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1 DESCRIPTION INDUCTOR ELEMENT, INDUCTOR ELEMENT
MANUFACTURING METHOD AND SEMICONDUCTOR DEVICE WITH
INDUCTOR ELEMENT MOUNTED THIT‘_REON 5 Technical Field [0001]
The present invention relates to an inductor element formed on a
semiconductor substrate, a method for manufacturing the same, and a
semiconductor device including the inductor element. 10 Background Art
[0002] With the miniaturization andHSgRIFEGAtion of recent

semiconductor elements, induction elements formed of metal leads, i.e.,
inticiod e &nts VHER foréd i TS dtnidondiidrar Mg s avith it lgoadVidf THOD,

improving operation frequencies and achieving low noise/high stability. 15
(00T SR RS A ORI ORI RCB el B eI GH TED
undergoing performance improvenﬁ%%lﬁ)gé%i\gaturization, high

integration, and the like. However, tance of an inductor element

is determined by a current flowing in a metal lead and a magnetic field
created by the current; and therefore, when a circuit designer attempts to

realize a desired inductance valuey & GhiR Stidpce area is necessary of at
least 20 several tens of m by several tens of m, and when large, several

fugndreds oftip hysarvsiahiivndepdssabm pEldisJeawis dainerease
of the chip surface area and likewise causes an increase of the

saancfadtutinguestof, thensthmictondomtofadevice. the @ther audrasgrawendactor
the case where a miniaturization is performed for structural elements of a
derifeordudtog hevieduirienimectransistors and the like, the scaling, i.e.,

25 miniaturization, of an inductor element is difficult in principle; and
therefore, the inductor element u%ﬁlﬂ?@%‘%@sults in a cost increase of

[irgmiconsycler device, 10004 Euriher iy the case where a sllcon, .,
tate 1o\ LS P SIRAAREARY R e °
elements, induction elements formed of metal leads, i.e., inductor elements, are formed in
semiconductor devices with the goal of improving operation frequencies and achieving
low noise/high stability.

j0003 Transistors, which are components of semiconductor devices, are undergoing
performance improvement by miniaturization, high integration, and the like. However,
the inductance of an inductor element is determined by a current flowing in a metal lead
and a magnetic field created by the current; and therefore, when a circuit designer
attempts to realize a desired inductance value, a chip surface area is necessary of at least
several tens of um by several tens of pm, and when large, several hundreds of pum by
several hundreds of pwm; and this results in an increase of the chip surface area and
likewise causes an increase of the manufacturing cost of the semiconductor device. In
other words, even in the case where a miniaturization is performed for structural elements
of a semiconductor device including transistors and the like, the scaling, 1.e.,
miniaturization, of an mductor element is difficult in principle; and therefore, the indﬁctor
element unfortunately results in a cost increase of the semiconductor device.

[0004] Further, in the case where a silicon substrate is used as a substrate that forms



2 the semiconductor device, the performance of the inductor element
deteriorates due to losses originating in the silicon substrate at the lower
portion of the inductor element due to a_high conductivity and a high
relative dielectric constant of the silicon Substrate. This mainly appears as
a lower self-resonant frequency due to a parasitic capacitance 5 between
the metal lead forming the inductor element and the silicon substrate.

ROQ5hNs@AutesadsericandsistordaNice, P EiRa et flr eRaR AN agR:9d ceRNAle to
and having copper as a main component that are formed by a recently

mainstreamtilamashe pdicproadssase flatiening arocessi isf peefordnedfeiement due
retaining the planarity of the inter-layer insulative film; and therefore, it is

ethidueynduetivisiand sHiple dchbvsl {ivdeeinbelswiandaiiearebdorn ssbstrate.

"dummy metal") also in the reééons where metal leads are not formed; but
SRiSOBERTBEHSFRITAOT FEMERC T EHE SimigH depepagitance

d thereby, th ticall tiye dist het the induct d
5 BiRE O o L 2 Th ) S At DAL A RNEES: the
_ . asitic ) fort
) el S B G M o
| HR PR AT SR Aot kighalre 2 rardifalemt ddteratifhascene

3 forms inductor elements’by forming a spiral inductor in each layer of
faotinstediatdtiple jeadiayersdnthedToe ettathitheispiiahintyciomefisaehayer
lead layer in series, and thereby improves the inductance per unit surface
medathig 22 ismisbbemoatic perspestiny Wdayoslandessentialpoariorrohbelow,
20 semiconductor device disclosed in Patent Literature 1.; Fig. 23A is a

10 sdremdifcaropiuiany imsseatinlgoals phar eSSBS rsefmeanot formed; but

semiconductor device disclosed jn Patent Litera%ure 2; Fig. 23Bis a

DR BRlist RGBS i Bt Sraslisoper b g hereby. the

S ANAFIS, 24 b schematic gp visw Hlustaling o spital inducior gl
emiconductor Infegrated circult disclosed In Patent Literature s. f

AalUHEeE L foh A BRI RN ARG WNGHR AN INFUCOLLIBMEN parasitic

is formed by making a spiral inductor using two’lead layers and
caneeiing thaseinseriarr-abaut twice the inductance value can be

obtained in comparison to an inductor element

15 J0006!} To solve these problems, for example, technology disclosed in Patent
Literature 1, Patent Literature 2, and Patent Literature 3 forms inductor elements by
forming a spiral inductor in each layer of laminated multiple lead layers and connecting
the spiral inductor of each lead layer in series, and thereby improves the inductance per
unit surface area.  Fig. 22 15 a schematic perspective view of an essential portion of a

20 semiconductor device disclosed in Patent Literature 1; Fig. 23A is a schematic top view
illustrating a spiral inductor of a layer below a semiconductor device disclosed in Patent
Literature 2; Fig. 238 is a schematic top view illustrating a spiral inductor of an upper
layer of the same; and Fig. 24 1s a schematic top view illustrating a spiral inductor of a
semiconductor integrated circuit disclosed in Patent Literature 3.

25 [0007] As illustrated in Fig. 22 to Fig. 24, in the case where an inductor element is

formed by making a spiral inductor using two lead layers and connecting these in series,

about twice the inductance value can be obtained in comparison to an inductor element
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3 formed using a single lead layer having the same surface area. [0008]
Also, in Patent Literature 4 and Patent Literature 5, a solenoid shaped
inductor element, which is formed by Ialﬁinating annular leads that have a
notch in a portion and mutually connecting these in series, is disclosed. 5
[0009] Fig. 25A is a schematic top view from a second lead 52 side of a
semiconductor device disclosed in Patent Literature 6; and Fig. 25B is a

Rehrdatiabatiamievie fiom mlitst lerddlesider{semieonductor substrate
side) of the same. Technology disclosed in Patent Literature 6 reduces a
Sig0&l delaglbetiwvelatainel ippenmrdadodhRatimadsteoditire fnduoten@lbsheptd
formed by two layers of metal leads, i.e., the first lead 51 and the 10
indueiv sdeame, whighnpibimeddeclenworgrambudeadedobhsetuaasian a
negative mutual inductance. [0010] Patent Literature 1: Unexamined

ReESd BANCIRES BiRc AR b sBiRa i ALRYS880-136156 Patent
i U i J P Applicatign K |.Publicati
b S O e e el
QBHHSQHE?&&%%%P df@lggélzpﬂx %?elhl %%ﬁgggéé %%?}EPF&%L%E""{E Ifxesé]ﬁe::rna‘cic hottom

Unexamined Japanese Patent Application KOKAI Publication

Now2 BB 328R 20T algntdiiatkaa o B aminge Japapesa Patgnichnology
Application KOKAI Publication No. H06-61058 Patent Literature 6: Patent

iNex1 2806936 s dldstirmefd nvéntian 26 a0 ddla bweven, theuppayentidmat: leads
art described above has problems as illustrated hereinbelow. In the case
oftibearatochresitynwit Eynusilibpdsoultinies e eciebléastsuicturéei§rsdiaed | and the
by the conventional art according to Patent Literatures | to 3, a major |
ssrespidasal 52, and inhibits a decrease of the inductance value due to a negative mutual
inductance.
[0010] Patent Literature 1: Unexamined Japanese Utility Model Application
Publication No. S60-136156

Patent Literature 2: Unexamined Japanese Patent Application KOKAT Publication
No. S$61-265857

Patent Literature 3: Unexamined Japanese Patent Application KOK AT Publication
No. H03-089548

Patent Literature 4: Unexamined japanese Patent Application KOKAT Publication
No.2001-351980

Patent Literature 5: Unexamined Japanese Patent Application KOKAI Publication

No. H06-61058

Patent Literature 6: Patent No. 2876926

Disclosure of Invention
[0011]  However, the conventional art described above has problems as illustrated
hereinbelow. In the case where a currently widely utilized multiple layer lead structure

1s realized by the conventional art according to Patent Literatures 1 to 3, a major problem
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exists regarding a parasitic capacitance between leads. To describe
specifically, with the miniaturization of recent semiconductor devices, a
multiple layer metal lead formed on a s&miconductor substrate often is
formed by a metal thin film having a film'thickness not more than 1 m;
and often, the distance between vertically laminated metal leads also is a
5 spacing of not more than 1 m. [0012] Fig. 4 is a schematic

SResreeatiansh vawspiandiastedbasrtianiedd multplesdayesiratically, with the

structure on a recently widely utilized semiconductor substrate. As
nifnssratedtion Fifre¢efir stieadsdba@nttHcba vimgudt ke thjeadwiidtlead Bnohed on a
lead height t are formed in a first lead layer 101; and second leads 2a and
IRVt thicstikeienle adtov dsHormagsbbie adnet: high ada vorenelim thickness not
second lead layer 102 which s a layer below the first lead layer 101. An

HEGIHe Rt eGSO DprETRactE Bt AR RS tekY lrppsalso is a

101 an thef‘ secor d Iefd layer 102; the first leads la and Ib are formed
Sé’&fércl%r? ?%nla{}iéeeg‘élpa e%ﬂ)y an inter-lead distance s; and similarly, the

QTd legds %?lée‘ggc%Qn%ﬁJ%%@%e@t%ﬁ&?W%%ﬁ%9@75%&@9 ﬁﬁggﬁ of a multiple
d lead 2a

inter-lead distance s. Further, the first lead la and the 15 seco

@ﬁﬁ@é&ﬂ%@@&i&@%@@@@hﬁf Rerigd:Ry A0 Rtardeaddistansahicandhs illustrated

similarly, the first lead Ib and the second lead 2b are formed adjacently
arfd gepdnataehbly [thanihtériesid cistanrdd dad[0Qdd)] Wadlustratedoin Fige drmed in
a lead capacitance | Oa exists between the mutually adjacent first lead la

afsfirstddacttol (H thedsrmenibrddayerml [2hdoapadiahiced @b exdgisv 204 lead
similarly between the second lead 2a and second lead 2b; a lead

keighicitarsdermed Bastecpeddeashlwe Hidusnic bericany ke teibstdad layer

la and second lead_2a; and a lead capagitance 11 b exists similarl
e BT e SR QAT S B8] KNSR e Eplgpaves 101

he ‘%f?eesr%c}gg ?e%ﬁ‘?‘at{(%% n 5%%2?%%‘?% t%i&}’lféfa?ee Eg“rfat.“g%ng"%@%%?%ngS

adjacen s, I.e.,’léad Spacing between a nd sec

lepd-deandnemeap g fisilead b and; serone:ead 2P idsdeteimingtre formed

by a thickness h of the insulative film betweén the first lead layer 101 and

taensaaonshieashiowed H2handethesthitkngss b isrigtipemimedink dixed and the

value by constraints of the manufacturing process 5
second lead 2a are formed adjacently and separated by an inter-lead distance h; and

similarly, the first lead 1b and the second lead 2b are formed adjacently and separated by
the inter-lead distance h.

[0013] As illustrated in Fig. 4, a lead capacitance 10a exists between the mutually
adjacent first lead 1a and first lead 1b in the same lead layer; a lead capacitance 10b exists
similarly between the second lead 2a and second lead 2b; a lead capacitance 11a exists
between the mutually vertically adjacent first lead 1a and second lead 2a; and a lead
capacitance 11b exists similarly between the first lead 1b and second iead 2b.

[0014] Among the spacing between leads illustrated in Fig. 4, spacing between
mutually vertically adjacent leads, i.e., lead spacing between the first lead 1a and second
lead 2a and between the first lead 1b and second lead 2b, is determined by a thickness h
of the insulative film between the first lead layer 101 and the second lead layer 102; and

the thickness h 1s determined at a fixed value by constraints of the manufacturing process
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of the semiconductor device. Accordingly, the circuit designer of the
semiconductor device cannot freely determine the spacing between

mutually vertically adjacent leads. On the other hand, the circuit designer

can freely determine the spacing between mutually adjacent leads in the
same lead layer, i.e., the lead spacing s between the first lead la and 5

first lead Ib and between the second lead 2a and second lead 2b; but the
Pt kted snhdmtondapéaing iscdeidinpinet oyicunsimiateodibie: semiconductor
manufacturing process. Also, the lead width w of the lead of the inductor
deverrrisaddterimidedrons the sspegt bftvedesnvssiianot of thedndentdrads.
element and electromigration resistance. [0015] In the case where a
%‘Pﬁhﬁ’eﬂgﬁﬁ habetdherarrehder e smrtls ity Siscprang hausspanutually

eratu es 1 to 3is config d the de nstraints describe
?éﬂ%dﬁ&ﬁﬁqsam% eftd ?eéﬁfgeg é&&%%&mgeawgsﬁége ISt ead 1a and

r%t'?é%é‘?% Xé%&ﬁ Pk é‘é“&‘?&ﬁ with dhe creuit gL e girgwt designer ied

eS|gns an C|en ctromigration reS|stance |n e case'w ere

}ﬁ&%ﬂﬁﬂtgp%ﬁfgtﬁ@égé%ﬁgé %%M&Bt@@ﬁtﬂ&%éﬁ& 68:30d Ao, the

is formed not less than a fixed lead width, as illustrated in 15Fig. 4, the

Lapaciiancestiaiand J b bpivesn auiiiallyvedisally-adieemdeags: of series
unfortunately are larger than the capacitances 10a and. 10b between

rasittrality afljacendulaads]omihe sahv: eachiayetiol@k6kincother words, for

a structure in which an inductor element is formed by connecting

{Hizhily Idmiharssampie Spirblasdunesieon densstad thagenventional art
conventional 20 art disclosed in Patent Literatures 1 to 3, in the case

dirdrsed pubatnt %&%@&‘ﬁﬁ ddbatneenisriNS ertea P RiERA drsgtibed above

IS Iasrg than a par tlc ca cifance.betwee mutualgéad%acent Ieadsi

the HERE R |ay%P e Lddiharss AP RE ST RrIaa g Value
Dphisumina! aed tﬂé%‘i‘f@ﬁz‘@t% { ﬁ@glﬂéu%’;d?np%&& HE‘En% 18R jent

parasitic capaatance occurs between t output terminals. As a

ESubrG ARREFENERPAREIIC £RRAGEANGE REBNGRIMIBEINAYIABOAS 12 and 1b

output, i.e., the parasitic capacitance of the entire inductor element,
beddm eectaf@&ar@sﬂﬂanﬁ aaiawdiespidasythand ofdbesbmiddnauidiosrated in

device in which the inductor element is formed, etc.; causes performance

Gig. 4, the capacitances 11a and 11b between mutually vertically adjacent leads
unfortunately are larger than the capacitances 10a and 10b between mutually adjacent
leads in the same lead layer.

[0016] In other words, for a structure in which an inductor element is formed by
connecting vertically laminated multiple spiral inductors in series as in the conventional
art disciosed in Patent Literatures 1 to 3. in the case where a parasitic capacitance
between mutually vertically adjacent leads 15 larger than a parasitic capacitance between
mutually adjacent leads in the same lead layer. and in the case where an upper layer lead
is an input terminal and a lower layer lead 1s an output terminal, a large parasitic
capacitance occurs between the input and output terminals.  As a result, the apparent
parasitic capacitance between the input and the output, i.e., the parasitic capacitance of

the entire inductor element, becomes large; results in a narrow frequency band of the

semiconductor device in which the inductor element is formed, etc.; causes performance
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deterioration; and particularly in the case where the operation frequency is
high, causes the performance of the semiconductor device to greatly
deteriorate. [0017] Also, in the case where, for example, the distance
between vertically laminated spiral inductors is formed sufficiently large to
solve the problem that the 5 capacitances 11 a and 11 b between mutually
vertically adjacent leads are larger than the capacitances | Oa and | Ob
dhetweenisnUindlhaadjarent e dedsdiséhehsambdeperhtiverfrapaihey ineligalQauses
lead cannot be formed in a lead layer between multiple inductors; and
tiepeféranative siithaceaneaneffisienisy ot thezirdigtdrtetement

unfortunately declines. [0018] Further, in the case where a damascene
IcEss is tisedindhy rRase Yoreration CromRben b, dragshripeardyrriaglly

metal is laid also in regions in which leads are not formed; and in the

] h
legunaiadevaral imths s i tanisd sufirea areseirrlie e modden that the
a??%%? Egce%gﬂ%%}%{‘% e%t%%fﬂ jead %1?%8&5&”@52&%%%6& g@y %'1%&% 'ﬂgge%t%{én the
ISTarge,; an unfortuna ely, € periormance o he inductor élemen

9&%‘&%@51 4993366 %'é%ﬁymmg -H}ga%ﬁ@ %Q@ﬂﬁeﬁg plare eairé_ad laver, another

disclosed in Patent Literature 15 3, to reduce the parasitic capacitancé

prbvesnnLtHRY WRrticalydadiacest 18adsdheHRREHBNAHANALIeadsiafrefore,

disposed not to overlap when projected onto a plane; but according to
siechetof e pf@sentinvédioisdeven divtimcasfwierel théecippar and

lower leads are disposed not to overlap when projected onto a plane,

IIHES bf eletwihforvetbecake hdtweerithasedeady;@ntlithesédsctiond formation
effects for particularly large parasitic capacitances 20 cannot be obtained.

WGieer 15 RisioBe e BB &Rt ol aads tesiitedvetkiphwirds are not formed;

B AN O ONIBCShEH G TS B OF Nl . e paesici
I ' he surfac f the in

S R SO R B B DR R S MR e

iHe-farmad, feehistorrdeduenpinfise inbiiandasipigiye in which a

solenoidal structure surrounds a columnar structure such as a magnetic
foatefial, eteddisioistlosedobtihpadpadicsiacnaiantion dsgivead ta reautiDgerature

the inductance value of the inductor element realized by the 7

3, to reduce the parasitic capacitance between mutually vertically adjacent leads, the
upper and lower leads are disposed not to overlap when projected onio a plane; but
according to studies of the present inventors, even in the case where the upper and lower
leads are disposed not to overlap when projected onto a plane, lines of electric force occur
between these leads; and the reduction effects for particularly large parasitic capacitances
cannot be obtained. Further, to dispose the upper and lower leads to not overlap when
proiected onto a plane, the spacing between the leads must be given a width equivalent to
or not less than the lead width of the lead; and therefore, a new problem occurs in that the
surface area of the inductor element increases.

[0020] Also, in Patent Literature 4, as a part of an LC filier formed for high
frequency noise inhibition, a structure in which a solenoidal structure surrounds a

colummar sfructure such as a magnetic material, etc., is disclosed; but no particular

attention is given to reducing the inductance value of the inductor element realized by the
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structure and the parasitic capacitance that deteriorates the performance

of the inductor element. [0021] In Patent Literature 4, increasing lead
layers forming the solenoid coil or increasing the cross-sectional area of
the solenoid coil is recited as a method that 5 increases the inductance
value of the inductor element; but generally, the number of lead layers of
the semiconductor device has constraints of manufacturing costs and the
SAesiahe epyinenpmetanshieilikeicans: deauenedingleaiffisiihio rereasuctor
the number of lead layers only for the inductor element. Also, in the case
sireeatthe inductance value of the inductor element is increased by
increasing the cross-sectional area of the solenoid coil, 10 the surface

@eH that the Rathnt toiteeme it devepiswilsaddasernicomdngide delgneid coil or
increases; and further, the flux leakage to surroundings becomes Iar%fa?s

PrESHADEIOF srenteiTetiseebAies Jaige saltaaiereforechiganve BirE
ignal interf d the like al f tel ted th
S A IETEHS BnBgLC ST Al 4HE B (R GHERyT of e

fQ del%gtgt[ tﬁleesrgl%%orﬁ \éﬁgr%é%rl g géérf%%%tr rﬁ% igf %%Qg%&e%ég%%tg%&%st%:design

capacitance occurs between the inductor element an miconductor

shhstiatR and Falses.aRarformancedeisrinmiion of thedndugion glamenticad

As a result, for a semiconductor device that processes high speed logic
RighalsniBNRloge sighatsr anshthe. like such: as fakexampleicandamphiietalue of the
and a transmitter, the designer unfortunately cannot obtain the desired
sufficientlinokectancervadod b2 0r{0028hE tithensa stetiohwleaimantiidie aclenoid coil,
columnar structure at the center of a solenoid structure is positioned
Hsrizsfredigrothacdsdatdvs e konsiiorngurtor Bubstraraicisgrstogiseydsegcreases;
in Patent Literature 4; but according_to the structure, the thickness of

fesh Bt Pege o bmalselea d0iREL UL g RRSATRT B85 Es Absipdrdaralemant

due to the miniatization of cent samiconductoy devices, and orefore
0 obtain assufficien INductance value, muftiple Teads disposedin a

af HB&%?%Q%E%&‘ ohesRRPaL RS RS e e puLac e Alga that the

nductor elément occuplies unfortunately becomes extremely large. 8
[0022] Also, in the case where an inductor element having a large surface area is

formed, large parasitic capacitance occurs between the inductor element and the
semiconductor substrate and causes a performance deterioration of the inductor element.
As a result, for a semiconductor device that processes high speed logic signals, analog
signals, and the like such as, for example, an amplifier and a transmitter, the designer
unfortunately cannot obtain the desired sufficient inductance value.

[0023] Further, a structure in which a columnar structure at the center of a solenoid
structure is positioned horizontally with respect to the semiconductor substrate also is
disclosed in Patent Literature 4; but according to the structure, the thickness of general
semiconductor devices is, as described above, at most several um due to the
miniaturization of recent semiconductor devices; and therefore, to obtain a sufficient
inductance value, multiple leads disposed in a solenoidal shape are necessary; and as a
result, the surface area that the inductor element occupies unfortunately becomes

extremely large.
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[0024] On the other hand, in Patent Literature 5, an inductor element

formed by connecting in series annular leads having a notch in a portion.

is disclosed. The inductor element has g configuration nearly the same as
that of Patent Literature 4, and therefore” has problems similar to those of
Patent Literature 4. In other words, in Patent Literature 5 5, it is necessary

to increase the number of lead layers to increase the inductance value of

i inductan.etaenantr bidhaceopdiag: ithatdessripligiahovelcgrneraliyied by
the number of lead layers of the semiconductor device has constraints of
enBmiacgUringreostsranta theddesigry envitdnmemanditredikdpsad it e inductor
unfortunately exceedingly difficult for the designer to determine the
Hemiehat feepnzgEpiorofpoRShimsateribpd of Ppike cdseaiiete ahé therefore
inductance valug is increased in the conventional art disclosed in Patent

DR RIERSA IS [ RON BE S AL {0 RTINS the AHWLIAPTERdR frfignt Literature

SUNPIR RUerS-d S NTIORE Qs GVRED BRMAIN YREAIR IS induciance value of
Semiconductor deviCe, according 1o the description above, is limited; and

ﬂﬂetﬁﬁuﬁ%}vﬁaﬂgﬂélb%l'%te{?;i&%&%%qdmﬁ%g&h | I?%@%,%@l@ﬂ%?ftnﬁe number of

obtained inductance value is 15 limited by the number of lead layers and

the sirfacerareadhat dhedndratan @l emeni Qs eF thadhe GasedWgi€and the

the diameter of the annular leads is supposedly made larger to obtain a
terger indirctanes vatlthedilargemp arasitifapatdance @diuls kefivednithehe
inductor element and the semiconductor substrate; and unfortunately, the
desiforen andetointhe trcioedpaslement graasly deteriorates. 20 [0026]

Further, in the conventional art disclosed in Patent Literatures 4 and 5,
tHefél is ndeersiueriten bitneatfevhesdhapurincs trbtisdreeaseihin the

the performance deterjoration of the inductpr element. In other wards, a
SRR Eth%E) Bsﬁﬁd SR o rﬂlé% by S RRTESFRUMbEngte the

Lﬁ}%ﬁ%&f%ﬁﬁfﬁg HGSRre; a0, considaration. 1Sy %i%{]c?ﬂa eré‘ar&ﬁ%‘fg%%dzga the

€ parasitic capacitance occurring In the case wher

s deadiaEms g WRIEINJOR $5T% IGRA Ay AR, G in the
unfortunately difficuit to realize an inductor element achieving both a
redustiomel sudrep ateamande-atreiuctions af parasitie capagibmd@cnce value is
limited by the number of lead layers and the surface area that the inductor element
occupies. In the case where the diameter of the annular leads 1s supposedly made larger
to obtain a larger inductance value, a large parasitic capacitance occurs between the
inductor element and the semiconductor substrate; and unfortunately, the performance of
the inductor element greatly deteriorates.

