
VIAILI7M INDUCTOR ON SEMICONDUCTOR MATERIAL RELATED APPLICATIM'I(S) l,is is
a divisional of co-pending application serial number IOK)40,755 filed  Deco
mber 2`i, 2001, which is hereby incorporated by reference herein,
TIC.iINICAl.FI LD The present lnventio-i relates generally to integrated
circuits and more pa-ticula-dy to  or-chip silicon-based inductors.
BACKGROUND OF lfL INVENTION fnereasine demands l 'or personal mobile
C:<)i?itrl l f ations eg fpm nt have motivated  to recent research
activities t r> fhc us on the development of inexpe nsi've; small size, low
power  consumption, and l0w noise level systea'..s, To satisf' these. re U:
rem ;Its, one of the most  important and i Idispensa le circuit components
is th on chip silicon-based inductor. As a result, miriiatunza(ior. of the
inductor on silicon has, become a current key  :es a.c.h area and extensive
work has been done in this ale;a. Ho;.vever, despite efforts by  15 m ally
researchers having Skill in the art, achi eying 'high perfonn.ance oar chip
induct;ars, he., hush quality factor (Q) still remains a mayor problem
especially when radio h cyuency  integrated circuits (REICs) are built on
silicon. In addition, high dynamic resistance of metal line-s at CA-1z
frequency ranige further  degrades the indu for performance in CMS
technology as compared to i_'. those fabricated in 20 monolithic microwam
integrated circuits (MMTC;.s). Ms---y fabricating techniques, processes
ay.I aye teri`.ls have been proposed do improve  the perfbrmarice of
on-clip inductors- Tedious processing t:.i:.ic{nos such as etching ;:vay
tie: silicon substrate under the inductor have been in h duceci to remove
thl~ . uus I to pa: asitic  effects completely. Despite achieving good r'es
its, industries; are reluctant to adopt suc-l" a 25 technique because of
reliability issues such as packaging yield, as well as onr tenu  mechanic.
l stability. The most critical factor hindering the performance of
silicon-based inductors is the  high resistive al nn inutt -copper (AlCu)
interconnects used in silicon processes. 



in col:mpllison, thicker and less resistive gold (Au) nie ta.ization
together with loss.ess  subs ate in g al turn arsenide (GaAs) technology
permits high performance inductors to he  `? lubricated easily. To Overcome
high rnetahZation -resistance, a popular t could c is to have  the layers
of metal stacked together. thereby achieving a high Q inductor. Another
possible alternative is to use an active inducton in an active inductor
high Q  factor and inductance can be achieved in a really sniali silicon
area However, such an  approach suffers from high power consumption and
high noise levels that are not acceptable t for to power and high tic
.luency applications. In addition, performance of active inductors  are
very sensitive and dependent upon the inductors biasing circuitry, making.
it time  con: uming and tedious to design. ik Arthcr possible alternative
is to increase the thickness of metal because the () value  of an inductor
is dependent upon its interior resistant , (r) to the, AC (alternate
current) signal  15 and increasing the thickness decreases the interior
resistance. Unfortunately, the t1 i kness of the metal cannot he increased
without limit Wire en punter Ig technological di liculties in  lithography
and, etch. As a resu t of the above, the simplest and most commonly used
on-chip inductors are  plana :boon-ii eed spiral inductors, which require
careful layout opfiniizntiorl techniques to  20 improve performance.
Solutions to these problems have been long sought. but have long elided
those skilled  in the att. DISCLOSURE. OF 11111 ItJ'VFNTI ON The present
invention proszdes a spiral inductor including, a substrate and all
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 thie spiral nductoi.. The
parallel spir'al  Was increase the su lace area of the spiral inductor by
over 70% and i toease the high quality  factor 'Q) by over 70~iti
oiril}aced to a conventional spiral Knew. 30 Tlie above and ado tional
advantages of the present invention will become apparent to  t ose skilled
in The an, f om a reading of the roltov ima detailed description when taken
in  



