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- the inductance of an inductor clement is deterriined by a current flowing in a metal lead

DESCRI PTI ON | NDUCTOR ELEMENT, | NDUCTOR ELEMENT MANUFACTURI NG METHOD,

Techni cal Field [0001] The present invention relates to an inductor el
manuf acturing the sane, and a sem conductor device including the indL
hi gh integration of recent serfi conduct or el ements, induction el ements

sem conductor devices with the goal of inproving operation frequencie
whi ch are conponents of sem conductor devices, are undergoing perforr

li ke. However, the indu n i nductor elenent is determ ned &
by the current; and thergh%gégﬂﬁﬁg

OINBUCRACELEMENT, INDUCTOR ELEMENT MANUFACTURING METHOD,
AND SEMICONDUCTOR DEVICE WITH INDUCTOR ELEMENT MOUNTED
THEREON

Technical Fieid
[0001] The present invention relates to an inductor element formed on a
device including the inductor element.

Background Art
[0002] With the miniaturization and high integration of recent semiconductor
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.
0003 Transistors, which are components of sémiconductor devices, are undergoing
performance improvement by miniaturization, high integration, and the like. However,
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 pm by several tens of pm, and when large, several hundreds of pm by
several hundreds of um; 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, i.e.,
mimiaturization, of an inductor element is difficult in principie; and therefore, the illdﬁctor
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

a circuit designer attenpts to re

AND SEM CONDUCTOR DEVI CE W TH | NDUCTOR ELEMENT MOUNTED THEREON 5
ement formed on a sem conductor substrate, a nmethod for

ctor elenment. 10Background Art [0002]Wth the mniaturization and
fornmed of netal leads, i.e., inductor elenments, are fornmed in

s and achi eving | ow noi se/high stability. 15 [0003] Transi stors,

rance i nprovenent by m niaturization, high integration, and the

)y a current flowing in a netal |ead and a magnetic field created

2al i ze a desired inductance value, a chip surface area is necessary
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20 several tens of p.mby several tens of j.un, and when Iargé, sevetal hundreds of p.m by several hundreds of gm and this results in

an increase of the chip surface area and |i kew se causes an increase
words, even in the case where
and the like, the scaling, i.%., 25 mniaturization,
el ement unfortunately results in a cost
used as a substrate that forns 2 the sem conductor device, the perf

rigi.nat, in.the silicon substrate at ,the lower portion of the ind
i i pelSr dtigea e RETOFRE G R AT st SSUPRPRESARIY appears as

bet ween the.netal..l ead. form e i nduct

h |
R BB H e SRy PHE e oW PRTRE P e R
1y 0 HBLIRG B0 RFGIF Bt BeUST R Shoan SBFHET he

fgﬁﬁgct r | eads a@g t he silicoRg%ﬁbstQﬁte; and t.hereby, the
{APPPAS P IR SpYTeeaant PGP 22 PHASRA SRACBIOEhe dumy met
i ncreases. 15 006] To so]ve these problens, fqr exanple, technol ogy
befvesh ‘U?@ﬁébwé‘ﬁﬁn?% ARBTaE andyihe pidEoR SPsEa&pi ral i nductor in
i tal ?ﬁdu%tor of. each lead layer in_series, and thereby inproves t
[éﬁﬁ pecti¥fe
viewillustrating a spira

i SetRE FOnSC R devies Bingpett lsadsypade
i nductor of a |l ayer bel ow a sem conductor
bRBEE GORRRE S & S SRMpRYteRt b ara formed W agpceatly mpinfyisem dappsiensf the sam
i nductor of a sem conductor jntegrated circuit_ disclosed in Patent L
process, a flattening process 1s performed for retaining the planarity of the inter-tayer

of an i nductor

FCREEAYSr o f or med

practi cal |

insulative film; and therefore, it is necessary to lay island shaped metal (hereinbeiow,
referred to as "dummy metal") also in the regions where metal leads are not formed; but
the dummy metal exists between inductor leads and the silicon substrate; and thereby, the
practically effective distance between the inductor leads and the silicon substrate is
reduced by the amount of the thickness of the dummy metal; and as a result, the parasitic
capacitance unfortunately increases.

[0006] To solve these problems, for example, techniology disclosed in Patent
Literature I, Patent Literature 2, and Patent Literature 3 forms inductor elements by
forming a spiral inductor in each layer of laminated multipie lead layers and connecting
the spiral inductor of each lead layer in series, and thereby improves the inductance per
unit surface area.  Fig. 22 is a schematic perspective view of an essential portion of a
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. 23B is a schematic top view illustrating a spiral inductor of an upper
layer of the same; and Fig. 24 is a schematic top view illustrating a spiral inductor of a
semiconductor integrated circuit disclosed in Patent Literature 3.

f0007] 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 o an inductor element

a mniaturization is perfonited for structura
el enment
i ncrease of the sem conduct of

ment .and the silicon substrate.

insulative film and therefore,
regi ons where netal

of the manufacturing cost of the sem conductor device. In other

el enents of a semni conductor device including transistors
is difficult in principle; and therefore, the inductor

devi ce. [0004] Further, in the case where a silicon substrate is
or mance of the inductor elenment deteriorates due to | osses
Jjctor element due to a high conductivity and a high relative

a lower self-resonant frequency due to a parasitic capacitance 5
[ 0005] Al so, for a sem conductor device using netal |eads
by a recently mai nstream danmascene process, a flattening process
it is necessary to lay island shaped net al
| eads are not formed, but the dummy netal exists between
y effective di stance between the inductor |eads and the silicon
al ; and as a result, the parasitic capacitance unfortunately
‘disclosed in Patent Literature 1, Patent Literature 2, and Patent
each |ayer of lamnated multiple | ead | ayers and connecting the
he inductance per unit surface area. Fig. 22 is a schematic

iropRsHaanduct or device disclosed in Patent Literature 1; Fig. 23A is a schematic top

device disclosed in Patent Literature 2; Fig. 23Bis a schematic
p; and Fig. 24 is a schematic top viewillustrating a spiral
terature 3.




25 [0007] As illustrated in Fig. 22 to Fig. 24, in the case where an
| ead 'l ayers and connecting these in series, about tw ce the inducta
formed using a single |l ead | ayer having the same surface area.
shaped i nductor elenent, which is fornmed by |am nating annul ar | ead

series,
Literature 6; and Fig. 25B is a schematic bottomview froma first

-disclosed i.n Patent Literature 6 reduces a signal delay between the
fg?n?de‘fsé?g’”}%ﬁ%}g?eaﬁ?@fef Hee ersﬁnelsgggce?feaand the 10 second | ead 52,

al inductance. [0010] Patent Literature 1:
BT o050 Peacatarmibe? s Pe Tt e Sap
a2 rﬁnqegag'y %&&?a&:ﬁ&aﬂ%é@'@g{hﬁg g ﬁg‘k}h ina

Pat ent | i
i s which 1sr}‘o
portion and mutually connecting these in series, is disclosed.

Inductor element,
[0009]  Fig. 25A is a schematic top view from a secohd lead 52 side of a
semiconductor device disclosed in Patent Literature 6; and Fig. 25B is a schematic-bottom
view from a first lead 51 side (semiconductor substrate side) of the same. Technology
disclosed in Patent Literature 6 reduces a signal deiay between the upper and lower leads
of the inductor element formed by two layers of metal leads, i.e., the first lead 51 and the
10 second lead 52, and inhibits a decrease of the iinductance value due o a negative mutual
inductance. |
{0010] Patent Literature 1: Unexémined J apanese Utility Model Application
Publication No. S60-136156 |
Patent Literature 2: Unexamined Japanese Patent Application KOKAI Publication
15 No. 561-265857
Patent Literature 3: Unexamined Japanese Patent Appiication KOKAI Publication
No. H03-089548 o
Patent Literature 4: Unexamined Japanese P__atent Application KOKAI Publication -
N0.2001-351980
20 Patent Literature 5: Unexammed J apaxiese Patent Applicétion KOKAT Publication
No. H06-61058

Patent Literature 6: Patent No. 2976926

Disclosure of Invention

However, the conventional art described above has problems as illustrated

25 [0011]

hereinbelow. In the case where a currently widely utilized multiple layer lead structure

is realized by the conventional art according to Patent Literatures 1 to 3, a major problem

Unexam ned Japanese Ut
PRl POARCROKAL  Pub | cat i
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[ 0008} Al so,

s
I

a

i nduct or el enent

is formed by making a spiral inductor using two
e val ue can be obtained in conparison to an inductor elenment 3
in Patent Literature 4 and Patent Literature 5, a solenoid
‘that have a notch in a portion and nutually connecting these in

is disclosed. 5 [0009]Fig. 25A'is a schematic top view froma second | ead 52 side of a sem conductor device disclosed in Patent

cad 51 side (sem conductor substrate side) of the sane. Technol ogy
Jpper and | ower |eads of the inductor elenment forned by two | ayers
nd i nhibits a decrease of the inductance value due to a negative
ity Model Application Publication No. S60-136156 Pat ent
bn 15 No. S61-265857 Patent Literature 3: Unexam ned Japanese




Patent Literature 4: Unexam ned Japanese Patent Application KOKAl Publication No.2001-351980 20Patent Literature 5: Unexam ned Japanese
Pat ent Application KOKAl Publication No. HO6-61058 Patent Literature;6: Patent No. 2976926 Di sclosure of Invention 25 [0011] However,
the conventional -art descri bed above has problens as illustrated hereinbelow In the case where a currently widely utilized multiple

| ayer lead structure is reali#ed by the conventional art according t
parasitic capacitance between | eads. To describe specifically,
| ayer netal |ead formed on a sem conductor substrate often is forned
and often, the distance between vertically | am nated nefal
existeregarding aprsiiG RAGRNGHDEVERESY PO ¢PgPePeanFAlY: Wﬁﬁéhq ayer |ea
As illustrated in Fig. 4, first leads |la and |b having a fixed | ead
ryinberdzation @ repentsaaicBdweT drylacha mpldple lpvea mekal dead ¥ N %ad 10 hei
the first lead |layer 101. An insulative filmhaving a thickness h is
semyendngor, subkigat often is| fermeks] byaa metel tien e bpvrgadindskess 18t and separ
2a and 2b are forned adjacently and separated by the inter-lead dist
more than 1 um; and often, the distance between vertically laminated metal leads also is a

spacing of not more than 1 pm.
10012] Fig. 4 is a schematic cross-sectional view of an extracted portion of a multiple

layer lead structure on a recently widely utilized semiconductor substraie.  As illustrated

in Fig. 4, first leads 1a and 1b having a fixed lead width w and lead height t are formed in

- afirst lead layer 10 1, and second leads 2a and 2b having the fixed lead width w and lead
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height t are formed in a second lead layer 102 which is a layer below the first lead layer
101. An insulative film having a thickness h is provided between the'ﬁrst lead 1ayer 101
and the second lead layer 102; the first leads 1a and 1b are formed adjacently and
separated by an inter-lead distance s; and similarly, the second leads 2a and 2b are formed
adjacently and separated -by the inter-lead distance s; Further, the first lead 12 and the

second lead 2a are formed adjacenﬂy 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 10 exists between the mutually
adjacent ﬁst lead la and firstlead 1b in the same lead layer; a lead capacitance 10b exists
similarly between the second lead 2a and second léad _;2b; a lead capacitaﬁce 11a exists
between the murtually vertically adjacent first lead la and second lead 2a; and a lead
capacitance 11b exists similarly between the first lead 1b and second lead 2b.

[6014] Among the spacing between leadsr 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, 1s determined by a thickness h
of the insulative film beﬁ»veen the first lead layer 101 and the second lead layer 102; and

the thickness h is determined at a fixed value by constraints of the manufacturing procesé

with the mniaturization of

b Patent Literatures 1 to 3, a major problem 4 exists regarding a
recent sem conductor devices, a nmultiple

by a nmetal thin filmhaving a filmthickness not nore than 1 m

| eads also is a 5 spacing of not nore than 1 pm[0012]Fig. 4 is a schenmatic

d structure on a recently widely utilized sem conductor substrate.
M dth Wand | ead height t are forned in a first |ead |layer 101; and
ght t are fornmed in a second |ead |ayer 102 which is a | ayer bel ow
provi ded between the first |ead |layer 101 and the second | ead

ated by an inter-lead distance s; and simlarly, the second | eads
ance s. Further, the first lead la and the
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' eapacitance occurs between the input and output terminals.

25

‘and second 25 | ead 2a and between the first

‘lead width w of the lead of the inductor element is determined from the aspect of series

' connecting vertically laminated mﬁltiple spiral inductors in series as in the conventional

15 second | ead 2a are forned adjacently and separated by.an inter-| e:
2b are forned adjacently and separated by the inter-|ead distance h.
bet ween the .mutual ly adjacent first lead la.and first lead Ib in the
bet ween the second | ead 2a and second | ead 2b; a | ead capacitance 11
and second |l ead 2a; and a |l ead capacitance 1 |b exists simlarly bet
between leads illusnated in Fig. 4, spacing between nutually vertica
{ ) “the fi | ead | b and second | ead :
offtbe sdmisenductad dewper Acprdinglyt the cieeibiesignenel the pemiceaductosnd the thic
manuf acturing process 5 of the sem conductor device. Accordingly, t
@wieroaimmg fitehly deperoiingthb spassenbatweeratnitpaliererticallyl adjadptdeasint | eads On |
spaci ng between nutual ly adjacent |eads in the sane | ead |ayer, i.e.

@n thebehandbend, tihe ciseg Dol gnenchnXeccindeteragontie spath Oietwiant methallper ni t t ed
process. Also, the lead wwdth w of the llead of the inductor el enent

aljsastitadno tiel smoterload lgwdri on, thedesltspanng s pAOLEE] the firttdeadasendhere a | a
Patent Literatures 1 to 3 is configured,

in the case where the lead wwdth w of the first
Also, the

resi st ance,
iirtdml spacingistidiermased Byl copbtr@ihwadf the manufacturing process.

resistance of the inductor element and electromigration resistance.

In the case 'Whére a laminated inductor element of the conventional art
disclosed in Patent Literatures 1 to 3 is configured, the destgn constraints described above
In other words, to realize a lead having a series resistance value
commensurate with the circuit that the circuit designer designs and sufficient
electromigration resistance, in the case where the lead width w of the first leads laand 1b
and the second leads 2a and 2b 1s formed not Iess than a fixed i_ead width, as illustrated in
Fig. 4, the capacit'ances 11a and 11b between _mlitually vertically adjacent leads
unfortunately are larger than the capacitances 10a and 10b between mutually adjacent
leads m the same Jead layer. |

[0016] In other words, for a siructure in which an inductor element is formed by

art disclosed in Patent Literatures 1 to 3, in the case where a pa:rasitic_ capacitance
between mutually vertically adjacent leads 1s 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 termiﬁal, a large parasitic

| Asa reéuii, the apparent
parasitic capacitance between the input and the output, i.¢., the parasitic éapacitance of
the entire indﬁctor element, becomes large; results in a narrow frequency band of the

semiconductor device in which the inductor element 1s formed, efc.; causes performance

*[0013]As illustrated in Fig. 4,

the design constraints desct

- fiaylead) 1 Baskbdtesen theisstcmd deadvd and seamddexliBbabet the pérotitied ci rcui t t hat
| eads | a

the first lead I'b and the second | ead
a | ead capacitance 10a exists
same |l ead | ayer; a | ead capacitance 10b exists 20 simlarly

a exists between the nutually vertically adjacent first lead |la
pneen the first lead | b and second | ead 2b. [0014] Anong the spaci ng
|y adjacent |leads, i.e., |ead spacing between the first lead |la
2b, is determ ned by a thickness h of the insulative film between
xness h is determned at a fixed value by constraints of the

he circuit designer of the sem conductor device cannot freely

he other hand, the circuit designer can freely determ ne the

the | ead spacing s between the first lead la and 5 first lead IDb
m ni mum spacing i s determ ned by constraints of the manufacturing
s determ ned fromthe aspect of series resistance of the inductor
m nated i nductor elenent of the conventional art 10 disclosed in

i bed above are problematic. In other words, to realize a | ead

he circuit designer designs and sufficient electromgration

and | b and the second | eads 2a and 2b is forned not |ess than a

ad di stance h; and simlarly,
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15 Fig. 4, the capacitances 1 la and 11 b between nmutual Iy verti cal
and 10b between nutually adjacent leads in the sane |ead |ayer. [001
formed by connecting vertically lamnated nultiple spiral inductors

in the cage where a parasitic capacitance betwee
capaci t ance between nutual |y adjacent |eads in the same |ead |ayer,

a llower layer lead is an output termnal, a |large parasitic capacita
apparent 25 parasitic capacitance between the input and the output,
deemoraton; andparticdsuy isthersase Weare Bw operatjorefreguepant logh,cheseseni conduct
performance deterioration; and particularly in the case where the o
thepedomatuct of thel swnwndm:tgr@mdeyo gretidy dederaorete. [ 0017] Al so, in the case
spiral inductors is forned sufficiently l.arge to solve the problemt
il 2k ent Alseaid sheacase véregs fortdxamplehthe dagpact bamees varfiealind 10b bet ween

| ead cannot -be forned in a |lead | ayer between nultiple inductors; an
lanfumat¢dspartbingudes| ik frersed [sOffic@inHu ldrfeto, solve thdprobaethahibe e a damascene
netal is laid also in regions in which | eads are not formed, and in
tdpecipacadliltiand ¢ hip betwean cantirdlywerivalle adisceacizad s ara darpattvaethe mul ti pl e i

i nductor el enent deteriorates. [0019] Additionally, according to the
Epaagintdst (e apd t0b bawech eiuedly adjsberlidads itetht saat legd dien@anhed eads, th
onto a plane; but according to studies of the present inventors, eve
adedtbelpadi@nofbeojogte th Hithd lzsyepibmaan thulfigk ;ﬂducﬁire@mﬂltﬁeréﬁfs; e occur b
| arge parasitic capacitances

the surface area efficiency of the inductor element unfortunately declines.

Literatures 1 to 3,

[0018] Furthér, in the casc where a c_iama_séene process is used as a lead formation
method, island shaped dummy metal 1s laid also in regions in which leads are not formed;
and in the case where dummy metalrl exists between multiplei inductor leads, the parasitic
capacitance between leads occurring between multiple inductors 1s 1ﬁrge; and
unfortunately, the pérformance of the inductor element deteriorates.

[0019]  Additionally, according to the conventional art disclosed in Patent Literature
3, to reduce the parasitic capacitance between mutually vérficaliy adjacent leads, the

upper and lower leads are disposed not to overiap when projected onto a planeu; 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 pﬁrasitic capacitances
cannot be obtained. Further, to dispose the upper and lower leads to not overlap when
projected onto a plane, the spacing between the ieads must be given a width equivalent to

or not less than the lead width of the léé.d; and therefore, a new problem occurs in that the

surface area of the inductor element increases.

[002()] Also, in Patent Literature 4, as a part of an LC filter formed for high
frequency notse inhibition, a structure in which a solenoidal structure surrounds a
columnar structure such as a magnetic material, efc., is disclosed: but no particular

attention is given to reducing the inductance value of the inductor element realized by the

y adj acent |eads unfortunately are larger than the capacitances 10a
G]In ot her words, for a structure in which an inductor elenent is
in series as in the conventional 20 art disclosed in Patent

W mutually vertically adjacent leads is larger than a parasitic

and in the case where an upper layer lead is an input term nal and
nce occurs between the input and output tenninals. As a result, the

.e., the parasitic capacitance of the entire inductor elenent,

or device in which the inductor elenent is fornmed, etc.; causes
beration frequency is high, causes the performance of the

where, for exanple, the distance between vertically | am nated

hat the 5 capacitances 11 a and 1 I b between nmutually vertically
hut ual |y adj acent leads in the same | ead | ayer, another inductor

d therefore, the surface area efficiency of the inductor el enent
process is used as a lead formation 10 nethod, island shaped dunmy
he case where dunmy netal exists between nultiple inductor |eads,
nductors is large; and unfortunately, the performance of the
conventional art disclosed in Patent Literature 15 3, to reduce the
e upper and | ower | eads are disposed not to overlap when projected
n in the case where the upper and | ower |eads are di sposed not to
et ween these | eads; and the reduction effects for particularly
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20 cannot be obtained. Further, to dispose the upper and | ower | eads
the | eads nust be given a width equivalent to or not
the surface area of the inductor el ement increases. [0020]Al so,
frequency noise inhibition, a7structure in which a sol enoidal struct
etc., is disclosed; but no particular
el ement. [0021]In Patent Literature 4, increasing lead |ayers formn
solenoid coil is recited as a method that 5 increases the inductance
dtmymresangifthe harasiaiapnidance dhat deteriewatds dke pestosmarderl sheopdugigiuf act ur i ng

exceedingly difficult to increase the nunber of |ead |ayers only for
admdrte i nductor element is increased by increasing the cross-section
el enment occupies in the sem conductor device increases; and thither,
[60Zitent In@emmekittrannges, incdadieleed biyers formyag thesolbhbidepd oof si gnal i nt
adj acent inductor elenents and | eads. [0022] Al so, in the case where

ipaeadid ihe cempacitivasiceeoaithe solbmtideaihistrbatedndamathodghgnent and the se
i nductor elenment. As a result, for a sem conductor device that proce
iaGcaskothedndungpdres valne afifhleithdwetoratanat;thua pewrdliyethe muhndedeSeasher unf ort
[0023] Further, a structure in which a columar structure at the cent
ibyerd ths esthicondlitdrdevies had ca@istaiatssd niauficacingsests i tRatiesign Li t er at ur
sem conductor devices is, as described above, at nost several um due
dnkRsehetand e G andit & subddinglediffi2dt ioniduetenbenvabaref leatl ti pl e | ead
the surface area that the inductor el enment occupies unfortunately be
layers only for the inductor element.  Also, in the case where the inductance value of the

inductor element is increased by increasing the cross-sectional area of the solenoid coil,

the surface area that the inductor element occupies in the semiconductor device increases;

* and further, the flux leakage to surroundings becomes large as the inductor element

15
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becomes large; and therefore, negative effects of signal interference and the like also
unfortunately are exerted on other adjacent inductor elements and leads.

[0022] Also, in the case where an inductor element having a large surface area is
formed, large parasitic capacitance oceurs between the inductor element and the
semiconductor subsirate 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

uﬁfortunately cannot obtain the desired sufficient inductance value.

[0023] Further, a étmcture in which a colummar structure at the center of a solenoid
structure 1is positioned horizonta}ly with respect to the senﬁgqnductor substrate alsor 18
disclosed in.Patcnt Literature 4; but according to the strucﬁlre, the thickness of general
semiconductor devices is, as described above, at most several um due to the
mhﬁaturizaﬁon of recent semiconductor devices; and therefore, to obtain a sufficient
inductance value, niuitiple leads disposed in a solenoidal shape are neceésary; and as a

result, the surface area that the inductor element occupies unfortunately becomes

extremely large.

| ess than the | éad width of the | ead;
in Patent Literature 4,

to not overlap when projected onto a plane, the spaci ng between
and therefore, a new problem occurs in that
as a part of an LCfilter formed for high 25
Ire surrounds a col ummar structure such as a magnetic materi al,

structure and the parasitic capacitance that deteriorates the performance of the inductor

J the solenoid coil or increasing the cross-sectional area of the
‘val ue of the inductor elenent; but generally, the nunmber of |ead
costs and the design environnent and the like; and it is

the i nductor elenment. Also, in the case where the inductance val ue
al area of the solenoid coil, 10 the surface area that the inductor
the flux | eakage to surroundi ngs becones |arge as the inductor
erference and the like also unfortunately are exerted on ot her

an i nductor el enent having a large surface area is 15 forned, |arge
m conduct or substrate and causes a perfornmance deterioration of the
sses high speed |ogic signals, analog signals, and the |ike such
unat el y cannot obtain the desired sufficient inductance value. 20
er of a solenoid structure is positioned horizontally with respect
e 4; but according to the structure, the thickness of general

to the mniaturization of recent sem conductor devices; and

s di sposed in a sol enoi dal shape are necessary; and as a result,
cones extrenely | arge.
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“annular Jeads inio multiple layers.