[0026] Further, in the conventional art disclosed in Patent Literatures 4 and 5, there
1$ no consideration of the inter-lead capacitance that is a factor in the performance
deterioration of the inductor element.  In other words, a solenoid coil shaped inductor
element is formed by a limited number of lead layers; and therefore, no consideration is
given to a reduction method of the parasitic capacitance occurring in the case where the
annular lead forms multiple winds in the same lead layer; and it is unfortunately difficult

to realize an inductor element achieving both a reduction of surface area and a reduction

of parasitic capacitance,
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illustrated in Fig. 25, a signal propagation time between the vertically

adjacent first lead 51 and second lead 52 is shortened; and thereby, an
interaction between leads is made small%r; and it is possible to improve
the high frequency characteristic of the inductor element. However, 5 in
this conventional art, the number of layers of leads forming the inductor

glepgnt is Gndwmiayehs, aneRgERieledildR RRCRSSAMID MRS 8iANkirated in
out leads that draw out input and output terminals of the inductor element

gt exielipnregipagatitheielementedn ihaecerslity dd disndasithadesidsd second
of the inductor element to avoid the draw out leads; and layout
borstrainthexistDael ththejayouttoadiairisivasillestaiethiddigralr: and it is
leads in 10 which current flows in-phase cannot be disposed adjacent to

BoERbiRe rEHE h Erefoek, TseusnaYLdlargteishe slsbatedicnajeleainifeaddowever,
is small; and as a result, the surfage area efficiency unfortunatel ,
BB TYAPGoR) Bo Ol CORB P e, e S g Biitor element i

necessary to obtqﬂﬁ&&deswed inductance value; aCFd unf%rturﬁat&lgf éQagW ot

Sace area efcicncy decines. 15100287 RIS I 1 teehiaiogy

gisalosrd,in RAteRhiHiaraiure S IRELRRINRIAION IS VRN 108 Btefeat nent; it

capacitance that becomes a factor in the performance deterioration of the

ipductaselemanidnatias o wsha sRleneitrell-phapeinduectonelemanids; and

is formed by a limited number of lead layers; and therefore, no

tonsiderationis giien tdac redietiopomethodkaodith esplrasitecapBgitaicéads in
occurring in the case where a lead forms 20 multiple winds in the same
Nsbighaysrerindrivisisninte aanent difbsmossdedissairioipriirBresiambierefore, the
achieving both a reduction of surface area and a reduction of parasitic

BHP R NS AR ST PR SR il oA s RSV h Bsndiderstre
ohthe relevant rotb ergs,land is irect%d1 to provide an indtictgr egemen .
RaVig FedUCEE ARt AdEd 25 parasiit CAPHERANCE SRy highpe chip surtace area is
g@&é%gi‘?@&%b?am%@&@&%Q’?Qﬁ%&%g %ﬂ@%@ﬁﬂg&ﬁ%ﬁ%b‘?

NEUCIRE:
evice including the inductor element. [0030] An inductor e g’ment Hace area
agsQedingdethepresent invention formed in a multiple 10

[0028] Also, in the technology disclosed in Patent Literature 6, no consideration is
given to an inter-lead capacitance that becomes a factor in the performance deterioration
of the inductor element. In other words, a solenoid coil shaped inductor element is
formed by a limited number of lead layers; and therefore, no consideration is given to a
reduction method of the parasitic capacitance occurring in the case where a lead forms
multiple winds in the same lead layer; and it is unfortunately difficult to realize an
inductor element achieving both a reduction of surface area and a reduction of parasitic
capacitance.

10029] The present invention was conceived in consideration of the relevant
problems, and is directed to provide an inductor element having reduced unintended
parasitic capacitance and high performance, a manufacturing method thereof, and a
semiconductor device including the inductor element.

(0030}  An inductor element according to the present invention formed in a multipie
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layer lead structure comprising a lead, an insulative layer that insulates

leads above and below, and a via provided in the insulative layer and
connecting leads above and below wherein lead layers are multiply

laminated layers, is characterized in that! at least a portion. of at least a

pair of vertically adjacent leads are coiled leads; the coiled leads are 5
connected in series, wherein current directions of vertically adjacent coiled
llead scamesthR rsMentBiN it Eavided R wNd Retien HReraed jant feH0e and
a serial inductance; and an inter-lead capacitance of the vertically
adjacentdcoledieaddets iatheirthdatan 1Iater-deddonapatitanee Datoreemd below
other coiled leads formed in the same lead layer. [0031] Thereby, the
Wieseiddrah bvepaatesitivldapaloinainec dlake pasabiaiedapachantes d0cashe
cause a deterioration of the high frequency characteristic of the inductor

Eire gt lashioepBativassicnl inbiatandes e ertshadsntessged leads are
iti d di | | di b i inals:
B ey es%“a?c%g%%%“?e&é’%sfa‘é“ﬁs%%%iﬁg%ra?%%t AR e e
é%'l%@ﬁg\%ﬁ}& Rgedyced %Qﬁﬁo%%%’» ?eﬁ!ﬂﬁé'%;%’é?&&% GRUed 188954 an

are pr ed’in not less than three 15 lead layers; and not less than three

laversgf the.cnilgclspds W&ﬁﬁ@@{a@%edn@q@@@s BYARR MBAP MBS -Tead

flow directions of currents the same. [0033] It is favorable that a lead width

efghsieniletloads islargeiifdas.dddadheighthetihe: tailbtiieads. [0034]

Further, it is favorable that spacing between other coiled leads formed in

[be3 0 sanibdedt .| dyemisedepraltont plargérctharespacingbtweersithecapacitances
vertically adjacent coiled leads. [0035] It is favorable that an effective '
teahtiveseiefsterossnatahthsria ey sharapstivisuratbeipdepar siegent is
leads of the vertically adjacent coiled leads is I?fg%fr than an effective

R DRI ES ORI ST SRR R IS RSO0 B Eig™ o

5 other.coiled leads formed in the same lead layer. [0036] In the inductor
pater e R S S

leads GAPUYISES AhaRRNAYINgWaings: acailed lead other than the

coiled lead 11
[0032] Also, the vertically adjacent coiled leads are provided in not less than three

lead layers; and not less than three layers of the coiled leads may be connected in series
by the via to make flow directions of currents the same.

[0033] It is favorable that a lead width of the coiled leads is larger than a lead height
of the coiled leads.

(00341 Further, it is favorable that spacing between other coiled leads formed in the
same lead layer is equal to or larger than spacing between the vertically adjacent coiled
leads.

[0035] It is favorable that an effective relative dielectric constant of an insulative
film that insulatively separates leads of the vertically adjacent coiled leads is larger than

an effective relative dielectric constant of an insulative film that insulatively separates

5 other coiled leads formed in the same lead layer.

[0036] In the inductor element according to the present invention, at least one of the

coiled leads comprises a shape having two winds; a coiled lead other than the coiled lead
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having two winds comprises a shape having one wind; and at least two
coiled leads comprising the one-wind shape may be formed in the same
lead layer. [0037] Additionally, it is favorable that the inductor element
according to the present invention is folthed by at least two layers of
coiled leads. 5 [0038] At least one of the coiled leads positioned in the
uppermost layer may comprise a shape having two winds in the same

iaashianar ORI Mpeisdd teashengwrhitthelpd leadanesitianeddndifads

lowermost layer may comprise a shape having two winds in the same

teachiayey (RO} Alhdfdhadeagihieighisied theteailectikaddanay be
substantially the same. 10 [00411 In the inductor element according to the

Bre&Eant inveddiconitlis faverabteaiilatthat thashdmscofctimanbatderdise to the present
connected to an end portion of the coiled lead for electrically connecting

tevaptiowd Harerdrhy i isFdriwedaves ieberilsticaiferent than a lead layer
herein the coiled lead s formed. [0042] Therehy, it is no longer
K Soary 35 o e o LGP r HeE B Ut BRETBiat vy may
therefore gge Iegds can be disd)os with higg 8dlensity; and thereby, it is
u

%%%Ef%ﬁee S reduce the gwu(r)fgcig Srea that the Inductor element occupies

gealizeqn, IANGRLRIEMEN hanA%aRiIghsR R AMEASHICRRY tayer may

0043] Also, at least one of draw out leads connected to an end portion of

thepailed siead enaleaticalineonnestiaentoianl éxgernal element may be
formed by an elongation of 20 any lead positioned at an outermost

fiedihferendedfttied cdiled doac {J0R4A Itds fadonabld thabdistanlgshe same.
between other coiled leads formed in the same lead layer are all
KHdthntially the wawrahalssiezirmecisdi bl ooaspierabpnidhisfavorable that

forming an inductor element can be disposed with high density, and

SaToPReH! HAvCtOH SatsRPBdabying St RIrdonmatina retedlspselon

foumed, 25 Further In he case where e njerlead disance of adiacenty,, o
eaads In the same dyer —are disposed proximally, the mutua

! ﬁﬁ&%ﬂ%@{g&é%ﬁé@%%%% &_urface area efficiency of the

Inductor element can be improved. Thereby, magnetic energy can be 12
[0042] Thereby, it is no longer necessary to form the coiled lead to avoid the draw

out lead; and therefore, the leads can be disposed with high density; and thereby, it is
possible to reduce the surface area that the inductor element occupies and realize an
inductor element having a high surface area efficiency.

[0043] Also, at least one of draw out leads connected to an end portion of the coiled
lead for electrically connecting to an external element may be formed by an elongation of
any lead positioned at an outermost circumference of the cotled lead.

[0044] It is favorabie that distances between other coiled leads formed in the same
lead layer are all substantially the same in the same iead layer.

[0045] Thereby. leads forming an inductor element can be disposed with high density,
and therefore an inductor element occupying a small surface area can be formed.

Further, in the case where the inter-lead distance of adjacent leads in the same lead layer
are disposed proximally, the mutual inductance is large; and therefore, the surface area

effictency of the inductor element can be improved. Thereby, magnetic energy can be
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efficiently accumulated; and it is possible to inhibit magnetic signal
interference to adjacent elements. [0046] Also, the coiled lead may have
a slit. [0047] Further, the draw out Ieatilrr%nay have a slit. 5 [0048] In the
inductor element according to the preserit invention, it is favorable that
dummy metal is multiply formed in a lead layer wherein the coiled leads
are formed, and a density of the dummy metal of a side proximal to the

euileshleasisisoweidthan a idepsityiotdnaravimmppneatalioha sidedisirlle
the coiled leads. [0049] Additionally, it is favorable that dummy metal is

adidtiply fermedsin a lead 10 layer positioned in a layer above or below a
lead layer wherein the coiled leads are formed, and a density of the
iy mebdswitbesiddegriseiairditive esliéd leads is lower than a density
of the dummy metal of a side distal to the coiled leads. [0050] An inductor
Kt ént maHThsEh g ae i (et oY tthE present invention

ises: a_step that f dl herei iled lead on.
Kl v TeHiPANT L SRR e RO PIost A ool rapple tha

W@%ﬁ% &%ﬁﬂ&gl%qﬁiﬂgﬁq? ‘a“l@s[?i 'ﬂ%%rf %9;8&%8'5%%88 l%];ég%re formed, and
vertically adjacent coiled leads is larger than an inter-lead capacitance
batwaenthersriled leads formed dhesanaieadiayesand fwiephat

forms a draw out lead for electrically connecting the coiled lead to an
exisitnalf glemeant 205 A slemicandugiok cigésddeadecording to the

present invention comprises the inductor element described above. Effect
B Invertibit{088R] Kcedrdingbio the presentrimiantomylteniosted in a lead
dominant parasitic capacitance 25 of the parasitic capacitances that
Bgseosigenstdrariby orabevRighbrigU e Aead dasea stbersin st epdeindiiciopre
Eq[%%ent is created between the input and %Jé%ut terminals and leads

B R0 IO ST G BIESAEUT By B B SRR s lover
ﬁ{é% ing G%?ég é@th%@&@%‘%%ﬁ&%@ﬁg'81%%5’%‘&%%”8&85 faginductor
element ca e reauced; an e
[0050] An inductor element manufacturing method according to the present
invention comprises: a step that forms a lead layer wherein a coiled iead on an insulative
film and a via that connects coiled leads are provided; a step that laminates lead layers
wherein an inter-lead capacitance of the vertically adjacent coiled leads is larger than an
inter-lead capacitance between other coiled leads formed in the same lead layer; and a
step that forms a draw out lead for electrically connecting the coiled iead to an external
element.

[0051] A semiconductor device according to the present invention comprises the

inductor element described above.

Effect of the Invention
{0052] According to the present invention, the most dominant parasitic capacitance
of the parasitic capacitances that cause a deterioration of the high frequency characteristic
of the inductor element is created between the input and output terminals and leads

positioned directly below or directly above the input and output terminals; and thereby,



apparent parasitic capacitance of the entire inductor element can be
reduced. Thereby, the high frequency characteristic of the semiconductor
device including the inductor element can be improved. 5 Brief
Description of Drawings [0053] Fig. 1 isla schematic perspective view
illustrating an inductor element according to a first exemplary
embodiment of the present invention. Fig. 2A is a schematic top view

ilustainsaisiiaad daiiusiratein FgudoF GRS B kifidd; and the
schematic top view illustrating a second lead 2a; Fig. 2C similarly isa 10
sahemapariopiviewatiistkatioNy e thitddéadhSasranehfeiy. 2D isimithrbyds alhereby,
schematic top view illustrating a fourth lead 4a. Fig. 3A is a schematic top
el duseatingfiesttesids foernétharsenfinsmidacidagievicOine Fiding Bhisinductor
schematic top view illustrating second leads formed in a second lead
$iE7REILEAD PRy MRTG¥es schematic top view illustrating third leads formed in

_ athird lead 15 layer 103; apd Ffjg) 3D.is.a s(gpgmatic top view illustrating
> fourth leads formed in a foutth RS TR0 Y 28 a schematic

-secti na view of an xtracte? ortion of u% e layer lea
gﬁ) Il% X Il 158 sghgma%:r }%%rgg FP ve I%\gf. 1?3\5?621 19 an %eﬂuc%r%lemem

rlcture on a semiconduct ate. re schematic top

yieuritlbalrating CURIRMPORIRANIRAISHgR FRM: 2Bfdg. 6 is an

equivalent circuit diagram of an inductor element according to this
exenmiansemhedisentckig vids alrewhtien cauivaiant situtdiagmmefl; Fig,
Fig. 6, wherein the magnitude relation of capacitances C1, C2, C3, and
TRl ssrcbnkiderethGBatind P4 ane Sulficientys saralhd26aih 2 hpadSonal€ly is a
and therefore are ignored; and further, C2 also is smaller than Cl and is

10 sghomaticriy. B9y a yraphinistitihlyaie 4randdney de pendhcs efghematic top
inductance between an 14 input and an output of the inductor elements

Hiesisrdneg utilesd 487, calculated

Fig. 3A is a schematic top view illustrating first leads formed in a first lead layer
101; Fig. 3B is a schematic top view illustrating second leads formed in a second lead
layer 102; Fig. 3C is a schematic top view illustrating third leads formed in a third lead
15 layer 103; and Fig. 3D is a schematic top view illustrating fourth leads formed in a fourth
lead layer 104.
Fig. 4 is a schematic cross-sectional view of an extracted portion of a multiple layer
lead structure on a semiconductor substrate.
Figs. SA to D are schematic top views illustrating other embodiments of Figs. 2A to
20 D.
Fig. 6 is an equivalent circuit diagram of an inductor element according to this
exemplary embodiment.
Fig. 7 is a rewritten equivalent circuit diagram of Fig. 6, wherein the magnitude
relation of capacitances C;, C,, Cs, and Cq is considered; C; and C4 are sufficiently small
25 in comparison to C; and therefore are ignored; and further, C, also is smaller than C; and
is ignored.

Fig. 8 1s a graph illustrating the frequency dependence of an inductance between an
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from the total impedance between the input and the output of the

equivalent circuit of each inductor element. Fig. 9 is a schematic
cross-sectional view stepwise iIIustratin94a method for 5 manufacturing the
inductor element according to the first exemplary embodiment of the

present invention. Fig. | OA is a schematic top view illustrating the first

lead layer 101 of an inductor element according to a second exemplary
embadimanfughihemhesattimentoBntsigil@Bebia BehemadiC o Vieviculated
illustrating the second lead layer 102 of the same; Fig. | OC is a 10
Sohetimaticalomypizianite Sttatireg the itiird deddhayeri0®bhthesamlenteidouit of -
Fig. 1 OD is a_schematic top view illustrating the fourth lead layer 104 of
thdBAELOriRjemEALis a schematic top view illustrating first leads formed in

the first lead layer 101 of an inductor element accarding to a fourt
exentplary' & ABOAMAG SR ISSHAENY T SHTRSHS G U ITBINe & %E?#afﬁa

top view illustrating, secongd leads formed in the second 1ﬁleadl r 10
e S R R T A or e
E?éggﬁﬂﬁ%ﬂt‘?oﬁhird lead layer 103 of the same; and Fig. 11 D is a

schematic top view illustrating fourth leads formed in the fourth. lead layer

1.04 phthe samesdhiemadAbs dischpmatigitoptviendliusiiating fitst dgadsnductor
formed in the first lead layer 101 of an inductor element according to a
fiitmextemplatin e mwhoditned eeéithd presehd @dnnteritibe preignt 2B ¢stdon; Fig. 10B
schematic top view illustrating second leads formed in the second lead
jayechoratt toe savedllpiating the gosondriraidaper viewoltstrating Hagrd 0C 1s a
leads formed in the third lead Iag/_er 103 of the same; and Fig. 12D isa
sramas R B o ungingitls tBurerbide sl alimh e anddag (Hars
104 of the same. Eig. 13.is a schematic plan view of an extracted portion
PSS PSR 55 A S 4 RUd SbBmplary

embod ) . ion. Fia.. : i i

s T A e DL e b B e A tad eyer
elaraent acaiding de.theskedhisemplany:embedinent o tbe Rkes Rt ddpresent

invention; Fig. 14B is a schematic top view illustrating second leads
fareredanthe seBARd schematic top view illustrating second leads formed in the second
lead layer 102 of the same; Fig. 11C 1s a schematic top view illustrating third leads
formed in the third lead layer 103 of the same; and Fig. 11D is a schematic top view
illustrating fourth leads formed in the fourth lead layer 104 of the same.

Fig. 12A is a schematic top view illustrating first leads formed in the first lead layer
101 of an inductor element according to a fifth exemplary embodiment of the present
invention; Fig. 12B is a schematic top view illustrating second leads formed in the second
lead layer 102 of the same; Fig. 12C is a schematic top view iliustrating third leads
formed in the third lead layer 103 of the same; and Fig. 12D is a schematic top view
illustrating fourth leads formed in the fourth lead layer 104 of the same.

Fig. 13 is a schematic plan view of an extracted portion of a lead of an inductor
element according to a sixth exemplary embodiment of the present invention.

Fig. 14A 1s a schematic top view illustrating first ieads formed in the first lead layer

101 of the inductor element according to the sixth exemplary embodiment of the present
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lead layer 102 of the same; Fig. 14C is a schematic top view illustrating
third leads formed in the third lead layer 103 of the same; and Fig. 14D is
a schematic top view illustrating a four:{] lead formed in the fourth lead
layer 104 of the same. 5 Fig. 15 is a sc ématic top view illustrating the
first lead layer 101 of an inductor element according to an eighth
exemplary embodiment of the present invention. Fig. 16 is a schematic

igRessreRCiRNaAlWeysiHustrding e BT iRe g spasitios.ef fareed IRYRE second
positioned on a layer below the first lead layer 101. Fig. 17Ais a

isalidayatit (D piibvsaha; $emibbiduetarhdevite mpcardinfustratmptihidideads
exemplary embodiment of the present invention; and Fig. 17B is a
raredgadhenbirdiad Herg IAe AR efm and AlFit D 8sie schimatic top view
_dia%ram of the semiconductor device according to the ninth exemplary

Pechidrth &l desnesivahidRuihylesd Aenl A Hhsiam view of
d tial tion.of a 15 i devi ing t
R e R I S
Sosssactionalyiew.alontline. Ac Eﬁ%&cﬁﬁeﬁé%ac%?e;grégéﬁﬂ%%téwp
view of an extracted essential portioni of a semiconductor device

accorging 4qanselpventh gxemplanyrmhodimantaiibe BrasaptiRYE 9 bsition of
Fig. 21 is a schematic top view of an. extracted essential portion of a

sémichRdupteit2t:deviedaecdrding e &tweih exemplary embodiment of

the present invention. Fig. 22 is a schematic perspective view of an

essehtial portion sfhasemitomuisstor! devive afbohvettioratarntrdigg R3Aninth
is a schematic top view illustrating a spiral inductor of a layer below the
SEFIBLIY GEIBP HEVRBEWG oo AlRsATbIAICHROBIMNEIGe BER 454 SEPRSraegions view
view 25 illustrating a spiral inductor of an upper layer of the same. Fig. 24
?éoéi‘%i‘ﬁé "‘fgfcof‘;yg%/ié\f%lustrating a spiral inductor of a semiconductor

integyated gircuit. of conventional.art. 16 Fig. 25A is a schematic top,view
from.E? .e(ilssglcsoan %”i%‘é{cﬁ %gglﬂ(}le {;)g’%]hg Es?rgm %éuc?or RAHED ing to'the Tunth

exemplary embodiment of the present invention.

Fig. 19A 1s a schematic top view of an extracted essential portion of a
semiconductor device according to a tenth exemplary embodiment of the present
invention; and Fig. 198 is a cross-sectional view along line A-A of Fig. 19A.

Fig. 20 is a schematic top view of an extracted essential portion of a semiconductor
device according to an eleventh exemplary embodiment of the present invention.

Fig. 21 is a schematic fop view of an extracted essential portion of a semiconductor
device according to a twelfth exemplary embodiment of the present invention.

Fig. 22 1s a schematic perspective view of an essential portion of a semiconductor
device of conventional art.

Fig. 23A is a schematic top view illustrating a spiral inductor of a layer below the
semiconductor device of conventional art; and Fig. 23B is a schematic top view
iHustrating a spiral inductor of an upper layer of the same.,

Fig. 24 is a schematic top view illustrating a spiral inductor of a semiconductor

integrated circuit of conventional art.
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similarly is a schematic bottom view from the first lead 51 side
(semiconductor substrate side). Fig. 26 is an equivalent circuit diagram of
an inductor element of conventional art. 5 Fig. 27 is a rewritten equivalent
circuit diagram of Fig. 26, wherein the nlu gnitude relation of capacitances
C1, C2, C3, and C4 is considered; C3 and C4 are sufficiently small in
comparison to C and therefore are ignored; and further, C2 also is smaller

than G arsh is noredadOrhiesiripiomahthr RefexerceNianeial i 054
1a, Ib, Ic, 51: First leads 2a, 2b, 2c, 2d, 52: Second leads 3a, 3b, 3c, 3d:

sihmichlead s dehedimtieduitoiendsy fiobahShr&deslitd Galto @mjctadocior substrate
Vias 8, 8a: First draw out leads 8b, 9: Second draw out leads 10:
fislsilative film 20 11: Lower layer insulative film 12: Lead groove 13:

Metal film 20a, 20b, 21a, 21b: Dummy metal groups 22: Region directly
above RS 4R Bl ISP aRa 95280 duitalsmdopnpstaiional art.

31: Element separation insul%*iv film % . Inter-layer insulative film 17 33.
Pow Il%ugr?p]l%/ a[gg\gr N SOV reg Sirewt %mgram giy Jgig@él W erem%e magnitude
relation of capacitances C,, Cy, Cs, and Cy 1s considered; Cs and Cq are sufficiently small

in comparison to C; and therefore are ignored; and further, C, also is smaller than C; and

is 1gnored.

