, therein is shown a cross-sectional view similar to FIG. 5 of

25 analternate embodiment line spiral inductor 122" of the present invention.

In the embodiment of a via/line spiral inductor 122' shown in FIG. 6, parallel vias 148
and a line 150 are formed simultaneously in a dual damascene process and can be made of
copper. This structure forms additional surface area 152.

The line 150 has a thickness “h”. If h=0, the parallel vias 148 are equivalent to

30 scparate, vertically parallel lines or vias connected together at their center proximate and
distal ends. It will be understood that the maximum surface area 152 is obtained when h is
slightly above zero. The h can be established by chemical mechanical polishing of the top

surface of the inductor 122" after deposition.



The line 142 has a thickness "h". If h=0 the parallel vias 144 are

equi valent to separate, parallel lines or vias connected at their center
proxi mate and distal ends. It will be wunderstood that the maxi mum surface
area 146 is obtained when h is slightly above zero. Referring nowto FIG

6, therein is shown a gross-sectional viewsimlar to FIG 5 of 25 an
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variations that fall within the spirit and scope of the included clains.
Al matters hither-to-fore set forth or showmn in the |0 acconpanying
drawings are to be interpreted in an illustrative and non-limting sense. 6
THE I NVENTION CLAIMED I'S: 51 . A spiral inductor conprising: a substrate;



an inductor dielectric layer over the substrate having a spiral opening

provided therein; and a spiral inductor in the spiral opening, the spiral
inductor including; a plurality of parallel spiral vias connected together
at center proximate and center distal ends of the spiral inductor. 2. The

spi ral claiml wherein: 10 the spiral inductor
i lr[:cl ude%&tﬁyﬁoﬁ Cﬁﬁ#bﬂ% spiral opening; and the plurality of

parallel spiral vias above the spiral line and integral therewith. 3. The
spiral inductor asxghﬁlﬁ@dqmmwﬂﬁﬁﬁﬂé wherein: the spiral inductor
includes: 15 a spiral line over the plurality of parallel spiral vias and

i ntegral therdeSipbstrate; 4. The spiral inductor as clainmed in claiml

i ncl udi ng: i ortio nne t n via hetween the fjrst
connect i ng poaint {ngh‘:tgfr)lgi ??Ef% gr?{) rOVgt 3];’(‘? r?ﬁl? ‘8?*‘5 % F@“’i rﬂﬂeﬁl!ngl W&ﬁ@f’a
and 2 0 a second drpsgcindng portion connected to the center distal. end of

the spiral inductor 5., The spiral inductor as clained in claiml| wherein:
the spiral op&RFHdFuskardn @erﬁ}}rﬁll Qpeping, Egispizgl llﬁd‘»@mran@mdmgs consi sting of

square, rectangu raI

cgnprising: 25 ahgﬁﬁg?grzﬁﬁﬁgﬂ#%é¥%pﬁ % e??%t 6&gﬂmiW@XgWH§Fthe
an inductor dielectri ccémgradistalvemts bmetspledldndijc&irectr! c layer having a
spiral opening provided therein; a spiral inductor in the spiral opening,

the spiral iRhduct Ohe spird idiub@r aslainddl iHchimtywRdreipar al I el spiral vias
connected together at center proxinmate and center distal ends of the
spi 191 i nduc rspm;:l inductor mcludes:

a spiral line in the spiral opening; and

the plurality of parallel spiral vias above the spiral line and integral therewith.

3. The spiral inductor as claimed in claim 1 wherein:

the spiral inductor includes:

15 a spiral line over the plurality of parallel spiral vias and integral therewith.

4. The spiral inductor as claimed in claim 1 including:

a first connecting portion;

connecting via between the first connecting portion and the center proximate end of
the spiral inductor; and

20 a second connecting portion connected to the center distal end of the spiral inductor.

5. The spiral inductor as claimed in claim 1 wherein:
the spiral opening forms a multi-tumn spiral from a group consisting of square,

rectangular, and circular spirals,

6. A spiral inductor comprising:
25 a substrate;
a field dielectric layer over the substrate;
an inductor dielectric layer over the field dielectric layer having a spiral opening
provided therein;
a spiral inductor in the spiral opening, the spiral inductor including;
30 a plurality of parallel spiral vias connected together at center proximate and

center distal ends of the spiral inductor;



a first connecting portion connected to the center proxi mte end of the
spiral inductor; and a second connecting portion connected to the center
distal end of the spiral inductor. 7. The spiral inductor as clainmed in
claim6 wherein: 5 the spiral inductor includes: a spiral line in the

spiral openi : ther to t arallel spiral vias at the
c 2 nter p Iro OXi ﬁg’;{rg@gﬁ%&{nﬁg P élg%)?l er g‘%i?Ci‘ida‘P qﬁ%g‘gﬂ%fpr?ﬂ@a%pﬁnﬁé‘lf thegpiral wductarid

the plurality of padallel spiral vias above the spiral line and integral
therewith. 10 8. Ehe spi.ral inductor as clained in claim®6 wherein: the
spiral i nductSFOOPAEPIREENS RoEien capnecteddo theerenten distrl endabf thy spifal peduaidrel
spiral vias and integral therewith, the spiral |ine connected together to
the parall el 7spi r Ahe §pigd inguctores elemestin girimxd whereinand t he center di sta
endss of the ﬁﬁ%@ﬂhih&ﬂﬂ&ﬁﬂ&ud%ﬁ 9. The spiral inductor as clainmed in claim
6 including: a tonnecting portion dielectric |layer over the field

dielectric and undespirahknd indhiebsifal oférBhe 6bririetrel AYERther ?&&e?ﬁ%ﬁf@iﬂiﬁgvﬁgrt 1on
dielectric layer having an opening provided therein for the tirst
connecting portion; cofBeEsHe RipEmses suskthe corderf distsl ends ofitetspirgl ipdudtdron and
the center proximte epgof 20 the spiral inductor; and a second
connecting portion connected to the center distal end of the spiral

i nductor. 10. Théhespiradity ofisadtebsping vids absmekht Bpiedl Finduhd 8l Rereb R,

spiral opening forms a nulti-turn spiral froma group consisting of square,
rect@angul ar, 8.and The sptitahindstor & @aindd id blaimk BewisRbipal i nductor as claimed in

claim6 whe 1%:En:. the spiral inductor is fabricated by an al um numvia/line
a

process or SHipE Andugprdedledes: process 8
a spiral line over the plurality of parallel spiral vias and integral therewith, the
spiral line connected together to the parallel spiral vias at the center

proximate and the center distal ends of the spiral inductor.

15 9. The spiral inductor as claimed in claim 6 including:
a connecting portion dielectric layer over the field dielectric and under the inductor

dielectric layer, the connecting portion dielectric layer having an opening

provided therein for the first connecting portion;

connecting via between the first connecting portion and the center proximate end of

20 the spiral inductor; and

a second connecting portion connected to the center distal end of the spiral inductor.

10. The spiral inductor as claimed in claim 6 wherein:

the spiral opening forms a multi-turn spiral from a group consisting of square,

rectangular, and circular spirals.

25 11. The spiral inductor as claimed in claim 6 wherein:

the spiral inductor is fabricated by an aluminum via/line process or a copper

damascene process



