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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
many researchers having skill in the art, achieving high performance on-chip inductors, i.e.,
high qualify factor (Q), still remains a major problem especially when radio frequency

15 integrated circuits (RFICs) are built on silicon.

Conventional inductors built on silicon are generally planar in nature. The current
complementary metal oxide semiconductor (CMOS) process uses a very conductive
substrate. Spiral inductors fabricated on such a lossy substrate suffer from high capacifive
and magnetic losses.

20 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
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

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

mechanical stability.
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can fl omually stacked with a few layers of lower metal through vias to minimize the overall metal
series resistance. Nevertheless, when more layers are used to realize a very thick conductor,
the whole spiral is brought closer to the substrate. This increases the spiral-to-substrate
parasitic capacitance and hence results in a degradation of Q factor as well as the inductor’s
25 self-resonant frequency. It has been observed that the Q factor of a 4-layer stacked inductor
decreases at a much faster rate compared to 1- to 3-layer stacked inductors. Because of this,
it becomes extremely difficult to design high performance inductors with large inductance

values since such a phenomenon is more pronounced when the inductors occupy large areas.

Magnetic losses occur when inductors are built on conductive substrates. According
30 to Faraday's law, an image current or eddy current is induced in the substrate underneath the
spiral inductor. Since a silicon substrate has low resistivity, this image current can flow

casily. In compliance with Lenz's law, the direction of flow for this induced current is
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DISCLOSURE OF THE INVENTION

The present invention provides a 3-D spiral stacked inductor having a substrate with a
20 plurality of turns in a plurality of levels wherein the number of levels increases from an inner
turn to the outer turns of the inductor. First and second connecting portions are respectively
connected to an inner turn and an outermost turn, and a dielectric material contains the first
and second connecting portions and the plurality of turns over the substrate. This will reduce
current in the inner turn and lower current density in the outer turns to improve inductance
25 and Q factor beyond 2.5 GHz.
The present invention further provides a 3-D spiral stacked inductor where neither
additional processing steps nor additional masks are required.
The present invention further provides a 3-I> spiral stacked inductor having a greatly
reduced average parasitic capacitance as compared to a conventional stacked inductor for the
30 same number of metal layers.
The present invention further provides a 3-D spiral stacked inductor wherein the

difference in current density for every turn is much larger compared to the varying width

3
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15 FIG. 4 is shown a cross-sectional view of the 3-D spiral stacked inductor of the

present invention along line 4--4 of FIG. 3.

BEST MODE FOR CARRYING OUT THE INVENTION

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

20 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) Iayer 16 (such as a silicon oxide), a first level ILD layer

18, and a second level ILD layer 20 are formed over the substrate 12. Embedded within the
dielectric layers is a spiral stacked inductor 22.

25 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”,

“above”, and “under”, are defined with respect to the horizontal plane.
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20 filled with conductive material to form the connecting vias 32.

The first level ILD layer 18 is then deposited over the first level 50°. One or more
second via openings formed in the first level ILD layer 18 connected to the first and second
tarns 24° and 26’ along their lengths.

A conductive material is deposited on the first level ILD layer 18 and processed to

25  form the first and second turns 24 and 26 of a second level 50°. The first and second turns 24
and 26 are respectively connected to the first and second turn vias 24v and 26v along their
lengths by the conductive material filling the respective vias openings to form first and
second turn vias 24v and 26v.

The second level ILD layer 20 is then deposited over the second level 50°.

30 As will be understood by those skilled in the art, as a spiral stacked inductor has more
turns, it will still have the same number of turns in each level and the turns will all be

connected along their length by pluralities of vias.
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inductor. In FIG. 3, is shown flrst second, and third turns 124, 126, and 128. Individually,

20 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 3-D spiral
stacked inductor 122 at one end and a second connecting portion 134 connects at the other
end to the third turn 128.

25 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
passes under the three turns and thus is also referred to as an underpass 130.