Description of the Reference Numerals

[0054] la, Ib, 1c, 51: First leads

2a, 2b, 2¢, 2d, 52: Second leads

3a, 3b, 3¢, 3d: Third leads

4a, 4b: Fourth leads

Sa, 5b, 5¢: Slits

Hato bm, 7ato 7¢: Vias

8, 8a: First draw out leads

8b, 9: Second draw out leads

10: Insulative film

11: Lower layer insulative film

12: Lead groove

13: Metal film

20a, 20b, 21a, 21b; Dummy metal groups

22: Region directly above which an inductor lead 1s formed

30: Semiconductor substrate

31: Element separation insulative film

32: Inter-layer insulative film
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35: Resistance element 36: Transistor 5 37: Input terminal 38: Output
terminal 39: Grounding lead 40: Diffusion layer 41: Metal lead 10 42:
Contact 43: Notch 44, 45: Lead groups Best Mode for Carrying Out the
Invention 15 [0055] Next, exemplary embodiments of the present
invention are described in detail with reference to the accompanying
drawings. All of the accompanying drawings schematically illustrate
exemplaryeepbesiimasig of the present invention; and the dimensions of
the structures according to the present invention are not prescribed by the
propd4tidnsuoidhel@ammponents of the drawings. First, a first exemplary
embodiment of 20 the present invention is described. [0056] Fig. | is a
scheflafie petrapectivasiew illustrating an inductor element according to
this exemplary embodiment; Fig. 2A is a schematic top view illustrating a
first B&d I MEated in Fig. 1; Fig. 2B similarly is a schematic top view
illustrating a, secand lead 2a; Fig. 2C similarly is a schematic top view
iIIustr’at‘iﬁgpgttﬁgngl}E%ld 3 a; Fig. 25 2D similarly is a schematic top view

illustrgli %:;[8‘%%%% 4a; Fig. 3A is a schematic top view illustrating
first leads formed in a first lead layer 101.; Fig. 3B is a schematic top view

illustrating-secand |eads formed in a second lead layer 102; Fig. 3Cis a
schematic 18 top view illustrating third leads formed in a third lead layer
103; HigD3ulgan sefematic top view illustrating fourth leads formed in a
fourth lead layer 104; Fig. 4 is a schematic cross-sectional view of an
extra¢tedpartieacdf a multiple layer lead structure on a

42: Contact
43: Notch

44, 45: Lead groups

Best Mode for Carrying Out the Invention
[0055] Next, exemplary embodiments of the present invention are described in detail
with reference to the accompanying drawings. Al of the accompanying drawings
schematically illustrate exemplary embodiments of the present invention; and the
dimensions of the structures according to the present invention are not prescribed by the
proportions of the components of the drawings.  First, a first exemplary embodiment of
the present invention is described.
[0056)] Fig. 1 is a schematic perspective view illustrating an inductor element
according to this exemplary embodiment; Fig. 2A is a schematic top view illustrating a
first lead 1a illustrated in Fig. 1; Fig. 2B similarly is a schematic top view illustrating a
second lead 2a; Fig. 2C similarly is a schematic top view illustrating a third lead 3a; Fig.
2D similarly 1s a schematic top view illustrating a fourth lead 4a; Fig. 3A 1s a schematic
top view illustrating first leads formed in a first lead layer 101; Fig. 3B is a schematic top

view illustrating second leads formed in a second lead layer 102; Fig. 3C 1s a schematic
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semiconductor substrate; Figs. 5A to D are schematic top views

illustrating other 5 embodiments of Figs. 2A to D; Fig. 6 is an equivalent
circuit diagram of an inductor element ?i?cording to this exemplary
embodiment; Fig. 7 is a rewritten equivalent circuit diagram of Fig. 6,

wherein the magnitude relation of capacitances C1, C2, C3, and C4.. is
considered; C3 and C4 are sufficiently small in comparison to Ci and
tthevefarBlaseaignotde] radsfiiihed Gz asaliksdialler 1banfG: a0M is a schematic
ignored; Fig. 8 is a graph 10 illustrating the frequency dependence of an
tipduietsindesbetingdnuathilvpds fomthehiowtfutrtl 1tad Inptictof fegnénss: schematic
illustrated in Fig. 7 and Fig. 27, calculated from the total impedance
weseratienal S ahentiTeclPaT PR JGuRAERdREEIts a5 Bmgture on a

inductor element; Fig. 9 is a schematic ¢cross-sectional vi teEW|se

AT ERR tafrﬂé% %F%ﬁéfa%éaﬁﬁ@ DHRGG LS SRS Nt ST BT %
thlgo%xemrglar emb %'rt%eﬂtPF 626 IS gqr; egll',llé\r/@lent el r&%'tr%r%%f uctor
n

an mduc ore em nt of conve onal art; IS an equivalent CII’CUI'[

gé%%ﬁﬂlc‘é’&%’iﬁg‘tg '@nszgx@l{g\ﬁﬂﬁtg?ﬂ%ﬁﬂ%ﬂy Eﬁlé: i9:7a [9QPALAS quivalent circuit

illustrated in Fig. 1 and Fig e fourth lead 4a of the inductor element
Besrndling oy svaraeipiary RApRRAIN eNLiR WOLKIHAGHSRY W0 @iNnds ha C, is
coil shape having a spacing provided such that adjacent portions do not
conidetad: heasdnme plaseffti20thrsinsillativentiiar footidlUstradetip @foas are
semiconductor substrate (not illustrated). Then, a via 6c¢ is formed on a
igryitdding fditbetidr atig potelarpber Gosdf aignonet: Side Ditaerfdlirth
lead 4a; and a via 6d is formed on a longitudinal direction end portion

@ﬁﬁ%?tfaééh%frgﬁ%fé’r %ffa%ﬂf*?ﬁé?éﬁﬂﬁ@?&mmq éﬁ&ﬂa%?fm&?% and an output of
igured. [0058 &ewat ect Z Lgﬂ%éh al dj eCtI?r’i P
d BHGISWEP atlissa 8 .mf tolal impedance
%&Qgekh{ﬁ% ﬁlqllﬁﬂ}/c? {h:cla '5&%{8 qﬁm‘l{%{ réﬁH tQ]‘J Qﬁ“ﬁ,ﬁ 'éfb@%i@&%nt Fig.
a erio

as anotch'in‘a portion; a a via 6b’is forme on the ngitudinal

g !{@&@%ﬁﬁ@l@ar&%yanﬁfafaﬁ@w&ﬁﬁvtmmﬁ&g a3 A00PRY ThghMaBlting the

is connected to one longitudinal direction end portion lower face of the
arihchaprihsacanieag 2ahvhiebripfanmecbinitheseton@ teaddayetitfent circuit

positioned above the third lead layer 103 and has a notch in a portion;
dndrawiaf6a isdocmedianditeof conventional art; and Fig. 27 is an equivalent circuit
diagram wherein Fig. 26 is rewritten similarly to Fig. 7.

[0057] As illustrated in Fig. 1 and Fig. 2, the fourth lead 4a of the inductor element
according to this exemplary embodiment is wound roughly two winds in a coil shape
having a spacing provided such that adjacent portions do not contact in the same plane in
an insulative film (not iliustrated) on a semiconductor substrate (not illustrated). Then, a
via 6¢ is formed on a Jongitudinal direction end portion upper face of an inner side of the
fourth lead 4a; and a via 6d is formed on a longitudinal direction end portion upper face
of an outer side. Thereby, the fourth lead layer 104 1s configured.

[0058] The via 6¢ 1s connected to one longitudinal direction end portion lower face
of the coil shaped third lead 3a, which is formed in the third lead layer 103 positioned

above the fourth lead layer 104 and has a notch in a portion; and a via 60 is formed on the

other longitudinal direction end portion upper face of the third lead 3a.



other longitudinal direction end portion upper face of the second lead 2a. 5
[0060] The via 6a is connected to one longitudinal direction end portion

lower face of the coil shaped first lead ilga, which is formed in the first

lead layer 101 positioned above the second lead layer 102 and has a

notch in a portion; and a via 7a is formed on the other longitudinal

direction end portion. upper face of the first lead la. The via 7a is

[0 ctedThear fir sbdsanmktiedd ® ferimed tiniméd déi-dagion paditioned lower face
above the first lead 10 layer 101; a via 7b is connected to the first draw

duhieed! Shaprd tivevid Pods sonhisbtédicomadactwddrend dud aigrol 02 positioned

formed in a lead layer positioned above the first draw out lead 8. [0061]

sk thethisddepfblanen 'O #98 IsqiiRiribin Betide e povifrdpfuretan the
th ter side of the fourth lead 4a i d to one,lpngitudinal
S e SR R e el
5 {fgbiead énﬁ*a%gwggo'g%%r 3 Y5110y M@rmr&g&% ISR face

s connected also to the other Tongitudinal direction end portion upper

faerQbthenthird Iradi 3R by awiRKnotdlikstated) ard therel¥: the positioned

inductor element according to this exemplary embodiment is formed.

dhere, thescpositiens ki thd tbichasobthadrads formen imeachdayds s@ned on
different for each layer as illustrated in Figs. 2A to D; and directions of

tueroeintrflongitgdimthédicoifishape ¢dcaols 2Pdaancaré thedrtitdtydare théhe via 7a 15
same. In Fig. 1, the third lead 3b is represented as an arrow; but the third

tentesisisiacbissAmyeauekachadmmedribtelens eperposidnnndats thelsst lead

the first lead la to the third lead 3a. Also, for fear that the drawings would '
10 I5aEA: EGHALTEA ARSI T LN AStRIe 5 LF 1B daR (e aaaeeted to

connected to the third lead 3b are omitted in the graphic representation o
R 0B e R0 W T H IO LB AN e Cor D T lad .

WW'WV}S&BP&@ MeRuNBsiey fok’??riéh%}ﬁ&{ﬁﬁ{ﬁ%tﬁﬁ%%m% d34 Partion upper face

strated in Fig. 3D, a fourth lead 4b is formed to surround the fourth

IgadAainr the-fenith iRadiaxes 104 souir&bistosmer28neimNgirection end

longitudinal direction end portion upper face of the fourth lead 4b; and the
pigonl ngituiliral tirgdtibrehsiphrten i© positinnethelbhgdtiag Ia @rthe third lead
outer side direction. [0063] Additionally, as illustrated in Fig. 3C, the third

15 leper 383s foimBdtn slerslumgt illustrated) is connected also to the other longitudinal

direction end portion upper face of the third lead 3b by a via (not illustrated); and thereby,
the inductor element according to this exemplary embodiment is formed. Here, the
positions of the notches of the leads formed in each layer are different for each layer as
illustrated in Figs. 2A to D; and directions of current flowing in the coil shaped leads

20 laminaied vertically are the same. In Fig. 1, the third lead 3b 1s represented as an arrow;
but the third lead 3b is a coil shaped lead having a notch in a portion similar to those of
the first lead 1a to the third lead 3a.  Also, for fear that the drawings would become
complex and obstruct the understanding of the reader, the leads connected to the third
lead 3b are omitted in the graphic representation of Fig. 1.

25 10062} In the case where the inductor element according to this exemplary
embodiment has four lead layers and three winds, as illustrated in Fig. 3D, a fourth lead

4b 1s formed to surround the fourth lead 4a in the fourth lead layer 104; a via 61 1s formed
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the third lead 3a in the third lead layer 103; and a via 6e is formed on a
longitudinal 5 direction end portion upper face of the third lead 3b that is

not connected to the via 6b. Further, aéeird lead 3c is formed to surround

the third lead 3b; and a via 6h is formed on a longitudinal direction end
portion upper face of the third lead 3c that is not connected to the via 6i.
Then, the via 6i formed on the fourth lead 4b is connected to a longitudinal
slirestiton gingdi paititircowarctarsoef dhaphise feacBtherorhiclkibeviathtis other
not provided; 10 and the via 6d formed in the fourth lead 4a is connected
kengitedigitLidircatidirendopoainh 1sariondowesitapatofg e thivdteadiSdiorction.
which the via 6e is not provided. [0064] Also, as illustrated in Fig. 3B, a
K86 ledtrdBirRnmlmat b stpiediHtltite 3Se dbnihisatrabih htogaedirsurround

lead Jayer 102: and a via 6f is formed_on one longitudinal direction end_.
‘B&%’b%y fFﬁégrafH]c %?}%H zﬂerei@* A=A ?éssflesaﬁ% tBad Ngidipel
ormed to surround the secon ad 2h:.an via is formed .on on .
B R R R A RO R R B o

MaR& foumaH o e ity leat, 343 GANR AR R 2118 RMAINAL eS8 Aned on

end portion lower face of the second lead 2b on which the via 6f is not

PIoviglediandiibe v &1 iesred enpthe.codPodiongprer;faceef e dbiskcted to

lead 3c is connected to a longitudinal direction end portion lower face of

20 thedecdddeda 2ad fvhichl thethitafogris ot priowidedndo@as) Rurthemdinal
as illustrated in Fig. 3A, a first lead Ib is formed to wind roughly two winds
dorguiroend pestifmsioney fans tHéhirdhirddeadhyeronothithaéhgizistloismead ongvided;
the second lead 2b is connected to one longitudinal direction end portion

o deriaodrime st ép ibadaprthherditavicagienis il slapa il shisrion end
f th d lead is 25 ted to the other | itudinal
PR G5, T T 1AEE G B GHGRe Vi T PR S uotor
Eiﬁéﬂi”t h?&’i , 2%%ﬁh‘%ﬁﬁ‘&t@{&f%i%ﬂ?ﬁbé%%c‘ﬁlﬂfjﬁea}é’gbcﬁ ?éﬁn&&’@@sﬁﬁ%%ﬂ the
eries such that the orientations of the current that flows between mutua Yy

ZLoventisaty adiacent ipadsarethe BaMeds: formed. 100861 Thednaustatdinal

element according to this exemplary embodiment is formed such that the
ihtetdeadndgpaditangs behieert utvatydvedically aejatentdeadmafitae 2c¢ is

!fi?rges:d to surround the second lead 2b; and a via 6g 1s formed on one longitudinal
direction end portion upper face of the second lead 2c.  The via 6e formed on the third
lead 3b is connected to a longitudinal direction end portion lower face of the second lead
2b on which the via 6f is not provided; and the via 6h formed on the end portion upper
face of the third lead 3¢ 1s connected to a longitudinal direction end portion lower face of
the second lead 2¢ on which the via 6g is not provided.

[0065] Further, as illustrated in Fig. 3A, a first lead 1b is formed to wind roughly two
winds to surround the first lead 1a in the first lead layer 101, The via 6f formed on the
second lead 2b 1s connected to one longitudinal direction end portion lower face of the
first lead 1b; and the via 6g formed on the end portion upper face of the second lead 2c is
connected to the other longitudinal direction end portion lower face of the first lead 1b.

Thereby, an inductor element having four lead layers and three winds, which are

connected in series such that the orientations of the current that flows between mutually



10

15

20

25

forming the inductor element is larger than the inter-lead capacitance
between mutually 5 adjacent leads in the same lead layer. In other words,
the inductor element according to thisr%iemplary embodiment has a
configuration such that, for example, arffong the parasitic capacitances
between leads that are determined by a lead width w and a lead spacing

s of the first leads la and Ib and the second leads 2a and 2b as in. the
wafienaticlicressiaritinvahyiewilusti@iaddn Fig. 4, parasitic capacitances

I la and | Ib between 10 mutually vertically adjacent leads are larger than
[Pareditic cdpacitdnces d6aandobdingtivebis mutopliyadjduetimlaads formed such
the same lead layer. [0067] The inductor element according to this

bRk hpiatyrdpidcapnatiisad e vesnfiguratlbnverismin plirgsiideads of the leads
capacitances existing between mutually adjacent leads, not only for the

fropiag dendidab St skeeridhea deesatghisasheanar iags e faptually
élé %%h riergl gy}g{:l?/easg'ag Qg{ﬁgdes, have %?Lal[asitiéc aciéances Petweten dine t
MUiTAlly GEriSaly Adjacett 128ds thaCArs 18 JePthEH R BSRicnt according to

GAPRCIANGES Qﬁmﬁﬁeﬂiwmﬁi%ﬁ%ﬁ%% indhes %g@@gga@\ﬁ% the

The capacitance between mutually adjacent leads i1s pre

{f@@iﬁeigﬁga@ﬂ&m leadowidibnaf the ndusterslsmant o tha SRR and a lead
e

tween adjacent leads, and the effective relative dielectric constant of
thecingulativie:20 s Ubstancaekistingdrbtreermmisiui|Baadiheent leads. schematic
Therefore, in Fig. 4, the condition wherein the parasitic capacitances 1la
eiegsidprhenseenwriliuriiyedantiEadlAadiaesint leadsithecsnhéalangel ihhntween
the parasitic ca&acitances 10a and 10b between mutually adjacent leads
Auivelbarse iy pdjasaatisps senlatesyrermmarasiip svciienes] [FoaRdi b

Rt ~r -25[0 69% re, c, i, the relative dielectric constant of the

ﬁ%ﬂ]ﬁfﬁ\/@‘fﬁ‘r‘é Bﬁ‘?%é’a ?eﬁ’gﬁ/\‘}%é}ﬁet%% &¥fiyer 101 and the second
t%@glﬁiyer JI%%EQ&%EQ% E@é%%grﬁsa%ggrmﬁg to this exemplary embodiment has a
configuration wherein parasitic capacitances existing between mutually adjacent leads,
not only for the first leads 1a and 1b and the second leads 2a and 2b, but also similarly for
other mutually adjacent leads, have parasitic capacitances between mutually vertically
adjacent leads that are larger than the parasitic capacitances between mutually adjacent
leads in the same lead layer. The capacitance between mutually adjacent leads is
prescribed by the lead height and the lead width of the inductor element, the distance
between adjacent leads, and the effective relative dielectric constant of the insulative
substance existing between mutually adjacent leads. Therefore, in Fig. 4, the condition
wherein the parasitic capacitances 11a and 11b between mutually veriically adjacent leads
become larger than the parasitic capacitances 10a and 10b between mutually adjacent

icads in the same lead layer is represented by formula 1 below.

[0068] [Formula I}

[0069] Here, g is the relative dielectric constant of the insulative film formed
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insulative film of the same; w is the lead width of the first lead 1 a, the first
lead Ib, the second lead 2a, and the second lead 2b; t is the lead height

of the same; 2 is the relative dielectric Egnstant of the insulative film

existing between the first lead | a and thé first 5 lead |b and between the
second lead 2a and the second lead 2h; and s is the lead spacing

between the first lead | a and first lead | b and between the second lead 2a
sosacordieattadha{0O70] dethrckictarddten entelustraias dine Figeih RS the
a configuration that satisfies formula | recited above, and therefore a
mslsiioniBffect b threnparvasitibe igpd oitaitic o lohe firsh&eadductde diesniend 1b, the
can be obtained. [0071] As indicated in formula 1 recited above, it is

facratradiiat the 1bascenathicad) 26f tHe Beileerbaighs shthe s this [Badelative
hejght (t) of the cojled |lead. Also, jt is favorable that the_spacing (s)

s ﬁ%ﬁﬁ%@&&@qé’aﬂi%}fﬁq@wﬁ%ﬂ% sslatﬁmﬁ@aﬁﬁé? b fhe first
arger than.the spaging (h) to.a vertically.adjacent coiled lead. Further, itis .
T R SR S B R RRR B it Sacing

Hasilative dikmcihatdnsulativelyt 1ReRatales mpHalmyesticaly RAISeRd second lead

coiled leads is larger than the effective relative dielectric constant (s2) of

the insulative film that insulatively separates other coiled leads formed in

the same lead layer. [0072] Additionally, for the inductor element

HECHTing tOhhisdxemplamyeR0i Bnshedidneritdt sliavorablesthatithhethat satisfies
parasitic capacitance between mutually vertically adjacent leads satisfies
thaadnditietited bleoig, kird shatrdpreherpdieiiticetishel drcpapeifigeapacitance of
mutually adjacent leads in the same lead layer, and also that the mutually

B aEIR LB RPle fayer are proximally disposed. Thereby, it

' ibl make th ind betw lly adj .

o e S R Sl A e AU RARLC A SR R a0
HRAygLonglamant %%?.thﬁ tﬂ%pi%%\éggﬂ @fé{ﬁ%}l&?%&%@%ﬁf@re%@ {0 4 vorable

Inductor element occupies can be r urther, for the inductor

ﬁi@f@%‘ﬁﬁ&‘?ﬁ%ﬁ@%éﬁ@ﬁ SxRMRIaR empodimeatjt23sdsfanarpRlethatqual to or
each lead of the inductor element has substantially the same film

larger than the spacing (h) to a vertically adjacent coiled lead. Further, it is favorable
that the effective relative dielectric constant (g1) of the insulative film that msulatively
separates mutually vertically adjacent coiled leads is larger than the effective relative
dielectric constant (e} of the insulative film that tnsulatively separates other coiled leads
formed in the same lead layer.

[0072] Additionally, for the inductor element according to this exemplary
embodiment, it is favorable that the parasitic capacitance between mutually vertically
adjacent leads satisfies the condition of being larger than the parasitic capacitance
between mutually adjacent leads in the same lead layer, and also that the mutually
adjacent leads in the same lead layer are proximally disposed. Thereby, it is possible to
make the mutual inductance between mutually adjacent ieads in the same lead layer
larger; and the surface area efficiency of the inductor element can be improved. Further,

the surface area that the inductor element occupies can be reduced.

[0073] Further, for the inductor element according to this exemplary embodiment, it
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thickness. Thereby, the symmetry as an element of the inductor element
can be improved. [0074] Furthermore, in this exemplary embodiment, all
of the vias are graphically 5 represented as single vias; but from the
aspect of the reduction of the via resistarice and the inhibition of
electromigration, it is more favorable that these vias have, as an example,
a configuration formed of multiple vias (multi-vias) as illustrated in Figs. 5A
foriokabib g aRechiCaliDey; erpimaier slensmifly NoaliomI M uiipiendasim
are notated as single vias. 10 [0075] Hereinbelow, the principle of
hadasitic caffaciaydbasductitnycithe ércusionfelemehicaccdeding s
exemplary embodiment is described in detail with reference to the
igrawirRgs. [0076] Fig. 26 illustrates an equivalent circuit diagram of an
inductor element according to the conventional art disclosed in Patent

O ures b me, 2 Wiisyssuary speqduney atby dfnvé de ssramgrly
to th ti | art, ind | ing two wi i f
B T i B B S R B R e
q]'ee{Hﬁf%‘i ' &ﬁs&aéfegt%lﬁigra%%&rﬁ repissented i dhe.pauivalent 5?&(%,‘ | . example,

lllustrated in Fig. 26 asa structure in which a resistance Ri and an

Indistaned il caRIRaNding R anouanclamieenetbian spres layeh.

lead, a resistance R2 and an inductance L2 corresponding 20 to an inner
gircupatefiengenohithe nper dayenitidd natsdsisiande fRSvanchamineiuciansmgle
L3 corresponding to an inner circumference of a lower layer lead, and a
vasistance R4 and an inductance L4 corresponding to an outer

circumference of the lower layer lead are connected. Further, in Fig. 26,
fBPthE pardistRitRpbenitdcRidnekii A FERNES s Hhec T Fugsaegyelipn of the inductor
subdivided leads, Cl is a parasitic cgpacitance correspaonding to the 25

e AR e Ay R AL BB O TR R S Br el g grence to
ﬁ]aer saitic cs{apacitance corresponding to the capacitance vertically between
eads of the inner circumference, C3 is a parasitic capacitance

fRITBsPoNaing 5 amuialy,Adiacent oA I0Iel 48R CABAGHANES B BRment

same lead layer for the upper layer, and C4 is a parasitic

according to the conventional art disclosed in Patent Literatures 1 to 3. Fig. 26 supposes,
as the inductor element according to the conventional art, an inductor element having two
winds using a two layer lead, which is the simplest structure. The leads of the inductor
element illustrated in Fig. 26 are represented in the eguivalent circuit illustrated in Fig. 26
as a structure in which a resistance R, and an inductance L; corresponding to an outer
circumference of an upper laver lead, a resistance R and an inductance L, corresponding
to an inner circumference of the upper layer lead, a resistance R3 and an inductance L;
corresponding to an inner circumference of a lower layer lead, and a resistance R4 and an
inductance L corresponding to an outer circumference of the lower layer lead are
connected. Further, in Fig. 26, for the parasitic capacitances existing between the
respectively subdivided leads, C; is a parasitic capacitance corresponding to the
capacitance vertically between leads of the outer circumference, Cs is a parasitic

capacitance corresponding to the capacitance vertically between leads of the inner

circumference, Cy 15 a parasitic capacitance corresponding to a mutually adjacent
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capacitance corresponding to a mutually adjacent inter-lead capacitance

in the same lead layer for the lower layer. [0077] According to the multiple
layer lead structure of currently mainstr;;l m 5 miniaturized semiconductor
devices as previously illustrated in Fig. 4, in the case where leads have a
width not less than a fixed lead width, parasitic capacitances between
mutually vertically adjacent leads are larger than mutually adjacent
ipefeRiEiC epatitances e diteSandd deaditayde Ageondirglynthe Magpitidiic
relation of the parasitic capacitances C1, C2, C3, and C4 of the

@gadvaiert circeipdhnated invFigllgGdimeis suepbsaidcapmtilteeritiahe same lead
down for the inductor element according to the conventional art can be
lpsprdepthedomprdeiittila 2 below in the case where the lead has a width

not less than a fjxed lead width. [0078] [Formula 2] Cr. C,:>C,=C 15 [0079]
[POétHer Wo"ra%?fé%ftﬁ@%am%l@rmﬁuﬁ?%ﬂa%&tmfn SRR RS A

A5 oS capaciance Inia. 26, the Maguibds 1SN of W, e case where
capacitanices’is representeéd by corresponding sizes of theiréui

BYINRIS. (09801 QB the gt hand. e eakaleiiHICUL AN BEHigen

inductor element according to this exemplary embodiment illustrated in

FgufISURRESESy ag)a-cRlenid 20 linductRASHHEHAE, hanamuiiplie RS itances

similarly to Fig. 26, an inductor element having two winds using a two

iayer tead, hadiichyvis theAstnplesd sithetore nihe deads @f thehdnpduetore capacitances
element illustrated in Fig. 6 are represented in the equivalent circuit

Hlusirated and Kig 06 the ensivabsmfreiinuihlorstiasceisistinéé Ribingunposed and
inductance L1 corre)sFi)ondin%;é)ean outer circumference of the upper layer