conjunction with the accompanying Chumdngs. BRIEF DESCRIPTION OF TI-fi
DRAWINGS FIG. I (PRIOR ART) is a cross-sectional view of it prior art
spiral inductor along line  i--I of FIG. 2 (PRIOR ART'); PIG. 2 (PRIOR ART)
is a cross-sectional view of the prior art spiral inductor along  s line
2-- of :'IG. I (PRIOR ART); 3 is shown a cross-sectional vie,v similar to
FIG. I (PRIOR ART) of a vial ne  spiral inductor of the present invention;
FIG, 4 (PRIOR ART) is a cross-sectional view of the prior art spiral
inductor along  line 4--4 o1'FIG, I: FIG. d is a cross socttnmii view of
the; via/linU spiral inductor of the present invention  along line 5--5 of
FIG. 3; and FIG, 6 is a cross sectional view similar to FIG. 5 of an
alternate embodiment viaa'linoo  spiral inductor of the present invention.
BEST MODE OR CARRYING Ou't''ITIF iNVENTTON Referring now to FIG. i (PRIOR
ART), therein is shown a cross-sectional view of a,  prior an on-chip
inductor 10 along; line 1--1 of PIG. 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. Sequ<entially, a field
dielectric layer 14 (such a a Field oxi(1e), a  connecting interlayer
dielectric (ILD) layer 16 (such as a silicon oxide), and an inductor ILF)
20 la Fier I i, are forced over lie substrate 12, Embedded within the 7
nductor ILD layer I *, is a  Prior an. spiral inc actor 22. The term "oven"
as used in herein is defined vertically above a horizontal plane  parallel
to the conventional surface of a wafer on which pie on-chip inductor is
Mimed  .regardless of the orientation of the wafer. Tenns, suc; as "on-,
"bciow'% "higher", 'lower",  25 "above" and "under", are. defined. with
respect to the horizontal plane. The term _>rocessed" or "7hn'r .g" as
usccl herein to refer to 'the. itir oration of ias and  to nS incl u~des
conventional semiconductor deposition of r, onductor d^-.p{ itioLi; ph
oresi St,  hard and soft mask photolitl ography; etc:;r, and strip, as
appropriate. 



iii the Prior art, the prior art spiral inductor 22 is a two turn inductor.
In 1?IG. 1  30 (PRIOR ART), are shown hr,t and second turns 24 and 26. A
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 diameter 36,
a width 38 which is common to each of the  tunas, and a spacing 40 between
each of the ture].s. The first Connecting portion 30 pi'sscs  under the two
turn and thus is also rcld;red to ras -ur underpass 30. tctenin now to FIG.
2 (PRIOR ART), therein is shown a cross-sectional o the  prior a spiral
inductor 10 along We 22-2 of FIG. I (PRIOR MCI), The substrate 12 has the
field di ;lectiic layer 14 upon Web a conductive material is deposited and
patter led to total  the underpass 30. 10 The connecting ILD layer 16 is
than deposited over the uncle pass 30. One or more  First via openings are
formed in the connecting ILD layer 16 connected to the ender lass 30. A
conductive material layer is deposited on the connecting ILl) layer 16 and
processed to form, the prior art spiral inductor 22. The first openings are
also filled with  e%erirluctiv material to fon'n corno. finis vias 32. 15
Re erring now t{ f10. 3, therein is shown, a cross-sectional view shxnlar
to FIG. l  (PRIOR ART) of a via;linc- spiral inductor 100 of the present
invention.: substrate 1127 of a  matena such as Mon, has a plurality of
dielectric layer;; formed thereon of a 37 aterial such  as silicon dioxide.
Sequentially, a field dielectric Mayer 114 (such as a field oxide), a
conneetinu interlayer- dielectric (ILl)t layer 16 (sueh as a sit: can
oxide), and an inductor 3.1.1_I  Layer 118 are Formed over the substrate
111 Embedded within the dielectric layers is a  timbre 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
he a spiral, which is either  clockwise or counter Clockwise as viewed from
above. 25 In the described embodiment, tile .-ia/liris; spiral inductor 122
is a two - t~turn, inuuctor, In W. 3, are shown first and second turns 124
and 126. 