Referring now to FIG. 4, therein is shown a cross-sectional view of the 3-D spiral
stacked inductor 100 of the present invention along line 4--4 of FIG. 3. The substrate 112 has

30 the field dielectric 114 upon which a conductive material is deposited and patterned to form

the underpass 130.
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is then, deposited over the underpass 130. One or nore first via openings
are forkdd in the connecting ILD layer 116 connected to the under pass

130. A condugt} erd.al. .S i : tl yer
176 and 5. prochRsan <t BeR et BOIpRRE, bEneRebi RS I e gy o
122.5 Whiemncgsat esfen, a first béved] of ther spirhP &aclel] iadddterst22. eWalen boélesseid] b thied

formed and_a . fi.rst connectin ontact 130' .is forned at the first |evel
190 T 15 & agirat 1813%&.% gﬁ%f’é??rmefiea& i iRt coonaigi opatenat & informsdragr m
the c L Vi : fol - : 18 5.t Lted
over iy e plelar T A opbahes B RARAIE hdil 10 HBRAR D

i n the dannettingewas| 132LD | ayer 118 connected to the third turn 128 and the

first connecting cont 30" . The second via openings extend substantially
al ong the eﬁhﬁ@sf %Hataffrbo%y?rh]emtlﬁﬁ?e& CHPHcE Pyer ﬂ?‘éﬁﬁﬂiﬁ’&l% e (HESFMAeE| s
depasi tedoNvialgpehinksbrd RYRkd ik Bid AXElevdilB 1814eP ¢ 858REH %o hO [Hﬂcﬁﬁx?x? nd
and third turns 126" and 128" and a second connecting contact 130" of a

second 1285 and\vib¢ firgoronnaiimgt dontagt 189 TRS'sedosd comweatiegs ¢vertdhenlstintidlly ur n

128" al ﬁgr?%@h%%nlix%qgﬁ r??gf/tf\t‘;zﬁlr@%@ﬁf%' ve material filling the second via
€

openi ngs ormTfiT urn vias 128vl. The second connecting

contact 130"Aicendiaineeidteidl Os Boosliéd i (HOMRERVEINDIS AREAETR dRDprde¥ssed to
conductive material filling the second via openings to formfirst

connect iRy s¢sond and shind torpel 268 e d 28 e 2 pacond egrnectimnednsact b3 efepsssindd

ovey: t nd V, " e third via gpenings are formed
h T B 8B 1 008 cBnech® FURUMILLE 128, BBSEHF T Ba R 55
and 128ondadtivetrhaesaddlidg denseoid ng dpeningsto 3R firsTReclt third Guivi @aLPERIINGS

extend gubstantially along the entire Ieé}gth of the second and thi r,d turns
126" antf®13%0nd KORRGTHDE PPBChdPQr safonpected po dha Eept sANtasEng coviael 13Weby | LD

layer 12Qa8afleRhR6SE $86hd Be second via openings to form first connecting vias 132v1.
The second level ILD layer 120 is then deposited over the second level 150”. One or

20 more third via openings are formed in the second ILD layer 120 connected to the second and
third turns 126” and 128", and the second connecting contact 130”. The third via openings
extend substantially along the entire length of the second and third turns 126" and 128”.

A conductive material is deposited on the second level ILD layer 120 and processed to
form first, second, and third turns 124, 126, and 128 of a third level 150", The first, second,

25  and third turns 124, 126, and 128 are respectively connected to the second connecting contact
130” by conductive material filling the third via openings to form second connecting vias
132v2, and the second level second and third turns 126” and 128” by conductive material
filling the third via openings to form second level second and third turn vias 126v2 and
128v2.

30 The third level TLD layer 121 is then deposited over the third level 1507,

As will be understood by those skilled in the art, as the spiral stacked inductor 22 has
more turns, it will still have the same number of turns in each level and the turns will all be

connected by pluralities of vias. On the other hand, as the 3-D spiral stacked inductor 122



formfirst, second, and third turns 124, 126, and 128 of a third | evel
150"'. The first, second, 25 and third turns 124, 126, ang 328!arg:;
respectively connected to the second connecting contact 130" by conductlve
material filling the third via openings to form second connecting vias
132v2, lsdndtheuseciohds hrvelevelgomiita aneert duinfttr b tis peblevantd12®oudY the

rial filling the third via openings to form second | evel

conduct ive t

second Y ‘Ynﬁ'aﬁd)etﬁpﬁeq}?dagy phga)igies atviag, 2glpwer B‘@ntﬁté)fttlllﬂ!t? élt theJavest Idvelsayer
121 i 0Sht e ood b
Lhose” i nabiERoR S8 6 ARG BbIARS b ondRinflyy 4 5% RF R G ™