YeAen e vasfetdhe dnsucky ¢ eedreRIrte e B EoRNSBHBMRIAY t6ahe

outer circumferenc he lower layer lead, the resistance R3 and the

RS AEbT CME AT B i) L AT B G Y Sy e
%%%‘&1%&@% resistance Rz and the inductance L, corresponding to an
inner circumference of the upper 25 layer lead are connected. Further, in

fog7 @, forthe parasitic capacitances existing

Gy 0o Gy,
[0079] In other words, C; of the equivalent circuit diagram illustrated in Fig. 26 is
the largest capacitance. In Fig. 26, the magnitude relation of the capacitances is
represented by corresponding sizes of the circuit symbols.
[0080] On the other hand, the equivalent circuit diagram of the inductor element
according to this exemplary embodiment illustrated in Fig. 6 supposes, as a solenoid
inductor structure having muitiple winds similarly to Fig. 26, an inductor element having
two winds using a two layer lead, which is the simplest structure. The leads of the
inductor element illustrated in Fig. 6 are represented in the equivalent circuit illustrated in
Fig. 6 as a structure in which the resistance R, and the inductance L; corresponding to an
outer circumference of the upper laver lead, the resistance R4 and the inductance L,
corresponding to an outer circumference of the lower layer lead, the resistance R; and the
inductance Lj corresponding to an inner circumference of the lower layer lead, and the

resistance R, and the inductance L, corresponding to an inner circumierence of the upper
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between the respectively subdivided leads, Ci is a parasitic capacitance
corresponding to the capacitance vertically between leads of the outer
circumference, C2 is a parasitic capacl'&g]nce corresponding to the
capacitance vertically between leads ofthe inner 5 circumference, C3 is a
parasitic capacitance corresponding to a mutually adjacent inter-lead
capacitance in the same lead layer for the upper layer, and C4 is a

lefsasitie capacianed camespandingie admtitaly-sdiacepidntecdeadisting
capacitance in the same lead layer for the lower layer. [0081] According
bottremibitipieptayerle adbstn dtureadc diend parsinst ceanci Lowaicdaterppeding to
semiconductor devices as previously illustrated in Fig. 4, in the case
yherpaHenkace s &y Didthicaneads oh div aixe aitener iges e daraspigarasitic
capacitances between mutually vertically adjacent leads are larger than

TARRGIAN S dRIEERO A i b FARAFAIBES Y HRRUY Rl ReRd Fagep! the inner

A ' , itud lati fth iti it [, C2,
el o ol e sl e 1.6
ﬁ%-%@ﬁé&?ﬁ@itﬁﬂ&%%@@%ﬁﬂﬁ@%‘? h Ol HReSepUcoRduetor deYigss.

according to this exemplary embodiment can be'représented by formula 3

bglawdndhe,eassoniaethedraghinasdwasitinaoniess ihaniaudixer @adame lead
width. [0082] [Formula 3] Ci>C2) CS=C4 20 [0083] In other words, C1 of

e efjuittalénweirayirdiagram illustrated in Fig. 6 is the largest
capacitance. In Fig. 6, the magnitude relation of the capacitances is

fep¥ésentedchy dog tspondivit siz dayof tnd siroaitsymisolse {05813 iFsr¢m
equivalent circuit diagram of the inductor element of the conventional art
MiNaasr ey coBuRgRevatRTpaisY apshitilusgind &t tHe ifdidhsrcase where
lement 25 according.to this ex é ry m‘aﬂ?diment llustrated in Fig. 6,
e Rt e R R
ML ﬁl‘g%g NeFUoN ROSILoNs i G fawvAent GHGUIRAIC capacit
%mﬁer%.v fgn t#‘e qu]vé\%ent &rcugl‘?3 of'g thie i%ﬂct&r%e%eﬂ? Co?%g tﬁsé C capactiances
remventienahbaihas luaates i FighLfahf RSt SARHNANhPPMRRIIR: capacitances
capacitance Ci is
C1, Cy, G, and C,4 of the equivalent circuit illustrated in Fig. 6 that is supposed and
written down for the inductor element of the semiconductor device according to this
exemplary embodiment can be represented by formula 3 below in the case where the lead
has a width not less than a fixed lead width.
[0082] [Formula 3}
Gy > Gy % Gy =0,
[0083] In other words, C; of the equivalent circuit diagram illustrated in Fig. 6 is the
largest capacitance. In Fig. 6, the magnitude relation of the éapacitances 1s represented
by corresponding sizes of the circuit symbols.
[0084] For the equivalent circuit diagram of the inductor element of the conventional
art illustrated in Fig. 26 and the equivalent circuit diagram of the inductor element
according to this exemplary embodiment illustrated in Fig. 6, the sizes of the parasitic

capacitances occurring between each lead are equivalent, but the connection positions in

the equivalent circuits are different. In the equivalent circuit of the inductor element of
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placed between the input and the output of the inductor element; while in
the equivalent circuit diagram of the inductor element according to this
exemplary embodiment as illustrated i%:ig. 6, the most dominant
parasitic capacitance C1 is placed between 5 intermediate points of the
leads of the input terminal and the inductor element. [0085] Here, the
magnitude relation of the capacitances C1, C2, C3, and C4 has the
ielatovereipresantad ilydomnd lAsFZeand, theeeitsdbavenanaddidehyatidinee C; is
and C4 are sufficiently small in comparison to Cl and therefore are
nipreddebranchftithiepubynidribeingtipGodibe aslhaivmematicrthan @ ihtheguivalent
equivalent circuit of the inductor element of the 10 conventional art_
GiRsstFsbeariinm e pded msterenivstadasibisexenpmrim iodiment as
equivalent circuit diagram of the inductor element according to thj

&bt rv%e% BodihEHSH |§%‘E‘éﬁ%¥%} PRRRYS BoaoRBEE A 1i}ﬁ18t?8‘f8§3ﬁ’i‘ﬁ8?

i%’te[t%)gc%lté?f%ﬁ:ﬁtgﬁtﬁ% ilréa'giis%fz&e o ihg.Indug Oaﬁﬁ'?‘x{té‘%‘&u%éé?%egent.

convention e most dominant parasitic capacitance Ci is placed

hpkyeen t@%}g%@ﬂggﬁﬂwtﬁﬁéﬁﬂ'ﬂ%ﬂ@c%{;&@ﬁa&'&%‘é%?f@'?@?Qﬁd@ﬂ e the

other hand, as illustrated in Fig. 7, for the inductor element according to

Holigiex Rl eMbodinmanhs thanostaian RpM QaARSIHE BIPasiIFAIE, G
is placed not between the input and output terminals of the inductor

slfinent]skmidéivweom miesonadiateapoitits dbthedle fgs aidt e dputhiatinghoring
of the inductor element and the inductor element. Thereby, the inductor

ehertrens Revurdmg ey thnZ0 dhenpiag evnbiotimehthhakastgistidmeat of the
dominant parasitic capacitance occurring between leads from the input
SHTY SUAMRA caFriiaTEtehin R A LA Wi it Ta8patitane@itarly. the
betw the i t and th tput, i.e., of th tire inductar. el .
T FIG 2 R BB T USSR TR RS B SITeRER o

\ _ . - d |
LA ALGER D IR AU I ptlr een

e conventiona art; an Ine represent e frequency

Arpendence; ofitie dndustance betwernithricinpulandtae autpieithRal ar, the

Inductor element according to this exemplary embodiment. Fig. 8 is
fltainad mhagstisiing dhaicihacesistanteeRbatR2HR3itpRAF1 101521 theninals

27 inductances Li + L2 + L3 + L4 = 3 nH, and the capacitance Ci = 10 IF
fdrthhendiscuit clement.  On the other hand, as illustrated in Fig. 7. for the inductor
element according to this exemplary embodiment, the most dominant parasitic
capacitance C; is placed not between the input and output terminais of the inductor
element, but between intermediate points of the leads of the input terminal of the inductor
element and the inductor element.  Thereby, the inductor element according to this
exemplary embodiment makes distal the dominant parasitic capacitance occurring
between leads from the input and output terminals, and thereby reduces the apparent
capacitance between the input and the output, i.e., of the entire inductor element.

[0087] In Fig. 8, the broken line represents the frequency dependence of the
inductance between the input and the output of the inductor element of the conventional
art; and the solid line represents the frequency dependence of the inductance between the

input and the output of the inductor element according to this exemplary embodiment.

Fig. 8 is obtained by assuming that the resistances R; + Ry + Rs + Ry = 70 £, the
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constants of Fig. 27; and by assuming that the resistances Rr + R4 = 35

S2 and R2 + R3 = 350, the inductances L, + L4 =15nHand L2 + L3 =

1.5 nH, and the capacitance Ci = 10 if fgr the circuit constants of Fig. 7.

As illustrated in Fig. 8, the frequency at‘Which the 5 inductance value

abruptly increases is different for the circuit illustrated in Fig. 27 and the

circuit illustrated in Fig. 7. As the frequency becomes high, a phenomenon
indudticledhe, apparent induetanae valleabiuptiylnecomes (aflgeoisthe circuit
facilitated by a resonance phenomenon due to parasitic capacitance
aowipoedts aAd;ahigheafreqguenthaafwhishstthecaBpar@atidduRtant &, + Ry =
value becomes large indicates a smaller apparent parasitic 10
tgatieindecserorsdn thbarmplib alapéloutput. A Hikirend din @pc8anse C1 = 10
frequency.at which resonance occurs for the equivalent circuit illustrated

ih Fip1? RTRIYherTRaR HRiaE the euvaiarteiriultmdsiitdirmengy at7which the

and thereby, it is, shown.that the configuration .of the inductor element
RS T RS e B L S R e 27 anc

éllpélﬁ{ S PARFIHEGaPACIanCcE, @%cﬁﬂ@n@? Eiple,he E‘?Qﬂ?%\é@n&%ﬂ&%ﬁt%mh the

element 15 according to this exemplary @mbodimentreduces the apparent
Aasitic saragianca athripRyoveshigh freguenecyichatastarietiss.10088]

For the inductor element of this exemplary embodiment, as illustrated in
Pignondhensheondaramitio thieaila docennoachng dhe didelatofrel@mentdowhich
an external element is formed in a different lead layer than the first lead

thy epra@ennyhichnbre idlse |bexb ok ther20 iimtigeter eombBert dpfarnephrdsetic
second lead layer 102 in which the second lead is formed, the third lead
FRDBFRISGDIINRS the 1R RIKdhS fovRIEd, dHoivetrearinERy fayes oaupney at

ich the fourth lead is formed; and therefare, it is not necessary, to
LSRRI It ST FRIGES BILHBATS RO 118 Bighpan thatof

ﬁ{g%&%%#%%dc%&%?%%%b 54" ?%. heed (r%’% %‘Xzi%%‘ﬂ%%fﬁ%@%ﬁ‘g%oiltslﬁguration

eby, It Is possible to dis 0s€ lea inductor elemen

preximal iogaghpihes.andithemuivakinductanceabigads RAIRee A dQontribution

each other can be made large; and therefore, it is possible to make the
iTdipetanee veduieiclasge: 20089y T inhibil® parasiiscsapaelianeefiaement

forming between the second draw out

according to this exemplary embodiment reduces the apparent parasitic capacitance and
improves high frequency characteristics,

[0088] For the inductor element of this exemplary embodiment, as itlustrated in Fig.
1, the second draw out lead 9 for connecting the inductor element to an external element
is formed in a different lead layer than the first tead laver 101 in which the first lead of the
inductor element 1s formed, the second lead layer 102 in which the second lead is formed,
the third lead layer 103 in which the third lead 1s formed, and the fourth lead layer 104 in
which the fourth lead is formed; and therefore, it is not necessary to respectively form
each lead of the inductor element to avoid the second draw out lead 9; and the degree of
freedom of the layout of the leads is high. Thereby, it is possible to dispose leads of the
inductor element proximal o each other; and the mutual inductance of leads adjacent to

each other can be made large; and therefore, it is possible to make the inductance value

large.
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lead 9 and the first lead to the fourth lead, it is favorable to dispose the
second draw out lead 9 removed from the first lead to the fourth lead; but
the disposition can be determined bas?g on components such as the
position of the external element connected 5 to the inductor element
configured according to the description above, a position of the lead layer
in which a connection terminal of the external element exists, design

[cossiraintsT cansbiawnisekiiie depstiayeesibat taming bseceantdbectke draw out
[0090] According to the configuration illustrated in this exemplary
lendtibalih &t fitseledd goabs fufrdddadn ibfstherpadiitan dispdsicththeschragvdouy out
lead of the inductor element is 10 formed is improved. For example, in the
lead & wmeqecthEuMBAT o adde Braritiiradriereiefiero st avesm be

numb th of the draw out leads co nectlng to mducto lement
FBRrRS S Sda?rb‘é%‘ﬁl%‘?{?%r?ﬁ‘é%tﬁﬁ oML OF 76 GPBIL e %P&ﬁamected

a b o |nd ctor, Iem nt O theo er,.hand |nt case w
't%ié St et dvible E?sdsan%%%o BT S of he

RERAWYQu iﬁ%ﬁﬁc‘ﬂfaﬂ&@dﬂg&ﬁ}ﬁ &&%ﬁlﬁ%@%&%&ﬁﬁ%ﬁ%&398&9&150

connéect from the upper layer, and the other can be formed at a position to

cannesiiuamtheilewes fayafadQ09d: Thisexarppian, ghpdiment, as
illustrated in Fig. 1, illustrates an example in which the number of winds of

[hedsolenoidshaieg inducton&lameitnisl imeatcdnd thhhereforplaonendidtienent, the
draw out leads (the second draw out lead 9) is formed at a position to 20

dermerpidrasddinstishairpsitsurasispoistitlg traneouplsedmbtiddgdvdeucigment is
the leads of the inductor element; and the other draw out lead, as
iosddsdmwiesip F@ﬁﬁﬂ‘?&&%;’/ﬁ @mﬁ@é%.r@%rﬁe%mtof winds of the

R S 2 R O AR 0 s SRR s

8o c&%ot?ezﬂ a%ﬁ%%‘&ﬁ‘?c%ﬁa% rﬁ YEIRI Gl @5%8! 10819 WS ayer

exemplary em odlme aving a contig ation accor Ing

gaserintion aRavepraglescibede FRkMRinductiar elementacrordiRGdPof winds
this exemplary embodiment, the parasitic 29 capacitance between
piutialiyhvest eiiyadpceniddadsnsdarger dhan: thewarasiticls of the inductor
element can be formed at a position to connect from the upper layer, and the other can be
formed at a position to connect from the lower layer,

[0091] This exemplary embodiment, as illustrated in Fig. I, illustrates an example in
which the number of winds of the solenoid shaped inductor element is three; and
therefore, one of the draw out leads (the second draw out lead 9} is formed at a position to
connect to the first lead 1a corresponding to the upperrﬁost layer lead of the leads of the
inductor element; and the other draw out lead, as illustrated in Fig. 4D, is formed by
elongating the outermost circumferential lead of a fourth lead (the fourth lead 4b),
corresponding to the lowermost layer lead of the leads of the inductor element, to the
outer side.

[0092] Next, operations of the inductor element according to this exemplary

embodiment having a configuration according to the description above are described.

For the inductor element according to this exemplary embodiment, the parasitic
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capacitance between mutually adjacent leads in the same lead layer; and
therefore, a reduction effect of the parasitic capacitance of the inductor
element can be obtained. Also, at thisg e, by proximally disposing
mutually adjacent leads in the same ledd layer, 5 it is possible to make the
mutual inductance large between mutually adjacent leads in the same

lead layer; the surface area efficiency of the inductor element can be
datpciad: aedvdheauriate esacilistdbadaduectos eament hesuiiesieanibe
reduced. Further, in the case where each lead of the inductor element is
foparecitoeHevedtrersaiwa! filadjtickinlesds thehe pamedtad dsyan atdtientiaisoa
can be improved. 10 [0093] In this exemplary embodiment, the element of
s mlsst PR nmERyUfiFIRaG ! aneE i hedackisfohelsBienberp pasipigived.

pper, which is a typical lead material, or ap allgy having copper as a
i RS P G SOSARRRSHRIY ASBRGHHIFGH, Toia seelead laver,

guhe ke or analochaving maln. comnonents hereof, The. SIBEIS  scags in e
obtdined by this exemplary embodiment are not particularly fimited by the

loaf malaral- 1R Q084 Additigrally, 4pe teadmatenal ekibg INAURIOE roved; and

element may be any material having electrical conductivity; and may be

aRigiecky ahaetrmsiatmatesnt sustasie JoneXaRBlRea CYlinaHealin the case
carbon conductor having a diameter of several urn to several tens of nm

ahdrgendratiyirefehetdoas alearbansanatube, lbuedlessésiefiireshickness, the
thereof, and the like. In other words, this exemplary embodiment utilizes
SYTETEEtrorn A REiecR0 hiverronienawpirréunding the leads, and therefore
is not particularly limited by the lead material and the presence/absence

HStaMal comsBiRte P BrsembehBRa s drotl By tdnsdsedisiel By tiselaly
iscl in thi I bodi , th h

R ST SR A U

iy %%ggtg@%@gyaa@xp&ﬁ %?&é%%gb@ﬁpQ&&E%éﬂ?glgcﬂfﬂétsﬂlﬁ%nm,

a matéria semiconauctor device, except that a materia aving an

slagtrigabeopduetivity ds :NE08SIRNHORRR] Bsxb AMBIRAIAT The effocts

manufacturing the inductor element according to this 30 exemplary
ebiiadinenhis desepibed:hhedintkictatelemaniateordingtd tishe lead material.
exemplary

[0094] Additionally, the lead material of the inductor element may be any material
having electrical conductivity; and may be configured by a non-metal material such as,
for example, a cylindrical carbon conductor having a diameter of several nm to several
tens of nm and generally referred to as a carbon nanotube, bundles (sheaves) thereof, and
the like. In other words, this exemplary embodiment utilizes an electromagnetic
phenomenon surrounding the leads, and therefore is not particularly limited by the lead
material and the presence/absence, material constant, etc., of substances surrounding the
leads; and by the lead structure disclosed in this exemplary embodiment, the effects
thereof can be obtained.  Also, the material of the inductor element of this exemplary
embodiment can be utilized without being particularly limited to a material of a
semiconductor device, except that a material having an electrical conductivity is

necessary.

[0095] Next, a method for manufacturing the inductor element according to this
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embodiment has its characteristics in the structure of the inductor element
formed by the leads; and therefore, there are no limitations thereof from
characteristics due to the formation method of the leads. In other words,

in the present invention, the effects of e present invention can be

obtained by the structures illustrated in the exemplary embodiments of

the present invention; and the formation method of the leads may be any
drathoe: 0ol Hereinbélowibad an@xamplerof éhenmetheddting to this exemplary
manufacturing the inductor element according to this exemplary
enboddimertaaimahafadtuisics nefosioytard @ Ohmasoene procegsformed by the
currently widely in practical use is described. Fig. 9, which illustrates the

Istdth sadoharranisbaie At Pl ind dtopeleerrait BT iR ke due to the

xemplary embodiment, jllustrates a lead formation method by a
malieuetoeeie S BPADFo ML o S5 PRI ROt A1 et of

{isulauve ‘IH%%%POE'tegeoo%%%%ﬁ%c.oﬁ'%“s%?&ﬁ%‘é?ﬁi@s%?aéﬂ'E&k"f‘e medal fim,
such as copper into the groove portions, and then 15 performing a

lagsmngnRUaRastpask @D SISHNAGSERAGH MnaRd he H&USEL, be any

in fabrication technology by the damascene process are not particularly
Hegisated. [0097] Also, in the case where a lead manufactured by a
damascene process is formed of copper or an alloy having copper as a

a6 lcompdaenthitomanyacases)thiedtdd hathadléadhstnuéionaiimgwinddhductor
metal is filled into the insulative film; and to prevent 20 diffusion of the lead
ehutsrihpistoding feshiatwefimara ¢aymdguseialyrefdpddrieaschadiby a
metal is formed in which, for example, a refractory metal such as titanium,
HATRATETS BF AR HRETTER & HEidah tHePESHIGH fittredeahsthatd rdcttiigh

dy, efc. _thereof.are formed on the battqm and side walls af the lead:
A e RN ER 4 CRUAR O A THbTE S TE TR oxempary

ootk <Hlcit
iR it AR e S
filing RIRR Y thRIMAIBkMRIC S ANR-BaGDAIRTabRTR IS At RATIGH AN or

illustrated. Additionally, a semiconductor substrate and semiconductor
aleppandsfiueh astransistoiscl hsfospied iamtie sesoieondiictor subsieate,

which are positioned further downward in the

performing a flattening; but a hard mask film, an etching stopper film, and the like used in
fabrication technology by the damascene process are not particularly iliustrated.

[0097] Also, in the case where a lead manufactured by a damascene process is
formed of copper or an alloy having copper as a main component, in many cases, the iead
has a lead structure in which a metal is filled into the insulative film; and to prevent
diffusion of the lead material into the insulative film, a layer generally referred to as
barrier metal is formed in which, for exampie, a refractory metal such as titanium,
tantalum, or the like, or a nitride thereof, or further, a laminate structural body, etc..
thereof are formed on the bottom and side walls of the lead; but these do not exert a large
effect on the structure of the inductor element according to this exemplary embodiment,
and therefore are not particularly illustrated. Further, the barrier metal formed prior to

the filling step of the metal, which is the lead material, also is not particularly illustrated.

Additionally, a semiconductor substrate and semiconductor elements such as transistors
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insulative film, are not illustrated. [0098] Moreover, damascene process
lead formation. methods include a method referred to as a single
damascene process that forms the Ieadg and the vias for mutually 5
connecting leads that are formed in different respective layers to each
other in separate steps, and a method referred to as a dual damascene
process that simultaneously forms leads and vias positioned in the layer
foeloml tietleadsiibeikithersdbmassanie (ratepssitiayed €uuiged as\ineard in the
method for manufacturing the inductor element according to this
iexeniplafyienirodirhghtstidtedmethod for manufacturing the inductor
element according 10 to this exemplary embodiment described
[REPSihbeloX e RAtSSTAAESHTDFRIAED I MBIy Malmdy dpslisieenaethod

process. [0099] First, as illustrated in Fig. 9A, an insulative film 11
r&é%ép@r?&iﬁ@% FSIERMMIGRSARTAEEMA B 15 AP Tayt for mutually
dBRulave [ieméslt% deposited on ;5 mé%f?eds“%?{ves ab5§23§e%‘%t Mstated) e
|snc]11epos ed by a known InSUIative film formation method such 16 as

Shemical vaRar derpsitian, an ARplcationmethgd. otthe ke (BieR dsTBrms

insulative film 11 is an insulative film that contains, for example, an

lelenant SHEhasSHeann 9 esRr hEHPaRN HUOE cRBFPARAHEEREPsREss may
the like; and the material of the insulative film 11 of this exemplary

lembed i ént isatatdiopantiaufacdimite ch bmtiteinhdhihibe pacasitiey to this
capacitance between leads and the unintended parasitic capacitance
Gemvelenythahedtmcand 2hsarpibonducmradibtang, thegfdveteitsisnivag tegording
relative dielectric constant of the insulative film Il is not more than the

felathe areRieicBarLiRT b SiReshesaaRa i fsiRiadomtg method

fo inhib"t he unintended parasitic capacitance between leads, it is more

]?g\?oﬁiﬁﬁ HEPHTBRERA Ve film 11 has minute voids having a diameter of

oret j interjor f the insylativedi 1 i
oot 2 A e S AT RSB AR o aver
fGﬁ‘%ﬁﬁ@Y@d@s|@QHH§%%5U£EH%PI@@{Q&%@Q{}% MB%G)&B%E'@H}&W Wiconductor
having mutually different compositions. [01.00] Subsequently, in a step

sobéaminatesiihededdilayerssindhs aase wheraithe3Zillaadrfosmetnethod such
directly below the insulative film 11 is copper or an alloy having copper as

@ chemical vapor deposition, an application method, or the like (step 1). The insulative
film 11 is an insulative film that contains, for example, an element such as silicon, oxygen,
hyvdrogen, fluorine, carbon, nitrogen, or the like; and the material of the insulative fiim 11
of this exemplary embodiment is not in particular limited; but to inhibit the parasitic
capacitance between leads and the unintended parasitic capacitance between the leads and
semiconductor substrate, it 1s favorable that the relative dielectric constant of the
insulative film 11 is not more than the relative dielectric constant of a silicon oxidation
film which 1s 4.2.  Further, to inhibit the unintended parasitic capacitance between leads,
it is more favorable that the insulative film 11 has minute voids having a diameter of not
more than 3 nm in the interior of the msulative film 11.  According to the fabrication
method of the insulative film 11, the insulative film 11 may have a laminate structure of

two or more types of insulative films having mutually different compositions.