[0024] On the other hand, in Patent Literature 5, an inductor el enent
portion is disclosed. The inductor elenment has a configuration nearly
problens simlar to those of ‘Patent Literature 4. In other words, in
| ead | ayers to increase the irfductance value of the inductor element;
| ead | ayers of the sem conductor device has constraints of manufact ur
unfortunately exceedingly difficult for the designer to determ ne the
t he i nductance value is increased in the conventional art disclosed

BRI ar Pethgothartendnin Prispeliterplars), anprdusionplemest fr@sdi by ayer s act ual |
above, is limted;, and in the conventional art djsclosed in Patent Li
compesiimgtie serish atedar leadsdmsingranatefena portienss diselesedhat Theradyctuct.or el el
is supposedly made |arger to obtain a larger inductance value, a |ar¢(
titrecrsdas & ormfirasiongighiy thetsemead dhay of Batenidateetyre 4t #rd thevefwemance of tl
conventional art disclosed in Patent Literatures 4 and 5, there is ng
hdsprohderhosimilace tHesearfiPateat Lierapire ¢ heln qibkrotasds, & BaterftLiteraiuist her wor d
nunber of lead |ayers; and therefore, no consideration is given to a
T atsie nedessagy toieci2Bseaheulmaber afdead loyars tomtedss tee idneigndervaliseoisane | ead
el ement achi eving both a reduction of surface area and a reduction of
ttie seluome diemenPatientoldinostodbaidescBpiidn atve,aepatally the gum®Bs ofa si gnal pr
second lead 52 is shortened; and thereby, an interaction between |ea
Itakiguan oy thehamaohdudtet devicefhat bendtraoucefonanefaremg.corowed e, 5 in this
i nductor elenent is only two |ayers; and therefore, it is necessary t
dikighhaviraihet afid Hedikenind o isamferttretdlp exceedinglp diffictlhéorébenent; it is

draw out | eads; and | ayout constraints exist. Due to the |ayout const

designer to determine the number of lead layers.
[0025] In other words, in the case where the inductance value is increased in the
conventional art disclosed in Patent Literatures 4 and 5, it is necessary to laminate the
The number of lead layers actually used in the
semiconductor de-vice, a_ccording to the description above, is imited; and in the
conventiona) art disclosed in Patent Literatures 4 and 5, the obtained mducwnce value is
limited by the number of lead layers and the surface area that the inductor element
occupies. In the case where the diameter 6f the annular leads is supposedly made larger
to obtain a larger inductance ‘-/a.l'ue, a large parasitic capacitance occurs between the
inductor elemeﬁt and the semiconductor substrate; and unfortunately, the perfoﬁnancé of
tﬁe inductor element greatly deteriorates.

[0026] furtﬁer, in the conventional art disclosed in Patent Literatures 4 and 3, there
is no consideration of the inter-lead capacitance that is a factor in the performance
éeterioraﬁon of the inductor element. In other wérds, a solenoid coil shaped inductor
element is formed by a limited number of lead layers; and therefore, no consideration is
given 1o a reduction méthod of the parasitic capaciténce occurring in the case Whefe the
annular lead forms multiple winds m the same lead layer; and it is unfortunﬁtely difficult

1o realize an inductor element achieving both a reduction of surface area and a reduction

of parasitic capacitance.

formed by connecting in series annular | eads having a notch in a
/ the sane as that of Patent Literature 4, and therefore has
Patent Literature 55, it is necessary to increase the nunber of
but according to the description above, generally, the nunber of
ing costs and the design environnent and the like; and it is
nunber of |ead layers. 10 [0025]1n other words, in the case where
n Patent Literatures 4 and 5, it is necessary to |laninate the
y used in the sem conductor device, according to the description
teratures 4 and 5, the obtained inductance value is 15 limted by
rent occupies. In the case where the dianeter of the annul ar | eads
Je parasitic capacitance occurs between the inductor elenment and
e i nductor elenent greatly deteriorates. 20 [0026] Further, in the
b consideration of the inter-lead capacitance that is a factor in
5, a solenoid coil shaped inductor elenment is forned by a limted
reducti on nmethod of the parasitic capacitance occurring in the
layer; and it is unfortunately difficult to realize an inductor
parasitic capacitance. [0027]On the other hand, in technol ogy
bpagation tinme between the vertically adjacent first |ead 51 and
ds is nade snaller; and it is possible to inprove the high
conventional art, the nunber of |ayers of |eads form ng the
o provide draw out |eads that draw out input and output termnals
hecessary to dispose the |eads of the inductor elenent to avoid the
raints, as illustrated in Fig. 25, leads in
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10 which current flows i n-phase cannot be di sposed adjacent to each 0
is small; and as a result, the surface area efficiency unfortunately:
necessary to obtain the desired inductance val ue; and anfortunately,
t echnol ogy disclosed in Patent9 Literature 6, no consideration is give
performance deterioration of the inductor elenment. In . other words, a.
nunber of |ead |ayers; and therefore, no consideration is given to a
case where a lead fornms 20 multiple winds in the sane |ead |ayer; and
WORTlevi non Bistdther handuis technoloey diseloardan Dateat hiieratirs @ dlistratehinof ~ par asi
consi deration of the relevant problens, and is directed to provide
Kgpft intsigmaleprapagzaioy himpdretwearethe sertigalyeasidcast first lned Meansbwgcander eof , and
i nductor el ement according to the present invention fornmed in a nulti
lead 52 is shortened; and thereby, an interaction between leads is made smaller; and it is

possible to improve the high ﬁequency characteristic of the inductor element. However,

in this conventional art, the number of layers of leads forming the inductor element is

only two layers; and therefore, it is necessary to provide draw out leads that draw out

input and output terminals of the inductor element to an exterior regton of the ele;nent; it

is necessary to dispose the leads of the inductor element to avoid the draw out leads; and

layout constraints exist. Due fo the layout constraints, as iliustrated in Fig. 25, leads in

which curreﬁt fiows in-phase cannot be disposed adjacent to each other; and therefore, the

mutual inductance between adjacent leads is small; and as a result, the surface area

efficiency unfortunately declines. By such layout constraints, a large chip surface area is

necessary to obtain the desired inductance value; and unfortunately, the surface arca

efficiency declines.

[0028] Also, in the technology disclosed in Patent Literature 6, no conéideratibfl is
given to an inter-lead capacitahce that becomes a factor in the performance deterioration
of the inductor element. In other words, a solenoid coil shaped inductor element is
formed- bya Hmitéd number of lead layers; and therefore, no consideration is given to a -
reduction method of the parasitic capacitance oécurring in the case where a lead forms

multiple winds in the same lead layer; and it is unforﬁunately difficult to realize an

inductor element achieving both a reduction of surface area and a reduction of parasitic

capacitance.
[0029] The present inve_ntion was conceived in consideration of the relevant

problems, and is directed 1o provide an inductor element havingu reduced unintended
parasitic capacitance and hlgh 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 multiple

i nduct ance between adj acent | eads
declines. By such layout constraints, a large chip surface area is
the surface area efficiency declines. 15 [0028]Also, in the
nto an inter-|ead capacitance that becones a factor in the
sol enoi d coil shaped inductor elenent is formed by a Iimted
reduction nethod of the parasitic capacitance occurring in the

it is unfortunately difficult to realize an inductor el enment
i c capacitance. [0029] The present invention was conceived in
an inductor el enment having reduced uni ntended 75 parasitic

a sem conduct or device including the inductor elenent. [0030] An

pl e

ther; and therefore, the nutual
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léyer lead sfructure comprising a lead, an insulative layer that insulates leads above and
below, and a via provided in the insulative layer and connecting leads above anci below
wherein lead layers are multiply laminated layers, is characterized in that: at least a

portion of at least a pair of Veljﬁcally adjacent leads are coiled leads; the coiled leads are
comnected in series, wherein current directions of vertically adj acent coiled leads are the

same by a via provided on an end portion thereof, and form a serial inductance; and an

inter-lead capacitance of the ir_ert:ically adjacent coiled leads is Targer than an inter-lead

capacitance between other coiled leads formed in the same lead layer.

[005 1] Thereby, the most dominant parasitic capacitance 6f 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 lea&s positioned directly below or

directly above the input and output terminéls; and thereby, the apparent parasitic

"capacitance of the entire inductor element can be reduced.

[0032] Also, the Vertica_lly éd_jacent coiled leads are provided in not less than three
lead layers; and not less than three layers of the coiled lééds may bé connected in series
by the via to make.flow directions of cuneﬁts the same.

[0033] It is favorable that a lead width of the coiled leads 1s larger than a lead height
of the coiled leads.

[0034]' Further, it is favorable that spacing between other coiled leads formed in the
same lead layer is equal to or larger thaﬁ spacing between the vertically adjacent coiled
lea‘ds.

[0035]- It ‘is favorable that an effective relative dielectric constant of an insulative
film that insulaﬁvely separates leads of 'ther velr'tically'adj acent cotled leads 1s larger than
an effective relative dieléctric constant of an insulative film that insulatively sci)arates
other cbiled leads formed in the same lead layer.

[0036] In the inductor element according to the present mvention, 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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~JOdd8ict or Atleestent of deamdid patiopedigonsd as thatuppervest lapgr mayt | east one of |

| ayer | ead structure conprising a lead, an insulative |layer that inst
| ayer and connecting | eads above and bel ow wherein | ead | ayers are m
portion of at least a pair of vertically adjacent |eads are coiled |e
directions of vertically adjadént coiled | eads are the same by ‘a via
and an inter-lead capacitance of the vertically adjacent coil ed | eads
| eads forned in the sane | ead | ayer. .[0031] Thereby, the nost dom nant
a deterioration of the high frequency characteristic of the inductor
havanistweosingds oeraprisisasbepehayinsoapeoying; and @t lopstape veiledisadsnput and out pu
the entire inductor elenment can be reduced. [0032] Also, the vertical

tageptisingythe one-wind shwpe ey detfhmped inrteesampyleadslapdt. t he coil ed | eads may b
currents the same. [0033]It is favorable that a lead width of the co
{00834] Fusddigpnally, itiis ffvarableatbhietht frafuctop sleinant dseerdngrio therpaesenoi | ed | ead
spaci ng between the vertically adjacent coiled | eads. [0035]1t is fav
inventioatis foermed by lanidabiavoilmend off ¢oilefl yeadspar at es | eads of the vertically
di el ectric constant of an insulative filmthat insulatively separates

ot her than the coiled | ead
comprise a shape having two winds in the same lead layer.

10039] Aléo, at least one of the coiled leads poéitioned in the lowermost layer may
comprise a shape having two vﬁnds in the same lead layer. | |
[0040] All of the lead heights of the coiled leads may be substantially the same.
[0041] In the inductor element according to the present invention, it kis favorable that
at least one of draw out leads connected to an end portion of the coiled lead for |
electricélly connecting to an exterﬁa] element is formed in a lead layer different than a
lead layer wherein the coiled lead is formed.

[0042) Thereb_y, it is no longer necessary to form the coiled iead 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 draﬁ ‘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 cifcumfereﬁce of the coiled lead.

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

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

efficiency of the inductor element can be improved. Thereby, magnetic energy can be

| at es | eads above and below, and a via provided in the insulative

[tiply lamnated | ayers, is characterized in that: at |east a
ads; the coiled | eads are 5 connected in series, wherein current
provi ded on an end portion thereof, and forma serial inductance;

is larger than an inter-|lead capacitance between other coil ed
parasitic capacitance of the parasitic capacitances 10 that cause
el enent is created between the input and output term nals and
t termnals; and thereby, the apparent parasitic capacitance of
y adj acent coiled |leads are provided in not less than three 15
e connected in series by the via to nmake flow directions of
led leads is larger than a | ead height of the coiled | eads.
s formed in the 20 sane lead layer is equal to or larger than
orable that an effective relative dielectric constant of an
adj acent coiled leads is |arger than an effective relative
25 other coiled |eads forned in the sane |lead |ayer. [0036]1n the
the coiled | eads conprises a shape having two winds; a coiled |ead
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' ‘formed, and a density of the dummy metal of a side proximal to the coiled leads is lower

,15
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_having two winds in the sane | ead |ayer.

f0050] °© An inductor elerﬁent maﬁﬁfacturing method according to the present .

11 having two wi nds conprises a shape having one wi nd; and at |east t
sane |ead |layer. [0037] Additionally, it is favorable that the induct
two |l ayers of coiled leads. 5 [0038] At | east one of the coiled | eads
winds in the sane |lead | ayer.1J0039] Al so, at | east one of the coiled
[0040] Al of the | ead hei ght
the inductor elenment according to the present invention, it is favor
portion of the coiled |ead for electrically connecting to an external
affieieniinadchmulatdd; el 1t éspossibld orinkebit njageetR]sinat wigrferénceits no | onger ne
therefore, the | eads can be disposed with high density; and thereby,
&leanrdleraenupi es and real i ze an inductor element having a high surfa

[0046] Also, the coiled lead may have a slit.
[0047] Further, the draw out lead may have a slit.
[0048] In the inductor element according to the present invention, it is favorable that

dMy 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 coiled leads is lower than a
density of the dummy metal of a side distal to the coiled leads. |

[0049] Additionally, it is favorable that dummy metal is multiply formed in a lead

layer positioned in a layer above or below a lead layer wherein the coiled leads are
than a density of the dummy metal of a side distal to the coiled leads.

invention comprises: a step that forms a Jead layer wherein a coiled lead on an msulative
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 1s lmger than an
intér-lead capacitance between other coiled leads formed in the same Jead layer; and a |
étep that forms a draw out lead for electrically connecting the coiled lead to an external

element.

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

inductor clement 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,

pr

abl e that at

cessary to formthe coiled lead to avoid the draw 15 out

N
L

wo coiled | eads conprising the one-wi nd shape may be forned in the
el ement according to the present invention is forned by at | east
positioned in the uppernost |ayer may conpri se a shape having two
| eads positioned in the | owernost |ayer may conprise a shape

s of the coiled | eads may be substantially the same. 10 [0041]In

| east one of draw out |eads connected to an end

is formed in a lead |ayer different than a | ead | ayer
| ead;

it is possible to reduce the surface area that the inductor

e area efficiency.

el enment
and
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- the high frequency characteristic of the semiconductor device including the inductor

[0043] Al so, at |east one of draw out |eads connected to an end portién of the coiled
el ement may be forned by an elongation of 20 any | ead positioned at én outernost circunference of the coiled lead. [0044]It is
favorabl e that distances between other coiled |eads forned in the sane |ead |ayer are all substantially the same in the sane |ead

| ayer. [0045] Thereby, |eads fbfm ng an inductor el enent can be disposed with high density, and therefore an inductor el enment occupying
a smal|l surface area can be formed. 25 Further, in the case where the inter-|ead distance of adjacent |eads in the same |lead | ayer are

di sposed proximally, the nutual inductance is |arge; and therefore,
i mproved. Thereby, nmagnetic energy can be 12 efficiently accumul ate

thd painendedepapasitivt capafiiuné pAths anducioe elcoicheein| hegaduead; #dWe a slit. [ 004
. inductor elenent according to the present invention, it is favorable

't hat dummy neta

| ead for electrically connecting to an externa

the surface area efficiency of the inductor elenent can be
d; and it is possible to inhibit magnetic signal interference to
/] Further, the draw out |lead may have a slit. 5 [0048]1n the

is multiply formed in a | ead | ayer wherein the

apphtesitharsititsapadtahoe ofthe eatie induwbmslemenbéant eredinsty Hesrelly. of a side proxinmal to the coiled leads is lower than a density of the dumy

metal of a side distal to the coil ed | eads.

element can be improved.

Brief Description of Drawings
f0053] Fig. 1 is a schematic perspective view illustrating an inductor element
acccsrding'to a first exemplary embodiment of the present invention.

“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 simj}arljf isa
schematic top view illustrating a third lead 32; and Fig. 2D similarly is a schematic top
view illustrating 2 fourth lead 4a. | |

Fig. 3A is 2 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 lcad-
layer 103; and Fig. 3D is a schematic top view iliustrating 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

Figs. 5A to D are schemaﬁc top views illustrating other embodiments of Figs. 2A to
D. |

Fig. 6 is an equivalent circuit diagram of an inductor element according to this
exenﬁplﬁry embodiment. |

Fig. 7 is a rewritien equivalent circuit diagram of Fig. 6, wherein the magnitude
relation of capacitances C;, Cy, Cs, and Cy is considered; Cs and C; are sufficiently small
in comparison to C; and therefore are ignored; and further, C; also 1s smaller than C; and’
1s ignored.

Fig. 8 is a graph illustrating the frequency dependence of an inductance between an
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[0049]Additionally, it is favorable that dummy netal is nultibly formed in a lead 10 |l ayer positioned in a |ayer above or below a | ead

| ayer wherein the coiled | eads are forned,

density of the dumry netal of a side distal to the coiled | eads.

and a density of the dumy net al

of a side proximal to the coiled leads is |ower than a

[ 0050] An i nductor el enment manufacturing nethod according to the

present invention conprises: B step that forns a | ead | ayer wherein a coiled lead on an insulative 15 filmand a via that connects

coiled | eads are provided; a step that |am nates |ead | ayers wherein

| ead for electrically connecting the coiled | ead to an externa

an inter-lead capacitance of the vertically adjacent coiled | eads
is larger than an inter-|lead capacitance between other coiled | eads fornmed in the sane | ead | ayer;
el ement .

and a step that forns a draw out
20 [ 0051] A sem conductor device according to the present

inpii epd po AUPBheTthe xlupive clemgnisibystated i fig. daseé Fihed: ebhod@ed Ef f ect of the Invention [0052] According to the present invention, the nost

dom nant parasitic capacitance 25 of the parasitic capacitances that
frowel thettotal wnradange hetweandhe syppuband/ibe eutpktol tg

output termnals; and thereby, 13 the unintended parasitic capacitar
gaehy mdii¢tprelempnici t ance of the entire inductor el ement can be reduced.

S cause a deterioration of the high frequency characteristic of the
®Qwﬂﬁﬂ@ﬂémﬁﬂﬁpfterninals and | eads positioned directly below or directly above the input and
ice of the inductor element can be reduced,
Ther eby,

and the apparent
the high frequency characteristic of the sem conductor

devi ce including the inductor elenment can be inproved. 5Brief Description of Draw ngs

Fig. 9 is a schematic cross-sectional view stepwise illustrating a method for
manufacturing the inductor element according to the first exemplary embodiment of the
present invention.

Fig. 10A is a schematic top view illustrating the first lead layer 101 of an inductor
element according to a second exemplary embodiment of the present invention; Fig. 10B
is a schematic top view illustrating the second lead layer 102 of the same; Fig. 10Cisa
schematic top view illustrating the third lead layer 103 of the same; and Fig. 10D 1s a
schematic top view illustrating the fourth lead layer 104 of the same.

Fig. 11A is a schematic top view illustrating first leads formed in the first lead layer
101 of an inductor element according to a fourth exemplary embodiment of the present
invention; Fig. 11B is a schematic top view illustrating second leads formed in the second
lead layer 102 of the same; Fig. 11C is 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 iliustrating 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 1s 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 iead of an inductor
element according to a sixth exemplary embodiment of the present invention.

Fig. 14A is a schematic top view illustrating first leads formed in the first lead layer

101 of the inductor element according to the sixth exemplary embodiment of the present
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”[OOSS]Fig. 1 is a schematic perspective viewillustrating an inducto

i nventi on. Fig. 2Ais a schematic top viewillustrating a first |
view illustrating a second lead 2a; Fig. 2Csimlarly is a 10 schenat
a schematic top viewillustrating a fourth |ead 4a.

| ead | ayer 101; Fig. 3Bis a schematic top view illustrating second |
viewillustrating third leads forned in a third lead 15 | ayer 103; a
in a fourth | ead | ayer 104, . Fig. 4 is a schematic cross-sectio
igengorR. g ks arseheriatisdop yiey illnsgatmersacqng legds farmeda fkg segoidbop vi ews

an equi valent circuit diagramof an inductor elenent according to th
lefddgyahie ot thegame; Fightteise sahemate ioptvicres iletraineshirdfieadapaci t ances C1
in conparison to Cl and therefore are ignored; and further, G also

fenmeeds ipndbg dird yeaddpean d 85 06 thef same; apibitiet HHE & areherete igp view
illustrating a fourth lead formed in the fourth lead layer 104 of the same.

Fig. 15 is a schematic top view illustrating the first lead layer 101 of an inductor
element according to an eighth exemplary embodiment of the present invention.

Fig. 16 1s a schematic cross-sectional view illustrating a dummy metal disposition of
a lead layer positioned on a layer below the first lead layer 101,

Fig. 17A is a schematic top view of a semiconductor device according to a ninth
exemplary embodiment of the present invention; and Fig. 178 1s a cross-sectional view
along line A-A of Fig. 17A.

Fig. 18 is a circuit diagram of the semiconductor device according to the ninth
exemplary embodiment of the present invention.

Fig. 19A is 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. 19B is a cross-sectional view along line A-A of Fig. 1%A.

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

Fig. 21 is a schematic top 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. 23A1sa 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
iliustrating 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 conventtonal art.

Fig. 3Ais a schematic top viewillustrating first

el ement according to a first exenplary enbodi nent of the present
ead la illustrated in Fig. 1; Fig. 2B simlarly is a schematic top
ic top viewillustrating a third lead 3a; and Fig. 2D simlarly is
| eads forned in a first

eads fornmed in a second |lead layer 102; Fig. 3Cis a schematic top
1d Fig. 3Dis a schematic top viewillustrating fourth | eads fornmed
nal view of an extracted portion of a nultiple |ayer |ead structure
| lustrating other enbodi ments of Figs. 2A to 20D. Fig. 6is
s exenplary enbodinent. Fig. 7 is arewitten equivalent circuit
C2, C3, and &4 is considered; C3 and C4 are sufficiently snal

s smaller than Cl and is ignored. Fig. 8 is a graph illustrating

25
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14 input and an output of the inductor elenents illustrated in Fig.

illustrating a nmethod for 5 U%nufacturing the i nductor el ement accor

Fig. 10Ais a schematic top viewillustrating the first
enbodi nent of the present invention; Fig. 10B is a schematic top vie
10 schenatic top view illustrating the third lead [ ayer 103 of the s
er of . t.he sa ' ic top view il
gﬂgt% gl ?ﬁlat}f BT ngopomgs?cgb(?%ﬁ?&éée d%I’ %ﬁﬁg odi nent of the pt
i nd Ie .0 d. in t a same; Fig
Slfrﬁféarc’kymac Ehifite ik B B B Ieh 1 SR <ﬁﬂ’*ﬁ%°llﬂ%%%f%b3‘f§%hem. o to

4 of the sane. Fig. 12Ais a schenatlc top viewillustrating f
ment according to a flfth exenpl ary enbodi nent of the present 20

d h | Fi 12C
%gi P e S SO A ok e e SRS 4 0h viow 111
matic

exﬁ‘ﬁl%f” aé%ﬁ%hwvaa?m%ﬁgch 2%@“. W Of an LAt ed portio

% a schemat
reJ[atiI'onoc]:f ctagz%tlar?c%g 81,0(52, J,e arJrl% 4 1%%81?52 elrgcg é an]:;i l&e are sutfgmerﬁgrrgna?lr y embodim

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

is ignored.

Description of the Reference Numerals
[0054] 1a, Ib, Ic, 51: First leads
2a, 2b, 2¢, 2d, 52: Second leads
3a, 3b, 3¢, 3d: Third leads
4a, 4b: Fourth leads
5a, 5b, 5c¢: Slits
6a to 6m, 7ato 7c: 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 is formed
30: Semiconductor substrate

31: Element separation insulative film

32: Inter-layer insulative film

7 and Fig. 27,
i nput and the output of the equivalent circuit of each inductor elenent.

calculated fromthe total inpedance between the
Fig. 9 is a schematic cross-sectional view stepw se
ding to the first exenplary enbodi ment of the present invention

| ead | ayer 101 of an inductor elenent according to a second exenplary

v illustrating the second |lead | ayer 102 of the sane; Fig. 10Cis a

ane; and Fig. 10D is a schematic top viewillustrating the fourth
ustrating first leads forned in the first |ead |ayer 101 of an

esent invention; Fig. | IBis a schematic top viewillustrating
11C is a schematic top viewillustrating third leads forned in

b view illustrating fourth leads forned in the fourth | ead | ayer

first leads fornmed in the first lead |layer 101 of an inductor

' nvention; Fig. 12B is a schematic top view illustrating second

schematic top viewillustrating third leads fornmed in the third

ustrating fourth leads fornmed in the fourth |l ead | ayer 104 of the

n of a |lead of an inductor 25 el enent according to a sixth

c top viewillustrating first leads fornmed in the first |ead |ayer
ent of the present
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15 invention; Fig. 14B is a schematic top viewillustrating second |
schematic top viewillustrating third |eads forned in the third | ead
illustrating a fourth lead formed in the fourth | ead | ayer 104 of th
| ead | ayer 101 of an inductorl’l enent according to an eighth exenpl ar
cross-sectional viewillustrating a dunmmy netal disposition of a |ea

Fig. 17A is a schematic top view of a sem conductor device accordi ng}

Fig. 17Bis a cross-sectional view along line A-A of Fig. 17A
to Kh@QW@ﬂme&éﬁﬁlary enbodi ment of the present invention. Fig.
sem conductor device according to a tenth exenplary enbodi nent of the
| i n&4:Anductdr gigrgent19A. Fig. 20 is a schematic top view of an extracte
el eventh exenpl ary enbodi ment of the present invention. Fig. 21 is a
send T dirdistange clement

36: Transistor
37: Input terminal
38: Output terminal
39: Grounding lead
4(: Diffusion layer
41: Metal lead

42 Contact
43: Notch

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.  All 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 la illustrated in Fig. 1; Fig. 2B similarly 1s a schematic top view illusirating a
second lead 2a; Fig. 2C similarly is a schematic top view illustrating a third lead 3a; Fig.
2D similarly is a schematic top view illustrating a fourth lead 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 second leads formed in a second lead layer 102; Fig. 3C is a schematic

19A

pads fornmed in the second | ead | ayer 102 of the sanme; Fig. 14Cis a
| ayer 103 of the sane, and Fig. 14D is a schenmatic top view
> sane. 5Fig. 15 is a schematic top viewillustrating the first

16 is a schematic
| ead | ayer 101.

to a ninth 10 exenpl ary enbodi nent of the present invention; and
Fig. 18 is a circuit diagramof the sem conductor device according
is a schematic top view of an extracted essential portion of a 15
present invention; and Fig. 19B is a cross-sectional view al ong
d essential portion of a sem conductor device according to an
schematic top view of an extracted essential portion of a

y enbodi nent of the present invention. Fi g.
d | ayer positioned on a |ayer below the first
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20 device according to é twel fth exenpl ary enbodi nent of the present

portion of a sem conductor device of conventional art. Fig. 23A
bel ow t he sem conduct or device of conventional art; and Fig. 23B is
| ayer of the sane. Fig. 24 is a schematic top view illustrating

conventional art. 16 Fig. 25A is a schematic top view fromthe
view fromthe first |ead 51 side (sem conductor substrate side).
conventional art. 5 Fig.

smal ler than Cl and is ignored. 10Description of the Reference Numer
topewew iBastratng fgth lgels fompaddiniadgeargh lead layer 104; Fig. 4 is a schematic

cross-sectional view of an exiracted portion of a multiple layer lead structure on a
semiconductor substrate; Figs. 5A to D are schematic top views illustrating other
embodiments of Figs. 2A to 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 Cy, Cy, Cs3, and Cy 15
considered; Cy and Cy4 are sufficiently small in comparison to C; and therefore are
ignored; and further, C; also is smaller than C; and is ignored; Fig. 8 is a graph
illustrating the frequency dependence of an inductance between an input and an output of
the inductor elements illustrated in Fig. 7 and Fig. 27, calculated from the total impedance
between the input and the output of the equivalent circuits of each inductor element; Fig.
9 is a schematic cross-sectional view stepwise iliustrating a method for manufacturing the
inductor element according to this exemplary embodiment; Fig. 26 is an equivalent circuit
diagram of an inductor element of conventional art; and Fig. 27 is an equivalent circuit
diagram wherein Fig. 26 is rewritten similarly to Fig. 7.