t urns, tutnsvm Ialseezmﬂllbvdtuaa/é ) tt&eesmlniemaiuaﬂ@ets owtnyl & 13D lftsmaaﬁﬂnh@c\,t@t handuf he
turr%s \gl conne g bi[ pluralities of vias. On the other hand, as
t he °3- D° %? t"é %é&t{‘e@ft Eﬁﬁ $'Gh tyojurny ip gesepgiideleyely fuce unshiasa Hiddleravel s
W th a fnaweh: (a8RBek fafd Wediseper |evel and, although the turns will all be
connected by pluralities of vial, a |lower nunber of turns at the | owest

| evel s. ForTh@mmfﬁ mcars (BatDhd mdutaairmagmduérbbjs ofi e iriv afta»teﬂ;@h@&ﬂé: ng one

turn in a fi st vel urns, .in. a second level; a 3-D three turn

i nductor is % %‘?eﬁq?%q\:\gyt%f’ﬁ P E‘%t“@)rt S A& SHIgE e taps| dosgst K0 dife turn
inaf lsﬁlsitreﬂt@mﬁﬁe thé @&afe's‘tr éffect Bn ﬁiﬂ%ﬁ&&qgsé ﬁ}gr’kr ]eR/EIE ?t%gtﬂé(/@%dr@ oft egptuﬁx?sh
level, and four turns in a fourth | evel ove neans e

i nd@ced’etrdeFétWéh¢qte$lﬁ)§taoflaltyhenq®¢asmg dret neagective goss givblle . thdowkdt! level is
|II d in the art since the turns closest to the

d td
gzbgtfaﬁ?ﬁhave%%n&ﬁe%% TPEP ARUPT HHNEGWEt i ¢ 1 0ss, hi gher |evels may have

nore or | essAlsalassvill 1R Prlerst@dety Wokd Gkilled Wb SR | 315 é’ptfaﬁ‘%fa@ﬁé:l}ﬁﬂu& fs
magnetic | oss while the |owest I'evel is optimzed by having the underpass

and/ or QUi hegads iy the samedagidonipy shop wﬁbefaso@ocbntﬁqgumhose(sskm b eidcila)} he
art, a ct 0 be mad fashi on as
houn T sy | SEhe ABEPLORET Slifia oo PEG: 4 el dRe s Sovoe ns.
andsspanilndjsg alSimindmnhy coghiet.f erent netal s can be used for the inductors 15
i ncl udi ng alm n%rgn and coner Whil e the invention has been described in
conj unction thihg IByeaEPR has Beesrdesgsthed 1n goRjynction wigh @lﬁt@f@rfst lstimodatit iany
al terngfing f a il t hose
ki 11 oq a FacR e e Ay AR BB e cBPEFHGRy.

i s int ¢hsedkillod iwnipr art én hglht subb afdrt @imatescaptionTodicédrgidlyly0 MSis 1ﬁ‘t@ﬂded to
varlatlonsthzﬁ@ I thlﬂtthll’lt and 20 scope of the included clains.
Al ettt s dlisraaives.sppdifisations o pnd waxifiqng thajefall within the spirit and

20 scope of the included claims. All matters hither-to-fore set forth or shown in the

it

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.




acconpanyi ng drawings are to be interpreted in an illustrative and
non-limting sense. 8 THE INVENTION CLAIMED IS: 1. A 3 -D gpiral: st.acked

i nductor conprising:a substrate [112]; a plurality of turn§‘%1ﬁﬂﬁLT§6, 128]
inaplurality of levels [150', 150", 150"'] wherein: the nunmber of |evels
increases froman inner turn of the plurality of turns [124, 126, 128],

t he nunbdHERNYENHON LA 8RR I3 t he nunber of |evels nore proxinmate to

the substrate;[112]s §.¢ gnel §t£rt§k@d%d?f&ld?%%ﬁlfﬁﬁ‘ﬁg:%‘égﬁétfa%ﬁ1[2]];12]’ and at | east
one of the plurality of "turns [124, 126, 128] is interconnected along the

| engt h t her eof glarabityovthewns (24, i1A0+ heS]pinux alurality off leeslel[$5¢° 15607, 15050,
150""]; a first connecting portion [ 130] connected to the inner turn of
the plurality of tUff€M 124, 126, 128] in the level distal from the

substrate [112]; apg fungReQRfveRNinefhiddrdR hhiifher [1hdddf Hepash b ttGman
outernost of the plurality of turns [124, 126, 128]; and a dielectric