[0100] Subsequently, in a step that laminates the lead layers, in the case where the
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main component, it is more favorable that the insulative film 11 has a
laminate structure of insulative films containing at least silicon and carbon
and having a copper diffusion resistance and insulative films that have
minute voids. Thereby, it is possible to %% vent 5 the diffusion of copper
into the interior of the insulative film 11, increase the reliability of the
semiconductor device, and inhibit an increase of unintended parasitic

capasitanteirda ot xhamdtustitatatin Fig. Bpa ot dmeveapaiiaidoper as a
12 is formed for forming the leads 4a and 4b, for example, by a patterning

methaddnypified ysphotelftvogrisiphiratthd mfalaticatidm method typifiedebyructure
reactive etching on the insulative film 11 (step 2). 10 The pattern shape of
ghénfeditl yrdBvEs pareining 46 laass sthpefukndstapeniang lneensiapyer diffusion
embodiment, but may be formed, for example, as an octagonal shape, a

W ISERrRiEM SR SRR B haY BRiSpE AN thBSRRR T HRaRE Hielo prevent
hat th uct I t |
ORI T R rfs%é%‘éa%%‘?é‘aaa%a%m of

HIOQYR RAMGEL A IVRY %\ﬂ%&iﬁﬁ%’ﬂg&%ﬁ@@d@ﬂﬁ[nqéﬂﬁéﬁﬁg&a%ﬂl gagltance

inter-lead space, a number of winds, and the like that are determine

theongquiredepedormanae ot ihgfinglly oiainee JBd4atarn e mentdador forming

these dimensions are determined by the circuit designer of the
temisontustdride vice: Ndoweyey, asadesdrben:bbovepiado atiemisthography
necessary such that the capacitance between mutually vertically adjacent
leddstidtargenthathitbigpbadiincadotoeehinginally adidder fdadslifstep 2).
the same 20 lead Iayerﬁ%OlOZ] Next, as illustrated in Fig. 9C, a metal film
Ihe@%ﬁbg%af 5y Boerde cﬁ@y@w%@pmt@rwewmhaﬁw this exempiary

latin the lik Pﬁ om above the lead groove_ pattern
r

i

585*3‘3 o164 R REGTATERNE- 6 2R LB PR AIRE- 6 Santialy
le % ed r(’petfill film iL3n 25 are %mﬁ\i/ed bly afl tte[H ethog t¥g (}(a}? inductor
E’ lishin 8four e

ore emlca rﬁec anical polisning, an

@1!%915113 @5&8@9@1@%@%@@&&?&&%@?@4&&%@%@ﬁﬁIk@ﬂE@éd’ E"Fl% 3 is favorable.

illustrated in Fig. 9D is a cross-Sectional view along line A-A of Fig
3k shape of the lead groove pattern 12 may have a lead width, an inner diameter, an

inter-lead space, a number of winds, and the like that are determined by the required
performance of the finally obtained inductor element; and these dimensions are
determined by the circuit designer of the semiconductor device. However, as described
above, a formation is necessary such that the capacitance between mutually vertically
adj aéent leads is larger than the capacitance petween mutually adjacent leads in the same
lead layer.

[0102] Next, as illustrated in Fig. 9C, a metal fiim 13 is deposited by a method such
as sputtering, chemical vapor deposition, plating, or the like from above the lead groove
pattern 12 (step 3).

[0103] Next, as illustrated in Fig. 9D, excess portions of the deposited metal film 13
are removed by a flattening method typified by, for example, chemical mechanical
polishing; and the fourth leads 4a and 4b are obtaned (step 4). The schematic

cross-sectional view illustrated in Fig. 9D is a cross-sectional view along line A-A of Fig.
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[0104] Next, as illustrated in Fig. 9E, similar to the formation method of the

fourth leads 4a and 4b, the vias 6¢, 6d, and 6i and the third leads 3a, 3b,

and 3c are formed by a damascene prqcess (step 5). The schematic

cross-sectional view illustrated in Fig. 9Eis 5 a cross-sectional view along

line A-A of Fig. 3C. The third lead 3a and the fourth lead 4a are

electrically connected in series by the via 6c; the fourth lead 4a and the

3ird lead 3b are electrically connected in series by the via 6d; and the

fourth lead 4b and the third lead 3c are electrically connected in series by

t0E)da. 6i.Jex05kNextiratsdlndtiatddt iniFigao, thinflantodhenighodtidthe fourth

method of the third 10 leads 3a, 3b, and 3c and the vias 6c, 6d, and 6i,

ksl T ABethsrdasidari tradseicyrbthr Hdsiiaadnisand. 28hie roprrganed by a
y damascene process (step 6). The schematic cross-sectional view

fiistraten meet? 6RR Hcr -§8%?F8&HF\??§\?F§1%%6’B%VEWBF$@%E’. Fig. 9F is
The rcesdiaand he feeand lead 2a,are ogelicall c980eCIeR our ead

onal vie ng [ne, A.-
Series e via third lea he secon

glegligaly:connesindn sariesRy }59%5;1\4%&%@@Mﬁ%@é%%%%ﬂﬂd lead

the second lead 2c are electrically connected In series by the via 6h.

18106 Nexc a5 Hustaied 1n Kige 96 Siiiarde the! tarmatien paeted:Rf the third

the second leads 2a, 2b, and 2c and. the vias 6b, 6e, and 6h, the vias 6a,
Bhdahdabgedndr-ibed firstheadsd lm aadebtarééormed by a damascene

process (step 7). The schematic cross-sectional 20 view illustrated in Fig.
BiBG8a crossxsettivhalviedialbry hesimdaotteihs Sxnphensedbad (gadble third

2a and the first lead 1 a are electrically connected in series bgé{he via 6a;

thrlssBe SRaRA AN RF tHigiPst filadnip Grdls1 8885 CRHPC SHAddr@adihe second
jes by the via 6f; and the first lead Ib and th | 2 .
B ot S e B R B T o MR TCRUR in
otntatl _ _ din
GRS A B3 FEHE G YR LA SHNERRNRIIE A of Fie

apd similanlyg thesecond drawoHt iead £.and dheMiailb dhat Lennsclsibeby the

second draw out lead 9 and the first draw out lead 8 are formed by a

davbstentipreeabSH aieptB).s3dol0168] By-ihe:lparivitiotusingdnethoekries by the
hereinabove, the inductor element according to
via 6¢; and the third lead 3¢ and the second lead 2c are electrically connected in series by

the via 6h.

[0106] Next, as illustrated in Fig. 9G, similar to the formation method of the second
leads 2a, 2b, and 2¢ and the vias 6b, 6e, and 6h, the vias 6a, 6f, and 6g and the first leads
la and 1b are formed by a damascene process (step 7). The schematic cross-sectional
view iHustrated 1n Fig. 9G is a cross-sectional view along line A-A of Fig. 3A.  The
second lead 2a and the first lead 1a are electrically connected in series by the via 6a; the
second lead 2b and the first lead 1b are electrically connected in series by the via 6f; and
the first lead 1b and the second lead 2c¢ are electrically connected in series by the via 6g.
[0107] Next, as illustrated in Fig. 9H, the first draw out lead 8 and the via 7a that
connects the first draw out lead 8 and the first lead 1a are formed by a damascene process;
and similarly, the second draw out lead 9 and the via 7b that connects the second draw out

lead 9 and the first draw out lead 8 are formed by a damascene process (step 8).



this exemplary embodiment is obtained. By the inductor element thus
obtained, the chip surface area can be reduced; and an increase of
unintended parasitic capacitances cana%% inhibited. 5 [0109] In this
exemplary embodiment, a solenoid shaped inductor element having a
structure of a total of four layers of leads was described as an example,
but is not limited thereto; and the number of layers of leads forming the

iochadtor elgmentmayheappsapeaRhaetiasminedhyifivdesigngeafdb@rding to
semiconductor device as long as it does not exceed the number of layers
thideadsplermitiesh diyrthe desiginednstBainits ofdhedGeamitdhductoained, the chip
device. By increasing the number of lead layers forming the inductor

Bldaserca evldokristrb sadrvowesie plem hgtilvg asmdilepmadiarces can be
area and realizing a large inductance value can be formed. [0110]

%&Eﬁﬁ%@ng to this exemplary embodiment, by forming a solenoid coil

- @nﬁg d inductor elem nt on hedsemlcond ctor.s bstrgteath Brent
T anth O RSB By B A r ot Sl &l Bmen pavine o
éﬁHlEﬁHéfé?E BlGP. ARAS &%’HP%E?! RROUCRGHEIL ﬁ"é%%@@t%‘ﬁ'c‘%g not limited

from a semiconductor substrate can be increased; and therefore, the

mewa&{ammmm&mﬁ&wﬁ%MMﬁgl%@@Ab%{%@&ﬁ&q drayrther,

size reductions of various signal processing devices that are included in
ibersprhiconduciofideicatal s drapaessitlec2iciiitiltioAldeviacaoidingatat does
this exemplary embodiment, it is possible to reduce the parasitic
oeipasitan ceeofuhbdndlibtvereleinhendly perthitieddfy tbe thestaighdneguiaticyl the
characteristics of the semiconductor device including the inductor element

10 spnpiestilist@SRTdss cB BETRAPRA/EY Tonbey ﬁdﬁﬁg}aﬁééém}ﬁ@%dftﬁ ductor

exemplary iment, t acing between the 25 inductor elemen
O TG TEPRS LA G TE QO L o L A . g eclizin o
é,)]e cElfla e gg%aiggga% fguce% and the manufacturing cost of the
iconductor device can be reduced. 35 [0113] Next, a second

E@qqr@ji}olary £mbadipental e RISSANLIMRMNRAISFeSEHRE A solenoid coil shaped
inductor element on the semiconductor substrate, the chip surface area can be reduced by

15 increasing the inductance value per unit surface area, and the number of semiconductor
devices obtained from a semiconductor substrate can be increased; and therefore, the
manufacturing cost of the semiconductor device can be reduced.  Further, size
reductions of various signal processing devices that are included in the semiconductor
device also are possible.

20 [0111] Also, according to this exemplary embodiment, it is possible to reduce the
parasitic capacitance of the inductor element; and therefore, the high frequency
characteristics of the semiconductor device including the inductor element and active
elements can be improved.

[0112] Further, according to this exemplary embodiment, the spacing between the

25 inductor element and adjacent elements can be reduced; and from this point as well, the
chip surface area can be reduced and the manufacturing cost of the semiconductor device

can be reduced.
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Fig. | OA is a schematic top view illustrating the first lead layer 101 of an
inductor element according to this exemplary embodiment; Fig. | OB is a
schematic top view illustrating the second lead layer 102 of the same;

Fig. | OC is a schematic top view 5 illus Pating the third lead layer 103 of
the same; and Fig. | OD is a schematic top view illustrating the fourth lead
layer 104 of the same. In Fig. 10, the same reference numerals are given

foitirg samEsamnesssRéfigard torfhigtitcand ardeaileeddeseription described.

thereof is omitted. [0114] In the first exemplary embodiment described
Bigove AtfreninchentatielementhdisiQtop thedd daleaslaya flireefwinisiuore
of the draw out leads (the second draw out lead 9) that connects the
plrioens pederdiasttatel aexextplarsl cndedimet fng dd Fatsa pelsttigriegop view
connect to an uppermost layer lead (the first lead | a) of the leads of the

iHutiabrelBrrssend adHavsthdar Aioiead s i 5§ EBALatRy ARy
i f ial | f hi 4b I | ;

R S e

ig%%%nﬂﬁ!%%ﬂg E&ﬁ‘tﬁ )fgﬁ% ?H&b&dd@ %g[tnghe m(ii"i'g(?bﬂﬁ&gﬁ{e@eference

rentTn the points that'the inductor element hasfour lead layers and

ﬁw&w&m@eﬁ@%ﬁ%ﬁb@ o R QUbisRAs Batigonne s he indusias fIRMENcription

to external elements both are formed at positions to connect to the
thepermostiaydr lead of the inductor element; but except for these points,

the inductor element has a structure similar to that of the first 20

BXdrhplary lertiisoaishexenfoibt b padifistratddseribigl 210D, fibe thid untucioment has
element according to this exemplary embodiment, the fourth lead 4a is

{8t RaddumnaR SRR AE I A Sl %%éﬁér%ﬂﬁbl@ébﬁéw%@i@@wmHead 9
that adjacent partions do _not contact in the same plane in an insulative

HF (BRI AL O & ST LR SEP R oL ARty RRRROR ©

25 via 6¢ is formed on a longitudinal directign end.portion, u r face of a .
Fﬁ%?%ﬁé%&&l%ﬂ%@qgaﬁrﬁver H Tﬁlle fg"stel%abﬁ drilcg f(c)c:fr alegea%.s g t%ez % C(%()il Qement,

ead 4a, and a via med on a longludina

dHetloByRRdRortion 199@%#&9&@@5@;9@%3% JhereRy e dpuh leaticad
layer 104 is configured. 36 [0116] As illustrated in Fig. | OC, the via 6c is
conreatedidadong imdissadinabst layer lead (the fourth lead) of the leads of the inductor
element to an outer side; while in this exemplary embodiment, the inductor element is
different in the points that the inductor element has four lead layers and twe winds, and
the two draw out leads that connect the inductor element to external elements both are
formed at positions io connect to the uppermost layer lead of the inductor element; but
except for these points, the inductor element has a structure similar to that of the first
exemplary embodiment.

f0115] As illustrated in Fig. 10D, for the inductor element according to this
exemplary embodiment, the fourth lead 4a is wound roughly two winds in a coil shape
having a spacing provided such that adjacent portions do not contact in the same plane in
an insulative film (not illustrated) on a semiconductor substrate (not illustrated). Then, a
via 6¢ is formed on a longitudinal direction end portion upper face of an inner side of the

fourth lead 4a, and a via 6d is formed on a longitudinal direction end portion upper face

of an outer side. Thereby, the fourth lead laver 104 is configured.
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direction end portion lower face of the coil shaped third lead 3a, which is
formed in the third lead layer 103 positioned above the fourth lead layer
104 and has a notch in a portion; and the via 6b is formed in the other
longitudinal direction end portion upper?éce 5 of the third lead 3a. Also,
the third lead 3b is formed to surround an outer circumference of the third
lead 3a in the third lead layer 103; the via 6d is connected to one

fongitudinah diretianendmerion leweriase otihadhid iesp:30n gekihe:

via 6¢ is fonned on the other Iongltudmal direction end portion upper face.

Ot dbAsHl ystrabad i ErighckQB e vibshhrisdabnaacied A0vehieh is formed in the
longitudinal 10 direction end portion lower face of the coil shaped second

tbiad Ragl wdyioh! g3 fposiadnist thiep setboridiehdday dryt020dasitidned abowen a

the third lead layer 103 and has a notch in a portion; and the via 6a is

PO Bt Gihéblbrigitugthil divathenlerel pemdrlippin fadepertieg upper face

second lead 2a. Also, the second lead 2b is formed to surround an outer

eirtisarbireg ahhé“%%a%%a@%d AR TSERGR (I SRR A B3 e iym ference

6F tﬁs g Ct&g e EE?]%B egilzlt dlga# &re tlon o 0(5%81[’1 O & fac?ongnudmal
e secon e via orme on t ongltu

girestiansn BHfMﬁbk{%P%c‘@SﬁtﬂQ%?& RadstatednBg. Qﬁ:&ﬂ@dvéﬁ the other

6a is connected to one longitudinal direction end portion lower face of th

eaibaanad dirstiradh@pwiichipiermeed in the first lead layer 101
positioned above the second lead layer 102 and has a notch in a 20

foirtioh; and théwiaafalim fBignétRnitheiathieidengittdidabdinedtiapi erdnal

portion upper face of the first lead | a. Also, a first lead 1 b is formed to
dumaimdean putéen direenifercrich ot dieshinpeibsating isah ddirahichds|dymned in the
101; the via 6f is connected to one longitudinal direction end portion lower

FRERTOIER8 HreendQd nosihenstherass gilﬁlmﬁéﬂ%#éaﬁsr{i Ehd Afekhdn 2
(ti I ti e directi rst lead 25 | d
5%%‘%”#@?%&5% e RO UET RS HLPALEEFRL TS O pper
FoN d%q%w Ofggg%ﬂe [Brmed.ing !??8—)@3%{ s%%}%%ﬂs%él outer
to a secon

a OVG t II‘S ayer and e via /c Is connecte

divyottdaad (ﬁq}{QQ&%‘Adﬁé&?%ﬁ‘ﬁq@Ze@ﬁg layer9srthe firgt KWW onnected

lead 8a. Thereby, the inductor element according to this
to one longitudinal direction end portion lower face of the second lead 2b; and the via 6f

is formed on the other longitudinal direction end portion upper face.

[0118] As illustrated in Fig. 10A, the via 6a is connected to one longitudinal
direction end portion lower face of the coil shaped first lead 1a, which is formed in the
first lead layer 101 positioned above the second lead layer 102 and has anotch in a
portion; and the via 7a is formed on the other longitudinal direction end portion upper
face of the first lead 1a. Also, a first lead 1b is formed to surround an outer
circumference of the first lead 1a in the first lead layer 101; the via 6f is connected to one
longitudinal direction end portion lower face of the first lead 1b; the other longitudinal
direction end portion is at a position elongating in an outer side direction of the first lead
la; and a via 7¢ is formed on the end portion upper face thereof. Then, the via 7a is
connected to a first draw out lead 8a formed in a lead layer positioned above the first lead

layer 101; and the via 7c 1s connected to a second draw out lead 8b formed in the same



exemplary embodiment is configured. In other words, the inductor element
according to this exemplary embodiment has a lead structure in which a
parasitic capacitance between vertically adjacent leads described in the

first exemplary embodiment described Bove is 5 larger than the parasitic
capacitance between mutually adjacent leads in the same lead layer,

wherein a solenoid shaped inductor element having a configuration similar
tadheydirst exemplaemRAdiNeA! hasaeeVar MUNber tueref wWiklding to this
and draw out leads (the first draw out lead 8a and the second draw out
deaah@b)katicciment heosdlgned shapéddrindudiothelemieribtelamextecnadding to
element are formed at positions to connect to the first 10 leads la and Ib
hesitienauary trehedpeenidesiayesdoithetwelshvitighapedsiiuetpacitance between

element. [0119] The configuration, operations, and effects of this

%ﬁ%ﬂ&@@ﬁ%&ﬁé#S&g@@éti%gé%&w%waﬁ@%ﬁw%ﬁmé%@bove is
5 T R SR e SRR T R
1 L%ﬁ&gﬁ&'ﬁﬂ‘f@&%&&ﬂ%%ﬁe@i R L ﬁmﬁ%dé@%ﬁ 2 RIHEIE . the

irr whichthe structure of the inductor element according tothe secon
arenRARIsPbodiment descibeckabaue,is wﬁfaﬂx\fm@ﬁ@ﬂ- ARQHREY 1eads (the
words, the first lead layer 101 illustrated in Fig. 1 OA is formed in the
fowermeshiayad shthellgrds afibddnd wetde aledpeiiaitand@cy eiitiGalbhoid shaped
inverted state; sequentially thereupon, the second lead layer 102
illdsttatedeameFigo hOS8:ithetlriahesdhiayermi@Ballpstrated in &ign¢@©,thndrst
the fourth lead layer 104 illustrated in Fig. 10D are laminated in a_

10 lpadschlynAvérissisensd anierreBpnaiiiivant Gatssaeidpanedtiagior
out lead 8a and the second draw out lead 8b) that connect the solenoid

inductor element and external elements are formed at positions to

L e 8 A b e o e A I B

Solenoid Shaped inductor element. Thereby, the in element

9}9@%&&%@&&%{?5@5@9 lQIré' s%@%%@%ﬁkﬁ?ﬂ@%ﬁ%@%{rﬁ&t described

configuration, operations, and effects of this exemplary embodiment
above.
15 [0120] Next, a third exemplary embodiment of the present invention is described.

The inductor element according to this exemplary embodiment has a structure in which
the structure of the inductor element according to the second exemplary embodiment
described above is vertically inverted.  In other words, the first lead layer 101 illustrated
in Fig. 10A 1s formed in the lowermost laver of the leads of the inductor element in a

20 vertically inverted state; sequentially thersupon, the second lead layer 102 illustrated in
Fig. 10B, the third lead layer 103 illustrated in Fig. 10C, and the fourth lead layer 104
illustrated in Fig. 10D are laminated in a vertically inverted state; and thereby, two draw
out leads (the first draw out lead 8a and the second draw out lead 8b) that connect the
solenoid shaped inductor element and external elements are formed at positions fo

25 connect to the first leads 1a and 1b positioned in the lowermost layer of the solenoid
shaped inductor element. Thereby, the inductor element according to this exemplary

embodiment is configured.



10

15

20

25

except those recited above are similar to those of the first exemplary
embodiment described above. [0122] Next, a fourth exemplary
embodiment of the present invention is described. 5 Fig. 1 1A is a
schematic top view illustrating first Iead% formed in the first lead layer 101
of the inductor element according to this exemplary embodiment; Fig. 11
B is a schematic top view illustrating second leads formed in the second
[eex Jayer 102 ohihensaios; figratldds, isnd stematithiopxéematysitaiidgment
third leads formed in the third lead layer 103 of the same; and Fig. 11 D is
exeghdmaticctopdiBwikustratindafdartholeacstherfneccieting 40 éourtdileent
layer 104 of the same. In Fig. 11, the same reference numerals are given
qescreed gy eomponents of Fig. 1 to Fig. 10, and a detailed description
thereof is omitted. [0123] As illustrated in Fig. 11D, in the inductor

(SlEment actotih Ot thiS BRBHISR) eMBERIHERE Bies st falan described.
oL auahiy o winds 0.2 6ol shapeshaving & spadng Rroided.suctc: 1o,
tha or t = afi

t adjacent portions not contact | e same plane’in an 151insu

S%@ﬂé%?&dﬂt&té%ﬁ%?Qc%o}ﬁmdgﬁm%c&éﬁ&&%@ﬁt(@m%ﬁtf@ B R s Rematic

via 6¢ is formed on a longitudinal direction end. portion upperface of an.

inneresidmeiihim ot iaraid o @ndh avincad dsdenemed Qa.a tongitudinghe; Fig.

direction. end portion upper face of an outer side. Also, the fourth lead 4b

18 foraedianuindicpughly ilsteimndstiid teillssbapednavingtispeeaihgyer 103 of
provided such that adjacent portions do not contact to surround an 20 _
batenuitcahid e d®of thechomahdéepl vavin ustfointhitewth keyds fiomethe the
via 6i is formed on a longitudinal direction end portion upper face of an

frmeh kerd layend GoiihrEsh: Wnid e lih Bjas9msielioncs BRBRGHAL given to

irecti d ti face of ter side. T by, the f h lead

o ORI RO B A AL NPT R EPYRD s BRI ot
ted | itudinal di ' i )

e R R IO PO B8 8 ot

pasiiened:ahevehe fostnleaddayerdQhandBas RO AN LBRLIRRIng a

and the via 6b is formed on the other longitudinal direction end portion
s#RRBI3RoTacaiakihethirddaachBportilse doamthicdreadisimis Jarmethie in an

surround an outer

insulative film (not illustrated) on a semiconductor substrate (not illustrated). Then, a
via 6¢ 1s formed on a longitudinal direction end portion upper face of an inner side of the
fourth lead 4a, and a via 6d is formed on a longitudinal direction end portion upper face
of an outer side.  Also, the fourth lead 4b 1s formed to wind roughly two winds in a coil
shape having a spacing provided such that adjacent portions do not contact to surround an
outer circumference of the fourth lead 4a in the fourth lead layer 104; the via 61 1s formed
on a longitudinal direction end portion upper face of an inner side of the fourth lead 4b;
and a via 6] is formed on a longitudinal direction end portion upper face of an outer side.
Thereby, the fourth lead laver 104 is configured.