[6057] As illustrated in Fig. 1 and Fig. 2, the fourth lead 4a of the inductor element
according to this exemplary embodiment is wound roughty 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 iltustrated). 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 iead layer 104 is configured.
[0058] The via 6¢ 1s connected to one longitudmal 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 6b is formed on the

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

Fig
27 is. a rewitten equivalent circuit diagra

tappviewdllusigtingrhirddleads{ormerd 1aq: thies lead daven | 6 d'1g J 8@ $AEMIPSmal | in co

invention. Fig. 22 is a schematic perspective view of an essentia
is a schematic top viewillustrating a spiral inductor of a |ayer
a schematic top view 25 illustrating a spiral inductor of an upper
a spiral inductor of a sem conductor integrated circuit of

second lead 52 side; and Fig. 25B simlarly is a schematic bottom
26 is an equivalent circuit diagramof an inductor elenent of

m of Fig. 26, wherein the magnitude rel ation of capacitances Cl,
warison to Cl1 and therefore are ignored; and further, C2 also is
al s [0054]la, |Ib, Ic, 51: First |leads 2a, 2b, 2c, 2d, 52: Second
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4a, 4b: Fourth | eads 155a, 5b, Sc: Slits 6a to 6m 7a to 7c: Vias 8,
I nsulative film2011: Lower layer insulative film12: Lead groove 13
directly above which an inductor lead is formed 2530: Sem conduct or
insulative film 19

10059] 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 second lead layer 102 positioned
above the third lead layer 103 and has a notch in a portion; and a via 6a is formed on the
other longitudinal direction end portion upper face of the se'cond lead 2a.

[0060] The via 6a is connected to one longitudinal direction end portion lower face
of the coil shaped first lead 1a, which 1s 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 1a. The via 7a is
connected to a first draw out lead 8 formed in a lead layer positioned above the first lead
layer 101; a via 7b 1s connected to the first draw out lead §; and the via 7b is connected to
a second draw out Iead 9 formed in a lead iayer pesitioned above the first draw out lead 8.
[0061] Also, the via 6d formed on the longitudinal direction end portion upper face
of the outer side of the fourth lead 4a is connected to one longitudinal direction end
portion lower face of a third lead 3b formed to surround the third iead 3a in the third lead
layer 103. Similarly, a lead (not illustrated) is connected also to the other longitudinal
direction end portion upper face of the third lead 3b by a via (not iliustrated); 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
iltustrated in Figs. 2A to D; and directions of current flowing in the coil shaped leads
laminated vertically are the same. In Fig. 1, the third iead 3b is 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.

[6062] In the case where the inductor clement according to this exemplary
embodiment has four lead layers and three winds, as illustrated in Fig. 3D, a fourth lead

4b is formed to surround the fourth lead 4a in the fourth lead layer 104; a via 6i is formed

G

8a: First draw out |eads 8b, 9: Second draw out |eads 10:
Metal film 20a, 20b, 21a, 21b: Dunmy netal groups 22: Region
substrate 31: El enent separation insulative film 32:

Inter-Ilayer
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17 33: Power supply lead 34: Inductor elenment 35: Resistance el ement
Grounding lead 40: Diffusion |layer 41: Metal |ead 1042. Contact 43:

20

on one longitudinal direction end portion upper fﬁce of the fourth lead 4b; and the other
longitudinal direction end portion is positioned elongating in an outef side direction.
[0063] Additionally, as illustrated in Fig. 3C, the third lead 3b is formed to surround
the third lead 3a in the third lead layer 103; and a via 6e is formed on a longitudinal
direction end portion upper face of the third 1éad 3b that is not connected to the via 6d.
Further, a third lead 3c is formed to swrround the third lead 3b; and a via 6_h is formed on
a longitudinal direction end portion upper face of the third lead 3¢ that is not connected to
the via 61. Then, the via 6i formed on the fourth lead 4b is connected to a longitudinal
direction end portion lIower face of the third lead 3¢ on which the via 6h is not provided;
and the via 6d formed in the fourth lead 4a is connected {0 a longitudmal' direction end
portion lower face of the third lead 3b on which the via 6¢ is not provided.

[00G64] Also, as illustrated in Fig. 3B, a second lead 2b is formed to surround the
second lead 2a in the second lead layer 102; and a via 6f is formed on one lpngitudinal
direction end portion upper face of the second lead 2b. Further, a second lead 2c is
formed to surround the second lead 2b; and a via 6g is formed on one longitudinal
direction end portion upper face of the second lead 2¢. The via ée formed on tﬁe third
lead 3b is connected fo 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¢ is 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 1s 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 is 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 Qf 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

Not ch 44, 45: Lead groups Best

36: Transistor 537: Input term na

Mbde for

38: Qutput term nal 39:

Carrying Qut the Invention
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become larger than the parasitic capacitances 10a and 10b between mutually adjacent

25

15 [0055]hbxt, exenpl ary enbodi nents of the present invention are described in detail with reference to the acconpanyi ng draw ngs. Al

of the acconpanying drawi ngs schematically illustrate exenplary enbodi nents of the present invention; and the di nensions of the
structures according to the present invention are not prescribed by the proportions of the conpom nts of the drawings. First, a first
exenpl ary enbodi nent of 20 th2lpresent invention is described. [0056]Fig. 1 is a schematic perspective view illustrating an inductor

el ement according to this exenplary enbodinment; Fig. 2Ais a schematiic top viewillustrating a first lead la illustrated in Fig. 1;

Fig. 2B simlarly is a schematic top viewillustrating a second leadi2a; Fig. 2Csimlarly is a schematic top view illustrating a third
lead 3a., Fig. 25 2D simlarly is a schematic top viewillustrating a fourth lead 4a; Fig. 3Ais a schematic top view illustrating
viertiaaily ladiadent feadsrens theysamd,iig frmeéad | ayer 101; Fig. 3B is a schematic top view illustrating second |leads formed in a second | ead |ayer

102; Fig. 3Cis a schematic 18 top viewillustrating third |eads for
[0D6alst r akliengddcoerrdldmedadsorfimgrie this exeanpion emivolioat isdpamedigh Fig. 4 i
multiple |ayer | ead structure on a sem conductor substrate; Figs H5A t
thatghe in@a-leml @padiiagee Betvecmmuapliywatteally ediacnt teadi eighaiadf an i nduct of
rewitten equivalent circuit diagramof Fig. 6, wherein the magnitudé
feinimp eheswfifictor dembyt is barpdr tham ho mperlesbeaphotdibe bemvethengfaiye are i gnor
is a graph 10 illustrating the frequency dependence of an inductance
ddjdcersttleatsénl thersafiedeadZlagerd  En gthePWords ahe iddattedclement ddoerdingt tal
each inductor elenent; Fig. 9 is a schematic cross-sectiona
taseaedphgy ¢rabddimsentcher nploafiyumtibodicheindt,; foFexamiE anorgrnthequi val ent cir

Fig. 27 is an equivalent circuit diagramwherein Fig. 26 is rewitten simlarly to Fig. 7.

pafitioatabiditah eabetwecnfleddsahatraok ddteninddevenicad oddih o gl 4 ad hi s exenpl ar

med in athird lead |ayer 103; Fig. 3D is a schematic top view
s a schematic cross-sectional view of an extracted portion of a

o D are schematic top views illustrating other 5 enbodi nents of

el enent according to this exenplary enbodinent; Fig. 7 is a
> relation of capacitances Cl, C2, C3, and C4 is considered; C3 and
ed; and further, C2 also is smaller than Cl and is ignored; Fig. 8
bet ween an i nput and an out put of the inductor el enents

i npedance between the input and the output of the equivalent circuits of
view stepwi se illustrating a nethod for manufacturing the inductor el enent

cuit 15 diagram of an inductor elenent of conventional art; and
[0057] As illustrated in Fig. 1 and Fig. 2,

y enbodi nent is wound roughly two winds in a coil shape having a

spaci ng provi ded such that adjacent portions do not contact in the same plane in

spacing s of the first leads 1a and 1b and the second leads 2a and 2b as in the schematic
cross-sectional view illustrated in Fig. 4, parasitic capacitances 11a and 11b between
mutualiy vertically adjacent leads are larger than parasific capacitances 10a and 10b
between mutually adjacent leads in the same lead layer.

[0067] The inducior element according 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
Therefore, in Fig. 4, the condition

substance existing between mutualiy adjacent leads.

wherein the parasitic capacitances 11a and 11b between mutually vertically adjacent leads

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

[0068] [Formula 1]

B t
By M — g, M-
n

=

[0069] Here, ¢; 1s the relative dielectric constant of the msulative film formed
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20 an insul ative film(not illustrated) on a sem conductor substrate
direction end portion upper face of an inner side of the fourth | ead

upper face of an outer side. Thereby, the fourth |lead layer 104 is c

direction end portion |ower fZce 25 of the coil shaped third |l ead 3a

fourth lead | ayer 104 and has a notch in a portion; and a via 6b is
of the third lead 3a. 19 [0059] The via 6b is connected to one | ong
| ead 2a, which is formed in the second | ead | ayer. 102
beavers thedirrdgadbiayemid | mddhe sesand feadiqvar 1O pavthedhickirgs poPei on upper f
| ongi tudi nal direction end portion |ower face of the coil shaped fir
ingolpbise file of thesane) wasthedgas witdip obihe firsi dead 1aothe firstdead votei on: and a
upper face of the first lead |la. The via 7a is connected to a first

stasmd 1epQ 2 agnsitha 6gcond laad @by bisithe leah heighted thepsapse &f isitha relidev out | ead

in a lead |ayer positioned above the first draw out |ead 8. [0061] Al
digigpenic ¢casenodf thihexsolative fish ¢uistng beteegroihe fimst|teasdl asadithe Bshnected to o
formed to surround the third lead 3a in the third | ead 15 | ayer 103.
14adridyi and detveden dia econdicad Ae apbiheisespnd perer2bt ames tyithe lead spiickg | ead 3b b
according to this exenplary enbodinent is forned. Here, the position
bEveen dehfiistlgad 1asnd fitstiead db edd betweegythe sgamtidedd; 2aaand sg¢anddeadons of cu
the sane. In Fig. 1, the third lead 3b is represented as an arrow, b
2bortion simlar to those of the first
t he understandi ng of the reader,
[0070]

the | eads connected to the third le
The inductor element illusirated in Fig. 4 has a configurafion that satisfies

formula ] recited above, and therefore a reduction effect of the parasitic capacitance of
the inductor element can be obtained.

[0071] As indicated in formula 1 recited above, it is favorable that the lead width (w)
of the coiled lead is larger than the lead height (t) of the coiled lead.  Also, it 15 favorable
that the spacing (s) bstween other coiled leads formed in the same lead layer is equal to or
larger than the spacing (h) to a vertically adjacent coiled lead. Further, it is favorable
that the effective relative dielectric constant (g;) of the insulative film that insulatively
separates mutually vertically adjacent coiled leads is larger than the effective relative
dielectric constant (g;) of the insulative film that insulatively separates other coiled leads
formed in the same lead layer.

10072} 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 mutnally 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 adiacent leads 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.

[00G73] Further, for the inductor element according to this exemplary embodiment, it

osi ti oned abo

lead la to the third |l ead 3a A

(not illustrated). Then, a via 6c is forned on a | ongitudina

4a; and a via 6d is forned on a longitudinal direction end portion
onfi gured. [0058] The via 6¢ is connected to one | ongitudina

which is formed in the third lead | ayer 103 positioned above the
tormed on the other |ongitudinal direction end portion upper face
tudinal direction end portion |ower face of the coil shaped second
ve the third | ead layer 103 and has a notch in a portion; and a via
ace of the second lead 2a. 5 [0060] The via 6a is connected to one
st lead la, which is formed in the first |lead |ayer 101 positioned
via 7a is fornmed on the other |ongitudinal direction end portion
draw out lead 8 forned in a | ead | ayer positioned above the first

3; and the via 7b is connected to a second draw out |ead 9 forned
so, the via 6d formed on the | ongitudinal direction end portion

ne | ongitudinal direction end portion |ower face of a third | ead 3b
Simlarly, a lead (not illustrated) is connected also to the other
y a via (not illustrated); and thereby, the inductor el enent

5 of the notches of the leads fornmed in each |ayer are different
rrent flowng in the coil shaped |eads 20 | am nated vertically are
ut the third lead 3b is a coil shaped | ead having a notch in a

so, for fear that the draw ngs woul d becone conpl ex and obstruct
ad 3b are omitted in the graphic representation of Fig. 1.
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25 [0062] I n the case where the ihductor el enent acbdrding to this exenpl ary enbodi nent has four |lead | ayers and three w nds, as

illustrated in Fig. 3D, a fourth lead 4b is fornmed to surround the fourth lead 4a in the fourth |ead |ayer
on one longitudinal direction end portion upper face of the fourth | ead 4b;

positioned elongating in an ot er side direction. [0063] Additionally]
surround the third lead 3a in the third lead | ayer 103; and a via 6e

is unified on a Ion&Ltudinal direction end portion upper face of the
isfaverablebpt sach lsad philedpducior elapent basyhpaeiatly thesame Byi t udi nal direc

6h is not provided; 10 and the via 6d forned in the fourth lead 4a is

a via 6i
direction end portion is
the third lead 3b is forned to
5 direction end portion upper face of

and the other | ongitudinal
as illustrated in Fig. 3C,
is formed on a | ongitudina
the third lead 3b that is not connected to the via 6d. Further, a third lead 3c is forned to surround the third | ead 3b;
is not connected to the via 6i.
ion end portion |ower face of the third | ead 3c on which the via
direction end portion | ower face of

third | ead 3c that

connected to a | ongitudinal

is fornmed 20

and a via 6h

Then, the via

thipkneshi riherabadtheisyemeliyias n it af e pducis elepiedttad®. [0064] Also, as illustrated in Fig. 3B, a second lead 2b is forned to surround

the second lead 2a in the second | ead |ayer 102; and a via 6f is forped on one | ongitudina
impwad | ead 2b. Further, a second lead 2c is 15 formed to surround the second | ead 2b;

direction end portion upper face of the
and a via 6g is formed on one | ongitudina

direction end portion upper face of the second |lead 2c. The via 6e fprmed on the third lead 3b is connected to a |ongitudinal direction

[€4¥d] por Flughernerin this exepfiplatyeerelndonent) @bef tho vien angrarephiealls via 6f is hot provi ded;

and the via 6h fortned on the end portion upper face

of the third lead 3c is connected to a Iog&itudinal direction end portion | ower face of 20 the second |lead 2c on which the via 6g is

repoesepted v dagle ig0 88] Funttheaspeeisofithe eduetoned thenviFregista@ne agd f i rst | ead
the inhibition of electromigration, it is more favorable that these vias have, as an example,
a configuration formed of multiplé vias (multi-vias) as illustrated in Figs. 5AtoD. In
this specification, hereinafier, to simplify notation, multiple vias are notated as single
vias.

f0075] Hereinbelow, the principle of parasitic capacitance reduction of the inductor
element according to this exemplary embodiment is described in detail with reference to
the drawings.

[0076] Fig. 26 illustrates an equivalent circuit diagram of an inductor element
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 equivalent 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 layer lead, a resisiance Ry and an inductance L, corresponding
to an inner circumference of the upper layer lead, a resistance R; and an inductance Ly
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, C; is a parasitic

capacitance corresponding to the capacitance vertically between leads of the inner

circumference, C; is a parasitic capacitance corresponding to a mutually adjacent

b is fornmed to wind roughly two
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'mﬁnds to surround the first lead la in the first lead | ayer 101. The

| ongi tudinal direction end portion |ower face of the first lead |b;

|l ead 2c is 25 connected to the other Iongitudinal direction end port
having four |ead | ayers and t2¥ree wi nds, which are connected in seri
mutual ly 21 vertically adjacent |eads are the sane, is forned.

larger than the inter-|ead capacitance_ between rmutuall.
ingerclspdirangeitasce K e sxpaa
are determned by a lead width w and_a |ead spacing s of the first |
canagiancs serpwRading teamurpallytadzacent ipler-tyag capacitgngeds the samedeadei t ances |
than parasitic capacitances 10a and 10b between nutual |y adj acent
layat Bor dheelapienlay
first leads |la and | b and the second | eads 2a and 2b, but also sim|
[@EFAcC t Aweerdingap Weemuliplalay enlcydstructue p{ oty ansiea®s that are | ar
in the same | ead |ayer. The capacitance between nutual |y adjacent
nipdinrizod seiepmdvctor dheicel astrandeudie ilvsbated i} Beehtn theause Waslg the ef fec
exi sting between nutually adjacent |eads. Therefore, in Fig. 4, the
leads hastel aywidély notdeds|tharaaifiacdiend vediblspanestianeapiaiegess belvegent he parasitic
same lead | ayer is represented by fornmula 1 bel ow.
mutually vertically adjacent leads are larger than mutualty adjacent parasitic capaciiances

5 adj acent |

in the same lead layer. Accordingly, the magnitude relation of the parasitic capacitances
C1, Ca, Cs, and C4 of the equivalent circuit illustrated in Fig. 26 that is supposed and
written down for the inductor element according to the conventional art can be
represented by formula 2 below in the case where the lead has a width not less than a
fixed iead width.
[0078] [Formula 2}
C,=C2»C=0
10079] In other words, Cy of the equivalent circuit diagram illustrated in Fig. 26 1s
the largest capacitance. In Fig. 26, the magnitude relation of the capacitances 1s
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 iltustrated in Fig. 6 supposes, as a solenoid
inductor structure having multipie 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 layer lead, the resistance R4 and the inductance Ly
corresponding to an outer circumference of the lower layer lead, the resistance R; and the

inductance Ly corresponding to an inner circumference of the lower layer lead, and the

resistance R; and the inductance L, corresponding to an inner circumference of the upper

[ 0066] The i nductor el enment according to this exenplary enbodi nent
formed such that the inter-|ead capacitance between nutually vertically adjacent

ad d3ycg Ay das HeRe layss aBd Eektd Besils on such that |

l e
Cenbodi nent has a configuration wherein parasitic capa

| e

[0068] [Fornmula 1

via 6f fornmed on the second lead 2b is connected to one

and the via 6g fornmed on the end portion upper face of the second
ton | ower face of the first lead I b. Thereby, an inductor el enment
es such that the orientations of the current that flows between

IS

| eads of the |leads form ng the inductor elenent is
eads in the same lead layer. In other words, the inductor el enent
for exanple, anong the parasitic capacitances between | eads that
cads |la and | b and the second | eads 2a and 2b as in the schematic

a and 1l b between 10 nutually vertically adjacent |eads are |arger
ads in the same | ead |ayer. [0067] The inductor el enent according to
Ci tances exi sting between nutually adjacent |eads, not only for the
arly for 15 other nutually adjacent |eads, have parasitic

ger than the parasitic capacitances between nutual ly adjacent
ads is prescribed by the lead height and the |lead width of the
ive relative dielectric constant of the insulative 20 substance
condi tion wherein the parasitic capacitances Ila and 1 | b between
capaci tances 10a and 10b between nutual ly adjacent |eads in the

| eads
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st X- >s_1In 25' 22 befméen thé firsf fead Iayef 101 and the second | ead | ayer 102; h is the thickness of the insulative filmof the
sane, wis the lead width of the first lead la, the first lead Ib, the second |lead 2a, and the second lead 2b; t is the |ead height of

the same; 82 is the relative dielectric constant of the insulative fi
bet ween the second | ead 2a antb the second lead 2b; and s is the |ead
the second | ead 2a and second | ead 2b. [0070] The i nductor elenent ill
reci ted above,

indicated in formula 1 recited above, it is favorable that the |ead

and therefore a reduction effect of the parasitic capacitance of 10 the inductor el enent can be obtained.

| mexisting between the first lead la and the first 5 lead |Ib and
spaci ng between the first lead la and first lead | b and between
ustrated in Fig. 4 has a configuration that satisfies formula 1
[ 0071] As

M dth (w) of the coiled lead is Iarger than the | ead height (t) of

layee lead iarecngnheched. Al Bwthet. tin Fig. Palps thetilarasitiverapaditaness#8isHae (s) bet ween ot her coiled | eads formed in the same |ead |ayer is equal to or

| arger than the spaci
bebvasn dlret regpsichivaly se
relative dielectric constant (82) of the insulative filmthat
thoopadituc: viroemlyl Betwéar leadseofi theloudermirceinésrende, 8¢ tormhirasifit o t hi s exenpl
between nmutually vertically adjacent |eads satisfies the condition of
caphicatemetcotrespaading to e epattdneavkerticaligrbetaemt laddsef thedatngrhe nutual |y adj
Thereby, it is possible to nmake the nutual inductance between mnut ual

circumference, Cs is a parasitic capacitance corresponding to a mutually adjacent

ng

inter-lead capacitance in the same lead layer for the upper layer, and Cy is a parasitic
capacitance corresponding to a mutually adjacent inter-lead capacitance in the same lead
layer for the lower layer.
[0081] According to the multiple layer lead structure of currently mainstream
miniaturized semiconductor devices as previously illustrated in Fig. 4, in the case where
the lead has a width not less than a fixed lead width, parasitic capacitances between
mutually vertically adjacent leads are larger than mutually adjacent parasitic capacitances
in the same lead layer. Accordingly, the magnitude relation of the parasitic capacitances
C1, Gy, Cs, and C4 of the equivalent circuit illustrated in Fig. 6 that 1s 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]
Gs  Ca» Gy 56
[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 is represented
by corresponding sizes of the circuit symbols.
[0084] For the equivalent circuit diagram of the inductor element of the conventional
art iliustrated 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 cach lead are equivalent, but the connection positions in

the equivalent circuits are different. In the equivalent circuit of the inductor element of

i | &P) to a vertically adjacent coiled |lead. Further,
vided idads.iCuas § pirasitiy aapacianse goirespbydisgpar at es nutwal |y vertically adjacent coiled leads is larger than the effective
insulatively separates other coiled |leads fornmed in the sanme | ead | ayer.

it is favorable 15 that the effective relative dielectric

ary 20 enbodinment, it is favorable that the parasitic capacitance
being |l arger than the parasitic capacitance between nutually

acent leads in the sane |l ead |ayer are proximally disposed.

y adj acent leads in the sane |ead | ayer
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25 larger; and the surface area efficiency of the inductor elenent c
occupi es can be reduced. [0073]Further, for the inductor elenent acc
| ead of the inductor elenent has substantially the sane filmthickne
be inmproved. [0074] Furthernor26é in this exenplary enbodi nent, all of
the aspect of the reduction of the via resistance and the inhibition
an exanple, a configuration fornmed of nmultiple vias (rmulti-vias) as
to sinplify notation, nultiple vias are notated as single vias. 10 [
tbé cdartventiondliatt o5 ilbisEared in Bigcds.dhnppostalontingmt paresifit aayacempedi nent i s de
illustrates an equivalent circuit diagramof an inductor elenent acc
BaceBibgtwe2n theuppasees thed Gutpst dflibe inddeiot demedipwhilt iraihe egalivaignit o t he con
| ayer | ead, which is the sinplest structure. The | eads of the induct
adictit diagrant bidie Aadvethr iefentengaccdtdiag t@thst axamblareemhodieahasa r esi st ance
an upper layer lead, a resistance R2 and an inductance L2 correspond
iflestasddan ¢ge. R3thentos domireine pamsidc tdpacance €p tayslaseg Heowsem | nner ci r cunf
L4 corresponding to an outer circunference of the |ower layer |lead a
iatctiaéding pbetsaahe dhds oBibp agiut wehiyn:s uhdih idedicr erasnt. G is a parasiti
bet ween | eads of the outer circunference, C2 is a parasitic capacita
0085 ]I Nngferethe AbRIMGRGelatitR of theaapatiatdet g, Capacirdancies ger r espondi ng
relation represented by formulas 2 and 3 recited above; and thereby, C; and C, are

sufficiently small in comparison to C; and therefore are ignored; and further, by ignoring