material [116,121] cont &i%% h¢P:t1R8L.fi rst and second connecting portions

[ 130, 134] and the,plurality . of turns [124, 126, 1 .12 1he _3-D spiral
tooked Thaaagor e gt et ¥ s ddE ARk 1R The Mo iOkyct? mofP Brdifu

outernost turn. 3. A 3- BeSabétadte FltIaT keshd togUuabRimaEOMB Kilsitag: [112], sabstrat e
[112]; a plurality of turns [124, 126, 128] in a plurality of l|levels [150',
150", 150"'] wher &} l§astope oh walfy ¢lgyrisd 12hdreakdd i indireeimestahalongur n of
the plurality of turns 1 1 : t L ur al i furns
[124, 126, 128] proxi matt}{ee %ﬁgt@ﬁ%ﬁ%g ]ra%?tge‘ ‘t’%ﬂf fﬂﬁ’a L togrlénvte%n@fs?ﬁe

| ar gest nunber of |evel $5diauborg];ot her turns of the plurality of turns

[ 124, 126, 128]_ connected thereto, the ant ﬂistal Iev$l from.the substrate
[112] has t he afpiconigehas @prtypﬁélm] connected to the mner turn of the plurality of turns

[124, 126, 128] in the level distal from the substrate [112]; and

a second connecting portion [134] connected to an outermost of the plurality of
turns [124, 126, 128]; and

a dielectric material [116,121] containing the first and second connecting portions

{130, 134] and the plurality of turns {124, 126, 128].

2. The 3-D spiral stacked inductor as claimed in claim 1 wherein the one turn

is an outermost turn,

3. A 3-D spiral stacked inductor comprising:
a substrate [112];
a plurality of turns {124, 126, 128] in a plurality of levels [1507, 1507, 150°7]
wherein:
the number of levels increases from an inner turn of the plurality of turns
[124, 126, 128],
a turn of the plurality of turns [124, 126, 128] proximate to the substrate
[112] has one turn and the largest number of levels having other
turns of the plurality of turns [124, 126, 128] connected thereto,
the most distal level from the substrate [112] has the most turns of the
plurality of turns [124, 126, 128}, and
the number of turns increases distally from the substrate [112];
a first connecting portion [130] connected to an inner turn of the plurality of turns

[124, 126, 128];




plurality of turns [124, 126, 128], and the nunber of turns increases
distally fromthe substrate [ 112]; a first connecting pof i o[ 130]
connected to an inner turn of the plurality of turns [124, 126, 128]; 9 a
second connecting portion [134] connected an outernost turn of the
plurality of turns [124, 126, 128]; and a dielectric material [116, 121]
cont ai ni ng t hé seeqnsk conpactygawrdon biidé cpisgted sntqugnsost tygpot teglughty efhe

plurality of turns 1 4. The 3-D spiral stacked inductor as
clainmed in clain13t&é§fg¥h¥$%é§$ﬁ%3? turn is in the nost distal |evel of

the plurality aaficlb@enstdribd 0l 16, 150" conldbfing thebfirstard- doc@pl camhesimcketons

i nduct or conprising: a substrate [112;; a first level first turn
[150' - 128] over t hél3ud3¢}addhe pipqlity gT purpsdil 244 l@Pebd¥i ¢ 1 ayer [118] over
the substrate [112] and the first level first turn [150'-128] , the first
dielectric |ager [18]3-Rastirig sicksd debctones elafimed {1 eleim 3t wheref thet inggra
openi ng ¢onnect.ed to, t.h LrSte. evel filrst t [ »-128] ; a second | eve
second tE?ﬁ1Tngﬁ?Eﬁé?m%@%ydfﬁgﬁﬁ?W%¥&%§€$E% tgg’ﬁggéﬂ%ﬁlﬁ8] and not over
a first level .turn; glfeco?d Ieveldfirst turn [150"-128] over the first
dielectric layer [718]° SNt PRCKNNNGPEOMESINES i rst via opening connect ed
to the first leugdidd 19h);turn [150°-128]; and a second dielectric |ayer