[01241] As illustrated in Fig. 11C, the via 6c¢ is connected to one longitudinal
direction end portion lower face of the coil shaped third lead 3a, which is formed in the

third lead layer 103 positioned above the fourth lead layer 104 and has anotch in a

portion; and the via 6b s formed on the other longitudinal direction end portion upper



10

20

25

circumference of the third lead 3a in the third lead layer 103; the via 6d is
connected to one longitudinal direction end portion lower face of the third

lead 3b; and the via 6e is formed on the.other longitudinal direction end

portion upper face. Additionally, the 5 third lead 3c is formed to surround

an outer circumference of the third lead 3b in the third lead layer 103; the

via 6i is connected to one longitudinal direction end portion lower face of
fie tirkldde 3eadpal tha s B ihifdrieeti3enisieroifeidengiundnal outer
direction end portion upper face. Further, a third lead 3d is formed to
swuodertzne olitbe diicdhafdrénte thef tihelthiad lepe 363nthise/third leadniagaed to
103; the via 6] is connected to one longitudinal 10 direction end portion _
qaw@mﬁe@?@ﬁiwérﬁeﬁené@é Bertiond vl Eieisrdiniblicblean dttpd the via be is
ongitudinal direction end, portion upper face. [0125] As illustrated.in Fig.
flﬂ}'@, Qe PR BB ﬁé?ndfpévéﬁéﬁcam% gt e

ower f of the coil.shaped second lead 2a. which isfermed in the.,. . :
e R PO o Ry BTt it i
RA9151 & 1 Porlien; anghihesdafanis I median eeHarangiHAR3 wer face
direction end portion upper face of the second lead 2a. Also, the second

deack 2iis faraed 4aSUEQNNEIER ALEEd GFCHY RN G oftide sPeRedilnaghd

2a in the second lead layer 102; the via 6e is connected to one

portgitudppat dikectidruethdrpattion lesictdfacfoahthieiseconuhiean @bgaridcumference
the via 6f is formed on the other longitudinal direction end. portion upper

thdes Mbditrodally ntibe2bindsddard ¢ idforméi itcBmeegn doamelgagitudinal
circumference of the secand lead 2b in the second lead layer 102; the via
BFFRIEB AL AVEES EtoRgRAGIAITBIFE Ljsh ¥haortioh OlolhdPTace BF fhe other
Isecq{ng.le?g.z%and tt&e Vil% 61,2 is formed on the other longitudinal

dhect Hlaendrﬁ%?’ﬁg lpr%rlf% EPEUNHEt, a second lead 2d is formed to
faeyind an, auler drymisrencs of ing.seeond iandieg indhe ReeANdiiea

yer'102; the via 6k Is 25 c6nnected to one longitudinal directionen

destiomlewepdacsnabing secondieadiPehard RAGRIISIOMEHAD #higned in the

other longitudinal direction end portion upper face. [0126] As illustrated in
fghrtill Adthe ata Bapssbdniecibal totanthinh@itddinat 403 diigédaen antth in a
portion lower face of the coil shaped first lead la, which is formed in the

portion; and the via 6a is formed on the other longitudinal direction end portion upper
face of the second lead 2a.  Also, the second lead 2b 1s formed to surround an outer
circumference of the second lead 2a in the second lead layer 102; the via 6e is connected
to one longitudinal direction end portion lower face of the second lead 2b; and the via 6f
is formed on the other longitudinal direction end portion upper face. Additionally, the
second lead 2¢ 1s formed to surround an outer circumference of the second lead 2b in the
second lead layer 102; the via 6h is connected to one longitudinal direction end portion
lower face of the second lead 2¢; and the via 6g 1s formed on the other longitudinal
direction end portion upper face. Further, a second lead 2d is formed to surround an
outer circumference of the second lead 2¢ in the second lead layer 102; the via 6k is
connected to one longitudinal direction end portion lower face of the second lead 2d; and

a via 6m is formed on the other longitudinal direction end portion upper face.

[0126] As illustrated in Fig. 11A, the via 6a is connected fo one iongitudinal
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first lead layer 101 positioned above the second lead layer 102 and has a
notch in a portion; and the via 7a is formed on the other longitudinal
direction end portion upper face of the I‘i@st lead la. Also, the first lead Ib is
formed to wind roughly two winds in a 5'coil shape having a spacing
provided such that adjacent portions do not contact to surround an outer
circumference of a second lead lain the first lead layer 101; the via 6f is
diefireieddpationgiudiratelise etio sotinghpedianstoyrarfaceratian need in the
side of the first lead 1b; and the via 69 is connected to a longitudinal

Giise btimh agerd] pbimitlonedrataice: dieancoutelesitiay Biul{iemma fiastleadilic a

is formed to surround an outer circumference of the 10 first lead Ib in the
posiasadnayks v Vatkelvimehristbe nstioa ssushealchetion spctnesosipper
end portion lower face of the first lead 1 ¢; and the via 7¢ is formed on the

B5e! 1RGSR Hirechbivdha PErdsAtuos pmedior idrinughly Ay fgwinds in a
he first d lead di lead | iti
B L B R

g.{ﬁg\{m]dsaﬂ %hk@?gimgge% H@eé&{& %Lﬁﬁfial Wﬂe%@%&ﬁ% Ay ?,“tth.e via 6f

lead 8a. Thereby, the inductor element according to this exemplary

Bohedivnentis ronRfigiest dnQines wordsyitieiindi iR @lemanhacsasdinthe first

to this exemplary embodiment has a lead structure in which a parasitic
kapdtiiandetbetiveerivertinadty didjacentleridsad ésecibheddndipertiksat iower face of
exemplary embodiment described above is larger than the parasitic

sapasitaibe béwden 206msiltadilcas facent lbatisTivntiteasamiet saduayerence of the
wherein the solenoid shaé)ed inductor element having a configuration

Sriiilardd triacthe firatrrst dawsnplalny Biboaimimonasci ©enfepsdadinal

four), of winds; and.dra t leads (the first dra t lead_8a and th

SR AP A G5 T LOF GED 8 oot S epels aggese on he other
lement t terl | f d at iti t t to th

P S R TS Copermost layer of tne solenoid

fhaped indugianlementniQl 28] ([Thad rlciRrelamens agoaiing fodhiad layer

exemplary embodiment has two leads (the fourth leads 4a and 4b) that
it saug abohwehwindgs ivndhielemermast layeri{thei4 tofpvtiddaeadnayeiond draw

104) of the leads of the inductor element. Thereby, the inductor

out lead 8b formed on the same lead layer as the first draw out lead 8a. Thereby, the
inductor element according to this exemplary embodiment 1s configured. In other words,
the inductor element according to this exemplary embodiment has a lead structure in
which a parasitic capacitance between vertically adjacent leads described in the first
exemplary embodiment described above is larger than the parasitic capacitance between
mutually adjacent leads in the same lead layer, wherein the solenoid shaped inductor
element having a configuration similar to that of the first exemplary embodiment has an
even number (four) of winds; and draw out leads (the first draw out lead 8a and the
second draw out lead 8b) that connect the solenoid shaped inductor element to external
elements are formed at positions to connect o the first leads 1a and 1b positioned in the
uppermost layer of the solenoid shaped inductor element.

[0128] The inductor element according io this exemplary embodiment has two leads

(the fourth leads 4a and 4b) that form roughly two winds in the lowermost layer (the



element according to this exemplary embodiment has more winds than
the winds of the inductor element according to the first to third exemplary
embodiments described above; and thetefore, the inductance value can
be improved. 5 [0129] Moreover, it is possible to further improve the
inductance value of the inductor element according to this exemplary
embodiment by a configuration in which the first lead Ic illustrated in Fig. |
fofirfanms teughlpLyss Win tsidand therednaftercisimitar tThbe®ihgk inductor
exemplary embodiments of the present invention described above, leads
¢mringarcaghhg omhisiexkanel provicieel atsn it heavide adnds dap dbitioimet of the
in the lower 10 layers of the first lead | ¢, wherein each are connected in
wdyelor emop s Easdwhe fdshi iHdtes catRle akedransg wWretrabed above;
present invention is formed ?s described in this exemplary embodiment, it
T B RRE e O TS XR PR BT SEBE SPalue further by providing
r multiple leads that form roughly two winds., [0131] Next, a.fift
Sy R B S LA O e R A R e
RRGERIGIP RS RN RbIGRASIBURGRE I Hie: MSlASAMIRNER which
101 of the inductor element according fo this exemplary embodiment; Fig.
heBiist desghealicato eyl ustr a6ings $66ERT IBads iedmeditieinafier, similar
second lead layer 102 of the same; Fig. 12C is a schematic top view
lubtrating ¢kind peag sidrmidad éntthe thérgrisadtiayentiol dfsthibesarheyanehds
Fig. 12D is a schematic top view illustrating fourth leads formed in the 20
fourdagequdalyermeoding tie Barvidefabigin cachdesd hasaiatesdigehimibediyver
are given to_the same components of Fig. 1 to Fig. 11, and a detailed

10 hoetyiphidn frerksid omeain RESAFHEtRESAEGdLEIBent according to
' bodi t least fthe d t leads of th L
e e RGP TR0 e o B Bt gtion
B S R e DS F SRR e e
srlastat byahe LiFgll HeSIgRin MR XSMRN Y BMRANMERL :&fkhly two winds.

example is described in which a lead positioned on the outermost
pircaferenaoh thtithikdieda-JayabdOdisisefettestedsh [P333]i éxsis described.

illustrated in Fig. 12D, in the inductor element according to this exemplary

15 Fig. 12A is schematic top view illustrating first leads formed in the first lead layer 101 of
the inductor element according to this exemplary embodiment; Fig. 12B is a schematic
top view illustrating second leads formed in the second lead layer 102 of the same; Fig.
12C is a schematic top view illustrating third leads formed in the third lead layer 103 of
the same; and Fig. 12D is a schematic top view illustrating fourth leads formed in the

20 fourth lead laver 104 of the same. In Fig. 12, the same reference numerals are given to
the same components of Fig. 1 to Fig. 11, and a detailed description thereof is omitted.
[0132] In the inductor element according to this exemplary embodiment, at least one
of the draw out leads of the draw out leads that connect the inductor element to external
elements is formed by elongating a lead positioned at the outermost circumference of any

25 lead layer of the leads of the inductor element. This lead can be selected by the circuit

designer. In this exemplary embodiment, an example is described in which a lead

positioned on the outermost circumference of the third lead layer 103 is selected.
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embodiment, the fourth lead 4a is wound roughly two winds in a coil
shape having a spacing provided such that adjacent portions do not
contact in the same plane in an insulati 5 film (not illustrated) on a
semiconductor substrate (not illustrated)"Then, a 5 via 6c is formed on a
longitudinal direction end portion upper face of an inner side of the fourth
lead 4a; and a via 6d is formed on a longitudinal direction end portion

npen face Agfinnsauted Hideg AlsD), theHeusthleatistarraditawintis exemplary
roughly two winds in a coil. shape having a spacing provided such that
adjzsEnteporiesdtrieiddntactéorsliroaghly awoouitetscireuriesenechaling a

the fourth lead 4a in the fourth lead layer 104; the via 6i is formed 10 on a
soagRddiralidadsadnterd dersohngspensdeaot eeathvhar bicsaofahéansirtian

lead 4b; and the via 6j is formed on a longitudinal direction end portion

msplefivechler e JlhgratsdbonheralyOME G ERhE Y tpstrted).  Then, a

i d.[0134] As ill -ated.in Fig. 12C, the via 6C i ted to o
R e O S S0 R BT SHAp Bl T e of the
Banihich is farmaed in g8 s ka-thid Jead Jaysl 493 Bﬂ%ﬁ%}ﬁ&@g%%pmr face

fourth lead layer 104 and has a notch at a'portion; and the via 6b is

farmeshep dhe. othgrdongidinri direationteRFRaliRmhHPREH AR PHARES in a coil

third lead 3a. Also, the third lead 3b is formed to surround an outer
sirgrerhfetiencespidhe thisditedd 3ahithihedhirehieasiayedd 03t thatwia Biground an
connected to one longitudinal direction end portion lower face of the third

todet SbramdethecvialBheiso2otidnmédeon the fothth lombiaydindldifectiontensiformed
portion upper face. Additionally, the third lead 3c is formed to surround an
putelosrdydinrchss srradmratiendmsidasrahihs invss Tulper thaferelvigad 4b;

6i is_connected to onge longitudjnal, direction. end portion lower face of the
R TRAUr S 5 RIS O oIS AP AR DIFEHe b EGHGRGIRS] HFB IR outer

e PagionuPRer face, Fuier. e ent g, jead 3d is formed having a
ent portion 5 provi eda an)ylnterme late portion of an outer

fireumference; phdhethird fead 3e inthe; thirdileadh layer t%%%etl&%@@@dé;

connected to one longitudinal direction end portion lower face of the third
leadsh andibeotheniangivdinakdiseciionenthpOIHaNIs, 4%iHONBRAEA in the

elongating in an outer side direction from the bent portion as a draw out

lbad lead layer 103 positioned above the fourth lead layer 104 and has a notch at a
portion; and the via 6b is formed on the other longitudinal direction end portion upper
face of the third lead 3a.  Also, the third lead 3b is formed to surround an outer
circumference of the third lead 3a in the third lead layer 103; the via 6d is connected to
one longitudinal direction end portion lower face of the third lead 3b; and the via 6e is
formed on the other longitudinal direction end portion upper face. Additionally, the
third lead 3c is formed to surround an outer circumference of the third iead 3b in the third
lead tayer 103; the via 61 is connected to one longitudinal direction end portion lower face
of the third lead 3¢; and the via 6h is formed on the other longitudinal direction end
portion upper face. Further, the bent third lead 3d is formed having a bent portion
provided at any intermediate portion of an outer circumference of the third lead 3¢ in the

third lead layer 103; the via 6§ 1s connected to one longitudinal direction end portion

lower face of the third lead 3d; and the other longitudinat direction end portion is
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that connects the inductor element to an external element. [0135] As
illustrated in Fig. 12B, the via 6b is connected to one longitudinal direction
end portion lower face of the coil shaped second lead 2a, which is formed
in the 5 second lead layer 102 position %j above the third lead layer 103
and has a notch at a portion; and the via 6a is formed on the other
longitudinal direction end portion upper face of the second lead 2a. Also,

pbsisesand deasidb is leraed dsuirRdnenR@WIBE irEpadesanse atiheout lead
second lead 2a in the second lead layer 102; the via 6e is connected to

thaeclongitixdihalbdirectioncanoh portiortome] fdemaitthe second lead 2b;
and the via 6f 10 is formed on the other longitudinal direction end. portion
B3pér faceApulliateddsBibrid Hetlg 2 istYorerameetatreovivd aiigbudaral

circumference of the second lead 2b in the second lead layer 102; the via

GBIt SHeTdreRQGIRa BB LI PBHN vahiphos EBired in the
| 2¢; and the.vi is f | h her | itudinal

SRR e R e e e R e C R B

YRR IR A R h IO SOF BRI QUGB Lo

pesitionadahnveithe seconddead lavehd 0and hasne8teheRAnmRIdier

and the via 7a is formed on the other longitudinal direction end portion
cippenffaasobihbdivsideatthd. 250 tlibeditaiddad Iisfotnatdewintis conmected
roughly two winds in a 20 coil shape having a spacing provided such that
adjacdnt gontions dodorcomdgeirtoslrvesufecanicbtercciredmicréhcendfthe via 6f
the second lead la in the first lead layer 101; the via 6f is connected to a

IDFRIRARE itestion SHEtpERIO I RSAEFTSEE BPEIMRACSIdE of therthest the second
lead 1 b; and the via 69 is connected to a Longitudinal direction end .

];?Spctii%‘h‘ EPFAE SBHE O Aty Sl B e i@?éﬁ%"@érﬁﬁ%@%’d‘?&he second
he first draw out lead.8a formed in 25 a lead layer positioned abaove. the

o S R AT s O B L B R R v

ExeroplALemhedinent is,aqnigsed 1043 AL ACKAIIRELL IR EXGII #k tion
embodiment, in addition to the effects obtained 44 by the first to fourth
exepmptany eppeodisaents described above, the degrees of freedom of

[0136] As illustrated in Fig. 12A, the via 6a 1s connected to one longitudinal
direction end portion lower face of the coil shaped first lead 1a, which is formed in the
first lead layer 101 positioned above the second lead layer 102 and has a notchon a
portion; and the via 7a is formed on the other longitudinal direction end portion upper
face of the first lead 1a. Also, the first lead 1b is formed to wind roughly two winds in a
coil shape having a spacing provided such that adjacent portions do not contact to
surround an outer circumference of the second lead 1a in the first lead layer 101; the via
6fis connected to a longitudinal direction end portion lower face of an inner side of the
first lead 1b; and the via 6g is connected to a longitudinal direction end portion lower face
of the outer side. Further, the via 7a is connected to the first draw out lead 8a formed in
a lead layer positioned above the first lead layer 101. Thereby, the inductor element

according to this exemplary embodiment is configured.

[0137] According to this exemplary embodiment, in addition to the effects obtained



the design improve. [0138] Also, as illustrated in Fig. 12C, the third lead

3d, which is the outermost circumferential lead, is bent at a bent portion
provided at any intermediate portion of the 5 outer circumference of the
third lead 3c; and therefore, in compariéiéln to, for example, the inductor
element according to the second exemplary embodiment of the present
invention, the total length of the leads of the inductor element is short.
GBI RS INEUGANGS Vb8 HRAINAS; @i BIREr WOMdsrdBstbefreedom of
case where the inductance value of the inductor element according to the
beckeigekapiplary embodiment of the present invention is a 10 standard
value, it can be said that the inductance value of the inductor element
Bda8iding Adsthisseltastipladyirefibotitiethehzdividductahich iatbe thigrigost
finely adjusted from the standard. value. Accordingly, it is possible to

fiFran Earidetdeathd bein e LR R e eidest dianidntearcdigingapion of the
this ex bodi t byt ber of | [ hich th
S Qs GE TR G M AR JSeP IO NG G xample, the
i r eleme{ésuch as the.inner qz?

rameters 15 of the.indyc meter, lead .
AT |Sac SRS, S IR 5 01207 RATBHora: wetbidhig o e ention

fxamRl Ay Bmdiments heeiiaHiASSIINRELaE ISelY SRIEGURAf | iRductance

forming the draw out leads; and therefore, the degrees of freedom of

dasionaiibe semicondyciordevicadnprovesanthiudheraids passibfeto inductor
finely adjust the inductance value. 20 [0140] Next, a sixth exemplary
eambodimentinighe thresmohihventiphurs debodbednt Bighd Brisensohematicis a
plan view of an extracted portion of a lead of the inductor element

10 geedrtinglus tiisaxberisidribertivoaiduehpriyaenishe suhsiaagmpiiogording
illustrating first leads formed in the first lead layer 101 of the inductor

e RRIRIF ROGETE B NP SBERITAH efgs {2 usted from the
fst%ﬂ mcgg%lto'? V'Xé”aé'%&fé%f‘,ggg%%‘s’sqgl'et% s E{ga p%?ﬂ%%%gﬁ%@%{ﬁa%%f the

&
ayer ofthe’'same;, S a schemaliC view |

IradadPHBARAD OGN 183t e LG A B0 a0 Sy ers in

matic top view Illustrating a foutth lead formed in the fourth lead layer

ot pitbe MG st dmi ANl g vkdd RasameseifmRBas wReAlarameters
are given to the same components of Fig. 1 to

15 of the inductor element such as the inner diameter, lead width, lead spacing, and the like.
[0139] Therefore. according to this exemplary embodiment, the circuit designer can
freely select lead layers forming the draw out leads; and therefore, the degrees of freedom
of design of the semiconductor device improve; and further, it 1 possible to finely adjust
the inductance value.

20 {0140] Next, a sixth exemplary embodiment of the present invention 1s described.
Fig. 13 is a schematic plan view of an extracted portion of a lead of the inductor element
according to this exemplary embodiment; Fig. 14A is a schematic top view tllustrating
first leads formed in the first lead layer 101 of the inductor element according to this
exemplary embodiment; Fig. 14B is a schematic top view illustrating second leads formed

25 inthe second lead layer 102 of the same; Fig. 14C 1s a schematic top view illustrating

third leads formed in the third lead layer 103 of the same; and Fig. 14D is a schematic top

view illustrating a fourth lead formed in the fourth lead layer 104 of the same. In Fig. 13
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Fig. 12, and a detailed description thereof is omitted. [0141] The inductor
element according to this exemplary embodiment adapts the inductor
element of the present invention to constraints of the manufacturing
process of 5 lead structures of recent nfifiaturized semiconductor devices.
In other words, in a recent miniaturized semiconductor device, from
constraints of the manufacturing process, the minimum lead width and

dhe maximym Bad witthefthelrads athe semigRNIHHEL ARV Fig. 1 to

often prescribed. However, the inductor element may need a lead width

Tagger, thad Jldenididusoiije s Widtv pressiibied. by constraints of the

process due to the 10 size of the current flowing in the inductor element.
IDithi$ casd hthmihdtoteleslemerntorbogrdity tethepresentiodiemivadars the
include a lead having a slit. The present invention is devised to reduce
THEAFSIRTecEh PAEIRPIS Y TRECREEN & Sra TP Il aparana tpcess of
the case Wher? the lead of the inductor el mentéi'fg a lead having a slit, the

o SRS S SRR OB B AU RIS ARG LS 1O EHISF I thd iRFGASFds. 1n a recent

element agcordin td)thisgxemp ry embodiment, at least ne of the
I UI‘%Zt% Sy 10(%1 UCLor Gthce (E%{’l COTLS ram‘%s 8] € AL aci urlr)[ﬁgrocess, the
eads of the inductor element and the draw out leads connecting

ipgacion rlementiasiealesmaENas@SIE I 1RINGUEIOLEIRDEM cror

according to this exemplary embodiment, as illustrated in Fig. 13, slits 5a
HEwe ARt drlerdivadth Kikestiontaeernade-iBlahengitiudinal direelioRidth
end portion of a first lead 1 al; also, slits 5b 20 in two rows in the lead

inigdeh tive diio maxéymadedd aidihtederrifeth & firslesdnts alf (hberslitssgae to the
have a C-shape that is open at the longitudinal direction end of the first
sezeop] the cunenslfto Binhavéha msingslemshhpeld dperess theastngighslement
line portion of the first lead |al; and slits 5¢ (not illustrated) have a bent

FEERnHgE I SR PR HIBMR IR RSB dRrbh N Btk ad Thg Prgsent
0143] As illust d in Fig. 13, the circuit desi t i d
RTSr SPE ot R oL T E RIS (REAORATEF SLR e i e

ol A SR B e DA AR 18RA0 Wl having a s
fRdugion elRment an s igsJesistansgHiere w is the lead width of the

[0142] In the inductor element according to this exemplary embodiment, at least one
of the leads of the inductor element and the draw out leads connecting the inductor
clement to external elements has a siit.  In the inductor element according fo this
exemplary embodiment, as illustrated in Fig. 13, slits 5a in two rows in a lead width
direction are made in a longitudinal direction end portion of a first lead 1a;; also, slits 5b
in two rows in the lead width direction are made in an interior of the first lead 1a;. The
slits 5a have a C-shape that 1s open at the longitudinal direction end of the first lead la;;
the slits 5b have a rectangular shaped aperture in a straight line portion of the first lead
lay; and slits 5¢ (not illustrated) have a bent rectangular shaped aperture at a bent portion
of the first lead 1a,.

[0143] As illustrated in Fig. 13, the circuit designer can determine a lead width w of
the first lead 1a; such that the total of each of the lead widths wy, wy, and ws separated by

the slits is larger than the lead width necessary for realizing the desired electromigration
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first lead 1 a,; wi is the width of the lead from one edge in the lead width
direction to one of the two rows of slits proximal to the edge; sl is the

width of the slit; w2 is the width of the lead from the slit to another slit; s2

is the width of the other slit; and w3 is tH& width of 5 the lead from the

other slit to another end in the lead width direction of the first lead la,.

Then, the inductor element is formed by the first lead 1al. Here, it is :

1EYERRIEH AL hRSIReSIBHIR SHEVHEIRE:RaNE.S & AR 16 SIHITBIIWRRK of the

spacing prescribed by the constraints of the process. Further, as

flkisteatethin wids ik Widiiafthe Whithaenecisedhe firstdead,kah daviin to one
slits to a lead layer (not illustrated) positioned above the first lead 10 layer
d0bgisra moont-oialitte shatechirid-ihe 6dandiissfthened ttoctbidstiewlits thutvidth of
in this exemplary embodiment, hereinafter, to simplify notation, multiple
thadcaddinstdhscaktospngibayiskt [piathavidthinodetotheletib rodctorathg width of

to this exemplary embodiment, at least one_ of the leads of the inductor
@@fﬁ%@ﬂh%?@m%wl&d? IS éaﬁﬁalﬁ?é IR (O L5 Welth i oSt Lead Las.

ternal elements.has a slit, and can.be implemented.,in any of the
B R R B e e R bl the

SEEMPIALY SMRRADE NN PIRSHRLIRYENHAN Q%%“r‘ﬁlbﬁijeéé?ﬁéé%- by the

Hereinbelow, as an example, slits made in each lead of the inductor

elementaecardipsieshe sesord examplayembadimemofihes pres8 onnects
invention are described as this exemplary embodiment. 20 [0145] As

thadiradéchdnl Eidhal413, dhitthe andad oy @l @émeiihacaord)ng 4o thisdexemplas\first lead
embodiment, a fourth lead 4al, in which slits 5a, 5b, and 5c are made

bipeildily 16 thowdtobisndisatkahin Fag desodoe doabedds isveiduhd sbitsghiy in this
two winds in a coil shape having a spacing provided such that adjacent
Wﬂ@lﬁ%ﬁ%ﬁ%ﬁﬁﬁ%@e&m@ PraRk DoAY Yighate notated as
illustrated) on a semiconductor substrate (not illustrated). Then, the 25 via
BEROWed on a longitudinal direction end portion upper face of an inner

g(??géﬁf a f?lgtﬁﬁé l%%é%&l@%%ﬁb&c%{@cﬁ?ﬁ&'?of gpge%%rﬂézéoy@%]% irﬁ?é t, at least one

ctlon end portion upper face of an odter side. T ourth’lea

EMBE 10MIDEARTIGUIRE A AR GhATUIIBIRIGE 1BaE4G chitCo e Mi2i BGuiStor

connected to one longitudinal
element to external elements has a slit, and can be implemented in any of the inductor

elements according to the first exemplary embodiment to the fifth exemplary embodiment
of the present invention described above. Hereinbelow, as an example, slits made in
cach lead of the inductor element according to the second exemplary embodiment of the
present invention are described as this exemplary embodiment.