C» also as being smaller than C;, the equivalent circuit of the inductor element of the

conventional art iltustrated in Fig. 26 becomes as illustrated in Fig. 27.  Similarly, the

equivalent circuit diagram of the inductor element according to this éxemplary

embodiment illustrated in Fig. 6 becomes as illustrated in Fig. 7.

f0086] As illustrated in Fig. 27, for the inductor element of the conventional art, the
most dominant parasitic capacitance C; 1s placed between the mput and output terminals
of the inductor element.  On the other hand, as illustrated in Fig. 7, for the inductor
element according to this exemplary embodiment, the most dominant parasitic
capacitance Cy is placed not between the input and output terminals 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 ieads 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. &, 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 + R; + R4 =70 £, the

an be inmproved. Further, the surface area that the inductor el enment
ording to this exenplary enbodinent, it 23 is favorable that each
ss Thereby, the symmetry as an el enent of the inductor el enment can
the vias are graphically 5 represented as single vias; but from
of electromgration, it is nore favorable that these vias have,
Ilustrated in Figs. 5Ato D. In this specification, hereinafter,
D075] Her ei nbel ow, the principle of parasitic capacitance reduction
scribed in detail with reference to the drawings. [0076] Fig. 26
ording to the conventional art disclosed in Patent Literatures 1 to
ventional art, an inductor elenent having two winds using a two

or element illustrated in Fig. 26 are represented in the equival ent
R1 and an i nductance L1 corresponding to an outer circunference of
ng 20 to an inner circunference of the upper layer |ead, a

erence of a |ower |ayer |ead, and a resistance R4 and an inductance
re connected. Further, in Fig. 26, for the parasitic capacitances

c capacitance corresponding to the 25 capacitance vertically

nce corresponding to the capacitance vertically between | eads of

to a nutual |y adj acent

as
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24 inter-lead capacitance in the sane |ead | ayer for the upper |ayer
adj acent inter-lead capacitance in the sane |ead |ayer for the | ower

currently mainstream5 mniaturized sen conductor devices as previously illustrated in Fig. 4,

|l ess than a fixed | ead width,2parasitic capacitances between mnutual

and 4 is a parasitic capacitance corresponding to a nutually
| ayer. [0077] According to the nultiple |layer |ead structure of
in the case where | eads have a w dth not

vertically adjacent |eads are larger than nutually adjacent

parasitic capacitances in the sane |ead | ayer. Accordingly, the nagnitude relation of the parasitic capacitances Cl, C2, C3, and C4 of

the equivalent circuit
conventi onal

illustrated in Fig. 26 that

26, the magnitude relation of the capacitances is represented by cor
cohsetamig oif Val 2htandiby amsumidp digt dim efistaes iRnduki 085 & anddit -+ Becording to f
sol enoid 20 inductor structure having multiple winds simlarly to Fi
360, ¢l indudtheesLpllest 1.8 wHmidiiet LThd.J "l dndafe tdpecitandaiCh 6110el enent |
illustrated in Fig. 6 as a structure in which the resistance RL and |1
fagpethe lcaye cdsad(s dfffég.riesisst dinseatéHindig § be frondemtysn eehictdth25 corresp
resi stance R3 and the inductance L3 corresponding to an inner circurm
ihdbaicavake bFrupdy isgreadistgiférentalior theratuicillustateindfige? Dind the upper
circuit illustrated in Fig. 7. As the frequency becomes high, a phenomenon in which the
apparent inductance value abruptly becomes large is facilitated by a resonance
phenomenon due to parasitic capacitance components; and a higher frequency at which
the apparent inductance value becomes large indicates a smaller apparent parasitic
capacitance between the input and the output.  As illustrated in Fig. 8, the frequency at
which resonance occurs for the equivalent circuit illustrated in Fig. 7 is higher than that of
the equivalent circuit illustrated in Fig. 27; and thereby, it is shown that the configuration
of the inductor element according to this exemplary embodiment reduces the contribution
of apparent parasitic capacitance. By the principle hereinabove, the inductor element
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 illustrated 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 lead layer 101 in which the first iead of the
inductor element is formed, the second lead layer 102 in which the second iead is formed,
the third lead layer 103 in which the third lead is formed, and the fourth lead layer 104 in
which the fourth iead 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 dispese leads of the
inductor element proximal to 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.

i s supposed and 10 witten down for the inductor elenent according to the
art can be represented by fornula 2 below in the case where the |ead has a w dth not
ihdeetanekal. 2} 115 1 G0Z0F Bmihtahd thevmpekd{an@1Cof 1 e faadhd ¢tsdueint circuit diagramillustrated in Fig. 26 is the |argest capacitance.

| ess than a fixed | ead width. [0078]
In Fig.
respondi ng sizes of the circuit synbols. [0080] On the other hand,
his exenplary enbodinent illustrated in Fig. 6 supposes, as a

J. 26, an inductor elenent having two winds using a two | ayer |ead,
lustrated in Fig. 6 are represented in the equivalent circuit

- he i nductance L1 corresponding to an outer circunference of the
pndi ng to an outer circunference of the |ower |ayer |ead, the

f erence of the I ower |ayer |lead, and the resistance R2 and the
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25 | ayer lead are connected. Further, in Fig. 6, for the parasitic c
is a parasitic capacitance corresponding to the capacitance vertica
capaci tance corresponding to the capacitance vertically between | ead
corresponding to a nutual |y &® acent inter-|ead capacitance in the s
capaci tance corresponding to a nutual ly adjacent
the multiple layer lead structure of currently mainstream 10 m ni atu
t he case where the |ead has a width not. less than a . fjxed | ead width

[94881 | ar gerninpiaA PRTAETHSIcPRRCHAReRZoR fyrag PEETR U5 SE59P4 ICBE OFh the sane
SR BBHURT! 1661 ket SoaListort HOHERIS BRIk e TR CRE Bl ary. enbo
| ead has a width not |l ess than a fixed | ead width. [0082][ Formula 3]
I Sgemared fromithe fiesg load torthg foprth leadyhut the d4nositioR 588 PE ance. In Fig. 6,
correspondi ng sizes of the circuit synbols. [0084] For the_ equival ent
dﬁerra@pfﬁ) hased op gompgnemEsushds ivepasEionoa theerpxtensl clgmend cagedif of t he ind
in Fig. 6, the sizes of the parasitic capacitances, occurring between
tethgitndiictn eleseant gonfieusgdeacgprding erihe dyspriptinn abgueiosifionof theui t of t he
lead layer in which a connection terminal of the external element exists, design
constraints, constraints of the lead layers that can be used, and the like.
10090] According to the configuration illustrated in this exemplary embodiment, the
degrees of freedom of the position at which the draw out lead of the inductor element is
formed is improved. For example, in the case where the number of winds of the
inductor element is an even number, both of the draw out leads connecting to the inductor
element can be formed at positions connecting to a lead of the upper layer or the layer
below the inductor element.  On the other hand, in the case where the number of winds
of the inductor element is an odd number, one of the draw out leads 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 iliustrated in Fig. 1, illustrates an example in
which the number of winds of the solenoid shaped inductor element 1s 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 la corresponding to the upperrﬁost layer lead of the leads of the
inductor element; and the other draw out lead, as illustrated in Fig. 4D, ts formed by
elongating the outermost circumferential lead of a fourth lead (the fourth lead 4b),
corresponding o 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

inter-lead capacita

qpaci t ances exi sting between the respectively subdivided | eads,
y between | eads of the outer circunference, Cy is a parasitic
5 of the inner 5 circunference, C3 is a parasitic capacitance
ane | ead | ayer for the upper layer, and C4 is a parasitic

nce in the sane lead layer for the |ower layer. [0081] According to
rized sem conductor devices as previously illustrated in Fig. 4, in
parasitic capacitances between nutually vertically adjacent |eads
| ead | ayer. Accordingly, the magnitude relation of the parasitic

d in Fig. 6 that is supposed and 15 witten down for the inductor

di ment can be represented by fornula 3 below in the case where the
C > C2=, 20 [0083]In other words, Cl of the equivalent circuit

the magnitude relation of the capacitances is represented by
circuit diagramof the inductor elenment of the conventiona
uctor elenent 25 according to this exenplary enbodi nent
each | ead are equival ent,
nduct or el enent of

C1

art
illustrated
but the connection positions in the
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26 the conventional art as illustrated in Fig. 26, the nost dom nant
out put of the inductor elenent; while in the equivalent circuit diag
as illustrated in Fig. 6, the nost dom nant parasitic capacitance Cl
term nal and the inductor el &%nt. [0085]Here, the magnitude relatio
represented by fornulas 2 and 3 recited above; and thereby,
i gnored; and further, by ignoring C2 also as being smaller than C1,
conventional art illustrated in Fi 26 beconmes as illustrated in Fi

canashEnse ba@te@nmtﬁgﬂtyoveﬁmaélY@ﬁi@ﬁﬁmté%%SWr Hepths Pa8%¥5 ated in Fig. 6
art, the nost dom nant

for the inductor el ement of the conventiona
cepaianer dosepmuthaly arbnsenideads 18 femvamedead RgerowKhersfaie, 2 as il | ustrat
enbodi nent, the nost doninantfparasitic capacitance Cl is placed not
rsiyctioreeffrse af thetperdsisigi capacitpetanishemdupier plemgat oh bewbtaingdut teininal o
i nductor el ement according to this 20 exenpl ary enbodi nent nmakes dis
Al$ve af thpuimarkd roxipwly déspasina msttuadlychdideentdends i thg same devd laypar ent cap
‘inductor elenment. [0087]In Fi?. 8, the broken line represents the fr
itge peesiblofo mhkee the duread indsicaneniargss batWeenconivalhy adpeent edsinithe and the s
bet ween the input and the output of the inductor element according t
stthelené &vst; dne ngfdee arcaRfici@gy-of fie indggoStiemenigan be improved; and
the surface area that the inductor element occupies can be reduced.  Further, in the case
where each lead of the inductor element is formed to have the same film thickness, the
symmetry as an element also can be improved.
[0093] In this exemplary embodiment, the element of the lead is not particularly
limited; and the lead can be formed by using copper, which is a typical lead materal, or
an alloy having copper as & main component; or by using an element such as aluminum,
gold, silver, or the like, or an alloy having main components thereof. The effects
obtained by this exemplary embodiment are not particularly limited by the lead material.
[0094] Additionally, the iead 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 disclesed 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 1s
necessary.

[0095] Next, a method for manufacturing the inductor element according to this

C3 and C4 are sufficiently smal

parasitic capacitance Cl is placed between the input and the

ram of the inductor elenent according to this exenplary enbodi nent
is placed between 5 internedi ate points of the | eads of the input
1 of the capacitances Cl, C2, C3, and C4 has the relation

in conparison to C1 and therefore are
the equivalent circuit of the inductor elenent of the 10

J). 27. Simlarly, the equivalent circuit diagram of the inductor

. becomes as illustrated in Fig. 7. [0086]As illustrated in Fig. 27,
vbarasitic capacitance Cl is placed between the input and out put
ed in Fig. 7, for the inductor elenent according to this exenplary

between the input and output term nals of the inductor elenent,

f the inductor elenent and the inductor elenment. Thereby, the

tal the dom nant parasitic capacitance occurring between | eads from
aci tance between the input and the output, i.e., of the entire
equency dependence of the inductance between the input and the

olid line represents the frequency dependence of the inductance

0 this exenplary enbodinment. Fig. 8 is obtained by assum ng t hat
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27 inductances L1 + L2 + L3 + La 3 nil,
the resistances Rl1+ R4 35 Qand R2 + R3 = 35Q the inductances L1
for the circuit constants of Fig. 7. As illustrated in Fig. 8,
different for the circuit
whi ch t he apparent
conponents; and a higher frequency at which the apparent inductance
capaci tance between the input and the output. As illustrated in Fig.

ill3trated in Fig. 27 and the circuit ill

and the capacitance Cl= 10i"' _
+ L4
the frequency at which the 5 inductance value abruptly increases is

i' _F for the circuit constants of Fig. 27,

and by assum ng t hat
1.5 ral and L2 + L3

1.5 nH, and the capacitance Cl= 10 if

istrated in Fig. 7. As the frequency becones high, a phenonenon in

i nduct ance val ue abruptly beconmes large is facilitated by a resonance phenonenon due to parasitic capacitance

val ue becones large indicates a snaller apparent parasitic 10
8, the frequency at which resonance occurs for the equival ent

exemplary embodimentas describedi glhezinducitn ¢jereentrpepiding 40 thas examplagui val ent ¢ircuit illustrated in Fig. 27; and thereby, it is shown that the

configuration of the inductor element according
endpdintrheeits Eharackerispes mohp beudier of tebodustorchemem dermedrbydhenent 15 a
parasitic capacitance and i nproves high frequency characteristics. [
leddsusddr therefbre, hdee gre i limiati sedbrdofdremciaractérasiids dué rtheonnecti ng t he
l ead | ayer than the first lead layer 101 in which the first lead of f
folmationtrhethseofthel 1dadad Insotharrwads, it He préventdniadidn| Gipefied®8li n whi ch t
fourth lead is formed, and therefore, it is not necessary to respecti
tHe pavseti indeadch Sin eenebtaihed e greeseructrds ikhestrated af thehweinplasyt of the | ead
i nductor el ement proximal to each other; and the nutual inductance of
dnsbodasithbbetht presarkdntdieiohuhdotha frrmatian method o éhe 1e@B HHOBAnFo i nhi bi t
lead 9 and the first lead to the fourth lead, it is favorable to dis
hadpd h | ead; but the disposition can be determ ned based on conponent
i nductor elenment configured according to the description above, a po
[esv@r nal Hat@BEbiv, exust-sunpgie st e nuainel foaimahsfactoong thicahdtgorof t he | ead
element according to this exemplary embodiment, a manufacturing method by a
damascene process currently widely in practical use is described.  Fig. 9, which
illustrates the method for manufacturing the inductor element according to this exemplary
embodiment, illustrates a lead formation method by a so-called damascene process that
forms leads by making grooves in an insulative film deposited on a semiconductor
substrate, filling a metal film such as copper into the groove portions, and then
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 illustrated.
[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 lead
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 example, 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

to this exenplary enbodi nent

hose t he second draw out

sition of the lead [ayer in which a connection term na

reduces the contribution of apparent parasitic
ccording to this exenplary enbodi nent reduces the apparent
)088] For the inductor elenent of this exenplary enbodi nent,
i nductor element to an external elenent is forned in a different

- he 20 inductor element is forned, the second |ead |ayer 102 in

ne third lead is forned, and the fourth lead layer 104 in which the
vely foon each | ead of the inductor elenent to avoid the second
5 is high. Thereby, it is possible to dispose | eads of the 25

| eads adj acent to each other can be nmade | arge; and therefore,

a parasitic capacitance fromform ng between the second thaw out
|l ead 9 renoved fromthe first lead to the
s such as the position of the external elenment connected 5 to the
of the

as

It

| ayers that can be used, and the |ike.




[ 0090] According to the configuratibn illustrated in this exenplary e

out | ead of the inductor el enent
is an even nunber, both of the draw out
is an odd nunber, one of the draw out |eads of the inductor
the other can be forned at a position to connect fromthe | ower
illustrates an exanple in which the nunber of w nds of the solenoid

fermed) anctie sqmipendusios pebstawwbiAh arepepitgyned Junthgr degnwardin ghssi ti on to 20

| e

| ead of the |eads of the inductor elenent;
ipulagiveddm, ok pelubfEraed i al | ead of a fourth lead (the fourth |ead 4b)
i nductor elenment, to the outer side. 25 [0092] Next,
e i guMdereover adsowselinagroesss lved fuseippmetheds bludegrpetied cr i bed. For
parasitic 29 capacitance between nutually vertically ad{acent
réferrdd td a5 a siegls darpascesprioasss that feranstthreleadome the vieg iy aceyteslivef f ect of t
| eads

Al so, at this time, by proxinmally disposing nutually adjacent

and the ot her draw out

comubeting hveds that ge fivetedar diffareniatippctangjlaxsento daghdther i seh@aigame | ead | a
and the surface area that the inductor el enent occupies ca
selpemmdta hethddrefetdtio ah avisalt densseane pracesn thi snkagoudh&rmymetry as a

I mpr oved,

. leads and vias positioned in the layer below the leads; but either damascene process may
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be used as the method for manufacturing the inductor element according to this
exemplary embodiment. The method for manufacturing the inductor element according
to this exemplary embodiment described hereinbelow illusirates a lead formation method
by a dual damascene process.

[0099] First, as illustrated in Fig. 9A, an insulative film 11 corresponding to a layer
forming leads 4a and 4b on a lower layer insulative film 10 deposited on a semiconductor
substrate (not illustrated) is deposited by a known insulative film formation method such
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,
hydrogen, fluorine, carbon, nitrogen, or the like; and the material of the insulative film 11
of this exemplary embodiment is not in particular limited; but to mhibit the parasitic
capacitance between leads and the unintended parasitic capacitance between the leads and
semiconductor substrate, it is favorable that the relative dielectric constant of the
insulative filim 11 is not more than the relative dielectric constant of a silicon oxidation
film which is 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 insulative 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 siep that laminates the lead layers, in the case where the

is 10 formed is inproved. For exanpl
| eads connecting to the indu
upper layer or the |ayer bel & the inductor element. On the other ha
15 el ene
| ayer.

operations of th

| eads

nmbodi nent, the degrees of freedom of the position at which the draw
e, in the case where the nunber of w nds of the inductor elenent
ctor el ement can be formed at positions connecting to a | ead of the
nd, in the case where the nunber of wi nds of the inductor elenent

nt can be formed at a position to connect fromthe upper |ayer, and
[0091] This exenplary enbodinent, as illustrated in Fig. 1,

shaped i nductor elenent is three; and therefore, one of the draw
connect to the first lead |l a corresponding to the uppernost |ayer
ad, as illustrated in Fig. 411), is forned by elongating the
corresponding to the | owernost |ayer |ead of the | eads of the

i nductor elenment according to this exenplary enbodi nent having a
t he i nductor el enment according to this exenplary enbodi nent, the

is larger than the parasitic capacitance between nutually adjacent
he parasitic capacitance of the inductor el enent can be obtai ned.

n the same lead layer, 5 it is possible to make the nutua

ver; the surface area efficiency of the inductor elenent can be

n be reduced. Further, in the case where each |ead of the inductor
n el ement al so can be inproved.

a

-
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10 [0093]In this exenplary enbodi nent,
which is a typical lead material, or an alloy having copper as a nai
or the Iike, or an alloy having main conponents thereof The effects
by the lead material. 15 [0094] Additionally, the |ead material of th
conductivity; and may be configured by a non-netal material such as,
several nmto several tens of nmand generally referred to as a carb
words, this exenplary enbodipent .utilizes a eIthrona%netic 20 phen
lgaf o digpeiihbelpwhe matiaivaRirand it (PP U8ALeY 4BYBHEPPChET r i al
structure disclosed in this exenpl|ary_enbodi nent,
mal) eoTEneEAR Hiy mesbBupRBlerthaidbe Beulgtye filp ] Wl%}@mmﬂé%?tﬁmgﬁr ticularly
mat eri al having an el ectrical conductivity is necessary. [0095] Next,
ofmselpdveofilas contaieiag Felsest sdicar ged Fben aqdql@wwp@?r t according
structure of the inductor elenent rimed by the |eads; and therefore
résistavat phingelaveilibns thadhave arsute (veidst hd her\ﬁkﬁf disis PPFFIRIRES BEEEENt | nvent
structures illustrated in the exenplary enmbodi nents of the present i
theobTadivreritappet o thedntarorex hpinsuigtive fbn kbtipgserse dre wHIFE@uri ng t he
manuf acturing method by a 10 danmascene process currently widely in pr

threesamrficoturtbndevidee ahhibidtion iaprsaterel wiendsd ngrasige capasiteneenpl ary enbod
process that fornms | eads by making grooves in an insulative film dep
[edpper Nokb as HbsgredveligofBi olesd grondephggin 12 is formed for forming
the leads 4a and 4b, for example, by a patterning method typified by photolithography
and a fabrication method typified by reactive etching on the insulative film 11 (step 2).
The pattern shape of the lead groove pattern 12 is a rectangular shape in this exemplary
embodiment, but may be formed, for example, as an octagonal shape, a substantially
round shaped polygonal shape, and the like. To make the surface area that the inductor
element occupies smaller, a rectangular shape such as that illustrated in Fig. 3 1s favorabie.
The 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 1s necessary such that the capacitance between mutually vertically
adjacent leads is larger than the capacitance between mutually adjacent leads in the same
lead layer.
(0102} Next, as illustrated in Fig. 9C, a metal film 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. 91, excess portions of the deposited metal film 13
are removed by a flattening method typified by, for example, chemical mechanical
The schematic

polishing; and the fourth leads 4a and 4b are obtained (step 4).

cross-sectional view illustrated in Fig. 9D 1s a cross-sectional view along line A-A of Fig.

the el ement of the [ead is nof

const ant,
the effects thereof

particularly limted; and the |ead can be formed by using copper,
N conponent, or by using an el enent such as alum num gold, silver
bbt ai ned by this exenplary enbodi nent are not particularly limted
e inductor elenent may be any material having el ectrical

for exanple, a cylindrical carbon conductor having a dianmeter of
bn nanot ube, bundl es (sheaves) thereof, and the like. In other
omenon surroundi ng the | eads, and therefore is not particularly
etc., of substances surrounding the | eads; and by the | ead
can be obtained. Al so, the material of the inductor elenent of
limted to a material of a 25 sem conductor device, except that a
a method for manufacturing the inductor elenent according to this
to this exenplary enbodi nent has its characteristics in the

there are no Iimtations thereof fromcharacteristics due to the

on, the effects of 5 the present invention can be obtained by the
hvention; and the formation nmethod of the | eads nay be any nethod.

i nductor elenment according to this exenplary enbodi nent, a

actical use is described. Fig. 9, which illustrates the nethod for

ment, illustrates a lead formati on nmethod by a so-call ed damascene
psited on a sem conductor substrate, filling a netal filmsuch as
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15 performng a flattening; but a hard mask film an etching stopper
process are not particularly illustrated. [0097] Al so, in the case wh
or an all oy having copper as mai n conponent, in many cases, the le
insulative film and to prevent 20 diffusion of the lead material in
metal is formed in which, for exanple, a refractory netal such as ti
| am nate structural body, etc., thereof are fornmed on the bottom and

3 urther, the barrier netal
o es %“ﬂﬂﬁﬁ%@@%@ of 3
1o T Ty T

damascene

da@@%fe%%pﬁoﬁg@ gh f e i

o E&h R SUb'&ﬁgtﬁﬂFﬁg I sglative f
Tt o (o i a?‘%%tﬁuﬁ i £ éﬁe?ﬂd%ceagﬁi‘ 9 ayers o o
nmul t aneous positione

RRSTORT Sﬁ'@ffqrﬁgwﬁmﬁead ARG s oor ul oy

i nduct or el enen cordln thi r nb, nt. descri bed
a:ﬁf&-‘f?ﬁ%‘éh’é‘ﬂ]p‘fl%‘t‘f | {”66“9?{]‘% E}lgt%é) ﬂ‘il é‘fq’éﬁ axﬁiﬁ" AP aﬂgge an insul a
4p o@;en%\lver@qna  conned %&é\éeenesl byn?;hg'gflad()e %Slf%)urctjh Pead 2& %Qidg f ag r substrate

3b are electrically connected in series by the via 6d; and the fourth lead 4b and the third
lead 3¢ are electrically connected in series by the via 61.

f0105] Next, as illustrated in Fig. 9F, similar to the formation method of the third
leads 3a, 3b, and 3¢ and the vias 6¢, 6d, and 61, the vias 6b, 6e, and 6h and the second
ieads 2a, 2b, and 2¢ are formed by damascene process (step 6). The schematic
cross-sectional view illustrated in Fig. OF is a cross-sectional view along line A-A of Fig.
3B. The third lead 3a and the second lead 2a are electricalty connected in series by the
via 6b; the third lead 3b and the second lead Zb are electrically connected in series by the
via 6¢; and the third lead 3c and the second lead 2c are electrically connected in series by
the via 6h.
[0106] Next, as illustrated in Fig. 9G, stmilar to the formation method of the second
leads 2a, 2b, and 2c and the vias 6b, 6¢, 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 illusirated in 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 comnected in series by the via 6g.
[G107] Next, as illustrated in Fig. 9H, the first dra@ 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 iead ¢ 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).

he structure of the inductor elenent according to this exenplary enbodi nent,
forned prior to the filling step of the netal,
em conduct of

film and the like used in fabrication technol ogy by the damascene
ere a |l ead manufactured by a danascene process is forned of copper
ad has a | ead structure in which a netal is filled into the

to the insulative film a layer generally referred to as barrier
tanium tantalum or the like, or a nitride thereof, or further,
side walls of the |lead; but these do not exert a large effect on
25 and therefore are not particularly illustrated.
which is the lead material, also is not particularly

el ements such as transistors 31 fornmed on the sem conduct or

Im are not illustrated. [0098] Moreover, damascene process | ead
process that forns the leads and the via,s for nmutually 5

ach other in separate steps, and a nethod referred to as a dual

d in the layer below the | eads; but either damascene process nmay be
to this exenplary enbodi nent. The nethod for manufacturing the
herei nbelow illustrates a |l ead formati on nmethod by a dua

tive film1l corresponding to a |layer formng | eads 4a and 4b on a
(not illustrated) is deposited by a known insulative film

a
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15 as chem cal vapor deposition, an application nethod, or the like
contains, for exanple, an elenent such as silicon, oxygen, hydrogen,
insulative fihn 11 of this exenplary enbodinment is not in particular

and the unintended parasitic
constant of the insulative film1l is not nore than the relative diel
to inhibit the unintended parasitic capacitance between leads, it is
a dianmeter of not nore than. 3 nmin the interior of the.insulative fi
[01G8) 11 Byithe mapulgraring sethedhheramaheye as Bdycion slemsenacstiditg@r e of two
conmposi tions. [0100] Subsequently, in a step that |am nates, the |ead

thin sxgrap pryeenthodimant 1§ ebtaigher By tiedndustqr slermpay ithily oy thy ghip
| am nate structure of insulative filnms_ containing at
sfiifhaesargdean eacdicat;rndanipiraese of gemipged parasitc panasitpices ¢4y bs

increase the reliability of the sem conductor device, and inhibit an

inhibigsk rated in Fig. 9B, a | ead groove pattern 12 is fornmed for forning the | eads 4a and 4b,
typi fied by photolithography and a fabrication nethod typified by reactive etching on the insulative film11l (step 2).