[ 120] over the first dieJectric | ayer [ 18%, the second |l evel second turn
[ 150" -126], andirstieve dagiriarnl [@¥EF128] raser thgrsnb{ips0/112128] . 6. The 3-D spiral

stacked inducto . ¢l almed i aimb5 wherein; e cond dielectric |ayer
150] “has- pr ot drshdicfrePid s F1EL BV, Bs LSl vRh G RO Ry ML T dheong
turn second via 0pgﬂ50‘912f$§3§@1%3ﬁfs‘tlﬂlei/eo@t@@[h@'@ﬁ ed 8t @axtihggrca@@@lnm_e}ew@lﬁréti r st
turn [150"-128] and second | evel second turn [150"-12 E and including: a

third level third twndiptggopenipqonpgeled fhike Sisd deve! tiselveet Y50 128)er [120]
and not over aaSeéc?xﬁPﬂ:gell s%&?&d dalf ﬂ;50”-126] over the first dielectric layer [118] and not
over a first level turn;
a second level first turn [1507-128] over the first dielectric layer [118] and in the
first turn first via opening connected to the first level first turn [150°-128];
and
a second dielectric layer [120] over the first dielectric layer [118], the second level

second turn [1507-126], and the second level first turn [1507-128].

6. The 3-D spiral stacked inductor as claimed in claim 5 wherein:

the second dielectric layer [120] has provided therein a first turn second via
opening and a second turn second via opening respectively connected to the
second level first turn [1507-128] and second level second turn [1507-126]

and including:

a third level third turn [150°7-124] over the second dielectric layer [120] and not
over a second level turn;

a third level second turn [150°7-126] over the second dielectric layer [120] and in
the second turn second via opening connected to the second level second

turn [1507-126];
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athird |l evel second turn [150"'-126] over the second dielectric |ayer

[120] and in the second turn second via opening connect ed{tjo itHe:second

| evel second turn [150"-126]; 10 a third level first turn [150""128] over
the second dielectric |ayer [120] and in the first turn second V|a openi ng
connected to the second level first turn [150"- 128];

di el ectric | ayahird terel figsh Byn { 1o 's bW myenhel sseend fc‘eheﬁyérla}[elﬁt?]ol at“?Itén thsi r d
Fevel Ui rd {urn G0 At oL ol EihokEek, BRSRUAINEA a0 i66) . and

the third level first turn piral stacke
i nductor as clained2gpasdaim6 wherein: the third dielectric |ayer [121]

has provided therein a fi rn thiyd via_ openin dturn third
vi a openi ng, éﬁh“"g degetige [ad’?r hﬁﬂ]PPYPY\} %S‘EYB% dﬁfged‘rﬂ‘g?}é’@ctﬁsil"g ¢ tirhis¥tled to

the th' rd level figglqf Q15b1592"' 1-hé¥ird b8 £hidgdurd gs@’l -2%50Rd thdihiyd
[150"' -126], and the third level 'third turn [150""-124] and including: a

fourth level fourt hevelfirstowefl X0he128ird di el ectri c layer [121] and not over
athird level turn; a fourth level third turn over the third dielectric
| ayer [121] and inThbi3rd spiuafll’stabhédtdduetbtaamﬁﬂicﬁgn clatmeéctieeiho the third
| evel third turn [150"" - fourth | ev second turn_over the third
diel ectric | a;f/l@rth[réziiqle%alaynr tlﬁé} Bayayide E}t‘%ﬁeltl i tHet tyinathygp e ﬂ@e%%ﬁect ed

to the third | evel séc%%ﬁnﬂtrftu{hﬂd[ ;IaSg;]'t_)éﬁu;l,gG]c?ndng iYollly Tnﬂn| avel fd r(ﬁ)teafn'é

over the third dielectric |ayer the first turn thir Vi a
openi ng connect ed Mspbctte/et}humﬂted:ted/eﬂo thie tlsird {aveh fifst 10" "['1 502828 ], atlek @irflourt h

dielectric | ayer over . the t iele tr|c | aye 121 ourth
level fourth turn \%ﬂhé@%@tﬂt% 1|5g Fz h‘?"}dcf ¢ third 16{’%1 f% Llﬁo second
turn, and thean3%[mjevel first turn. 8. The 3-D spiral stacked i nduct or
as clained inclaim? | ncluding: a first connecting portion [130] under the
first level fiarfotrth level folS0 tut2@ler dmdthirdoheledtiedaen [ B2 Iff and notbeatatditlr om

the group consi sti n(%&? t he second |l evel second turn [I50"-126], the third
level third turn [186*™™%24]  the fourth

a fourth level third turn over the third dielectric layer [121] and in third turn third
via opening connected to the third level third tum [150°7-124];

a fourth level second turn over the third dielectric layer [121] and in the second
turn third via opening connected to the third level second turn [1506°7-126];

a fourth level first turn over the third dielectric layer [121] and in the first turn third
via opening connected to the third level first turn [150°7-128]; and

a fourth dielectric layer [14] over the third dielectric layer [121], the fourth level
fourth turn, the fourth level third turn, the fourth level second turn, and the

fourth level first  turn.