[0145] As illustrated in Fig. 14D, in the inductor element according to this exemplary
embodiment, a fourth lead 4a;, in which slits 5a, 5b, and 5¢ are made similarly to those of
the first lead la; described above, 1s wound roughly two winds in a coil shape having a
spacing provided such that adjacent portions do not contact in the same plane in an
insulative film (not iliustrated) on a semiconductor substrate (not illustrated). Then, the
via 6¢ is formed on a longitudinal direction end portion upper face of an inner side of a
fourth lead 4a;; and the via 6d is formed on a longitudinal direction end portion upper

face of an outer side. Thereby, the fourth lead layer 104 is configured.
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direction end portion lower face of a coil shaped. third lead 3al, which is
formed in the third lead layer 103 positioned above the fourth lead layer
104 and has the slits 5a, 5b, and 5c and a notch in a portion; and the via
6b is formed on the other longitudinal 5%direction end portion upper face of
the third lead 3al. Also, a third lead 3b1l is formed to surround an outer
circumference of the third lead 3al in the third lead layer 103; the via 6d

ﬂ@lq%[?nect%q inRpadongitudingldirgetionRnd RAHARIO Wesfateh fttagal

third lead 3bi; and the via 6e is formed on the other longitudinal direction
&R paitind peppienirReer [Ql4 8T Asdllusiptddhirdigadldn, Widokidsdbrised in the
connected to one longitudinal 10 direction end portion lower face of a coil
Siaipeaiderond fepas Rmbed/hinty ésifoimathiteddd asec bl dedbdailer sigpSa, Sb,
positioned above the third lead Iager 103 and has the slits 5a, 5b, and 5c

KOs Astanrich portepitiandant DR EaaR B IRTBE ORI SHher Iengitidinml
irection end partion upper face of the dl 1. Additi : _
M AP IO R AP S ORI ERCotfer oGS PRGBS, b formed o
sccondiead gatin the-seqonddead Ao aver 102 te MIa ORI 691056%dhe via
o one ﬁloanng?t% inal direction end portion ?o%verafhce o% %{‘he secon%;;lead ’

ab1; andiheva Sdsdarmed.on dheethedangitudinplelirgstioneRd tird lead 3b;:

portion upper face. [0148] As illustrated in Fig. 14A, the via 6a is

senprciectkto onedenoivdinalidireation endl pprtaniowdriacR Ohpmeeiface.
shaped first lead I.al, which is formed in the first 20 lead layer 101

fidsifipned abdvesthe:decdhg. ledsl, ihyerid 68 andinasttheshitscSangbydana

5c and a notch in a portion; and the via 7a is formed on the other

{bregtiodierd ohistole watiasevion Wwpsteradeseiomd fpdtlaadvhigh Aldored in the
first lead | bl is formed to surround an outer circumference of the first

prdsahlierit Rasiayed abore the iadsked daviiddtaqrtoign he slits Sa. 5b.

fed
longjtudinal direction end. o_rtioné_(l)werf ce of a first lead Ibl; and the ..
Bt 2ROt BB BOIRGR 15 SEOAB S gateEh

auiersidg.d i@gg&é&;@ gggéﬁfaﬁ&% alnand.the,via 7cis formed 0.8 ead 26,

end portion ereo en, the via 7ais connected 1o the first

draweut isag-8adarmedin-aleachiayei-pesitienedalavei4s, tharirstioad iead

layer 101; and the via 7c is connected to the second draw out lead 8b
faygad?; the via 6¢ is connected to one longitudinal direction end portion lower face of

the second lead 2b;; and the via 61 is formed on the other longitudinal direction end
portion upper face.

[0148] As illustrated in Fig. 14A, the via 6a is connected to one longitudinal
direction end portion lower face of a coil shaped first tead 1a;, which is formed in the first
lead laver 101 positioned above the second lead layer 102 and has the slits 5a, 5b, and 3¢
and a notch in a portion; and the via 7a is formed on the other longitudinal direction end
portion upper face of the first lead la;.  Alsoc, the first lead 1b; is formed to surround an
outer circumference of the first iead 1a; in the first lead layer 101; the via 6f is connected
to one longitudinal direction end portion lower face of a first lead 1b;: and the other
longitudinal direction end portion is positioned elongating in an outer side direction of the
first lead 1a;, and the via 7¢ is formed on an end portion upper {ace thereof. Then, the

via 7a is connected to the first draw out lead 8a formed in a lead layer positioned above
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in the same lead layer as the first draw out lead 8a. Thereby, the inductor
element according to this exemplary embodiment is configured. [0149] In
this exemplary embodiment, the case where all of the leads of the inductor
5 element have slits is described; but tH& embodiment is not limited
thereto, and may be implemented in the case where it is difficult to realize
the desired lead width of the circuit designer due to constraints of the

tantfactdringepregessefifheisemicRpdHE IO ISE sed e itkifead 8b formed
designer can determine whether to form or not to form slits in any of the

ieddssondiad hytteadscofitel indunioteateBaentTher{6E 50} imdhetinaiotamt
element according to this exemplary embodiment, at least one of the
decaidiof thetitcitistopbloncariehvieheig caniigurédads connecting the
inductor element to external elements has a slit; and therefore, the

[Sttically briditiveeuatiay sadeinestothneariiibese albpidrm iR the inductor

reduced; and. th t igrati ist f the ind I t
EUEERE 1R SAGT BRI (e CACe M S TEIE & ey oy b

1(1:%1 ”1@0%5%9 I%e heecgs?es{{%gréeﬁ‘ Cijsvﬁl@fﬂlﬁytgf ank% kﬁgﬁﬁgﬂgc{?e%ewidth of the circuit
C S{Palnts 0¥t € manutacturing process for the inductor element

ASEorEing LqJhishexemRIarRMbediments inplemeniation s RasgliR P¥eice; and

lead having a slit to imitate a lead having a large lead width. [0151]

Ascordingite; this exemplanyembedimentfavenindhe case siheie the deaek leads
of 20 the inductor element has a slit due to constraints of the

onamufactt fivag prodessdirecentmmimiaturized semiconductor devices, the
effects of the present invention can be obtained. [0152] Next, a seventh

EXeWiblary lsrfisodineier sfamenresording &ntion 95 arlenbegboriyaent, at least one

inductor element according to this exemplary embodiment has a structure

f Whided Srisdie ket et PeidrmE dceBray st dharnductor
| bodi described ' ically.i In other.
et O D 3 A TS RV e 10 IS e

e lowermost layer o eads O ein or elem IS Torme

i@s%stsdﬁ%g 6@ t“HQ iﬁ &&grfg%ﬁ%ﬁgéﬁy 518 %é@(ﬁ?tﬁﬂeﬂé réle!:ciigo&fh%aiéon resistance of

vertically inverted; and sequentially thereupon, the second lead layer 102

4R ilusiratetindhiGah 43 ithe st lead dayerdiiddiistrateddivhige Msircuit

and the fourth lead

designer cannot realize the desired lead width by a single lead due to the constraints of the
manufacturing process for the inductor element according to this exemplary embodiment,
implementation is possible by a lead having a slit to imitate a lead having a large lead
width.

[0151] According to this exemplary embodiment, even in the case where the lead of
the inductor element has a slit due to constraints of the manufacturing process of recent
miniaturized semiconductor devices, the effects of the present invention can be obtained.
[0152] Next, a seventh exemplary embodiment of the present invention is described.
The inductor element according to this exemplary embodiment has a structure in which
the structure of the inductor element according to the sixth exemplary embodiment
described above is vertically inverted.  In other words, the lowermost layer of the leads

of the inductor element is formed in a state i1 which the first lead layer 101 illustrated in

Fig. 14A is vertically inverted; and sequentially thereupon, the second lead layer 102



layer 104 illustrated in Fig. 14D are laminated in a vertically inverted state;

and thereby, two draw out leads (the first draw out lead 8a and the

second draw out lead 8b) connecting the solenoid shaped inductor

element to external elements are formed at 5 positions to connect to the

first leads In and Ib positioned in the lowermost layer of the solenoid

shaped inductor element. Thereby, the inductor element according to this
iExemplans embodBNeRtiseoefigusee: [0338Lindhis @XEMAlATY and the fourth lead
embodiment, the draw out leads 8a and 8b connecting the inductor

lelemelv thextesdahdlemptilsaarddoineciusingydoweljayerteddiayersdbbtreby,
in the 10 lead structure of miniaturized semiconductor devices that are
vumdnatly onidendughbel finsialen ondl igadidh end dbbwidting geimittddosy five
manufacturing process become finer as leads are formed in lower layers.
ReBsFEmG eiPiRROIRIERSH ARWERE slcsoraing ff‘o’tm?@ 63%%{5‘]%1?96 formed at

embodiment, the leads ctor ent ma o slits, a

f th
5 B O A RS OR AT S ar 14y 0Py AR B e O g o e
sanBaan IRAIBIOTR.A0M efepis.al hia m@mxe&m%@m%g o this

except those recited above are similar to those of the sixth exemplary
%ggm%bgmmqg@g@@rg@ms] Next, an eighth exemplary
embodiment of the present invention is described. Fig. 15 is a schematic
topseipw illistiatiegehplfirstlabddayent 1t afdhaeinduciogelemébtcathecting the
according to this exemplary embodiment; and Fig. 16 is a schematic
rdsssadtional Wewtiustcdtmgrasdumimynebtabidpositionaoficatbgdeydnt in the

ositioned in a layer below the first lead layer 101. In Fig. 15 and Fi
@F@§H%W@f@féﬁ%@ﬁ&ﬁ@é%?@@%ﬁﬁé%@e%&?ﬁ%ﬁ#ﬁ@ﬁ@ﬁt@@ﬁ%&sqd itis
to Fig. 14, and a detajled descrip Qar)l,thereof IS omltted%LOlS&‘% This

etar

ESRSHHILR) Bl oRTTgIE Bﬁ%ﬂgf crome finer as leads

aropnd,the Inguetar e'emef&t Coran %Fgg 1 g&ucs}eme Qz‘ﬁe”E'g@cé%d%%m this
ere Yy prevents t performance erlorat|on 0] e in UCtOI‘ ele

Drongit ARt RirHhe dmmaMmetale ARdGaPRGIRPIERANR RS0 18 only

mductor elements of any of the first to seventh 50 exemplary
graRadiments wistheretezentdnve mian grsaiihed gkove. Hereinbelow, an

10

15 10154} The configuration, operations, and effects of this exemplary embodiment
except those recited above are similar o those of the sixth exemplary embodiment
described above.

[0155] Next, an eighth exemplary embodiment of the present invention is described.
Fig. 13 is a schematic top view illustrating the first lead layer 101 of the inductor element

20 according to this exemplary embodiment; and Fig. 16 is a schematic cross-sectional view
illustrating a dummy metal disposition of a lead layer positioned in a layer below the first
lead layer 101. InFig. 15 and Fig. 16, the same reference numerals are given to the
same components of Fig. 1 to Fig. 14, and a detailed description thereof is omitted.
[0156] This exemplary embodiment conirols the density of dummy metal formed

25 around the inductor element according to the present invention and thereby prevents the
performance deterioration of the inductor element brought about by the dummy metal,

and can be implemented also to the inductor elements of any of the first to seventh
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example of the control of the density of the dummy metal formed around
the inductor element according to the third exemplary embodiment of the
present invention is described as this exemplary embodiment. 5 [0157]
The inductor element according to this éQempIary embodiment adapts the
present invention to the constraints of the manufacturing process of a lead
structure of a recent miniaturized semiconductor device. In recent

QUNNURZ e ISSITHRIRAUEIRE HBMGERERth & AliRR IMEd DY AR8tiow, an

manufacturing method referred to as the damascene process described

erdmeinanitacturing anathaenefiiher tisstrxamplasul b amidodimentef itictor
present invention. In this manufacturing method, as illustrated in the

eramerfaatooinignm attibe toirthexfinsplexe aophadireenb ofimentefithe presents
invention, metal leads are formed by making lead shaped grooves (lead

reolrepastens)cretnelans grabivéinitRi: depositing a metal film in the lead
rogve pattern and then removing the excess metal film by a flattening

BHbd sulBEE ST ETPREL BREHFHE IRARR SFRIPSHIMRg B eeigppts the
and the Iike..Whte 'flattenitnigﬁ e mgtal filmfb%/tthe flatteningﬁprqce St ¢
DSHERING' TAHRE &1 the FrStAT filth Bnathe AT SRR S tiferaint AngUre ot a

therainrgdhe: Dim stickners QF s fln betveen T, lead AYeIsREGAmEs:

nonuniform. To solve this problem, in a recent lead formation step,

BRNREYeIRIMRr QYRS RY-FQERG i mYleadsaraRaen RiRekiRhiNge

leads used in the circuit of the semiconductor device. Such 20 dummy

teads gen eraltyardsrefired dnlthasrdunineyurneiah-f0 48 8 Theltsinreynpietal

is connected neither to the circuit of the semiconductor device, nor
siotustyneotthethrderetsneievaenenbutithdid umamiariora eristbakawntusieated in the
inductor element; and thereby, unfortunately, the capacitance between the

TRaRE s RRE Liftleesrod Bim SRt s Erimiase BREONEIE S 0§ s ristentriavention, metal
it betw ignal lead 25 ding lead existing in th .
A TR R e S SO e HREE MG i TBARE Gpoulative
l tical fectiyel large. tig fi
et SRS G e R ST b T S
slemenhipfortanalaldsiaias duentasaneddnprrentaxeieddiieal polishing

dummy metal.

(CMP) and the like. When flattening the metal film by the flattening process, polishing
rates of the metal film and the msulative film are different; and therefore, the film
thickness of the film between the lead layers becomes nonuniform. To solve this
problem, in a recent lead formation step, planarity is improved by forming dummy leads
in a region other than the leads used in the circuit of the semiconductor device. Such
dummy leads generally are referred to as dummy metal.

[0158] The dummy metal is connected neither to the circuit of the semiconductor
device, nor notably, to the inductor element; but the dummy metal exists around the
inductor element; and thereby, unfortunately, the capacitance between the leads of the
inductor element and the semiconductor substrate, the capacitance between a signal lead
or a grounding lead existing in the leads of the inductor element and surrounding the

inductor element, or the like practically and effectively become large. Further, a

magnetic field is created by the inductor element, and thereby, the loss of the inductor
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[0159] This exemplary embodiment controls the density of the dummy
metal formed around the inductor element according to the present
invention and thereby prevents the performance deterioration of the
inductor element brought about by the éﬂlmmy metal. 5 [0160] In the
inductor element according to this exemplary embodiment, as illustrated
in Fig. 15, dummy metal groups 20a and 21 a having mutually different

densitiehaiaunddhedaads aling IAUEPLSIRMEBLIANS, TFRtdeRthIANRY Al

101 of the inductor element according to the third exemplary embodiment

it presenisisvantitity aretiatimed: osusnniduRialgrotpOatarmastin formed
a proximity of the leads of the 10 inductor element has a low density; and
ardumithy métalqgraemetadoonde: outbitlpresdheinpraxioninnotthe hegus eits the
the inductor element has a high density. Similarly, the dummy metal

ppdopsea daierpral e fomadusteupigrcat daoucst ahedhbiubie deremempetal.

Iso in the_second lead layer 102, the, third lead layer 103, and the fourth
oy frshed i )

Lo0iayer B e RIS RE 1 B SET PRGN AR G Bp
b.is.farmed in,a lead 15 layer directly belo at in which the in tor
ittt gy o Pl Vsl o

uee slamealdsdarmadilingaiy abausmand infdiexioily 1 g eef. anda

dummy metal group 21b is formed having a high density outside of the

1Rl el dm s ich SRE MR dY GHRIBIRNIRBISIAST RGN ENEITHAXIMIENt invention
thereof. Similarly, in a lead layer directly above the inductor element, the

aienfimyathetat goum 2 Gleist farnp @ R0fbawidgia dguod ensity inhiheadgidithe

22 for which the inductor element is formed directly below and the
préxitaityienereidizandotidensitmynhe iy oy prR &dor bafanddgoatside of the
high density outside of the region 22 in which the inductor element is

FoPHBY ARG Bclearsafify trreior. gy tsp hese deshpiresinstratitgrdy. the dummy
t icanductqr device in which a lead 25 f i thod )
LB B L& Qe AU Ity B AOEHBLE DTG in the

: e o e | . 5
B O R e er
feitsfying thess 2, Minimumadansity refeenamoiilae metab h I esWerds, a tead

according to this exemplary

layer directly below that in which the inductor element is formed, and has a low density in
a region 22 for which the inductor element is formed directly above and the proximity
thereof; and a dummy metal group 21b is formed having a high density outside of the
region 22 in which the inductor element is formed and the proximity thereof. Similarly,
in a lead layer directly above the inductor element, the dummy metal group 20b is formed
having a low density in the region 22 for which the inductor element is formed directly
below and the proximity thereof; and the dummy metal group 21b is formed having a
high density outside of the region 22 in which the inductor element is formed and the
proximity thereof,

[0162] As a design constraint of a recent semiconductor device in which a lead
manufacturing method by a damascene process is used, the minimum density of a metal

existing in a fixed region often is decided. In this exemplary embodiment, the dummy

metal groups 20a and 20b are formed having lowered densities only after satisfying the
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embodiment, by lowering the density of the dummy metal, which is a
factor in the performance deterioration of the inductor element, in the
proximity of each lead of the inductor element, the performance
deterioration can be inhibited. Here, it |ss?avorable 5 that the regions of the
dummy metal groups 20a and 20b having low densities are formed as
wide as possible, but are suppressed to about that which is permitted by

R ARSI 1o T RERSLHRGTRY e Many ARl NRE R AeeSRIHR B ThA ISR mplary

for the dummy metal groups 20a and 20b having low densities, a lowering
afthdidenstyyrmaydse pardalmedyhy haldngthensiza, ofieiabhsef fhewumdry
metal 10 belonging thereto smaller than those of each dummy metal
perfmedaincthée tumonatyomefdhg rodps @ kdeara 2 Iothapingihigh desmsitidsd of the
further, this lowering of the density may be performed by making the

@ﬁ&éﬁﬁ@%@ﬂﬁ@@#ﬂé@@ﬁf@mﬁw mgpﬁamﬁgm@%lﬂh@&eﬁ] miAcisethis favorable

ps 20a and_20b having low densme lar the s hetween
TR 18 VT TUFHh g G ROk SR D FENS Agprmed

dens ties. 15 itio mak the f dumm a

Shma grag |h% e%%l essﬁgr%)er beﬁv?(leagn eachﬁsd%erﬂ m%y}nr?%egta h?he? sien
%} M@h@ PHRS AR ABGARP Hawing low densities may be formed.

[0164] In the |Ilustrated example of Fig. 15 and Fig. 16, an example is

jbustrpted injswhishtheidensityetdhercub s meialis khang eslinidnies, a

stages of the low density dummy 20 metal groups 20a and 20b and the

highrtensithddemsiyy metabg reufis3dd ana ity thet dre diwachyofibtafisnmy metal

not limited thereto; and three or more dummy metal groups having

Patfroging diferentradhitiean iayb e fersledinmotherisl rascthia shageempty metal

which the density is changed may be three or more stages; and further,

ﬂ’i‘é“&é ﬁémﬁ&ﬁa@%‘fiﬂ@l&h AR SREIRSY, Busdomtrisu RdsRs Faay be

rén a str cttért in which %n dummghz metal d%risb mcrea d

BraqUARy 1%% e dIStaicd oM e RaUETE SEREnTIRG eAe8 g%l%%‘e —

@'&81 egnao hig 5&%%@6%}1@8@'@&%&@%@&5 é}%%ﬂ{e”% ﬁg hvcen ouch

escription rroundlng regl ina OI'IZ irection o

eachPeiahlieadief dhmas dnduciesslementis resitediubihedpelistar

element according to the present invention
Additionally, by making the size of each dummy metal smalier and making the spacing

larger between each dummy metal, the dummy metal groups 20a and 20b having low
densities may be formed.

[0164] In the illustrated example of Fig. 15 and Fig. 16, an example is illustrated in
which the density of the dummy metal is changed in two stages of the low density dummy
metal groups 20a and 20b and the high density dummy metal groups 21a and 21b; but the
dummy metal 1s not limited thereto; and three or more dummy metal groups having
mutually different densities may be formed. In other words, the stages of which the
density 1s changed may be three or more stages; and further, the density change of the
dummy metal may be continuous, and may be formed by a structure in which the dummy
metal density increases gradually as the distance from the inductor element increases.
[0165] Also, in this exemplary embodiment, in the proximity of the inductor element,

a description of a surrounding region in a horizontal direction of each metal lead of the
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has a three dimensional widening; and therefore, the definition of the
proximity of the inductor element includes the regions of the upper portion
and the lower portion of the inductor element. 5 [0166] According to this
exemplary embodiment, effects of the dsémmy metal on the inductor

element can be alleviated; and the performance deterioration of the

inductor element brought about by the dummy metal used in the
imAaRuWReisBg P acaasiobthenleatiuettl clupeat @cE%‘E@ﬂg% RIRIYFZRE: invention
semiconductor device can be inhibited. [0167] Next, a ninth exemplary
embdgicadnt efdhedresentiiyentiands descib el fidildn of It Api®@mity of the
schematic top view of a semiconductor device according to th.i.s

ioduotpl alymenn badkirdenth&iggDTB df thecvppsrametionaindidhve v piortigo Af the
of Fig. 17A, and Fig. 18 is a circuit diagram of the semiconductor device
REEEINIS RS Mis exemplary embodiment. In Fig. 17 and Fig. 18, the same

ference numerals are given to the same components of. Fig, | to Fig. 16,
WY et EP a9 FRSFRBIIS SHRRAELRES (S8 AL HE PN fieialon the
Fig. 17 and Fig. 18, a transistar 36.and an-element separation insulative
Wt R AT PR A SO Ao

SRS BANGIOrBlRYiSs ARcarding, o this RXEMPIRDABMAATIRER Acess of the lead

resistance €lement 35 formed of; for example, a multicrystalline silicon
iayerfeelysitaentavanispravidedcondia®lement caepanaligntsulative

film 31; and an inter-layer insulative film 32 is provided to cover the 20

gleiént separationritiseiative fitnedbahci¢the redistansamelemerivBss dedhébed.
interior of the inter-layer insulative film 32, a power supply lead 33,

Fagid afyisristabgatisuRip lac s el eaisoaddoidldeac e Reea gy ledhirestemplary
these are formed; and an inductor element 34 accordingf to the Eresent

TFVRRHBITS fofmbtPsihLEESEERPEA) 4 FBHHANS N Rted-6f thé iiniltiiend Fig 18 is

Iaé/.erl ds. One terminal. of the induyctor eleme tsz%i connect(?d to the ..
a Circul agram, O £ S§1§'1100n H%:tor CVICE aCcCOrgIng 1o LS Cf(eé.‘ﬂt% embodiment,
POWEr pply lead"33, and the other terminal is’connécte Bné

f‘r?r.ﬁsk%’.‘%'? %BH‘?%??ES}G{&C&II%%}%%@? eIl E%etr%%&?gc# ﬁ{e‘@ﬁne components of

resistance element 35 is connected to a drain ter e transisto

@@g, angd ?i@.qlétpéﬂdt@r&&it%ﬁké%@cﬁ&%ﬂqge@éb@ig@%ﬁ{t@ﬁd 54 between the
resistance element 35 and a drain terminal of the transistor 36. A source

[0168] As illustrated in Fig. 17 and Fig. 18, a transistor 36 and an element separation
insulative film 31 are provided on a semiconductor substrate 30 of the semiconductor
device according to this exemplary embodiment; a resistance element 35 formed of, for
example, a multicrystalline silicon layer (polysilicon layer) 1s provided on the element
separation insulative film 31; and an inter-layer insulative film 32 is provided to cover the
element separation msulative film 31 and the resistance element 33.  In the interior of
the inter-layer insulative film 32, a power supply lead 33, mutually insulated multiple
layer leads, and vias that electrically connect these are formed; and an inductor element
34 according to the present invention is formed simultaneously by a formation step of the
multiple layer leads. One terminal of the inductor element 34 is connected to the power
supply lead 33, and the other terminal is connected to one terminal of the resistance
element 35. The other terminal of the resistance element 35 is connected to a drain

terminal of the transistor 36; and an output terminal 38 is provided on a metal lead
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terminal of the transistor 36 is connected to a grounding lead 39; a gate
terminal of the transistor 36 is connected to an input terminal 37; and an
amplifier generally referred to as a shu%i peak amplifier is configured.
Thereby, the semiconductor device according to 5 this exemplary
embodiment is configured. [0169] As described in the manufacturing
method of the first exemplary embodiment of the present invention, the

BetREtAVEE iRsidative Jimad genamlyirmayhaie-adamingiasstaictere afsource
multiple layer insulative films; but in Fig. 17B, the inter-layer insulative film

BfhisgrapliicathnsepoeSéntethmscatsingle gnsutating kb 390 {@b0kAlsnalint the
this exemplary embodiment, the resistance element 35 uses a polysilicon
resstacE Isroaneridtivedy, itnattasisianke /e e entRsphiasy Benarallicigéered to as
resistance in which a silicide such as, for example, NiSi and the like is

FoHRPSRF SIS EurPaligEe: or BEsMplEteRFYIfRGadu oDy isgéccording to

lectrode; and these may.be ropriately selected by the circuit
& Ss?@‘ﬁ%’@ﬁ@rﬁ%%?? %gl%r%ﬁ@?g rr%ay be used as 15 the resistance

@%@fnt 35&5[%5&11%84& i Qﬁﬁ[ﬁg 9{4@%@%&%9{}{&%}& egg?ﬂ(ﬁlﬁry embodiment

ccording to this exemplary embodiment having the configurati

SeaRIiRgfe the descrrtianabaye: imdascibeth The sRMIGPANYUIC a laminate
device illustrated in Fig. 17 and Fig. 18 has the inductor element 34
acddecasfadongh angdharabytineiiase bhenimgetaRctolike-1oad ingletive film
high frequency 20 band; and by compensating a decline of the gain in the

Bigh freguienly tranchehiedtesa: paghsincudapaciigmee, transforms an

amplifiable frequency band to wideband or obtains a high gainin a
Haéi)%hatedéf%a%ﬁw%m@w@m@ﬁé% Aerpastascs HigRARES 4

applied to the input terminal 37, the alternating curyent signal is amplified
B A LA R 38 2o o] ACEOIA TR Bh eI - S e

embodiment,.the par sigc ca&acit%nce of the w ctoc{ %Ie ent 34 is
resxs‘ ncean Whicii S1IIC1GC SU 85 Or e()j;amg [ 151 the fﬁ?@ 1 ormed ona
small, and therefore a semiconductor device that realizes a further

R e o man e ok S
ReRkiNape Rt he aklaingskioner. Further, a MOS transistor may be used as
the resistance element 35.