[8H)e ofin thectesydanycotedimpent: esalenpid shaped mdeetanglgmsart haHEa in this e

octagonal shape, a substantially round shaped pol ygonal shape,
have a | ead width, an inner dianeter, an 15 inter-I|ead space,
theretopantithe sumben dfdayarnaf legdsolorming éht indaiot demedtanasns and t hese di ne
devi ce. However, as described above, a formation is necessary such t
dpprogeatetyhdatertiveeddapthe desigue of Stowemnconducion depicedjsdemgus it dagds in the s
not exceed the number of layers of leads permitted by the design constraints of the
semiconductor device. By increasing the number of lead layers forming the inductor
element, a solenoid shaped inductor element having a smaller surface area and realizing a
large inductance value can be formed.
[0110] According o this exemplary embodiment, by forming a solenoid coil shaped
inductor element on the semiconductor substrate, the chip surface area can be reduced by
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.
[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
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.

Yapaci tance between the | eads and 20 semi conductor substrate,

mai N conponent,
| east silicon and carbon and having a copper diffusion resistance and insulative
revent 5 the diffusion of copper into the interior of the insulative film 11,

and the |ike.
stoctursi s tetahdl fonr lagens of leads was desshbgsbassucixampla, frat isinpt limiiedat ed in Fi t z.
a nunmbéer of w nds,

step 1). The insuladve film11l is an insulative filmthat

fluorine, carbon, nitrogen, or the like; and the material of the
limted; but to inhibit the parasitic capacitance between | eads

_ it is favorable that the relative dielectric
ectric constant of a silicon oxidation filmwhich is 4.2. Further,
nore favorable that the insulative film 211l has m nute voids having
Ilm 11. According to the fabrication 25 nethod of the insulative

or nore types of insulative filnms having nutually different

ayers, in the case where the 32 lead forned directly bel ow the

it is nore favorable that the insulative film1ll has a

i ncrease of unintended parasitic capacitance. [0101] Next,
for exanple, by a patterning nethod
10 The pattern
but may be forned, for exanple, as an

To make the surface area that the inductor el enment

3 is favorable. The shape of the | ead groove pattern 12 may
and the like that are determ ned by the required
1sions are determned by the circuit designer of the sem conductor
nat the capacitance between nutually vertically adjacent leads is
ane 20 | ead | ayer.

as

enpl ary enbodi nent,
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[0102] Next, as illustrated in Fig. 9C, a netal film 13 is deposited
or the |like from above the | ead groove pattern 12 (step 3). [0103] Ne
nmetal ffirn 13 25 are rennve%sby a flattening nmethod typified by, fo

and 4b are obtained (step 4)°“The schenmatic cross-sectional viewill
Fig. 33 3D. [0104] Next, as |Ilustrated in Fig. 9, simlar to the f
6i and the third | eads 3a, and 3c are forned by a danascene proc
is 5 a cross- ectlo Vi alon Ilne A- A 3C. The t

[(ﬁée T es H§th Aactopd cucmp ‘E@ﬁwﬁﬁ o Ak R s Arssripha ab are e

d th third |l ead.3c ar.e tric
ﬂﬁgeﬁ LI DRRRHGPPGROY “%PP%%?%IFQS

and 2c are formed by damas

X l%gg?e%w%g@“aﬁzf;ﬁ: by e
e rs’th?fgsm&%c e BpSsEToret 1 oS
IRt BaROpRL SHEDEBR0 AT S PBS 5. LR Sh SRR O O ext a5 111 s}
illustrating the third lead layer 103 of the same; and Fig. 10D is a schematic top view

illustrating the fourth lead layer 104 of the same. In Fig. 10, the same reference
numerals are given to the same components of Fig. 1 to Fig. 9, and a detailed description
thereof is omitied.

[0114] In the first exemplary embodiment described above, the inductor element has
four lead layers and three winds; one of the draw out leads (the second draw out lead 9)
that connects the inducior element and an external element is formed at a position to
connect to an uppermost layer iead (the first lead 1a) of the leads of the inductor element;
and the other draw out lead is formed by elongating an outermost circumferential lead
(the fourth lead 4b) of a lowermost 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 two winds, and
the two draw out leads that connect the inductor element to external elements both are
formed at positions to 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.

[0115] As illustrated in Fig. 10D, for the inducior 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 illustraied) on a semiconductor substrate (not illustrated). Then, a
via 6¢ is formed on a longitudinal direction end portion upper face of an mner 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.

oy a met hod such as sputtering, chem cal vapor deposition, plating,
xt, as illustrated in Fig. 9D, excess portions of the deposited
exanpl e, chem cal nechani cal polishing; and the fourth | eads 4a

ustrated in Fig. 9D is a cross-sectional view along line A-A of
brmati on nethod of the fourth |l eads 4a and 4b, the vias 6c¢c, 6d,
2ss (step 5). The schematic cross-sectional viewillustrated in
hird lead 3a and the fourth | ead 4a are electrically connected in
ectrically connected in series by the via 6d; and the fourth |ead

and

via 6i. [0105] Next, as illustrated in Fig. 9F, simlar to the

c, 6d, and 6i, the vias 6b, 6e, and 6h and the second | eads 2a, 2h,
sectional viewillustrated in Fig. 9F is a cross-sectional view
are electrically connected in series by the via 6b; the third | ead
e 15 via 6e; and the third lead 3c and the second | ead 2c are

rated in Fig. 90, simlar to the formati on nethod of the second
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portion; and the via 6a is formed on the other longitudinal direction end portion upper
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| eads 2a, 2b, and 2c and the vias 6b, 6e, and 6h,
process (step 7). The schematic cross-sectiona
second |l ead 2a and the first
el ectrically connected in sefies by the via 6f; and the first |ead
the via 6g. [0107] Next, as illustrated in Fig. 9H,
and the first lead |a are foined by a danascene process;
second draw out |ead 9 and the first draw out
[Hébbki nabevustiated in FighsdPor thevambhis capresteditp gng wngivdindyenpl ary enbodi
surface area can be reduced, ) .
disedtiotiend portion lewrefes of thh apié shaned iirbiead P yaveh 15 AQhmeg
is not limted thereto; and the nunber of |ayers of
thorfd leablagemi (Banditioned aley iteeefoasth) leasgayes 104 aeb
sem conduct or devi ce. ng. - nu
petiimh) @rd theviagthels doredan therasher lohgigidina] direséion gadpeTaIRE APPE| 1aeS can be f
sol enoi d coil
of thel dicirdilveé 3eal Atsopthe thind lead b finframed tesurgred wheutaigranieenee i conduc
I ncreased; and therefore, e ¢
optbe dleisd lend 3d @vihedbird kad layee 10 dherdie ddiincannectedio ansridugtudtnalievi ce al s
enbodi ment, it is possible to reduce the
direction end portion lower face of the third lead 3b; and the via 6e is formed on the other

the vias 6a, 6f,
20 view illustrated

and sim/ ar

1gthe r ycture of

aiclelecdeed t he nunber

longitudinal direction end portion upper face.
[0117] As illustrated in Fig. 10B, the via 6b is connected to one longitudinal
direction end portion lower face of the coil shaped second lead 2a, which is formed m the
second lead layer 102 positioned above the third lead layer 103 and has anotchina

face of the second lead 2a.  Also, the second lead 2b is formed to surround an outer
circumference of the second lead 2a in the second lead layer 102; the via 6¢ 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.

[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 n the
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 first lead 1a.  Also, a first lead 1b ts formed to surround an outer
circumference of the first lead la in the first lead layer 101; the via 6{ is connected to one
longitudinal direction end portion lower face of the first lead 1b; the other lengitudinal
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 furst lead

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

a
lead la are electrically connected in s
the first draw ou
|l ead 8 are fornmed by a
and an increase of. unintended parasitic
| eads formng th
By increasing the nunber of |ead |ayers formn
shaped i nductor el enment on the sem conductor substrate

t he manuf acturing cost of the sem conductor

nd 6g and the first leads la and | b are fofed by a damascene

n Fig. 90 is a cross-sectional view along line A-A of Fig. 3A The
eries by the via 6a; the second lead 2b and the first lead |b are
b and the second |ead 2c are electrically connected in series by

| ead 8 and the via 7a that 25 connects the first draw out |ead 8
y, the second draw out lead 9 and the via 7b that connects the
- damascene process (step 8). 34 [0108]By the manufacturing method
ment is obtained. By the inductor elenent thus obtained, the chip
capaci tances can be inhibited. 5 [0109]In this exenplary
a total of four |ayers of |eads was described as an exanple, but

i nductor element may be appropriately determ ned by the designer

a)

-

of layers of leads permtted by the design constraints of the 10
g the inductor elenment, a sol enoid shaped i nductor el enent having a
or med. [0110] According to this exenplary enbodi nent, by formng a

the chip surface area can be reduced by 15 increasing the

t or devices obtained froma sem conductor substrate can be

devi ce can be reduced. Further, size reductions of various signa
0D are possible. 20 [0111] Al so, according to this exenplary
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parasitic capacitance of the inductor elenent; and therefore, the hi
the inductor elenment and active elenents can be inproved. [0112] Furt
the 25 inductor el enent and %9jacent el enents can be reduced; and fr
i‘conduct or devi ce can be reduced.

jh frequency characteristics of the sem conductor device including
her, according to this exenplary enbodi nent, the spacing between
omthis point as welt, the chip surface area can be reduced and the

manuf acturi ng cost of the se 35 [0113] Next, a second exenpl ary enbodi mrent of the present invention

is described. Fig. 10Ais a schematic top viewillustrating the first lead |ayer 101 of an inductor elenment according to this exenplary

enbodi nent; Fig. 10B is a schematic top viewillustrating the second;lead |ayer 102 of the same; Fig. 10Cis a schenmatic top view5
10D is a schematic top viewillustrating the fourth | ead | ayer 104 of the

he sane

g R e of e TPt o e SR o T B

is gmtted.,.[0114]In the first exenpl ar odj nent descri bed above,
R e 1 LERE R o L& T o RR e SRR BB AR e ey o 1 e
t o connect to _an upper t layer. lead (the.first |ead. | f the |

g RO G O RS Bh o8 ST E dR P T Fre i repES PUETT | ong by
i nductor. 15 el nt .to .an outer side; ilLe in_thi. [ nmbodi
Vel Biawplvant dgEbedn NP B est Grated AR DGt uo o &

both are fornmed at positions to connect to the er
Ingges il (R Baragilie CARRCHRSS RSFHFamARUERIY HaEcept leﬁ%emﬁ% ey
el ement according to this exenplagy,enbodi nt, the fourth | ead 4a
laygs vherein 2 splleneid $hanseindusHy Spneib havups f serligRatsigiado therne in an |

illustrated). Then, a .
first exemplary embodiment has an even number (two) of winds, and draw out leads (the

st, l ayer |ead

first draw out lead 8a and the second draw out lead 8b) that connect the solenoid shaped
inductor element to an external element are formed at positions to connect to the first
leads 1a and 1b posttioned in the uppermost layer of the solenoid shaped inductor
element.
[0115] The configuration, operations, and effects of this exemplary embodiment
except those recited above are similar to that of the first exemplary embodiment described
above.
[0120] Next, a third exemplary embodiment of the present invention is described.
The inductor elenient according to this exemplary embodiment has a structure in which
the structurs 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 is formed in the lowermost layer of the leads of the inductor clementin a
vertically inverted state; sequentially thereupon, the second lead layer 102 illustrated in
Fig. 10B, the third lead layer 103 illustrated in Fig. 10C, and the fourth lzad 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 to
connect to the first leads 1a and 1b positioned in the lowermost layer of the solenoid

shaped inductor element. Thereby, the inductor element according fo this exemplary

embodiment is configured.

&%xenpl ary enbodi ment .

conponents of Fig. 1 to Fig. 9, and a detail ed description thereof
the inductor elenment has 10 four |lead |ayers and three w nds; one
inductor elenment and an external elenent is forned at a position
ds of the inductor elenment; and the other thaw out |lead is forned
' of a |owernost |layer lead (the fourth | ead) of the | eads of the
rent, the inductor elenent is different in the points that the
w out | eads that connect the inductor elenment to external elenents
of the inductor elenment; but except for these points, the inductor
[0115]As illusliated in Fig. 10D, for the inductor
s wound roughly two winds in a coil shape having a spaci ng provided
nsul ative film(not illustrated) on a sem conductor substrate (not
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25 via 6¢c is forned on a |longitudinal direction end portion upper fa
on a longitudinal direction end portion upper face of an outer side.
illustrated in Fig. 10C, the via 6¢ is connected to one |ongitudina
which is formed in the third38ead | ayer 103 positioned above the fou
formed in the other |ongitudinal direction end portion upper face 5
an outer circunference of the third lead 3a in the third |l ead | ayer
artion_|lower face of the third Jead_.3h; and the vig.6e is formed on
[G120 st r Rhepniigupstipn, epasatiqngeang cllegly Oifﬁﬂﬁ SRRl Fmng it | ongi t udi nal
2a, which is forned in_the seco?%%hggd Iayfr ;%ﬁ gositioned above th
exesPt Gpyraacitig abrue gtendmilpigh dhess & i SEEPIAH SRRATBEPE i on upper face
surround an outer circunference of the second lead 2a in the second
dericribed 3heic-end portion | ower face of the second | ead 2b; and the via
face. [0118]As illustrated_in, Fi 10A, the via 6a is ¢connected to o

[9122%t | Dt p &m@%@wnl@wmhﬁ»éw% of the DreSERINYNAN ISJRSFI1 posi ti one
and the via 7a is fornmed on the other |ongitudjnal direction end por

Figod hbds 2 srhsmetie tordvigy iButiing e erde Farmed thetiiel lpadlayeni8id 1a in th
direction end portion |lower face of the first |lead | b; the other |on

obthe dndugion elegientagdosding fo Hilsecxemplary pahedipent 312 44 B 152 5¢h8mpEC| s f or ned
connected to a first draw out lead 8a forned in a |ead | ayer positio

tep Gew dinstratingwesond leadsliamed in edesandilend lgyprd 02 of the same; Fig:

11C is 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. InFig. 11, the same reference numerals are given to
the same components of Fig. 1 to Fig. 10, and a detailed description thereof is omitted.
[0123] As illustrated in Fig. 11D, in 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 iliustrated). 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 1s formed on a longitudinal direction end portion ﬁpper face
of an outer side.  Also, the fourth lead 4b 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 fourth lead 4a in the fourth lead layer 104; the via 61 is formed
on a longitudinal direction end portion upper face of an inner side of the fourth lead 4%;
and a via 6j is formed on a longitudinal direction end portion upper face of an outer side.
Thereby, the fourth lead layer 104 is configured.

[0124] As illustrated in Fig. 11C, 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 anotchima

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

ce of an inner side of the fourth |ead 4a, and a via 6d is ft:|inmed
Thereby, the fourth |lead layer 104 is configured. 36 [0116]As
direction end portion | ower face of the coil shaped third | ead 3a,
th lead | ayer 104 and has a notch in a portion; and the via 6b is
of the third lead 3a. Also, the third lead 3b is franed to surround
103; the via 6d is connected to one |ongitudinal direction end

the other longitudinal direction end portion upper face. [0117] As
10 direction end portion |ower face of the coil shaped second | ead
> third [ ead | ayer 103 and has a notch in a portion; and the via 6a
' of the second | ead 2a. Also, the second lead 2b is forned to

L ead | ayer 102; the via 6e is connected 15 to one | ongitudina

5f is fornmed on the other longitudinal direction end portion upper
ne | ongitudinal direction end portion |ower face of the coil shaped
d above the second | ead | ayer 102 and has a notch in a 20 portion;
ion upper face of the first lead la. Also, a first lead Ib is

e first lead layer 101; the via 6f is connected to one |ongitudina
gi tudinal direction end portion is at a position elongating in an
on the end portion upper face thereof Then, the via 7a is

ned above the first |ead layer 101; and the via 7c is connected to

D
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~ 1s formed on the other longitudinal direction end portion upper face.

37 lead layer as the first draw out |ean 8a. Thereby, the inductor e
ot her words, the inductor elenent according to this exenplary enbod
vertically adjacent |eads described in the first exenplary enbodi nen
bet ween nmutual |y adjacent |e in the sane |l ead | ayer, wherein a so
the first exenplary enbodi nent has an even nunber (two) of w nds, an
out | ead 8b) that connect the sol enoid shaped i nductor elenent to an

| ayer of the solenoid

10 leads.la and | b_positjoned . in.the uppernost
fagerof dresthipd lqapioe- es’%é??pﬂ'ﬁrtb“@ﬁ@é‘gé:gﬁﬁﬁ%"m@‘i KUPFTOUROSEOEE t ed above ar e
15 [0120] Next, a third, exenpl ary enbodi ment of the present invention
crmBToRER O fisdhiad lond da iniine UIRC I EHT HE: S16r e O TCBeRR nduct or ol
is vertically inverted. In other words, the first lead |ayer 101 ill
og¢ langaudipg fitegionendRartion fpveer Seped e thg fspd Bhiadthg v 918 sequenti a
the third lead layer 103 illustrated in Fig. 10C,. and the fourth |l ea
formedranetbe athgt longiiinal slaseatign cnd RorgRTayprstiface e addifpralst thest  dr aw out
sgﬁged i nductor elenment and external elenents are fornmed at position
thisdhisadde s framest toghrrpwed appwavsitrugHepees I taukirddead) Brigthe thitder eby, th
configured. 38 [0121] The configuration, operations, and effects of
Iqad daxer df3:tthe vikiti &1 conpestpd tr gnedpbgiidinahdirertion end pertighdywer face
of the third lead 3c; and the via 6h 1s formed on the other longitudinal direction end
portion upper face. Further, a third lead 3d is formed to surround an outer circumierence
of the third lead 3¢ in the third lead layer 103; the via 6j is connected to one longitudinal
direction end portion lower face of the third lead 3d; and a via 6k is formed on the other
longitudinal direction end portion upper face.
{0125] As illustrated in Fig. 11B, the via 6b 1s connected to one longitudinal
direction end portion lower face of the coil shaped second lead 2a, which s formed n the
second lead layer 102 positioned above the third lead layer 103 and has anotch in a
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 is 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 61
Additionally, the
second lead 2¢ is 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
fower 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 18
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. 11 A, the via 6a is connected to one longitudinal

[ ement according to this exenplary enbodi nent is configured. In
ment has a lead structure in which a parasitic capacitance between
t described above is 5 larger than the parasitic capacitance
I enoi d shaped inductor elenment having a configuration simlar to
i draw out |eads (the first draw out | ead 8a and the second draw
external elenent are forned at positions to connect to the first
shaped i nductor elenent. [0119] The configuration, operations, and
simlar to that of the first exenplary enbodi nent descri bed above.
1s described. The inductor el enent according to this exenplary
enent according to the second exenpl ary enbodi nent descri bed above
Istrated in Fig. 10Ais forned in the | owernost |ayer of the |eads
lly thereupon, the second lead |ayer 102 illustrated in Fig. 10B,
d layer 104 illustrated in Fig. 10D are lamnated in a vertically
ead 8a and the second draw out |ead 8b) that connect the sol enoid
to 25 connect to the first leads la and | b positioned in the

i nductor elenent according to this exenplary enbodi nent is
this exenpl ary enbodi nent except those recited above are simlar to

5
2




[0122] Next, a fourth exenpl ary enbodi nent of the presént i nvention i described. 5 Fig. 11Ais a schematic top viewillustrating first
| eads fornmed in the first Iead | ayer 101 of the inductor elenent according to this exenplary enbodinent; Fig. 11B is a schematic top

view illustrating second | eads fornmed in the second | ead | ayer 102 of the same; Fig. 11Cis a schematic top viewillustrating third
| eads forned in the third Ieag | ayer 103 of the same; and Fig. 11D i$ a schematic top viewillustrating fourth |leads fornmed in the 10
fourth lead | ayer 104 of the Qme. In Fig. 11, the same reference nuwerals are given to the sane conponents of Fig. 1 to Fig. 10, and a

detail ed description thereof is omtted. [0123]As illustrated in Fig: 11D, in the inductor elenent according to this exenplary
enmbodi nent, the fourth lead 4a is wound roughly two winds in a coil shape having a spacing provided such that adjacent portions do not

ontact in the,sa I in,an 15 i nsulative fil npt J4llustrated) ion a sem conductor substrate (not illustrated). Then, a via 6¢c is
&'-- aGB%P%“@BH@W@ﬁ&%ﬁgﬂﬁa?PégPPﬁﬁﬁgﬂ a%i%ﬁﬂgﬁhldgéﬁe %%%eof an inner side of the fourth lead 4a, and a via 6d is forned on a

ongi t udi n di rection e ortion e ace of an outer side. Also, the fourth lead 4b is fornmed to wind roughly two winds in a coil
é’ﬁé%@éh\?f ﬁé}l ROSUHES A Vﬁﬁg?/?%@adgﬁ%?:%ﬁi?j a@é‘rﬂ(ﬁ%’olptai ons do not contact to surround an 20 outer circunference of the fourth | ead 4a
in.the fourth _|ead |ayer 104 the .via Ei.hi.forged on _a longitudinal idirection end portion upper face of an inner side of the fourth
ptianand thgga Ja vy lorged PR tEgthg dogstudmab i F190 FAd POOP&EPon end portion upper face of an outer side. Thereby, the fourth lead |ayer 104

IS configured.. [0124] ilJustrated in Fig., 11C. the via.6¢c is connected to one |longitudinal 25 direction end portion |ower face of the

@B?Pf@ﬁé%%deﬁdﬂiar dglﬁ‘éé@%‘&flﬁilgﬁs ognpqr;rq%ﬂagrpy\g?}ly]éwmr}%lpgad | ayer 103 positioned above the fourth | ead | ayer 104 and has a notch in a

portion; and the via 6Q i|s ﬁoEneﬂ.on the.otBer Igﬁgi%gginal direction end portion upper 39 face of the third lead 3a. Also, the third
¢ YRUGGETE POLIGNE GRFPEE Eee

5 ¢aibghapphadng a spasinamsogds B it the third lead 3a in the third lead |ayer 103; the via 6d is connected to one

| ongi tudi nal direction end portion |ower face of the thi |l ead 3b; and the via 6e is formed on the other |ongitudinal direction end
W@W@Bﬁé?“‘f‘%’é@@nﬁﬁﬂﬁg% afiy}?l?ﬂlé\q%’“tl?ﬁadﬁay?relgﬁi=%@W%gﬁér med to surround an outer circunference of the third lead 3b in the third

| ead | ayer 103; the_ via 6i is con ectg% tqQ one Ioagi%%Qinal direction end portion |ower face of the third lead 3c; and the via 6h is
samnaetad bna lonsitestipal dineefings enddrostion leee e shae ileh s Plothe diser face. Further, a third lead 3d is formed to surround an outer
circunference of the third | ead %p in the third . lead | ayer . 103; the via 6] is connected to one |ongitudinal 10 direction end portion
leadbb: andde wip tghecapetgd fealprghy gﬂdﬂ‘@c@?‘h‘f’@@qrgoq @W?égac&?ft he other |l ongitudinal direction end portion upper face. [0125]As

illustrated in Fig. 11B the via 6b is connected tqQ one | ongitudina
an oufer side. Further, a first lead lc¢ is formed to surround an oufer circumference of the -

10 first lead 1b in the first lead layer 101; the via 6m is connected to one longitﬁdinal |
direction end porﬁon lower face of the first lead 1c; and the via 7¢ is formed on the other
longitudinal direction end portion upper face.