Individually, the turns can he flat as shown or circular, and can he made
from any  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 diameter
136, a width 1 38 which is common to each of  the turns, and a. spacing .40
between each of r.e, turn; The first connecting portion 130  4 passes under
the two turns and thus is also ref-red to as an underpass 130. It will be.
understood that the turns may be connected the li'e's' and second
connecting portions 130 as  shown or with the first connecting portion 130
on top of tiie turns, Refening now to FIG. 4 (PRIOR ART), therein is a
cross-sectional view of the prior  art spiral inductor 22 along line 4--4
ofFIGr -. The c oss-section is generally rest n .Iria:r and  for purposes
of comparison, the width is 6.0 ]ins and the thickness is 2.0 turf.
Referring now to FIG. 5, therein is shown a cross-sectional view of the
via/line spiral  inductor 122 of the present invention along hue 5--5 of
Fill. 3. In the present invention, it was realized that the high quality
factor (Q) value of an  It) inductor is dependent upon its nterio:r
resistance (r) to the AC (alternate cur rent) s gnal.  With lower interior
resistance, the Q could be increased. Jr analyzing how to reduce interior
resistance, it Was realized that interior resistantx  did not have to he
reduced. Since current flow along 3 conductor is a surface phenomenon or
`shin effect', it was determined that overall resistance Was the problem
and that the overall  15 resistance could be reduced by increasing the.
surface area of the iurluctor I a analyzing how to manufacture an increased
surtacc. area inductor tasin_ existing  processes, several approaches
appeared protnising in the embodiment of the via/lines spiral inductor 122
shown in FIG. 5, a hue 142 is  deposited and parallel Was 144 are fonned
or, the line 142 by a convent onal aluminum  2.0 via/line process, This
structure forms adaitiolial surface area 140, The line 142 has a t]uckiless
`h". If h-Q, the parallel Was 144 are equivalent to  



separate, parallel lines or vias connected at their center proximate and
distal ends, it will be  understood that the _ iaxirnurn surface area 146
is obtained when h is sli ;1.ttly abc~ zero. Refiring sloe,( to flea. 6,
therein is shown a cross-sectional view similar to FIG. 5 of  25 as a
tcrnate embodiment line si>iral nidu.ctel 122' of the ; went ulvs;rii.itin.
In the embodiment of a vi<i.%line spiral inductor 12T shown in FIG. 6;
parallel vias. 148  and a ]Inc 150 are formed simultaneously in a dual
Cia7TlaSCene process and can be made of  copper. This stn cturc fonts
additional surface area 152. The one 150 has a thickness "h". If h--O, the
parallel Was 148 are equivalent to  30 Separate, vertically p iralle:l
fines or vials connected together at their center proximate and distal
ends- it will be. understood that the maxunun; surface area 152. is 'caned
when h is  slightly above zero. The h can be established by chemical
mechanical polis:~in ,, of the top  surface of the inductor 122' after
deposition, For puq uses ;if eotnuarisnn with the prior art spiral inductor
22, when the width is 6,0  ru-n and the thickness is 2,0 tiro as in the
prior art, a four 1.5 um wide Bias via lute spiral  inductor 122 or 122will
have apprwdmately a surprising increase in surface area of over  70%, A 70%
increase in surface area Will equate to approximately a i S}% n+:reflse in
Q. While the. invention has been described in cor4unc:tion with a specific
best ibode, it is  to be understood that many alltenative.s, modifications,
and variations will be apparent to  those icLied in the art in light of the
aforegoing description. Aeeordingly, it is intended to  embrace all such
alternatives, modifications, and variations that NJ Aitiiiii the spirit and
scope of the included elairns. All matters hither-to-t;ire set forth or
shown in the  11 accompanying drawings are to be interpreted in an
illustrative and non-limiting sense, THE INVENTION CLAIMED IS: 1. A spiral
inductor comprising:  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 and only along a top or bottom
edge. 2. The spiral inductor as claimed in claim I wherein:  the spiral
inductor includes: a spiral line in the spiral opening; and the plurality
of parallel spiral v .as above the spiral line and integral therewith.  _.
The spiral inductor as claimed in claim I 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 I 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:  7 a plurality of parallel spiral vias connected
together at center proximate and  center distal ends of the spiral inductor
and only along a top or bottom  edge; a first connecting portion connected
to the center proximate 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 claimed 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 proximate and the
center distal ends of the spiral inductor;  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 iincludiing: 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 inulti-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. S 


