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silicon-based inductors is the high resistive al nn inutt -copper (Al Cu)

i nt er connect®resseg domagil$ if@operprmt @8$ES .communications equipment have motivated

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 inductor on silicon has become a current key
research 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
integrated 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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i n Thelidgrdphoah@ectcadi ng of the roltov inma detailed description when taken
'n 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  1mprove 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 Chuntdngs. BRI EF DESCRI PTION OF TI-fi
DRAWNGS FIG | (PRIOR ART) is a cross-sectional view of it prior art

spiral inductor along line i--1 of FIG 2 (PRIOR ART'); PIG 2 (PRI OR ART)
is a cross-sectional view of the prior art spiral inductor along s line
2-- of :'"IG | (PRIOR ART); 3 is shown a cross-sectional vie,v simlar to

FIG | (PRIOR ART) of BRIFEIDERCREWIOA OF fidlie DRrAWINGRe present inventi on;
FIG 4 (PRIOR ART) is a cross-sectional view of the prior art spiral f
| nduct or al diig. 1I(PREOR-ARITIE ofth - sbitidThricl di R Ta0SHirAPRUAANT Do B O
the; vialli sgi ral_inductor of the present inventio along 1in --5
FI G 3;1" n?)fr}ll"—‘ng, (BRIQRAKPoss sectional viewsimilar to FIG 5 of an

; i aarl kN | ral jinductor of the present invention.
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nduct or' ?ﬁﬁélloéoyé& ** jis a Prior an. spiral inc actor 22. The term Io;/eln
as lused in Bexes i d sosefdengeh vert be e'%ﬂﬁ?ﬁﬁraﬂi%@%o?@% Qﬁleﬁg@&rﬁ}%ﬂl@ e
to the conventional surface of a wafer on I'ch pie on- |fi5 : s

M ned 2lopgdiaedr-é94 FoF. Tadori entati on of the wafer. Tenns, suc; as "on-,
"bciow % "hizgher®, ' lower:, 25 " aboi/e" nd ‘under”, are. bde‘fl ned. w th
respect to the ibsra} %r8§15t'%ﬁc‘[1%?a§ﬁ’ée.w§*ﬁ8atré?_ Ut Bews déamate ebpimant vighlings
usccl Reretimitoroeleprion heiot i oration of ias and to nS incl u-des
conventional semi conductor deposition of r, onductor d*-.p{ itioLi; p

oresi St, hard and soft nask photolitl ography; etc:;r, and strip, as
appropri ate.

of

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 turn inductor. In FIG. 1

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



i ior art, the prior art spiral inductor 22 is a two turn inductor.
:hllgrg.Pilo30 (PRI OR AET), are shown hr,t and second turns 24 ang 26.hA
first connecting poition. 30 'saving connecting vias 32 connects "to the
prior act Spiral inductor 22 at one end and a second eonnectuifl: portion
34 connects at_tine rifler end. The first tuns 24 has an inner dianeter 36,
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tinbre spiral inductor 122.
The vi St e 8 Fot o il o P ainiuct @ hon ThS s rigp s @rcsgbe Alcbutini ¢ may

ductor 122 can
aI so beonduicti ectthnaferigPlorfatm cShiBclids Lis 3phe via/line spiral in
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' SdaltzngI'Oﬁ ZitRlTr) B a'v"fﬁblfrlngs:I §%)rn’al mﬁuctor :13(’)0 gfr t%e %)pe%ent 1Il\|/gnt10n A substrate 112, of a
an

material such as silicon, has a plurality of dielectric layers formed thereon of a material such
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 turns 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



I ndividual ly, the turns can he flat as shown or circular, and can he nade

fromany conductive grate al including copper. A first connecting portion
130 having connecting vias 132 connects to the via/line, 0 spiral inductor
12.2 at one end and a second connecting portion _31- having connecting vias
133 connects at the othrer arid. Tfis, first turn 126 has an inner dianeter
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cross-sectional view of the prior art spiral inductor 22
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appear ed .protni,si.ng i n the enmbodi mrent of the via/lines spiral inductor 122
sﬁgwn i %‘“E‘uegec%z ltﬁ%%t%?ngﬁmd@ﬁ%l teettaanel visarke pebloppend fut dreeovfeprined
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structure forns adaitiolial surface area Ine 142 has a t] uckil ess
“h". |f h-QInehdypag dlovelo Wasufbddrare isgeisvdlserfhcd drea inductor using existing

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 parallel 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. S of

25 an alternate 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 separate, 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.



separate, parallel lines or vias connected at their center proxi mate and

distal ends, it will be wunderstood that the _ iaxirnurn surface area 146
is obtained when h is sli ;1.ttly abc~ zero. Refiring sloe,( to flea. 6,
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af oregoi ng description. Aeeordingly, it is intended to enbrace all such
alternatives, nodifications, and variations that NJ Aitiiiii the spirit and
scope of the included elairns. Al matters hither-to-t;ire set forth or
shown in the 11 acconpanying drawings are to be interpreted in an
illustrative and non-limting sense, THE I NVENTION CLAIMED IS: 1. A spiral
i nductor conprising: a substrate; an inductor dielectric |ayer over the
substrate having a spiral opening provided therein; and a spiral inductor
in the spiral opening, the Spiral inductor including; a plurality of
paral l el spiral vias connected together at center proxinate and

6



center distal ends of the spiral inductor and only along a top or bottom
edge. 2. The spiral inductor as clained in claiml| wherein: the spiral

i nductor includes: a spiral line in the spiral opening; and the plurality
of parallel spiral v .as above the spiral line and integral therewth.
The spimg INVENTION @saphigbed in claim | wherein: the spiral inductor
includes: a spiral line over the plurality of parallel spiral vias and

i ntegral thq_re)qisgﬁlal infuctoB sl 1 nductor as clained in claim1l
including: a first connecting portion; connecting via between the first

connecti ng ponbstme;and the center proxinmate end of the spiral inductor;
and a second connecti.n ortion connected to the center distal end. of the
ot ar Fnduceonaues’ ool iegr (RRIEE SHOsete T REG PRl SRMIE RS, |t he
spiral opening fe{d&ndaiul ti-turn spiral froma group consisting of square,
rectangul ar, and circular spirals. 6. A spiral inductor conprising: a
substrate; & spirellindutites|ie the spiral egemingy therspirhlendediert inglidingan i nduct or
dielectric |ayer o;er.{he fie%% dielectric | er Qﬁviﬂg atspiral ope%ing
provi ded t her ei n? BUEHY, & PAANRISPER! VRS cRENSSISH IQRCtBH et G7GLeT PrXIic &)
inductor including: <CetePdidfaBbidsyofFhe fafaRiddalkios Bhd Bhly\HlGHy £PNR YoBEm
together at center proximte and center distal ends of the spiral inductor

and only along a top 6fghottom edge; a first connecting portion connected
to the center proxinmate end of the spiral inductor; and
2. The spiral inductor as claimed in claim 1 wherein:

the spiral inductor includes:
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:

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

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-turn spiral from a group consisting of square,

rectangular, and circular spirals.

6. A spiral inductor comprising:

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;:



a second connecting portion connected to the center distal end of the
spiral inductor. 7. The spiral inductor as clained in claim®6 wherein: the
spiral inductor includes: a spiral line in the spiral opening connected
together to the parallel spiral vial at the center proxi mte and the
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9. The spiral inductor as clainmed in claim6 iincludiing: a connecting

portion dielectried| ayer over the field dielectric and under the inductor
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and

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

8. The spiral inductor as claimed in claim 6 wherein:
the spiral inductor includes:
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.
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
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.

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.