[0127] The via 7a is connected to the first draw out lead 8a formed in a lead layer
positioned above the first lead layer 101; and the via 7c is connected to the second draw

15 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 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 above is larger than the parasitic capacitance between

20 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 té external
elements are formed at positions to connect to the first leads 1a and 1b positioned in the

25 uppermost layer of the solenoid shaped inductor element.

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

(the fourth leads 4a and 4b) that form roughly two winds in the lowermost layer (the
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direction end portion |lower face of the coil shaped second | ead 2a,
third lead | ayer 103 and has a notch in a 15 portion;
face of the second | ead 2a. Al so,

formed on the other longitudinal direction end portion upper face.
circunference of the second lead 2b in the second | ead | ayer 102;
| oner face of the second |lead 2c; .and the via 6g .

and the via 6a
the second lead 2b is formed to su
| ead | ayer 102; the via 6e istlconnected to one |ongitudinal directio
A
the via 6h is connected to one | ongitudina
formed on the ot

mich is fornmed in the second | ead | ayer 102 positioned above the
is formed on the other |ongitudinal direction end portion upper
round an outer circunference of the second lead 2a in the second
" end portion | ower face of the second |lead 2b; and the via 6f is
dditionally. the 20 second lead 2c is forned to surround an outer
direction end portion

ner |ongitudinal direction end portion upper face. Further, a

fawtoised Jagerd 04y of thefendsed thegndyptorgiemenin  Shrrehy, & 0EYAT ence of the second lead 2c in the second | ead |ayer 102; the via 6k is 25

connected to one |ongitudinal direction end
elfmeat eqearlinmie thisexraplagppepodimeat hasgnorg wiads
portion | ower face of the coi
la. Also, the first i
agd theoeforsothe anductance yalpe gabamwaved: circunference of a first
| ongi t udi nal
[e1 3% ct | Moreererpbistnossibledndirtifeadmprsive dhe ipdecance valwe ofthet her, a first
first lead Ib in the first |lead | ayer 101;
first draw out lead 8a forned in a |lead |ayer | d .
tishiotiead dadiusbatbd imBig. bhA formnsstanghly dwd Windse andiigeneinalier. syeilatr aw out |
enbodi nent is configured. In other words,
parasitic capacitance between 20 nutual ly adjacent
fommfip goughty e windiakaprovoled b inftadhhead laystpoeitiengs @mrtlre Bvigodi nent has
out | ead 8a and the second draw out
lp@ss ofi the first tead d oyrebtreineatinerefdongectbdmdsritsa and | b positioned in the
[0130] In the case where the inductor element according to the present invention is
formed as described in this exemplary embodiment, it is possible to easily increase the
inductance value further by providing further multiple leads that form roughly two winds.
[0131] Next, a fifth exemplary embodiment of the present invention 1s described.
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

fourth lead layer 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 1s omitted.
[0132] In the inductor element according to this exemplary embodiment, at ieast one
of the draw out leads of the draw out leads that connect the inductor element to external

elements is formed by clongating a lead positioned at the outermost circumference of any
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 ouiermost circumference of the third lead layer 103 is selected.

ortion | ower face of the

Yergpdwetithe Fi g, 11A,
] ) | shaped first lead la, which is founed
indyptos glemeatacgoribrg1e the fisst o Fifdorremplay embodiments slesaibed AhRE: on t he ot
lead I'b is fanned to wind roughly two winds in a
lead | a
direction end portion |ower face of an inner side of th

- ' ‘ ( the via 6mis connected t
thdswtbr Blemeahabcotdiny fcethipexemplasy pedodimenhey o eordicurasiogile sdiidhal directio

ositi oned above the f
( the inductor el ement accor
ip Hheaghdricgeropipacirtbritmetis ohderpresent invattion desjribed aboveededds descri bed in
| eads in the sane

| ead 8b) that connect the sol eno

second lead 2d; and a via émis formed on the other |ongitudina
he via 6a is connected to one |ongitudinal 40 direction end

inthe first lead | ayer 101 positioned above the second |ead | ayer
ner | ongitudi nal direction end portion upper face of the first |ead
5 coil shape having a spacing provided such that adjacent portions

inthe first lead |ayer 101; the via 6f is connected to a

e first lead | b; and the via 6g is connected to a | ongitudina

ead lc is fornmed to surround an outer circunference of the 10

p one longitudinal direction end portion |ower face of the first

n end portion upper face. [0127] The via 7a is connected to the

rst lead |ayer 101; and the via 7c is connected to the second draw
cad 8a. Thereby, the inductor elenment according to this exenplary
ding to this exenplary enbodi nrent has a | ead structure in which a
the first exenplary enbodi nent descri bed above is |arger than the
| ead | ayer, wherein the sol enoid shaped i nductor el enment having a
an even nunber (four) of wi nds; and draw out |eads (the first draw
d shaped inductor element to external elenents are fornmed at




25 uppernost | ayer of the sol enoid shaped i nductor elenent. [0128] Th
| eads (the fourth | eads 4a and 4b) that formroughly two winds in th
the inductor element. Thereby, the inductor elenment according to thi
i nductor el ement according tcﬂ%
i nproved. 5 [0129] Mbreover, it is possible to further inprove the in
enbodi nent by a configuration in which the first lead Ic illustrated;
t he_ ot her .exenpl ary._ enbodi nents_ of tgmgyrese i nvention descrlbed a
[¥lgér pésiilnsed pdigHeD): gue ndrcfargsmenbprecopiing fortats xeRplare | wher ei
i nductor el ement accarding to the present |nvent|on IS formed as des
eperisish thourth deactirie ovad tRUShGT BHEVInG N e RPRIPURE her nmul tipl e

enbodi ment of the present invention is described, 15 Fig. 12A is sch
spegmprmﬂe@ﬁuqhﬁbatum@m@om@mﬁm sewest dn the spge g We#enpl ary enbodi

insulative film (not illustraied) on a semiconductor substrate (not illustrated). Then, a

5 wvia 6¢ 1s formed on a longitudinal direction end portion upper face of an inner side of the
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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 fo surround an
outer circumference of the fourth lead 4a in the fourth lead layer 104; the via 61 is formed |
on a longitudinal direction end portion upper face of the inner side of the fourth lead 4b;
and the via 6j 1s formed on a longitudinal direction end portion upper face of the outer

side. Thereby, the fourth lead layer 104 1s configured.
[0134] As illustrated in Fig. 12C, the via 6¢ 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 a notch ata
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 lead 3b in the third
lead layer 103; the via 6i is connected to one longitudinal direction end portion lower face
of the third lead 3c; and the via 6h 1s 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 circumiference of the third lead 3¢ n the

third lead layer 103; the via 6j is connected to one longitudinal direction end portion

lower face of the third 1ead 3d; and the other longitudinal direction end portion 1s

he first to third exenplary enbodi nmenf

2 i nductor element according to this exenplary enbodi nent has two
> | owernost | ayer (the 41 fourth |ead |ayer 104) of the |eads of
5 exenpl ary enbodi ment has nore winds than the wi nds of the

s descri bed above; and therefore, the inductance val ue can be

duct ance val ue of the inductor element according to this exenplary
in Fig. 11A fornms roughly two winds; and thereinafter, simlar to
bove, | eads form ng roughly one wind are provided also in each |ead
n each are connected in series. [0130]1In the case where the

cribed in this exenplary enbodinent, it is possible to easily

- eads that formroughly two winds. [0131] Next, a fifth exenplary
ematic top view illustrating first |leads forned in the first |ead
ment; Fig. 12B is a schematic




_ to one longitudinal direction end portion lower face of the second lead 2b; and the via 6f
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" face of the second lead 2c; and the via 6g is formed on the other longitudinal direction
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top view illustrating second | eads footled in the second |ead |ayer i02 of the same; Fig. 12Cis a schematic top view illustrating
third leads foinied in the third | ead [ ayer 103 of the sane; and: F|g@ 12D is a schematic top viewillustrating fourth |eads forned in
the 20 fourth lead llayer 104 of the same. In Fig. 12, the sanme reference nunerals are given to the sane conponents of Fig. 1 to Fig.
11, and a detailed descriptiog_thereof is omtted. [0132]In the inductor elenment according to this exenplary embodi nent, at |east one
of the draw out | eads of the éaMIOUt | eads that connect the inductof element to external elenents is faulted by elongatlng a |lead
positioned at the outernost circunference of any 25 | ead |ayer of the | eads of the inductor elenent. This |ead can be sel ected by the
circuit designer. In this exenplary enbodi ment, an exanple is descrlbed in which a | ead positioned on the outel nost circunference of

éﬁ%ﬂéﬁ&fe?ﬁéﬁﬁﬁg %%R;H%%F é@r§ﬁ$§ﬁ£ﬁﬂhegé&8 Rﬁﬁ%&Aﬁh&LBH§EQ@ted in Flg 12D, in the inductor elenment according to this exenplary

T ourt a |I's woun two wn s In a coil shape having a spacing provided such that adjacent portions do not
a? E‘,g eC

t- tive f|In1(not illustrated) on a sem conductor substrate (not illustrated). Then, a 5 via 6c is
O Hed gﬁ%5lﬁgﬁﬁﬁﬁﬁdﬁéﬁﬁggé?E%?F£ﬂa§%§ portion upper face of an inner side of the fourth lead 4a; and a via 6d is formed on a

bﬂgg tudggﬁgwgrggé%_onlgg o&%@gg %?%Edﬁg neﬁmﬁﬁmhﬁﬂter side. Also, the fourth lead 4b is formed to wind roughly two winds in a coi
| ovide [ [

ha sG¢ ace portions do not contact to surround an outer circunference of the fourth |ead 4a in
ourth %_ﬁo Pn q110ﬂg|tud|nal di rection end portion upper face of the inner side of the fourth
I061

Fg‘:Kﬂﬁmdgﬂﬁu?ﬁgw@¥§a%%9ﬁgc? gﬁéﬁggﬁmgdf%%gl na 'rection end portion upper face of the outer side. Thereby, the fourth lead |ayer
:Sle%f')nflifeag?zll’];e} %jiggsm(gne%%é‘lve thge ltﬂif'ldsltegc?faygr f()% d%as angfch ape via 6¢ Is connected to one |ongitudinal

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 is formed to suwrround an outer

circumference of the second lead 2a in the second lead layer 102; the via 6¢ is connected

is formed on the other longitudinal direction end portion upper face. Further, the second
lead 2c¢ is 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

end portion upper face.

[0136] As illustrated in Fig. 12A, the via 6a is connected to one longitudinal
direction end portion lower face of the coil shaped first lead 1a, which is formed m the
first lead layer 101 positioned above the second lead layer 102 and has a notch on a
portion; and the via 7a is formed on the other longitudinal direction end portion upper
face of the first lead la. Also, the first Tead 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 first lead 1a in the first lead layer 101; the via 6f 1s
connected to a longitudinal difection end portion lower face of an inner side of the first
lead 1b; andrthe‘via 6g is connected {0 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
léad 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
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direction end portion | ower face of the coi
fourth lead | ayer 104 and has a notch at a portion;
of the third | ead 3a. Also,
103;
the other longitudinal direction end portion upper face.
of the third lead 3b in the third | ead | ayer 103; the via 6i is conné
third lead 3c; and the via 6h is fornmed on_the other, |Iongitudinal dit
by horEst WaiprHb cxemBBlaTy pehadipents gegsribed aayedhe deagrersidratdel &e portion
| ayer 103; the via 6] is connected to one |ongitudinal direction end
theogrsignutibRae- di rection end portion is 43 positioned elongating in af
that connects the inductor elenent to an external elenment. [0135]As i
[D6Hi t udhipmlas dilyseetedon Fign 420 otbe ioird leahdd. Wiieleisdihe QHarmQst | shaped sec
positioned above the third | ead [ayer 103 and has a notch at a porti¢
caumfroentiableadiip SNtz e denfportien Brovisied af adnzamedipts portimetdeond | ead |
2a in the second lead | ayer 102; the via 6e is connected to one | ongi
cuted cirienigience bf 1@ thisd fead rechnsiihetséorptin epmpairgn todpierangile 82t i on end |
surround an outer circunference of the second |lead 2b in the second |

inducenr telemmene actopding ite thel seevxd dxguwlay embediswobeidht pregerdnveatidnt he via ¢

face. 15 [0136]As illustrated in Fig. 12A, the via 6a is connected t
thhimped denfetlr oft the &eads bhthewiductorickenfiant meedioitn  Aheordingkyt tHedaéhcamger 101 pos
portion; and the via 7a is formed on the other |ongitudinal directiol
ahreidscliresnad ih@thir vebrdo irgihk yeasangheve tlasiniwctancg aloe iof thehagietdravi ng a sj
surround an outer circunference of the first lead la in the first le
edamaknp ecdording kotherseé@adexedphany emhedinentiel tbf prekant fniviestiod Bad | b; and t he
face of the outer side. Further, the via 7a is connected to the first
standard value, it can be said that the inductance value of the inductor element according
to this exemplary embodiment has an inductance value that is finely adjusted from the
standard vaiue. Accordingty, it is possible to finely adjust the inductance value of the
inductor element according to this exemplary embodiment by the number of layers in
which the outermost circumferential lead is used without modifying the design parameters
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 is possible to finely adj_ust
the inductance value.
[0140] Next, a sixth exemplary embodiment of the present invention is described.
Fig. 13 is a schematic plan view of an extracted portion of a lead of the inductor element
according o this exemplary embodiment; Fig. 14A is a schematic top view illustrating
first leads formed i 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
in the second 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 fourth lead formed in the fourth lead layer 104 of the same. In Fig. 13

shaped third | ead 3a, mhlch is formed in the 15 third | ead | ayer 103 positioned above the
and the via 6b |s formed on the other
the third lead 3b is formed to surround an outer circunference of the third lead 3a in the third | ead | ayer
the via 6d is connected 4b one longitudinal direction end portion |ower face of the third | ead 3b;
Addi tionally,

| ongi tudinal direction end portion upper face
and the via 6e is 20 fornmed on
the third lead 3c is forned to surround an outer circunference
2cted to one longitudinal direction end portion |ower face of the
ection end portion upper face. Further, the bent third lead 3d is
of an outer circunference of the third lead 3c in the third | ead
portion |lower face of the third | ead 3d; and the other
1 outer side direction fromthe bent portion as a draw out
Ilustrated in Fig. 12B, the via 6b is connected to one
ond | ead 2a, which is forned in the 5 second | ead | ayer 102
on; and the via 6a is foil ed on the other |ongitudinal direction
2b is formed to surround an outer circunference of the second | ead
tudi nal direction end portion | ower face of the second | ead 2b;
horti on upper face. Further, the second lead 2c is forned to
ead | ayer 102; the via 6h is connected to one |ongitudina
5g is formed on the other |ongitudinal direction end portion upper
b one |ongitudinal direction end portion |ower face of the coi
5iti oned above the second |lead | ayer 102 and has a notch on a
" end portion upper face of the first lead la. Al so, the first
paci ng provi ded such that adjacent portions do not contact to
ad | ayer 101; the via 6f is connected to a |ongitudinal direction
> via 6g is connected to a longitudinal direction end portion | ower
draw out |l ead 8a forned in a

| ead

| ead
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according to the present invention can include a lead having a slit.

5

0

25 |l ead | ayer positioned above the first |ead | ayer 101. Thereby,
configured. [0137] According to this exenplary enbodinent, in additio
enbodi ments descri bed above, the degrees of freedom of the design im
which is the outernost circurdrential lead, is bent at a bent porti
circunference of the third | ead 3c; and therefore, in conparison to,
exenpl ary enbodi nent of the present invention, the total length of t
i nduct ance val ue declines; and in other words, in the case where the
aps Ehgp |1 Ar the sarbortiferente rainearsle apsr@ivamio thasasm ¢oapongniy of Bigsd 4adar d val ue
according to this exenplary enbodi nent has an i nductance val ue that

Frp$8i ipiden dasaitedrishyripgidnabkereefie oimildkdet ance val ue of the inductor el ene
in which the outernost circunferential lead is used wi thout nodifyin

a)

th(.

he | eads of the inductor el enent

nt according to this exenplary enbodi nent by the nunber of
y the design paraneters 15 of the inductor el enent such as the

i nductor elenent according to this exenplary enbodi nent is

W to the effects obtained 44 by the first to fourth exenplary
Or ove.

bn provided at any internediate portion of the 5 outer

[0138] Al so, as illustrated in Fig. 12C, the third | ead 3d,

for exanple, the inductor elenment according to the second

is short. Accordingly, the

i nduct ance val ue of the inductor elenent according to the second
it can be said that the inductance value of the inductor elenent

s finely adjusted fromthe standard val ue. Accordingly, it is

| ayers

[0Hér diThestducior learbmvactiohding eaddhisgreoiptegy cmhedimisat 4dages th§ 0139] Therefore, according to this exenplary enbodi ment, the circuit designer
can freely select |lead layers formng the draw out |eads; and therefore, the degrees of freedom of design of the sem conductor device
indyetanetemenn df the prdsent, inventios tpowsitisings ofohs maeifpctadpaiptoce$sedfi nduct ance| val ue. 20 [0140] Next, a sixth exenpl ary enbodi ment of the present

invention is described. Fig. 13 is a schematic plan view of an extra
lexdestnab@ras of myedi memdinriEdgeniidohdistondsotmsnata atheropords.gwairkdenst r at i ng |
el ement according to this exenplary enbodinment; Fig. 14B is a schensf
rhiaieeurizk0 2croicotdeiaalerice Firgm cbnei@ints ofiths ot iucing gpooessvhd | | ustratin
Fig. 14D is a schematic top viewillustrating a fourth |ead forned i
minimum lead width and the maximum lead width of the leads of the semiconductor
device are often prescribed. However, the inducior element may need a lead width
larger than the maximum lead width prescribed by constraints of the process due to the
size of the current flowing in the inductor element. In this case, the inductor element
The present
invention is devised to reduce the parasitic capacitance of the lead of the inductor
element; and even in the case where the lead of the inductor element is a lead having a siit,
the effects thereof can be obtained sufficiently.
[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
element to external clements has a slit.  In the inductor element according to thts
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 is open at the longitudinal direction end of the {irst lead 1a;;
the slits 5b have a rectangular shaped aperture in a straight hine portion of the first lead
1ay; 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 w;, w», and ws; separated by

the slits is larger than the lead width necessary for realizing the desired electromigration

cted portion of a lead of the inductor elenment according to this

irst leads fornmed in the first |ead |layer 101 of the inductor

ic top viewillustrating second |leads fornmed 25 in the second | ead
J third leads forned in the third | ead | ayer 103 of the sane; and

n the fourth | ead |ayer 104 of the sane. In Fig. 13
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45 and Fig.
is omtted.

constraints of the manufacturing process of 5 | ead structures of
m ni aturi zed sem conductor dedé ce,
the | eads of the sem conductor device are often prescribed. However,
| ead width prescribed by constraints of the process due to the 10 si
the inductor el enment according to the present invention can include

14,

resisanga o gictinducterrdonend o eerofs redidanceauhase w isdhs kadwidth obtherrent ; and e

having a slit, the effects thereof can be obtained sufficiently. 15

festierdi Imew), isdite Welils of thedeadffrorhent edggdn die lepdwididl duesionde ement and th
In the inductor elenent according to this exenp

el ements has a slit. I _
of theetavah roivel bfislds pexdmalrtodneedpria 1§ the avitbroditheislitned isdhe wikth oh end port
width direction are made in an interior of the first lead la]. The s

tenidad fromhtbe Slitrts tanbtheadsiit; alis thehvaddlaf the Gherrsdiveand wigg tharvgdthanf shaped a
rect angul ar shaped aperture at a be
l e
W3 separated by the slits is larger than the | ead width necessary fo

Sc (not illustrated) have a bent
tASletdfromi the uthier sigto gnethercand id dteclemi welttadiredidnwif thehiros lodd tdhe fi r st

Then, the inductor element is formed by the first lead 1a;. Here, it 1s favorable that the
sizes of the slit widths s; and s; are the minimum lead spacing prescribe& by the
constraints of the process. Further, as illustrated in Fig. 13, the via 7a, which connects
the first lead 1a, having slits to a lead layer (not illustrated) positioned above the first lead
fayer 101, is a multi-via illustrated in Fig. 5, and 1s formed to avoid the slits; but in this
exemplary embodiment, hereinafter, to simplify notation, multiple vias are notated as
single vias.
j0144] in the inductor element according to this exemplary embodiment, at least one
of the leads of the inductor element and the draw out Jeads connecting the inductor
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
each 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 shits 5a, 5b, and 5¢ are made similarly to those of
the first lead 1a; described above, is wound roughly two winds in a coil éhape having a
spacing provided such that adjacent portions do not contact in the same plane in an
insulaiive film (not illustrated) on a semiconductor substrate (not illustraied). 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 1s configured.

the sane reference nunerals are given to the sane c
[0141] The inductor elenent according to this exenplary e
rec
fromconstraints of the manufactu

bonmponents of Fig. 1 to Fig. 12, and a detail ed description thereof
nbodi nent adapts the inductor elenent of the present invention to
ent miniaturized sem conductor devices. In other words, in a recent
[ing process, the mnimumlead wdth and the maxi num | ead w dth of
the inductor elenent may need a | ead width |arger than the maxi mum
ze of the current flowng in the inductor elenent. In this case,

a | ead having a slit. The present invention is devised to reduce
ven in the case where the |ead of the inductor element is a | ead

[ 0142] I n the inductor elenent according to this exenplary

e draw out | eads connecting the inductor elenent to externa

ary enbodinent, as illustrated in Fig. 13, slits 5a in tw rows in
on of a first lead la]; also, slits 5b 20 in two rows in the |ead
its 5a have a C-shape that is open at the |ongitudinal direction
perture in a straight line portion of the first lead lal; and slits
nt portion of the first lead | a]. 25 [0143]As illustrated in Fig.
ad | a] such that the total of each of the lead widths wi, w2, and

[ realizing the desired electromgration 46
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resi stance of the inductor elenent or series resistance, where wis
fromone edge in the lead width direction to one of the two rows of
width of the lead fromthe slit to another slit; s2 is the width of

he lead wdth of the first
s5lits proximal to the edge;
he other slit;

lead 1al; wl is the width of the | ead
sl is the width of the slit; w2 is the
and w3 is the width of 5 the Iead fromthe other

slit to another end in the 1ddd width direction of the first lead la]. Then, the inductor elenment is formed by the first lead |aj.
Here, it is favorable that the sizes of the slit widths sj and s2 are the mninmum | ead spacing prescribed by the constraints of the
process. Further, as illustrated in Fig. 13, the via 7a, which connects the first lead lai having slits to a | ead | ayer (not
illustrated) positioned above the first |ead 10 |ayer 101, is a nulti-via illustrated in Fig. 5 and is fornmed to avoid the slits; but

[01461 hi s Aexibrsphtedyn EigddCniatvia freis SPRRECEEEO 0BG108 mul
according to this exenplary enbodinent, at |east one of the |eads of
direationteod pasios/lewenface of eseibshaned dirdrdeast Fnelicisdprmed Ak can be i npl
exenpl ary enbodi nent to the fifth exe

@y not at i on,

exenpl ary enbodi ment. 20 [0145]As illustrated in Fig. 1413, in the i
ah@ adamted noteninvhpedios) artdshSwia 6hbs farngd 9o the eherdeeeigidmal arly to t hose
in a coil
dirk¢tismtand pedionamppar feebt heduiot ibrd Sabs thlst. @ tiinbiead Pruisderacddy. Then, t
upper face of an inner side of a fourth |ead 4al; and the via 6d is
sotidreid smictkeer clrtemétyncetdiehe third ddadi3eadh thayerd ltakiaye W8ntegin ed.
| ongi tudi nal direction end portion | ower face of a coi

| ongi t udi nal

| ower face of the third | ead 3b1l;
[0147]

and the via 6e is fowed on the ot
As illustrated in Fig. 14B, the via 6b is connected to one longitudinal

direction end portion lower face of a coil shaped second lead 2a;, which is formed in the
second iead layer 102 positioned above the third lead layer 103 and has the slits 5z, 5b,
and 5¢ and a notch in a portion; and the via 6a is formed on the other longitudinal
direction end portion upper face of the second lead 2a;.  Additionally, a second Jead 2b;
is 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.