10171} Next, an operation of the semiconductor device according to this exemplary
embodiment having the configuration according to the description above is described.
The semiconductor device illustrated in Fig. 17 and Fig. 18 has the inductor element 34
added as a load, and thereby increases the impedance of the load in the high frequency
band; and by compensating a decline of the gain in the high frequency band due to 2
parasitic capacitance, transforms an amplifiable frequency band to wideband or obtains a
high gain in a designated frequency. In the case where an alternating current signal 1s
applied to the input terminal 37, the alternating current signal is amplified by the output
terminal 38.

(0172} According to this exemplary embodiment, the parasitic capacitance of the

inductor element 34 1s small, and therefore a semiconductor device that realizes a further

transform of the ampiification gain to wideband or a semiconductor device that can obtain
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According to the semiconductor device according to this exemplary
embodiment, the frequency band can be improved to an extremely high
frequency band of about several tens of GHz. 5[01731 In currently
mainstream semiconductor devices, geﬁérally, a differential circuit that
amplifies a differential signal is often used, but the semiconductor device
according to this exemplary embodiment is a single-ended method. This is
dnpewent sthedesaphicalrepiesenaiion o B REGO MRt GO RISXba BB d.
claims of the present invention do not have any fimitation for the circuit
Aeihdéththat fheplemantddtieridductoncdOdiamenthacensdipgiodhd piesant the
invention. [0174] As recited above, the embodiment of the implementation
Oequenc berdreaidmanpaoedriing txttanphe deglt framietion beral of about several
semiconductor device can be implemented similarly also for an inductor
‘@Fé“fﬁérﬁ%écording to any of the exemplary embodiments of the present

' tion. 15 [0175] Next, a tenth exemplary embadiment of the present .
iifciathet ettt Al A it
essential portion of the.semicgonductor dgvice according to this exemplar
R e R T S B SR S R e

B dEQ HR SRIRIBREEPHIRIAE AL QY BRI BRIV to prevent

components of Fig. 1 to'Fig. 18, and a detailed description thereof is
orittephidfl [Rb7&EAsH M SHHEHb FithelntiecSeMICARMISIOR GEVikSresent
according to this exemplary embodiment includes a diffusion layer 40 to
enelosaai inductor 84 inrtietielefedtesaparatioriliod ukative flkmitothdheductor
semiconductor substrate 30; a metal lead 41; and a contact 42; and a

Slesueith Aec e dinisteoim et evniREHiit another metal lead (not

illustrated) having a grounding potential. The metal lead 41 connects to

tRbdikusionts FECTERA RO S eraRsiaeta oL [ 2plera saigbiRaLRE the inductor

irllcrea e the glistafn(ife betwe%n the jnductor element 34 and .the gr undin% .
FASTRL PREERR8 o s Sl TN IS SERSRER 1 et B mented
g’lﬂiﬁgﬂ9%§js6hi%l%£8 ﬂﬂﬂ!&%ﬂ %%(Pnléng SE%H?HH}%% %’?%ﬁ&ﬁ%‘é@%ﬁi%ﬁ&%éﬁﬁmnts of

semiconductor device
the present invention.

[0175] Next, a tenth exemplary embodiment of the present invention is described.
Fig. 19A is a schematic top view of an extracted essential portion of the semiconductor
device according to this exemplary embodiment; and Fig. 19B is a cross-sectional view
along line A-A of Fig. 19A. In Fig. 19, the same reference numerals are given to the
same components of Fig. 1 to Fig. 18, and a detailed description thereof is omitted.
[0176] As illustrated in Fig. 19, the semiconductor device according 1o this
exemplary embodiment includes a diffusion layer 40 to enclose an inductor 34 in the
element separation insulative film 31 on the semiconductor substrate 30; a metal lead 41;
and a contact 42; and a grounding lead is formed connecting to another metal lead (not
illustrated) having a grounding potential. The metal lead 41 connects to the diffusion
layer 40 via the contfact 42.

[6177] 1t is favorable to increase the distance between the inductor element 34 and

the grounding lead as much as possible; but the distance between the inductor element 34



taking into consideration the effects of the eddy current excited in the
grounding lead by a magnetic field created by the inductor element 34,
the parasitic capacitance between the iiuiluctor element 34 and the
grounding lead, the surface area of the semiconductor device, 5 and the

- like. In this exemplary embodiment, an example is illustrated in which the

10

15

grounding lead includes the diffusion layer 40 formed on the

semicondustnn substiatendhanve®l laadidhiaadihe contactddidautitherr device
grounding lead is not limited thereto; and the grounding lead may be

fairme thby conbydtretdiff tistatitaye p Abeand e thistasejttd apply @ounding lead by a
grounding potential to the diffusion layer 40, the contact 42 and the metal
Tezgnaticriald seeaedchn Huctedi tdoa Povisn of tidee dvfasiondagay Bocabeween the
metal lead 41 may be connected to another metal lead having the
Brdenstr e At thenap g deasuithg Fé%%i%&%ﬁd@%sr‘ém%@m device,

f hich.mul ds. h
B M e o S D R s S e i e e

5385&&%@3&%@!1@9%@%1%& é? fdgf gr%@d 69 %gé%qC%X&ﬂgﬁjr%ﬂgstrate the

urther nected to the 15 metal lead 41 |I ustrated in Fig. 19. [017

AeeArdinoato this tﬁé%ﬁiﬁé%fﬂ@%@ﬁi@@ﬂ&hﬂ&ﬁg qlitie "‘stﬁofth%zﬁ&%f %Q%%ﬁl the
effects of the ninth exemplary embodiment described above, effects of

prisadexcied inathe: Jemicondusibr thekibifattodguedn the indbitonse, to apply a
element 34 exerted on another circuit element (not illustrated) formed on
trewsemicontuto s tisstidfes 30 tavehéddtie centa20DaTOIINext @ iead 41 may be
eleventh exemplary embodiment of the present invention is_described.

FgNOEad @ SopREHRI B @}Eﬁws&ﬁlh}w&ﬂ&ew sz asiiall isetioniemite connected
seml nductor device accqrding to this exemgary empodiment. Ignégf%
éeafi may

& WS@rEﬁé&ﬁﬂﬁm%@ i%r?%efﬁ Sarh B Ebi poner
%9 FeL% i%rgmr? ¢S rggtta” crl%}gnhthe EOflc!:S'l @slt éjvzr% 541%‘% %}1'11 h%ne same
ent

exemp ary embo iment desc egroun ing’le vmg

JFRURdING,ReteRsial is f&f@}sﬁn&% %&&‘J&S& IRALGIAr B IBDERL AWl the

|n t is exemplary embodiment, the grounding lead is different’in the
peintslelnot srmpieely 57 qoiikgaiind thevndusharfetameni B andto the

having a notch 43 in a portion; and except for

metal lead 41 illustrated in Fig. 19.

[0178] According to this exemplary embodiment, in addition to the operations and
effects of the ninth exemplary embodiment described above, effects of noise excited in
the semiconductor substrate 30 due to the inductor element 34 exerted on another circuit
element (not illustrated) formed on the semiconductor substrate 30 can be reduced.
[0179] Next, an eleventh exemplary embodiment of the present invention 1s
described. Fig. 20 is a schematic top view of an extracted essential portion of the
semiconductor device according to this exemplary embodiment. In Fig. 20, the same
reference numerals are given to the same components of Fig. 1 to Fig. 19, and a detailed
description thereof is omitted.

[0180] In the tenth exemplary embodiment described above, the grounding lead

having a grounding potential 1s formed to enclose the inductor element 34; while in this

exemplary embodiment, the grounding lead is different in the points of not completely
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these points, the grounding lead has a structure similar to that of the tenth
exemplary embodiment. [0181] According to this exemplary embodiment,
in addition to the operations and 5 effegc,%s of the tenth exemplary
embodiment described above, an eddy current due to a magnetic field
emitted by the inductor element 34 can be prevented from flowing in the
grounding lead, and the performance of the inductor element 34 according

deilihe presenthinvanten sembe nhibiled{iam Oelenioration shiade; thel except for
grounding lead, [0182] Next, a twelfth exemplary embodiment of the

theeseoninnydntignisidiesdubétas WG gl s$mikechematicthp st efanplary
extracted essential portion of the semiconductor device according to this
axepdptEntembodiment. In Fig. 21, the same reference numerals are
lﬁiven to the same components of Fig. 1 to Fig. 20, and a detailed

&8 liptior tReTEBL L I E I LEB PRSP SRt dB RdGTieR el gperations and
dipg to thi I bodi t, 15 illustrated jn Fig. 21,
T e S Ao R RS e AISeeab amer ety o 2
. . e formad N
B R R T s e

A GHR AP diVER AllesRaling: ROVYRNSHRRIY:RAeRtAlS ARE SN present

potentiaTs similarly to the lead group 44, is formed in a layer below the

iappet oSt ayanlabiedf e skmitendustondayite anrdniindispdsed
orthogonally to the lead group 44. [0184] The structure in which leads,
AiétatelyNiwernavpaiiie esepplyrpetehtidinant al groprding ipetentialiadescribed.
disposed in a net shape in the uppermost layer lead layer and the lower

Faget laaasdrmatisgpenivs oy pragsdssssatiahfaipoddbe semiconductor
semiconductor devices. As jllustrated . in Fig. 21, the lead groups 44 and

9 RAATR Bl St SBRBRe FHAR JREPGrodRdifly pottfita aha R

formed in a fixed regjion around the inductar. element Thereby, t -
S T Jasn St - S gpription
BCEUFNG,In;the lead groups 44 and 45 due to a magnetic field created by

the 58 inductor element 34 can be prevented; also, the occurrence of

Hnigiendedpaiasifigiconductor device according to this exemplary embodiment, as
illustrated in Fig. 21, a lead group 44, in which leads having alternately disposed power
supply potentials and grounding potentials, 1s formed in the uppermost layer lead layer of
the semiconductor device around the inductor element 34; and a lead group 43, given
alternating power supply potentials and grounding potentials similarly to the lead group
44, 1s formed n a layer below the uppermost layer lead of the semiconductor device and
disposed orthogonally to the lead group 44.

[0184] The structure in which leads, alternately given a power supply potential and a
grounding potential and disposed in a net shape in the uppermost iayer lead layer and the
lower layer leads of the uppermost layer leads, is used widely in recent semiconductor
devices. As illustrated in Fig. 21, the lead groups 44 and 45 having power supply
potentials and grounding potentials are not formed in a fixed region around the inductor
element 34. Thereby, the performance deterioration of the inductor element due to an

eddy current occurring in the lead groups 44 and 45 due to a magnetic field created by the
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capacitance between the inductor element 34 and the lead groups 44 and
45 having power supply potentials and grounding potentials can be
inhibited. [0185] It is favorable that the dijstance between the inductor
element 34 and the lead 5 groups 44 45 is increased as much as
possible; but the distance between the inductor element 34 and the lead
groups 44 and 45 is determined by the circuit designer taking into

igensisiespiinamtne offestsppéibadnagnstiadisld ereatrd byrthe-tnthdgiarasitic

element 34, the parasitic capacitance between the inductor element 34
@apdacihmtedetigretiptid thdandodwi¢hensdfaod drefead thevpercontitictarving power
device, and the like; and, for example, in the case 10 where the
wppbrpwetiwjeridatewiling hesuyiaftbanihdigidreiément 34 and the lead

[gfrlou s 44 and 45 are sufficiently separated by an inter-layer insulative film

ltiplel1ay Ervabls hadhs theasedoimerd the Bdug durtenedehendthe lead
the | 44 and 45 due to th tic field ted,by th .
ST B SR PR LA S dis TR mdactor
9 4 I i L
e R T TR e o

dheslaad sauRs « Adcnek 4R iR A RN tRraverihednductonriemaptdfioy, the

the determination of the circuit designer. [0186] According to this

freshilanpecnbocinanica ibadrghauer Rbvingedpene ths il peientiahnd 45, the
and a grounding potential is not formed in a fixed region around the 20

indactorelarhtnt 34)iemultearetyyitiee gelfoenidincendeterioratiphe ofntHe case
inductor element due to an eddy current occurring in a lead group due to
whersghetiomenerdatss sydme! ihellrady dichsdpdednrisiepravetiand shsdead

h ¢ : . .

the occurrence of an ynintended parasitic capamﬁggce_ between E_Eeg fgmlﬁple

FORRISF B rEhPart s ?é%&?&%rﬁsgihé P PBErGhPI A
di jal be inhibited. .25 [0187] Accordi
Igr%g ﬁaIHSg gl%elqt eccjé%ge here I%ftzleﬁ%d% gurt leaxccfgeodrl quet?etla%%%asse li‘i and 45

ntion, a solenoid coil s ape I elementis formed o a

FEMISARAUGIONSUIRI AR AP TDSHE N thE FBIBRUTA%8:AH8A AR IC capacitance

reduced by increasing the inductance value per unit surface area, and the

pamRer @k 394 sanieRnduety sevicesabtainassiamna aemicondlciofkcts during
substrate can be increased; and

circuit operation that are of an ignorable degree, it is possible also to form the lead groups
44 and 45 in a form fo cover the inductor element 34 by the determination of the circuit
designer.

[0186] According to this exemplary embodiment, a lead group having a power
supply potential and a grounding potential is not formed in a fixed region around the
inductor element 34; and thereby, the performance deterioration of the inductor element
due to an eddy current occurring in a lead group due to a magnetic field created by the
inductor element can be prevented; also, the occurrence of an unintended parasitic
capacitance between the inductor element and a lead group having a power supply
potential or a grounding potential can be inhibited.

[0187] According to the present invention, a solenoid coi! shaped inductor element is

formed on a semiconductor substrate; and thereby, the chip surface area can be reduced

by increasing the inductance vaiue per unit surface area, and the number of
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therefore, the manufacturing cost of the semiconductor device can be
reduced. Further, it is possible also to reduce the size of various signal
processing devices included in the semiconductor device. 5 [0188] Also, it
is possible to reduce the parasitic capaéﬂance of the inductor element,
and therefore the high frequency characteristics of a semiconductor
device including the inductor element and an active element can be

{ERRd A B ddidhennhefriaGiRehebNa s dheundreiUagPMapi-and; and

adjacent elements can be reduced; and from this point as well, the chip

Surtdor ateancain hetvetigeedtandithecdfcomhuefactiuing: castteftimced.  Further,

semiconductor device can be reduced. [0190] The present invention can

hés priiszadeinl o semsiderdbictoize elivainayvingnatansistsis el rees tiptéuttaden the

leads. With the performance improvement of the semiconductor element,
FelPESRVIRS expected that the operation frequency will increase.

S e RS SRS B HNASPPRCIBHAAE (Gl tement
f%g ?ﬁ&%iﬁ%e&%% Sglllt f? g%%ﬁ%b %&?ag?quﬁ%st%‘? 2 gé%&%ﬁ&&(}p géa%% including the

I~
nductor occuples’in th iIch'Is necessary in a semiconauctor

Arvice BRSPS LRerAC RGN fregugRgiesfurther, itis possible to

inhibit the increase of unintended parasitic capacitance. Thereby, a
EERigonductehde vicesatnealireschigh peifeittanaaanddigh; seliabiiéynents can
can be 20 submitted. [0191] This application is based on Japanese Patent
Bopiicatidrehib{ 12006128t S sfiled chefugustia@086acoh baimtB:pribaity the
thereto; and the disclosure thereof is incorporated herein by reference in
reeHBebsinmn e iR se apifyces (102 FRdprgdertdnvention is

useful as an inductor element used in h,iﬁh frequency circuits and the like

HHd' 3 a seffidSRtICS BRSIoR AR (R thed ihRIBLGP BRI BEe having
CHANS. 3 A DAUEIoL APTOER OMERR AMMISRIE Py lerd v e
semiconductor element, hereafter, it can be expected that the operation frequency will
increase.  Also, it may be considered that applications in high frequency bands used in
wireless communications will expand further.  According to the present invention, it 1s
possible to reduce the surface area that the inductor occupies in the chip, which is
necessary in a semiconductor device that needs to operate at high frequencies.  Further,
it 1s possible to inhibit the .increase of unintended parasitic capacitance. Thereby, a
semiconductor device that realizes high performance and high reliability can be
submitted.
[0191] This application is based on Japanese Patent Application No. 2006-209915
filed on August I, 2006 and claims priority thereto; and the disclosure thereof 1s
incorporated herein by reference in its entirety.

industrial Applicability

[0192] The present invention is useful as an inductor eclement used in high frequency

circuits and the like and as a semiconductor element including the inductor element.



lead, an insulative layer that insulates leads above and below, and a via
provided in the insulative layer and connecting leads above and below
wherein lead layers are multiply 5 laminated layers, characterized in that:

at least a portion of at least a pair of veﬁ?cally adjacent leads are coiled

leads; the coiled leads are connected in series, wherein current directions

of vertically adjacent coiled leads are the same by a via provided on an

end portion thereof, and form a seriglipgiygtance; and an inter-lead
capacitance of the vertically adjacent coiled leads is larger than an

interdlead capagditence: ketweadoaibé i maileslddads leahaditntrecsamesing a
lead layer. 2. The inductor element according to claim 1, wherein the
Ivediionllysatiinve ftyooiled lendsierploviiod madelews ahdn theguderigd in the
layers, and not less than three layers of the coiled leads are connected in
ISSHISE Ys e wadisonnicdine irlrebnoR et Beloanvdigrrdnsisaddaeysarppaultiply

R e e s e e it

eleme ording to.Glaim. erel [ ween .other cojled. . .
B T e e el curn
&%Wﬁﬁ_ﬁ yﬁ%e&%{&@?'&)ﬂj@@@x@%@ﬂ&@ﬁ'&ﬂié%@%h@%ﬁre%‘ Qﬂémﬁé%rﬁﬁ Bh end
according to claim 4, wherein an effective relative dielectric constant of an

pastibativertiln thatinsulatively separates lertmahtbel varticallyitadiace e

coiled leads is larger than an effective relative dielectric constant of an

rsttatlyadidneithatilesutatizaly sapathiesintnierdoid ddpad sformbethvize thether

same lead layer. 6. The inductor element according to claim 1, wherein: at
10 tedsd dersdofatracddndéic 38mesddaddgiebrises a shape having two winds; a

coiled lead other than_the coiled lead having two wind:s,_co'mprises a )
shap& havihief SHLPGHRTE SMET AREAL 160 L OIEDN LAl TEIR Pt Rk adiacent
one-wind shape are formed.in the same lead er. 61 7. The inductor

S BT s R R o i g rvers

Wen PSSO SRIgd 183 cied in series by the via to make flow directions of currents

h

the same.

15 3. The inductor element according to claim 1, wherein a lead width of the coiled
leads is larger than a lead height of the coiled leads.

4. The mductor element according to claim 1, wherein spacing between other
coiled leads formed in the same lead layer is equal to or larger than spacing between the
vertically adjacent coiled leads.

20 5. The inductor element according to claim 4, wherein an effective relative
dielectric constant of an insulative film that insulatively separates leads of the vertically
adjacent coiled leads is larger than an effective relative dielectric constant of an insulative
film that insulatively separates other coiled leads formed in the same lead layer.

6. The inductor element according to claim 1, wherein: at least one of the coiled

25 leads comprises a shape having two winds; a coiled lead other than the coiled lead having
two winds comprises a shape having one wind; and at least two coiled leads comprising

the one-wind shape are formed in the same lead layer.
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8. The inductor element according to claim 1, wherein at least one of the
coiled leads positioned in the uppermost layer comprises a shape having
two winds in the same 5 lead layer. 9. The inductor element according to
claim 1, wherein at least one of the coiléd leads positioned in the
lowermost layer comprises a shape having two winds in the same lead
layer. 10. The inductor element according to claim 1, wherein all of the

lead heightspefinkldiwe gellegieqds-ane subsiantialythesamne. thlbdiRe formed by

inductor element according to claim 1, wherein at least one of draw out

ieddstaonnegted dbcaiiehidgdertion of the coiled lead for electrically

connecting to an external element is formed in a lead layer different than

a leadl layeF hetefeiiahe goitntadeardlisgddvroladn 15 wierthesiridagtone of the coiled

element according to claim 1, wherein at least one of draw out leads

leafineetirRs A dRRIPERIBI Tt lavS [ cnrBaTssi R eBRe BRI O Hivetiy kg same
n . external element is formed by an elongation of any lead positioned at

af o%?éeﬁnost circumference of the coiled lead. 13. The inductor element

accoying t?h%'%iﬁh&]bg%‘%ﬁ%ﬂt%éépﬂ%gg REINES ’},Ovtﬁ‘l%%%oa% e 18298 he coiled

formed in the same lead layer are all stibstantially the same in the same

1eaf JBYRIorkd if Ml MAGIOh S EIPENL REERLDINGSIR HlaT it JMRRT SHLIRE L the same

coiled leads comprise a slit. 15. The inductor element according to claim

ikhd weerein the draw out lead 25 comprises a slit. 16. The inductor

element according to claim 1, wherein dummy metal is multiply formed in

a leatlllayelt ieherkictdhel cotetddeaddiagg dalmed] anteeteal ity thethed heights of
dummy 62 metal of a side proximal to the coiled leads is lower than a
ﬁv@wgié@ﬁfeh@@mﬁ#hﬁm&@mbﬁha gigedistal to the coiled leads.

11.  The inductor element according to claim I, wherein at least one of draw out
leads connected to an end portion of the coiled lead for electrically connecting to an
external element is formed in a lead layer different than a lead layer wherein the coiled
lead is formed.

12. The mnductor element according to claim 1, wherein at least one of draw out
leads connected to an end portion of the coiled lead for electrically connecting to an
external element is formed by an elongation of any lead positioned at an outermost
circumference of the coiled lead.

13, The inductor element according to claim 1, wherein distances between other
coiled leads formed in the same lead layer are all substantially the same in the same lead
layer.

14.  The inductor element according to claim 1, wherein the coiled leads comprise
a slit.

15.  The inductor element according to claim 11, wherein the draw out lead
comprises a shit.

16.  The inductor element according to claim 1, wherein dummy metal is multiply

formed in a lead layer wherein the coiled leads are formed, and a density of the durumy
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17. The inductor element according to claim 1, wherein dummy metal is
multiply formed in a lead layer positioned in a layer above or below a lead
layer wherein the coiled 5 leads are formed, and a density of the dummy
metal of a side proximal to the coiled ledds is lower than a density of the
dummy metal of a side distal to the coiled leads. 18. A method for
manufacturing an inductor element, comprising: a step that forms a lead

lavar Whesrip aoaied 18k QR et RsHEvE M RRF-AMA I YrGAPRGRIRy metal of

coiled leads are provided; a step that laminates lead layers wherein an

nteteldaehl:0 Caprcitanegief the vertically adjacent coiled leads is larger
than an inter-lead capacitance between other coiled leads formed in the

samel lead BEyemdanthacdtexthatfordisgidrdanodt whad-fordetantricathyl is multiply
connecting the coiled lead to an external element. 19. A semiconductor

Hunied torrlpiidiayeeoitidertdrie e inentaderertinyg v anieadriayet ethinesn the coiled
%e-aggs' are formed, and a density of the dummy metal of a side proximal to the coiled leads
15 lower than a density of the dummy metal of a side distal to the coiled leads.

18. A method for manufacturing an inductor element, comprising: a step that
forms a Jead layer wherein a coiled lead on an insulative film and a via that connects
coiled leads are provided; a step that laminates lead layers wherein an inter-lead
capacitance of the vertically adjacent coiled leads is larger than an inter-lead capacitance
between other coiled leads formed in the same lead laver; and a step that forms a draw out
lead for electrically connecting the cotled lead to an external element.

19. A semiconductor device comprising the inductor element according to any

one of claims 1-17.