8. The 3-D spiral stacked inductor as claimed in claim 7 including:

a first connecting portion [130] under the first level first tum [150°-128] and
connected to a turn selected from the group consisting of the second level
second turn [1507-126], the third level third turn {150°7-124], the fourth

level fourth turn, and a combination thereof.

9. The 3-D spiral stacked inductor as claimed in claim 7 including:

a second connecting portion [134] connected to a turn selected from the group
consisting of the second level first turn [1507-128], the third level first turn
[150°-128], the fourth level first turn, and a combination thereof.

11




| evel fourth turn, and a conbination thereof. 9. The 3-D spiral stacked

i nductor as clained in claim7 including: a second connectiﬁ% por.tion [ 134]
connected to a turn selected fromthe group consisting of the~Sgcond | evel
first turn [150"-128], the third level first turn [150"'-128], the fourth
| evel first turn, and a conbination thereof. 11 10. A 3-D spiral stacked

i nduct or conpriPsi ng* 3-Dhsriipbsteplgddngucioncomprisingf d di el ectric [ 114] over the

substrate | 1%§+bﬁgnng§§ connecting portion [130] over the field
dielectric [1 ; a connecting dielectric |ayer [116] over the first

connecti ng portficbhdielkdtic {[dhd] oatiecngbgradvjldéd t herein a connecting via
openi ng connected to the first nect i rtion [.130]; a first |evel
first turn [1! "3%§§Pmﬁwgﬁogﬁgnegﬁﬂﬁ@fﬂWS%&?gW%@PFﬂélﬁayer [116]; a first
l'evel connect 'a”&yrﬁx_@&ir%cﬁie[e%?r@ layeV €116 Nl AN E6dti REnelit@beshtid® [ BYednd 116]
and in the connecting Vvia opening connected to the first connecting portion
[130]; a first dielheeingimolbidgerth§reing] covectinheicopenerg conpedied| tecthe ifost ayer

[116], the first Ievelffirst.tﬁﬁ? [150'-128] , and the first |evel
connecting cont act PY¥GE PRHIEN 14 ¥st di el ectric |ayer [118] having

provi ded ther i fiys@edd] FRdt thinr[nshi rz%;] HeptheQBRMdAAe ARINREES adert[@14ne first

l evel first turn [150'-128] and a first connecting via opening connected
to the first laelust lavehpewering coreddl 30°] p3er the eonsedtivadlitledtar laxedhdoh urn [
150"-126] over the first _dielectric |layer 11 n Qver. a first

Fovel turn: a secofd iLisicoprfdieyfy hihfinrorhbite 08 WhooRiElpBabli i o
| ayer [118] and inft#m; first turn first via opening connected to the first
| evel first turn [150'-128] and_in the first connecting via opening; and a
second di el ectd figst Kigksiriq laypo) 1 Riepver e eormeeting dicketric %YPTaVéﬁﬁ[fMé]%?t t he

recsn Level | secoti A0S0 168 st R SO IMARIELLid Fu A1,
i ncl udi ng: first dielectric layer [118] having provided therein a first turn first via
opening connected to the first level first turn [150°-128] and a first
connecting via opening connected to the first level connecting contact
[130°];
a second level second turn [1507-1261 over the first dielectric layer [118] and not
over a first level turn;
a second level first turn [1507-128] over the first dielectric layer [118] and in the
first turn first via opening connected to the first level first turn [1507-128]
and in the first connecting via opening; and

a second dielectric layer [120] over the first dielectric layer [118], the second level

second turn [1507-126], and the second level first turn [1507-128].