[0148] As illustrated in Fig. 14A, the via 6a is connected to one longitudinal
direction end portion lower face of a coil shaped first lead ta;, which is formed in the first
lead layer 101 positioned above the second Jead layer 102 and has the slits 5a, 5b, and 5¢
and a notch in a portion; and the via 7a is formed on the other longitudinal direction end
portion upper face of the first Jead 1a;.  Also, the first lead 1b; is formed to surround an
outer circumference of the first lead 1a; n 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
Jongitudinal 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 face therecof. Then, the

via 7a 1s connected to the first draw out lead 8a formed in a Jead layer positioned above

npl ary enbodi ment of the presen
third leatlayéreldd robitiohed Rnthgdhofoutthdendieyad 06 ped s thoslithéasbeond exenpl ar

shape havi ng a spaci ng provided such that adjacent portion

47 [0
shaped third
cdhosanthed foaetibngiaaiindl direstioh@ad podidndewehfacsdf the tiiw le&b3biand Sc and
5 direction end portion upper face of the third | ead 3a
a6l peuns 6 sicenaf ot the dtinrichditedicaBdfeciinn tikpartion dppeedabel ayer 103; the

iple vias are notated as single vias [0144]1n the inductor el enent

the i nductor elenent and the draw out |eads connecting the

enmented in any of the inductor elenents according to the first
i nvention described above. Hereinbel ow, as an exanpl e,

y enbodi nent of the present invention are described as this

nduct or el enent according to this exenplary enbodi nent, a fourth

pf the first lead | al descri bed above, is wound roughly two w nds

s do not contact in the sanme plane in an insulative film (not

he 25 via 6¢ is formed on a longitudinal direction end portion

formed on a longitudinal direction end portion upper face of an

146]As illustrated in Fig. 14C, the via 6¢c is connected to one

| ead 3al, which is forned in the third | ead | ayer 103 positioned

a notch in a portion; and the via 6b is fornmed on the other

1. Also, athird lead 3bl is forned to surround an outer

via 6d is connected to one |longitudinal direction end portion

her | ongitudinal direction end portion upper face.

slits made
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[0147]As illustrated in Fig. 14B, the via 6b is connected to one |on
second |l ead 2al, which is forned in the second | ead | ayer 102 positi
Sc and a notch in a portion; and the via 6a is formed on the other |
2al. Additionally, a second I|4ad 2bl is formed to surround an outer
102; the via 6e is connected to one |ongitudinal direction end porti
the other longitudinal direction end portion upper face. [0148]As i
direction end portion |ower face of a coil shaped first Iegd I
thedirsinidad leaer 104y end the Fisgfrois lsaanackis te the sgoong drays ouplsgd 8 foreda notch |
direction end portion upper face of the first lead |al. Also, the fi
irf fhe semk éead laver a the fine draw ot lead da| alkarebygthe Mdystayiclneinti s connect ed
| ead 1bl; and the other 25 |ongitudinal direction end portion is pos
aeguading éo thisexPoplasy fobadicnephisaen@gecpor ti on upper face thereof Then
| ead | ayer positioned above 48 the first |ead layer 101; and the vi

0@ | ayethinsxentpdary embodumeny thataseedgresall of theleadyof theandug@ict or el enpnt according to this exenpl ary enbodi nent

this exenplary enbodi ment, the case where all of the |leads of the in
eleimint Ravetshierie tiescribet] butithelsanbiodiphentennas dimited thesetosand mpebe it is diff
to constraints of the manufacturing process of the sem conductor dev
inplefrenteddh itescabwhery itak diffieult eartslioy thel degived igad vadidsofdhe eirant nduct or
exenpl ary enbodi nent, at |east one of the |eads of the inductor elen
destpedrniak tebeneains dids maskihtiuriaggrachercdthersemicondugondeviecartd ef f ect i
the el ectromgration resistance of the inductor elenent can be inpro
the circuit designer can determine whether to form or not to form slits in any of the leads
or draw out leads of the inductor element.
[0150] 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
element to external elements has a slit; and therefore, the practically effective series
resistance of the inductor element can be reduced; and the electromigration resistance of
the inductor clement can be improved.  In other words, in the case where the circuit
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 in which the first lead layer 101 illustrated in

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

gi tudi nal 10 direction end portion |ower face of a coi
bned above the third | ead | ayer 103 and has the slits 5a, 5b, and
pngi tudi nal direction end portion upper face of the second | ead
ci rcunference of the second | ead 2al in the second | ead 15 | ayer
on | ower face of the second | ead 2bl; and the via 6f is fornmed on
ustrated in Fig. 14A, the via 6a is connected to one | ongitudina

shaped

al, which is forned in the first 20 | ead | ayer 101 positioned above the

h a portion; and the via 7a is forned on the other |ongitudina

rst lead Ibi is fornmed to surround an outer circunference of the

[ 0 one |longitudinal direction end portion |ower face of a first
tioned elongating in an outer side direction of the first lead | ab
the via 7a is connected to the first draw out lead 8a fornmed in a

A 7c is connected to the second draw out |ead 8b forned in the sane
is configured. [0149]In
ductor 5 elenent have slits is described; but the enbodi nent is not
cult to realize the desired lead width of the circuit designer due
ce; and the circuit designer can determ ne whether to formor not
el enent. 10 [0150]In the inductor elenent according to this
ent and the draw out | eads connecting the inductor elenment to
ve series resistance of the inductor elenment can be reduced;
ved. In other words, in the case where the circuit

and
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15 desi gner cannot
el ement according to this exenplary enbodi nent,
| ead wi dth. [0151] According to this exenplary enbodi nent,
constraints of the manufacturdng process of recent miniaturized seni
obtai ned. [0152] Next,
exenpl ary enbodi nent has a structure in which the structure of the i
descri bed above is vertically inverted. |In other words,

49 illustrated in Fig. 14B, the third | ead | ayer
ldyan Ofetllegtrated i Rigr il atel lgmingiadiin eyegicall e invar
connecting the sol enoid sha

twodraw owtdehds the hest [doawe pm)lgaf
enbodi nent is confi gured.

103 illustrated in
stpfer awhthereo dr aw out
ed i nductor element to externa

Bagnet the pecpné depay evtdeadl 8haped i nduct or el
[0153] I n this exenplary enbodi nment, the dr

cehrening theapkenéid shapkdundungor cdevaent (tagermpledemeniy atedormaskati n t he 10 | ea

currently widely used, it is general that the lead widths permtted

pbsitiens toapenest toAbe Orsdilgagh ya and Lo hesifiorgddr 8re lewermost lagecdiité ng to this
| eads positioned in a |lower |ayer may ha

no slits, and only draw out ! ‘
sbibheid alaped limtugtos elrodintge nTheesine gie ntote alexént edcaadiogeo ke sinmilar to

exemplary embodiment is configured.
[0153] In this exemplary embodiment, the draw out leads 8a and 8b connecting the
inductor element to external elements are formed. using lower layer lead layers; but in the
lead structure of miniaturized semiconductor devices that are currently widely used, it is
general that the lead widths permitted by the manufacturing process become finer as leads
are formed in lower layers. Accordingly, in the inductor element according to this
exemplary embodiment, the leads of the inductor element may have no slits, and only
draw out leads positioned in a lower layer may have a slit.

[01547 The configuration, operations, and effects of this exermplary embodiment
except those recited above are similar to those of the sixth exemplary embodiment
described above.

[0155] Next, an eighth exemplary embodiment of the present invention is described.
Fig. 15 is a schematic top view illustrating the first lead layer 101 of the inductor element
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 controls the density of 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 dummy metal,

and can be implemented also to the inductor elements of any of the first to seventh

realize the desired |ead width by a single lead d
i npl emrentation is po
even in th
a seventh exenpl ary enbodi nent of the presen
t he | ower nos

iliustraded ¢h Figh 48, the thindd gafl lesgrel03bustiatadys Fratlde. and the dourtvigad s vertica

el enent s

ye to the constraints of the manufacturing process for the inductor
5sible by a lead having a slit to imtate a | ead having a | arge

> case where the lead of 20 the inductor element has a slit due to
conduct or devices, the effects of the present invention can be
invention is described. The inductor elenent according to this
nduct or el enment according to the sixth exenplary enbodi nent 25

| ayer of the | eads of the inductor elenent is forned in a state
ly inverted; and sequentially thereupon, the second |lead |ayer 102
Fig. 14C, and the fourth lead |ayer 104 illustrated in Fig. 14D are
L eads (the first draw out | ead 8a and the second draw out | ead 8b)
are fornmed at 5 positions to connect to the first leads la and | b
erent . Thereby, the inductor elenment according to this exenplary

aw out | eads 8a and 8b connecting the inductor elenent to external

d structure of mniaturized sem conductor devices that are

by the manufacturing process beconme finer as | eads are forned in
exenpl ary enbodi nent, the | eads of the inductor el enent may have
ve a slit. 15 [0154] The configuration, operations, and effects of

I hose of the sixth exenplary enbodi nent descri bed above.
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[ 0155] Next, an ei ghth exenpl ary enbodi nent of the present invention is described. Fig. 15 is a schematic top viewillustrating the
first lead | ayer 101 of the inductor elenment 20 according to this exenplary enbodinent; and Fig. 16 is a schematic cross-sectional view

illustrating a dummy netal disposition of a |ead | ayer positioned in
the sanme reference nunerals &fe given to the same conponents of Fig.

a layer belowthe first lead layer 101. In Fig. 15 and Fig. 16,
1 to Fig. 14, and a detailed description thereof is omtted.

[ 0156] This exenpl ary enbodi ment controls the density of dummy netal formed 25 around the inductor el ement according to the present

i nvention and thereby prevents the performance deterioration of the inductor el enment brought about by the dummy netal, and can be

i npl enented also to the inductor elenments of any of the first to seventh 50 exenplary enbodi nents of the present invention described
exdmplary erbodinntes ofthe aresentanysndon flescrbed ahtveol Hefeiniglovdpsity of the dunmmy netal forned around the inductor el ement according to the
third exenplary enbodi nent of the present invention is described as this exenplary enbodinment. 5 [0157] The i nductor el enent according

exanpit pEthe centpdlanf\theddrsiy abthe dadapt methorped seavnd thpiededi@n to the con
recent mniaturized sem conductor device. In recent miniaturized sem
elrptehiogtcodingr todble thirdasxemplard ambediowat ¢rtbe preserdeseniied i n t he manuf ac
invention. In this manufacturing nethod, as illustrated in the manuf
desevibett asdhis emetnplary kmbddngne f orned by nmking | ead shaped grooves (le
in the | ead groove pattern and then renoving the excess

[0157] The inductor element according to this exemplary embodiment adapts the

present invention to the constraints of the manufacturing process of a lead structure of 2
recent miniaturized semiconductor device. In recent miniaturized semiconductor
devices, leads are often formed by a lead manufacturing method referred to as the
damascene process described in the manufacturing method of the first exemplary
embodiment of the present invention. In this manufacturing method, as illusirated in the
manufacturing method of the first exemplary embodiment of the present invention, metal
leads are formed by making lead shaped grooves (lead groove pattern) in the nsulative
film; depositing a metal film in the lead groove pattern and then removing the excess
metal film by a flattening method such as, for example, chemical mechanical polishing
(CMP) and the like. When flattening the metal film by the flattening process, polishing
rates of the metal film and the insulative film are different; and therefore, the film
thickness of the fiim between the lead layers becomes nonuniform. To solve this
problem, in a recent lead formation step, planarity s 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

strai nts of the manufacturing process of a lead structure of a
conductor devices, leads are often forned by a | ead manufacturing
uring method of the first exenplary 10 enbodi nent of the present
acturing nethod of the first exenplary enbodi nent of the present

ad groove pattern) in the insulative film depositing a netal film
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net al filn1by a flattening nmethod such as, for exanple, chem cal nec
filmby the flattening process, polishing rates of the netal

generally are referred to as dumy netal. [0158] The dumy netal is c
notably, to the inductor elenent, but the dummy netal exists around
between the | eads of the inductor elenent and the sem conductor subs
elsxiest infgrtimmteli é largedhie 6 an pédyi eratant excited anthp dummy ®ekek-oundi ng the in
| arge. Further, a magnetic field is created by the inductor elenent,
[0109ge dleistocmplasy dybedimeahtongeds the density phhe metadffornfed159] Thi s
around the inductor elenent according to the present invention and t
asluadtint inbroorgiitmets aocorbing td Eheguasent meertion ad flerdn] nravantethenduct or el
Fig. 15, dummy netal groups 20a and 2l1a having nutually different de
pedigmerantOdetefiorbtien phitha cidictos ckement baugrabonidyttbe tmmntyivneidl. exenpl ary e

20a fornmed in a proximty of the | eads of the 10 inductor el enment ha
[pred%i mi fy thefinduweor] edaokent efcordieg inthict:empédre mmhodihmst, ashi gh density. S

| eads of the inductor elenent also in the second | ead | ayer 102,
illustrated in Fig. 15, dummy metal groups 20a and 21a having mutually different

t he

densities around the leads of the inductor element in the first iead layer 101 of the
inductor element according to the third exemplary embodiment of the present invention
are formed. A dummy metal group 20a formed in a proximity of the leads of the
inductor element has a low density; and a dummy metal group 21a formed outside of the
proximity of the leads of the inductor element has a high density. Similarly, the dummy
metal groups 20a and 21a are formed around the leads of the inductor element also in the
second lead layer 102, the third lead layer 103, and the fourth lead layer 104.

[0161] Also, as illustraied in Fig. 16, a dummy metal group 20b is formed in a lead
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 1s formed énd 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 mintimum density of a metal
existing in a fixed region ofien is decided.

In this exemplary embodiment, the dummy

metal groups 20a and 20b are formed having lowered densities only after satisfying the

filman
t hi ckness of the filmbetween the | ead | ayers becones nonuniform To
i nproved by forming dunmy leads in a region other than the | eads use

hani cal polishing 15 (CMP) and the I|ike.
d the insulative filmare different; and therefore, the film

solve this problem in a recent |ead formation step, planarity is
d in the circuit of the sem conductor device. Such 20 dummy | eads
onnected neither to the circuit of the sem conductor device, nor

t he inductor elenent; and thereby, unfortunately, the capacitance
trate, the capacitance between a signal lead 25 or a grounding | ead
ductor element, or the like practically and effectively becone

'and thereby, the loss of the inductor 51 elenent unfortunately is
exenpl ary enbodi nent controls the density of the dummy netal forned
her eby prevents the performance deterioration of the inductor

erent according to this exenplary enbodinent, as illustrated in
nsities around the | eads of the inductor elenent in the first |ead
nbodi nent of the present invention are forned. A dummy netal group
s a low density; and a dummy netal group 2la fornmed outside of the
mlarly, the dummy netal groups 20a and 2l1a are forned around the
third |l ead | ayer 103, and the fourth |lead | ayer 104.

When fl attening the netal
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[0161] Also, as illustrated in Fig. 16, a dummy netal group 20b is fofnmed in a lead 15 | ayer directly below that in which the inductor
el enment is forned, and has a low density in a region 22 for which the inductor elenent is footled directly above and the proximty
thereof; and a dunmy netal group 21b is fornmed having a high densityloutside of the region 22 in which the inductor elenent is forned

and the proxinity thereof Simddarly, in a lead layer directly above the inductor elenent, the dummy netal group 20b is fornmed 20 havi ng
a low density in the region 22 for which the inductor elenent is fol

group 21b is founed having a high density outside of the region 22 i
[0162] As a design constraint of a recent sem conductor device in whi

| oed directly below and the proximty thereof; and the dummy netal
h which the inductor elenent is fornmed and the proximty thereof.
ch a |l ead 25 manufacturing nethod by a damascene process i s used,

niihienurh demsiimnrefersnie of the metaket dh obrt werdggoperdmertp Lug e¥@RIHN often is decided. In this exenplary enmbodi ment, the dunmy netal groups 20a
and 20b are formed having | owered densities only after satisfying the 52 mninumdensity reference of the netal. In other words,

embodingtingpytlowetngsthe demsityanfythe dyomy mesial, whigh fonfciaidn ti§e density of t
of the inductor elenment, in the proximty of each |lead of the induct

he dummy netal, which is a factor in the performance deterioration
or el ement, the performance deterioration can be inhibited. Here,

petfoimsarfa detediagors of thainduveonradeynansn dfe nrpamityrahgaskelead ohiteups 20a and| 20b having | ow densities are formed as wide as possible, but are

suppressed to about that which is permtted by the design rules prescribed by the nmanufacturing process. [0163] Al so, for the dummy
imbicalr efpmenp shGmfamdn@Odeitraaiatop tanbedetnbitad. edlerg 1t G@forade of the density nmay be perforned by making the size of each of the dummy netal

10 bel onging thereto snaller than those of each dummy netal

formed i

n the dummy netal groups 2la and 21b havi ng high densities;

thian thdepiont bf the domeryi mgtad graupe 20easi 20p hawips bew dendidesrseidspedraki ng t he! spaci ng bet ween each dummy netal bel onging to the dunmy netal
groups 20a and 20b having | ow densities larger than the spacing between each dumy netal of the dummy netal groups 2la and 21b havi ng
abingle slemsiibleebut atbsupgdistedwadboyt thiywhistkispgrinitted diy tee defsiggach dunmy netal snmal |l er and making the spacing | arger between each dummy netal,
the dunmy netal groups 20a and 20b having |l ow densities nmay be forned. [0164]In the illustrated exanple of Fig. 15 and Fig. 16, an

resapRiseribed tyltheshnabetdring process.

[0163] Also, for the dummy metal groups 20a and 20b having low densities, &
lowering of the density may be performed by making the size of each of the dummy metal
belonging thereto smaller than those of each dummy metal formed in the dummy metal
groups 21a and 21b having high densities; further, this lowering of the density may be
performed by making the spacing between each dummy metal belonging to the dummy
metal groups 20a and 20b having low densities larger than the spacing between each
dummy metal of the dummy metal groups 21a and 21b having high densities.
Additionally, by making the size of each dummy metal smaller and making the spacing
larger between each dummy metal, the dummy metal groups 20a and 20b having low
densities may be formed.

10164} 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 21%; but the
dummy metal is 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 is 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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whi ch the density of the dummy netal
dummy netal groups 2la and 21b; but the dummy netal
di fferent densities nmay be fornmed. In other words, the stages of whi
the density change of the dufdy netal nay be continuous, and may be
gradually as the distance fromthe inductor elenent increases.
i nductor el enent,
recited; but the inductor elenent according to the present

is not limted t

[ 0166] According to this exenplary enbodi ment,
hatet Brdecimensomabwiddnang; aad tesrfors, Bweletniios 9 e PGS tehe dunmy net

recent mniaturized sem conductor device can be inhibited.

cross-sectional view along line A-A of Fig. 17A; and Fig.

irglnewptlamgntenbodi ment. In Fig. 17 and Fig. 18,
detail ed description thereof is omtted. 15 [0168]As illustrated in
[0166U] at Aeeorfiinkriv Biis sxenplary\anledinentaefisty ofshaidiroy RUYPNMAE e 30 of t
resi stance elenent 35 forned of, for exanple, a nulticrystalline si

18 is a ci

irsimpt@r alement dan balalitviaedf atdths perfamehnge detatiemtidragicthe ingvigioat i ve il m 32

element brought about by the dummy metal used in the manufacturing process of the lead
structure of a recent miniaturized semiconductor device can be mhibited.

[0167] Next, a ninth exemplary embodiment of the present invention is described.
Fig. 17A is a schematic top view of a semiconductor device according to this exemplary
embodiment; Fig. 17B is a cross-sectional view along line A-A of Fig. 17A; and Fig. 18 is
a circuit diagram of the semiconductor device according to this exemplary embodiment.
In Fig. 17 and Fig. 18, the same refercnce numerals are given to the same components of
Fig. 1 to Fig. 16, and a detailed description thereof s omitted.

[0168] As illustrated in Fig. 17 and Fig. 18, a transistor 36 and an element separation
insulative fiim 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) is provided on the element
separation insulative film 31; and an inter-layer insulative film 32 is provided to cover the
element separation insulative film 31 and the resistance element 35.  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; .a:ad an inductor element
34 according to the present invention is formed simuitaneousiy by a formation siep 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

The other terminal of the resistance element 35 is connected to a drain

element 33.

termina) of the transistor 36; and an ouiput terminal 38 is provided on a metal lead

Is changed in two stages of the

[ 0165
a description of a surrounding region in a horizon

) i nvention
indhetopelempntiis sected:t g thejadeaterelaparspeording 1 the PreFR IP¥YITSRs of the up
effects of the dumy netal

. : _ [ 0167] Nex
irdstor elowent indudesghe teptonsof shesemsnnention eap theilevergrordorseifte onduct or  de

the sane reference nunerals are given to the sane conponents of Fig.

I ow density dunmy 20 netal groups 20a and 20b and the high density
hereto; and three or nore dummy netal groups having mutually

ch the density is changed nmay be three or nore stages; and further,
formed by a structure in which the dummy 25 netal density increases
Al'so, in this exenplary enbodinent, in the proximty of the

al direction of each netal |ead of the 53 inductor elenent is

' has a three dinensional w dening; and therefore, the definition of
per portion and the | ower portion of the inductor elenment. 5

on the inductor elenment can be alleviated; and the performance
al used in the manufacturing process of the |l ead structure of a

I, a ninth exenplary enbodi nent of the present invention is

vice according to this exenplary enbodinent; Fig. 17Bis a

rcuit diagram of the sem conductor device according to this

Ito Fig. 16, and a
Fig. 17 and Fig. 18, a transistor 36 and an el enent separation
he sem conductor device according to this exenplary enbodi nent,
con | ayer (polysilicon layer) is provided on the el ement

is provided to cover the

a
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20 el enent separation insulative film31 and the resistance el enent
supply lead 33, nmutually insulated nultiple | ayer | eads,
34 according to the present
i nductor element 34 is connedfted to the power 25 supply |ead 33,
el ement 35. The other term nal
t erm nal
term nal

38 is provided on a netal
of the transistor 36 is connected to a_ grounding | ead 39;

according to 5 this exenplary enbodi nent is configured,
teamirad pHitba trapsistoh 36 proessaented tnvegrevmhng tepd 3Pa gate feppimal
insulative films; but in Fig. 17B, )
trpull 6 3 s conngvtadp sn dxenrtsrannal 8 iirodiaremplifiengenceadly seigAed iefenent 35
el ement 35 may be a silicide resistance in which a silicide such as,
achum pegimuhplifénis sorfigviraed ThEBbY (tht scrpicenducttelevignaccordsgtaray be appr
transi stor may be used as 15 the resistance el ement 35. [0171] Next,
thex expirdary eerHoddnere nt cdndrgired. t he confi guration according to the descr
Fig. 17 and Fig. 18 has the inductor element 34 added as a | oad,

frequency band to wi deband or obtains a high gain in a designated fr

of thetphesentnipugntiony theimter-Biyer hhdatatet B3 gergratiymaravesiadgarainates anpl i fie

structure of mutltiple layer insulative films; but in Fig. 17B, the inter-layer insulative film
32 is graphically represented as a single insulative film.

[0170] Also, in this exemplary embodiment, the resistance element 35 uses a
polysilicon resistance; but alternatively, the resistance element 35 may be a silicide
resistance in which a silicide such as, for example, NiSi and the like is formed on a
polysilicon surface, or a completely silicided FUSI gate electrode; and these may be
appropriately selected by the circuit designer. Further, a MOS fransistor may be used as
the resistance element 33.

[0171] 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 deciine 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 is
applied to the input terminal 37, the alternating current signal is amplified by the dutput
terminat 38.
[0172] According to this exemplary embodiment, the parasitic capacitance of the

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

transform of the amplification gain to wideband or a semiconductor device that can obtain

and vias th
invention is fornmed sinultaneously by a tormation step of the nultiple |ayer |eads.
and
of the resistance elenent 35 is conne
| ead 54 between the resistance elenent 35 and a drain term na

i . a
betwienn Hgiregstanceraderagnt fgnd f idesin famnad pf (heft@pgptoed -t od 88WSS shunt peak anplifier is configured. Thereby,

and
[RI&Sband Asalescribed do theensmtfachying etbbd nbthoffirstivgenypliary ¢mbadiment gh frequ

35. Inthe interior of the inter-layer insulative film 32,

a power
at electrically connect these are forned;

and an i nductor el enent
One term nal of the
the other termnal is connected to one term nal of the resistance
cted to a drain termnal of the transistor 36; and an out put

of the transistor 36. A source

of the transistor 36 is connected to an input

t he sem conduct or device

"gate term nal

[0169] As des¢ribed in the manufacturing nethod of the first exenplary
Pifsel ative film
the inter-layer insulative film3

32 generally may have a lamnate structure of nmultiple | ayer

is graphically represented as a single insulative film 10
uses a polysilicon resistance; but alternatively, the resistance
for exanple, NNSi and the like is fornmed on a polysilicon surface,
bpri ately selected by the circuit designer. Further, a MOS
an operation of the sem conductor device according to this

pti on above is described. The sem conductor device illustrated in
t hereby increases the inpedance of the load in the high frequency
ency band due to a parasitic capacitance, transforns an anplifiable
equency. In the case where an alternating current signal is applied
H by the output term nal 38

%
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the graphical representation from becoming complex, and the claims of the present

25 [0172] According to this exenpl ary enbodi nent,

the parasitic capaci
sem conduct or devi ce that

realizes a further transformof the anplifi

ftance of the inductor elenment 34 is small, and therefore a
cation gain to w deband or a sem conductor device that can obtain

55 a high gain at a designated frequency (realize a peaking operation) can be obtained. According to the sem conductor device according

to this exenplary enbodi nent,5% he frequency band can be inproved to an extrenely high frequency band of about severa

[0173] I n currently mai nstream sem conductor devices, generally, a dif
used, but the sem conductor device according to this exenplary enbod
representation from becon ng conpl ex, and the clains of the present i
aimgH gaie at sdeshmaieddiaguency(teadive rppakingensraliony carobe ¢léaipeesent | nventi ot
the inductor elenment according to the present invention to a sem con
Aglcerding todbe sindcomiutor devicofcdohdingtodhisleaepplamberdbedimest, 8 t he present
present invention is described. Fig. 19A is a schematic top view of ¢
faquencyibagd tan beinspreveeltp laarextremblydiighefiequenendbaridpt abgutzevasala cr oss- sect
reference nunerals are given to the same conponents of Fig.

tedslofs¥iated in Fig. 19, the sem conductor device according to this e

inductor 34 in the elenment separation insulative film31 on the sem conductor substrate 30;
[Or3yndi rig clneadlyi maihisirasedsentiooeticion deticesagotehaly, adiffdredimhd (not il | ust

the diffusion
circuit that amplifies a differential signal is often used, but the semiconductor device

according to this exemplary embodiment is a single-ended method.  This 1s to prevent

invention do not have any limitation for the circuit method that implements the inductor
element according to the present invention.

[0174] As recited above, the embodiment of the implementation of the inductor
clement according to the present invention to a semiconductor device can be implemented
similarly also for an inductor element according to any of the exemplary embodiments of
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 fo 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 to 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 1eéd 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 contact 42.

[0177]

It 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

1 to Figij

tens of Giz. 5
ferential circuit that anplifies a differential signal is often
ment is a single-ended nethod. This is to prevent the graphica
nvention do not have any limtation for the circuit method that

1. [0174] As recited above, the enbodi nent of the inplenmentation of
duct or device can be inplemented simlarly also for an inductor
invention. 15 [0175] Next, a tenth exenplary enbodi nent of the

an extracted essential portion of the sem conductor device

ional view along line A-A of Fig. 19A. In Fig. 19, the sane

18, and a detailed description thereof is omtted. 20 [0176] As
kenpl ary enbodi nent includes a diffusion |layer 40 to encl ose an

a net2l1 lead 41; and a contact 42; and a
rated) having a grounding potential. The netal |ead 41 connects to




25 layer 40 via the contact 42. [0177]1t is favorable to increase thé di stance between the inductor elenment 34 and the grounding |ead

as nuch as possible; but the distance between the inductor element 34 56 and the grounding lead is deternined by the circuit designer
of the sem conductor device taking into consideration the effects of ithe eddy current excited in the grounding |ead by a magnetic field
created by the inductor eleneft 34, the parasitic capacitance betvveelh the inductor elenment 34 and the grounding |ead, the surface area

- of the semiconductor device, 5 and the like. In this exenplary enbodinment, an exanple is illustrated in which the groundi ng | ead
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i ncludes the diffusion |layer 40 fornmed on the sem conductor substrat t he netal |ead 41, and the contact 42; but the grounding lead is
not limted thereto; and the grounding |l ead nay be fornmed by only th "di ffusion | ayer 40; and in this case, to apply a grounding
aod tlergrpeddinglcahis dekefrfoirsddry thagizeuindesignerofdhn seiconductndetipe metal | ead 41 may be 10 connected to a portion of the diffusion |ayer 40;
and the netal |ead 41 may be connected to another netal |ead having the grounding potential. Further, the grounding | ead may have a
thidng imad eorstderativn e fecheaf the cddyi arenudxcitgl w the guiwndimgyéaddysubst antial |y the same shape as the netal | ead 41, are fornmed across nultiple
| ayers in the upper layer of the netal lead 41 illustrated in Fig. 19B, connected by vias, and further connected to the 15 netal |ead
denietid fisit rcedaed dynh&imiuchd cle®h? 83, Ancparahitivgeapacitanics besweerpthar y enbodi ment, in addition to the operations and
inductor element 34 and the grounding lead, the surface area of the semiconducior device, |
and the Iike. In this exemplary embodiment, an exampie is illustrated in which the
grounding lead includes the diffusion layer 40 formed on the semiconductor substrate, the
metal lead 41, and the contact 42; but the grounding lead is not limited thereto; and the
grounding lead may be formed by only the diffusion layer 40; and in this case, to apply a
grounding potential to the diffusion layer 40, the contact 42 and the metal lead 41 may be
connected to a portion of the diffusion layer 40; and the metal lead 41 may be connected
to another metal lead having the grounding potential. Further, the grounding lead may
have a laminate structure formed in which multiple leads, having substantially the same
shape as the metal lead 41, are formed across multiple layers in the upper layer of the
metal lead 41 illustrated 1n Fig. 19B, connected by vias, and further connected to the
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 is
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. I 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 is 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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effects of the ninth exenplary enbodi nent descri bed above,

i nductor elenent 34 exerted on another circuit el enent (not
[0179] Next, an el eventh exenpl ary enbodi nent of the present
essenti al
to the sanme conponents of Fig.
descri bed above,

l1to Fig. 19,

the grounding | ead having a grounding potential is

enmbodi ment, the grounding lead is different in the
coibing hrouad the iadystortelarent 34 dné hewpe ameicht43ds a ppBion: a0d 4¢ePigPbundi ng | e
enbodi nent. [0181] According to this exenplary enbodinent, in additio

thgsspointycttie ghomdingdenddudy stucuensimilgeto thatzf thegerthicsemplry enmitted by
groundi ng | ead,
emlbeditrent he groundi ng | ead. [0182] Next,
top view of an extracted essentia

sem conduct or device according to this exenplary enbodi nment,

grounding lead, and the performance of the inductor element 34 according to the present
invention can be inhibiied from deterioration due to the grounding lead.

j0182] Next, a twelfth exemplary embodiment of the present invention 1s described.
Fig. 21 is a schematic top view of an extracted essential portion of the semiconductor
device according to this exemplary embodiment. In Fig. 21, the same reference
numerals are given to the same components of Fig. 1 to Fig. 20, and a detailed description
thereof 1s omitted.

[0183] In the semiconductor device according to this exemplary embodimmennt, as
illustrated in Fig. 21, a lead group 44, in which leads having alternately disposed power
supply potentials and grounding potentials, is formed in the uppermost layer lead layer of
the semiconductor device around the inductor element 34; and a lead group 45, given
alternating power supply potentials and grounding potentials similarly to the lead group
44 is formed in 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 layer lead layer and the
lower layer leads of the uppermost layer leads, is used widely in recent semiconductor
devices. Asillustrated 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 io an

eddy current occurring in the lead groups 44 and 45 due to a magnetic field created by the

effects of
illustra

invention is described. Fig. 20 is a schematic top view of an extracted
portion of the sem5donductor device according to this exenplary enbodi nment.

and a detailed descript

and the performance of the inductor elenment 34 accor
a twelfth exenplary enbodi nent
portion of the sem conductor devi
[¥18f r endecardimertallss exanpjiyermbaglimbrs, weadditon ipeepestions {idy. 1 to Fig
as 15 i
cfitdteoitht enth cicandasdmibodaners dppiribep abevst ara¢dsly andegfrdagridieng pot enti al
devi ce around the inductor elenent 34; and a | ead group 45, given a
niiticaidiy emiitetifby the adiugioo eieméat 34 sarf wr preceniad feonh Apenndwltbev t he uppef

noi se excited in the sem conductor substrate 30 due to the
ed) fornmed on the sem conductor substrate 30 can be reduced. 20

In Fig. 20, the sane reference nunerals are given
on thereof is omtted. 25 [0180]In the tenth exenplary enbodi nent
fornmed to enclose the inductor elenment 34; while in this exenplary

(Points of not conpletely 57 coiling around the inductor elenent 34 and having a

ad has a structure simlar to that of the tenth exenplary

n to the operations and 5 effects of the tenth exenplary enbodi nent
t he i nductor elenent 34 can be prevented fromflowing in the

ding to the present invention can be inhibited fromdeterioration
of the present invention is described. 10 Fig. 21 is a schematic
ce according to this exenplary enbodinent. In Fig. 21, the sane

20, and a detailed description thereof is omtted. [0183]1n the
lustrated in Fig. 21, a lead group 44, in which | eads having

s, is formed in the uppernost |ayer |ead | ayer of the sem conductor
ternating power supply potentials and groundi ng potentials

fl ost |ayer |ead of the sem conductor device and
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20 di sposed orthogonal ly to the lead group 44. [0184] The structure

n which | eads, alternately given a power supply potential and a
groundi ng potential and disposed in a net shape in the uppernost |ayer |lead |ayer and the | ower |ayer |eads of the uppernost |ayer
| eads, is used widely in recent sem conductor devices. As illustrated in Fig. 21, the |ead groups 44 and 45 havi ng power supply 25

potentials and grounding potéBtials are not formed in a fixed region

deterioration of the inductor elenment due to an eddy current occurri
the 58 inductor elenent 34 can be prevented; also,
and the | ead goups 44 and 45 havi ng power supp
i nductor elenment 34 and the | ead groups 44 and 45 is determ ned by t
capagitretce betweeh thecndurterdiement 34 ang @hﬁclp@f
45, the surface area of the sem conductor device,

and the |ike; and,

sipphdsotertidihand graucking petminbneandy mhbitehe | ead groups 44 and 45 are s

| ayer |eads, and in the case where the eddy current excited in the |
[G18ALiCt ot ie Faoehic tBat the distanee petmvash thedndustrrclamant & ped hedsadt he i nduct
during 15 circuit operation that are of an ignorable degree, it
ctohps #hduttHis intreased s Brichys phssitdestbat therégtinga befweeh Briedpgustdnt  desi gner
a power supply potential and a grqundingwpptential is not forned in
cleaehn}fantihe tet eroups 4t iapd 46fis d4terninatlicy e corwhdesignguiaking 189 eddy cur
the inductor elenent can be prevented; also,
chenttrgionuhe bffsitngl the papeeticsiiglp cxeapdtberibé miducpr elememdidibeg pot ent i al
parasitic capacitance between the inductor element 34 and the lead groups 44 and 45, the
surface area of the semiconductor device, and the like; and, for example, in the case
where the uppermost layer icads of the leads of the inductor element 34 and the Jead
groups 44 and 45 are sufficiently separated by an inter-layer insulative film of multiple
layer leads, and in the case where the eddy current excited in the lead groups 44 and 45
due to the magnetic field created by the inductor element 34 and the parasitic capacitance
between the inducior element 34 and the lead groups 44 and 45 give only effects during
circuit operation that are of an ignorable degree, it is possible also to form the lead groups
44 and 45 in a form to 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 16 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 coil shaped inductor element is
formed on a semiconducior substrate; and thereby, the chip surface area can be reduced

by increasing the inductance value per unit surface area, and the number of

t he occurrence of

. % potentials and grou
indiefbnricmenistdvsarbetprevenicdidlsothe peswrcenf VaRICRIR@ PRTEHHC 5 gr oups 44 an

grepBEhand3th having BesYsasi tic cap

isp

t he occurrence of an un

around the inductor elenment 34. Thereby, the performance

ng in the | ead groups 44 and 45 due to a magnetic field created by
uni ntended parasitic capacitance between the inductor el enent 34
ndi ng potentials can be inhibited. [0185]1t is favorable that the

d 45 is increased as nuch as possible; but the distance between the
he circuit designer taking into consideration the effects of the
aci t ance between the inductor elenment 34 and the | ead groups 44 and
for exanple, in the case 10 where the uppernost |ayer |eads of the
ufficiently separated by an inter-layer insulative filmof nmultiple
pad groups 44 and 45 due to the magnetic field created by the

or el ement 34 and the | ead groups 44 and 45 give only effects
ossible also to formthe | ead groups 44 and 45 in a formto cover
[0186] According to this exenplary enbodi nent, a | ead group having
a fixed region around the 20 inductor element 34; and thereby, the
rent occurring in a lead group due to a magnetic field created by

nt ended parasitic capacitance between the inductor elenment and a
can be inhibited.
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25 [0187] According to the present
t her eby,

i nvention, a solenoid coi

shaped

sem conduct or devi ce can be r"duced. Furt her,
t he sem conductor device. 5 [0188] Al so, it
hi gh frequency characteristics of a sem conductor device includingt
[0189] Furt her, the spacing between the inductor elenent and adj acent

It

semichaieton dedcesaobtieed Sducesnaenhdubter $ubstralieghmbe inctaascdceed of the semi conductor device can be reduced.

be utilized in a sem conductor device having transistors and nul tipl
timeeforzothe memofacelreresnist oftthbe samitenducior devine ban expdetedd Fudhert he oper at
applications in high frequency bands used in 15 w rel ess comuni cati

itde pedsthiealsotorredumetht hize sfivdrame senelaprobessing Hevicesdndtided wodloupi es in th

operate at high frequencies. Further, it is possible to inhibit the
seaithedirdudtore.devi ce that realizes high performance and high reliab

Japanese Patent Application No. 2006-209915
[0188] Also, it is possible to reduce the parasitic capacitance of the inductor element,
and therefore the high frequency characteristics of a semiconductor device including the
inductor element and an active element can be improved.
10189] Further, the spacing between the 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.
[0190] The presents invention can be utilized in a semiconductor device having
transistors and multiple layer leads. With the performance improvement of the
semiconductor element, hereafier, 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 is
possible to reduce the surface area that the inductor occupies in the chip, which is
pecessary in a semiconductor device that needs to operate at high frequencies. Further,
it is possible to inhibit the increase of unintended parasitic capacitance. Thereby, a
semiconductor device that realizes high performance and high rehability can be
submitted.
[0191] - This application is based on Japanese Patent Application No. 2006-209915
filed on August 1, 2006 and claims priority thereto; and the disclosure thereof is
incorporated hercin by reference in its entirety.

Industrial Applicability

[0192] The present invention is useful as an inductor element used in high frequency

circuits and the like and as a semiconductor element including the mductor element.

the chip surface area can be reduced by increasing the indu
sem conduct or devi ces obtained froma sem conductor substrate can be
is possible also to
IS possible to reduce the

nduct or el enent and

is formed on a sem conductor substrate,;
ct ance val ue per unit surface area, and the nunber of 59
i ncreased; and therefore, the manufacturing cost of the
reduce the size of various signal processing devices included in
parasitic capacitance of the inductor elenent, and therefore the
he inductor elenent and an active el enent can be i nproved.

el enents can be reduced; and fromthis point as well, the chip
[ 0190] The present invention can
| ayer leads. Wth the performance inprovenent of the

Lon frequency wll increase. Also, it may be consi dered that

ons Wi || expand further. According to the present invention, it is
e chip, which is necessary in a sem conductor device that needs to
ncrease of unintended parasitic capacitance. Thereby, a

ity can be 20 submtted. [0191] This application is based on

o
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filed on August 1, 2006 and clains priority thereto; and the disclos
I ndustrial Applicability 25 [0192] The present invention is useful as
and as a sem conductor el ement including the inductor elenment. 60 C
structure conprising a |leaty an insulative |ayer that insul ates |ead
connecting | eads above and bel ow wherein |ead |ayers are nultiply 5 |
| east a pair -of vertically it leads are coiled | eads; the coilc
vertically cent coiled | eads are the sane bﬁ a via.provided on a

adj a s [
i nter -1l eaﬂnimi@e@whvm@t formed in g ndtniclaysr leag € eSS 2ads is 1a
formed in the sanme | ead |ayer; and wherei n:. at | east one of the
deddean insalativeeyerchaténsulsesdcndaabare anddalthdad aonppioylsd i1 Ygape havi ng
shape are fornmed in the sane |ead |ayer. .
insulative layer and connecting leads above and below wherein Jead layers are multiply
lamninated layers, characterized in that: at least a portion of at least a pair of vertically
adjacent leads are coiled 'léads; 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 serial inductance; and an inter—lead capacitance of the
vertically adjacent coiled leads is larger than an inter-lead capacitance between other
coiled leads formed in th_é same lead layer; and

wherein: at least one of the coiled 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 Jeast two coiled leads comprising the one-wind shape are formed in the same

lead Iajfer.

ure thereof is incorporated herein by reference in its entirety.

an i nductor elenent used in high frequency circuits and the |ike
LAl VS 1. An inductor elenent formed in a nultiple | ayer |ead
above and below, and a via provided in the insulative |ayer and
am nated | ayers, characterized in that: at |least a portion of at
>d | eads are connected in series, wherein current directions of

1 end portion thereof, and forma serial inductance; and an

ger than an inter-|ead capacitance between other 10 coil ed | eads
coi |l ed | eads conprises a shape having two winds; a coiled | ead

one wind; and at |least two coiled | eads conprising the one-w nd

D
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2. An inductor elenment formed in a nultiple |ayer |ead stri

ucture conprising a lead, an insulative |ayer that insulates |eads

above and below, and a via provided in the insulative |ayer and connecting | eads above and bel ow wherein | ead |ayers are multiply

| am nat ed | ayers, Characte%hzed in that: at

coiled | eads are connected™in series, wherein current directions of
an end portion thereof, and forma serial inductance; and an inter-|¢
than an inter-lead capacitance between other coiled |leads fornmed in t
posi tioned in the uppernost or | owernost |ayer conpri'ses a shape havi
element formed in a nmultiple Iayer. |-ead ?tructure conprising a |ead,
via pravibdetdpgior plemenifiornaed ipe haliele layeg lead sHuetrergmneistie Babove and ¢
characterized.in that: at |least a portion of at least a-
densher instlative bger hat infileesicadscaberesd balogandshda providsdin
thereof, and forma serial inductance; and an inter-|ead capacitance
iinsudativiedangr eacbenrineetingdesistaheenanst hiekaw piberel leadilayers gz mBltipbe i n t he sé
4. An inductor elenent forned in a nultiple |ayer |ead structure cony
Hehimateddantra chdractpriend; i it at leahiea parden el 4tenst apar ofavraticadliinect i ng | eac
| ayers, characterized in that: at |east a portion of at |east a pair
arlpces herls tredboilnd &wads;dbe cailed desidp agunoprgrteddin sedes, phstcorcuksht | cal | y adj
portion thereof, and forma serial inductance; and an inter-|ead cap:
iditeetionseddetiapdicadiarwotcdilet ieadn atst the sanechyl @dialpeadded @ranendi n t he sane

portion thereof, and form a serial inductance; and an inter-lead capacitance of the

| Vertically adjacent coiled leads-is larger than an inter-lead capacitance between other
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coiled leads formed in ;Lhe same lead layer;
:x;vhere'in at least one of the c’oiled Jeads positioned in the uppermost or lowerﬁlo st
layer comprises a shape having two winds in the same lead layer.

3. An inductor element_ formed in a muitiple layer lead structure comprising a |
'lead, an insulétive layef that insulates _leéds above and rbélolw, and a via pfovided in the
insulative layer and connecting leads above and below wherein lead layers rare multiply
Jlaminated layers, characterized m that: at leést a pértion of at least a pair of vertically
acij acéﬁf-leads are coiled leads; the co-iled leads are connected in series, wherein current
directions of vertically adjacent coiled leads are the same by a via provided on an end
portion thereoﬂ and fdrm a serial inzduc-:tanpe; 'and‘ an inter-lead capacitance of th_(_a
ifertically adjacent coiled leads is larger than an inter-lead'capacitance‘ between other
coiled leads formed in the same lead Iay'fer;-

~ wherein the coiled leads comprise a int..

4. An inductor element formed in a multiple layer lead structure comprising a
lead, an insulative layer that insulates leads above and below, and a via provided.in the
insulatix}é léyer and connecting leads above and below wherein lead léyers are multiply
laminated layers, characterized in that: at least a portion of at least a pair of vertically
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

| east a portion of at least a pair of vertically 5 adjacent

| eads are coiled | eads; the
ertically adjacent coiled | eads are the sane by a via provided on
>ad capacitance of the vertically adjacent coiled |leads is |arger
'he sanme | ead | ayer; 10wherein at | east one of the coiled | eads
ng two winds in the sane |ead | ayer. 3. An inductor

an insul ative layer that insulates | eads above and bel ow, and a
el ow wherein lead layers are nultiply 15 | am nated | ayers,

cally adjacent |l eads are coiled |leads; the coiled | eads are

Egir of verti
| |y adjacent coiled | eads are the sanme by a via provided on an end portion

of the vertically adjacent coiled leads is larger than an

ame | ead | ayer; wherein the coiled | eads conprise a slit.

irising a lead, an insulative |ayer that insulates | eads above and
is above and bel ow wherein | ead |layers are multiply 25 | am nat ed
of vertically adjacent |eads are coiled | eads; the coiled | eads
acent coiled |l eads are the sane by a via provided on an end 6la
aci tance of the vertically adjacent coiled leads is |larger than an
| ead | ayer;




~larger than an inter-lead ca
ortidheraola andiogm aaiﬁé’f’?le lé?‘f@?

wherein at | east one of draw out |eads connected to an end portion of
element is forned in a |lead |ayer different than a | ead | ayer wherei:
conprises a slit. 5 An indugior element formed in a nmultiple layer |¢
| eads above and below, and a via provided in the 10 insulative |ayer
multiply |am nated | ayers, characterized in that: at |east a portion
the coiled | eads are connected in series, wherein current directions
on an end portion thereof, and forma serial inductance; and an inter
aci tance bg%ﬁeen otherf oi l ed | eads fort
; genapier-Igd capgglange OIS e and a der

is lower than a densjty. of the dymmy of a,side djstal to the c

t al
'é@ﬁﬁﬁﬂhﬂéwﬁﬁhﬁﬁk?ﬁﬁﬁbdsP&Eﬁﬂmﬁﬁnﬂﬁg'PgEF@EwFQVQFEV“ﬁPO Sul ates | eads
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connecting | eads above and bel ow wherein |lead |ayers are multiply | at

ceidest leadsfanmpedyin the pamelepd |avedj acent | eads are coil ed | eads; the coil

vertically adjacent coiled | eads are the sane by i,ded on at

i nt ewh¢retiont degsiaena afifeew Rt leards cpansrisdtp @gieng P%ﬁoaegﬂi/el 038%{ ga/d | eads is

formed in the same |ead |ayer;
for electrically connecting to an external element

is formed in a lead layer different than a
lead layer wherein the coiled lead is formed; and |
wherein fhe draw out lead cqmpﬁses a slit.

5. | An inductor element formed in a multiple layer lead structure comprising a
lead, an insulative layer that insulates leads above an(i below, é.lld é via provided'in the
insulative layer and connecting leads above aﬁd below wherein lead layel‘s.aré multiply
la.mind_ted layers,-characterized in that: at least a portion of at least a paif of vertically
adjacent leads are coiled leadé; the coiled leads are connected in sertes; Wherein current
directions of vertically adjacent coile‘d leads are tﬁe same By a'via provided on an end

portion theréof, and form a serial inductance; and an inter-lead capacitance of the

vértically adjacent coiled leads is larger than an inter-lead capacitance between other

' coiled leads formed in the same lead layer;

-

wherein dummy metal is multiply formed in a lead layer whereir_l the coiled leads

are formed, and a density of the dummy

the coiled lead 5 for electrically connecting to an externa
" the coiled lead is forned; and wherein the draw out | ead
ead structure conprising a lead, an insulative |layer that insulates
-and connecting | eads above and bel ow wherein | ead | ayers are
of at least a pair of vertically adjacent |eads are coiled | eads;
of vertically adjacent coiled | eads are the sane by a via provided
-l ead capacitance of the 15 vertically adjacent coiled leads is
ed in the sane | ead | ayer; wherein dummy netal is multiply
1sity of the duitmy 62 netal of a side proximal to the coiled | eads
il ed | eads. 6. An inductor elenent forned in a nultiple |ayer |ead
5 above and below, and a via provided in the 5 insulative |ayer and
i nated | ayers, characterized in that: at |east a portion of at
od | eads are connected in series, wherein current directions of
n end portion thereof, and forma serial inductance; and an

| arger than an inter-lead capacitance between other coil ed | eads
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wher ei n dunmy net al
f or ned,
di st al

| is nultiply formed in a lead |ayer positioned in
and a density of the dunmy netal of a side proximal to the c

to the coiled | eads.62 7. A sem conductor device conp

metal of a side proximal to the coiled leads is lower than a density of the dummy metal of

a side distal to the coiled leads. '

6. An inductor clement formed in a multiple layer lead structure comprising a

lead, an insulative layer that insulates leads above and below, and a via provided in the

insulative layer and éonnectiﬁg leads above and below Whérein lead layers are n'lultiplyr

laminated layers, characterized in that: at least a portion of at least a pé.ir of vertically

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 serial inductance; and an i_nter—lead capacitance of the

vertically adjacent coiled leads is larger than an inter-lead capacitance between other
coiled leads formed in thé same lead layer;

wherein dummy metal is multiply formed in a lead léyer positioned in a layer above
or below a lead layer Whereiﬁ the coiled leads are ‘forrhed, and a dénsi_ty of the dummy
metal of a side proximal to the coiled leads 1s lower than a density of the dummy metal of
a side distal to-the- coiled leads. |

7. A semiconductor device comprising the inductor element according to any

one of claims 1-6.

a layer above or below a |ead [ayer wherein the coiled |l eads are
il ed leads is lower than a density of the dummy netal of 15 a side
i sing the inductor el enent according to any one of clains 1-6.