11.  The 3-D spiral stacked inductor as claimed in claim 10 including:

a second level connecting contact [130™] over the first dielectric layer [118];

and wherein:

the second dielectric layer [120] having provided therein a first turn second via
opening, a second turn second via opening, and a second connecting via
opening respectively connected to the second level first turn [1507-128],
second level second turn [1507-126], and the second level connecting
contact {1307];

and including:

12



a second | evel connecting contact [130"] over the first diel £l r|c | ay er
[118]; and wherein: the second dielectric |ayer [120] having rGVIded
therein a first turn second via opening, a second turn second Vi a openi ng,
and a second connecting via opening respectively connected to the second

| evel first turn 50"-128], GO | evel seco 50" , cand the
second | evel @oﬁhﬁéﬁ?\*%@hlr&méﬁeo U ‘]"‘erélFFdS‘iCHEﬁ?| Gtﬁl[l it %ﬁcwié%ﬁl%v%
level third turn [;ﬁ@;éségﬁakg¥ﬁhnghe second dlelectrlc | ayer [120] and not
over a second level turn; a third I'evel second turn [150"' -126] over the
second d|eIecurmﬂdHayémm&mﬁaynnﬂ60mm26mh®r@Bn@ndnddﬁhwgecbmdfdﬁa apkm ng
connected to the ssgond I veI se third l.evel first

[150"-1
Curn [180" -128] oVEt BT SEBGRG 0 CralEr e PRVEIT Fobe e FREeond r oo

turn second via opepigngseamgeted to the second level first turn [ 150"-
128]; and a third dielectric fa,gr %121] over the second dielectric |ayer
[120], the t hiardirtdexsi ﬁrqtmrndli i 2pLeer theiseadnd diglectrisi laer|[édlandde dited t ur n

[150"'-126] and t third vel fi.rst turn [[150""' - 12 The
spiral stacked .nd[}e B S“%‘F }%é)é’enmgc?%n%eﬂo%hc G ‘? ie"eljfz‘sﬁ U%Pevel
connecting contact @ggranihe second dielectric |ayer [ 120] and wher ei n:
the third dielectric [ayer [121] has %rovided therein a first turn third

via opening, ! §é&@¢lacttlaﬂwet hiZ1d ovprathe seasnA gliclectiinilasr { A0, tﬂlﬁiﬂweﬁ {gvel

opening, and a thir + R by the
third level first ﬁﬂ%%ﬁRFTE%? ig%%}%tﬁB§F#' %ﬁp ﬁigﬁﬁonl ﬁﬁfg &P
third level third tievedfir{t 18Q'T15(C24p8].and t he thlrd | evel connectlng
contact; and including: a fourth level fourth turn over the third

dielectric |ayer [1&kl3-pngirhofacRé@inddctoRhd faimed in claim 11 including:

a third level connecting contact over the second dielectric layer [120];

and wherein:

the third dielectric fayer [121] has provided therein a first turn third via opening, a
second tum third via opening, a third turn third via opening, and a third
connecting via opening respectively connected to the third level first turn
[150°7-128], the third level sccond turn [26], the third level third turn
[150°"-124], and the third level connecting contact;

and including:

a fourth level fourth turn over the third dielectric layer [121] and not over a third
level turn;

a fourth level third turn over the third dielectric layer [121] and in the first turn
third via opening connected to the third level third turn;

a fourth level second turn over the third dielectric layer [121] and in the second
turn third via opening connected to the third level second turn [15077-126];

a fourth level first turn over the third dielectric layer [121] and in the third turn
third via opening connected to the third level first turn [1507-128];

a fourth dielectric layer [14] over the third dielectric layer [121], the fourth level
fourth turn, the fourth level third turn, the fourth level second turn, and the

fourth level first turn.

13.  The 3-D spiral stacked inductor as claimed in claim 12 including:

13




level turn; a fourth level third turn over the third dielectrii§l ayer; [121]
and in the first turn third via opening connected to the third level third
turn; a fourth |level second turn over the third dielectric layer [121] and
in the second turn third via opening connected to the third | evel second

turn [ 150" -126 a fourth |lev irst turn over .the thir i ctric
| ayer [121] ahdProRHESHTH PatiptrA 0k Hioc BF Ardp EHe b BRAdAs LAl 40 PG thi r
level first turn [ééﬁlectééahou@iewﬁehu @dn%& 5&&&@%;&”{%@?@&%&3% @fthird
dielectric layer [121], the fourth level fourth turn ourth Tevel

third turn, the fothet First dyed] @:&m@ﬁmg wpwactahldOf lhehe fssoomch 1¢V@i/@bm1iactlsg turn.
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