|  SEM CONDUCTOR DEVI CE AND METHOD FOR MANUFACTURI NG THE SAME BACKGROUND
OF THE INVENTION 5 Field of the Invention The present invention rel ates
to a sem conductor device and a nethod for manufacturing the sanme in

whi ch formation of a semiconductor haling a induction elenent forned
above a sem conductor substrate, such as a silicon wafer is done together
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In recent years, in a fabrication of a high-frequency sem conductor

el enent, an induction elenment, such as a spiral inductor, is forned on a
sem conductor substrate for the purpose of ensuring inpedance matching
thereof or the like. |nBACKGROUNP GbAHEINVENTEONNt, however, a part of
el ectromagnetic energy generated by the induction elenment is lost in the
subsi r aFeldof the mventign constructing the i nduction el enent 20 due to
parasitic capacitance between the wiring and the sem conductor substrate.
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To el i nEiHien vgélss:eng?@dgctor substrate, such as a silicon wafer is done together
| with packaging thereof.
10 Priority is claimed on Japanese Patent Application No. 2004-221785, filed July

29, 2004, and Japanese Patent Application No. 2004-302696, filed October 18, 2004, the

contents of which are incorporated herein by reference.

Description of Related Art
15 In recent years, in a fabrication of a high-frequency semiconductor element, an
induction element, such as a spiral inductor, is formed on a semiconductor substrate for
the purpose of ensuring impedance matching thereof or the like. Insuch a
semiconductor element, however, a part of electromagnetic energy generated by the
induction element is lost in the substrate or a wiring constructing the induction element
20 due to parasitic capacitance between the wiring and the semiconductor substrate. This
type of energy loss is disclosed in, for example, Japanese Unexamined Patent
Application, First Publication No. 2003-86690.
One cause of this type of electromagnetic energy loss is a relatively close
vertical distance between the wiring and the semiconductor substrate, which makes the

25  influence of the parasitic capacitance significant. To eliminate such losses, one



technique is proposed in which a thick resin layer is provided between
t he sem conductor substrate and the induction elenent so that | oss of
el ectromagnetic energy is prevented (see, for exanple, N KKE
M CRCDEVI CES, March 2002, pp.125-127)2 FIGS. 1, 2A, and 2B illustrate an
exanpl e of a conventional sem conductor 5 device having a spiral coil.
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Furthernore, a lower wiring layer 21 that is connected to the el ectrodes

3 is fornmed BI¢YHe2paand 2Billushateian examplomfe coheemipmilcemicondoctos ubst r at e
1, and an insulating resin layer 22 is fornmed over the sem conductor

subsk r adevide lvihg hepitabosit. VFIG. Nds h plaarvicd, FIGH 2Ab9 PaitiiflyibRskehat i ng resin
| ayer 22, an upper wiring layer 23 having a spiral coil 24 is provided

as a di pdresective views BRIFIG. DIisaRirb@lsebiftivlal ¢iw ki IO ;
el ectro%ées 3 of the int egraltsedrci rsguit Z%éi a%ﬁleﬂmg%ﬁf%g lzli]yer 21.

FIGS. 3fd q 3D are schematic cross-sectional views stepwi se illustrating
an exenplary nethod for manufacturing the sem conductor device shown in
FIGS. 1, 2A, ;20 and 2B. First,_as shown in Fl 3A,. the sem conduct or
substrate 1 hAVESFEuEeRducior devics 204 a semicapdycior substratg|ldpeludesean 3, and t he
passivation film4 is provided. The sem conductor substrate |l is, for
exanpl e'btegrated cept () & fommed thereon. and glestradgs Boandrpassivateon filnpdi ded  as
the electrodes 3, which are covered with the passivation film4 made of
Si NO si Gpsulger fibn) ¢fgh¢ initegrated cirdut Dasqiroddedabavi lthe sirfaopenibegs 5 ar e
defined in the positions correspondi ng

semiconductor substrate 1.

Furthermore, a lower wiring layer 21 that is connected to the electrodes 3 is
formed on the passivation film 4 above the semiconductor substrate 1, and an insulating
resin layer 22 is formed over the semiconductor substrate 1 and the lower wiring layer 21.

15 Above the insulating resin layer 22, an upper wiring layer 23 having a spiral coil 24 is
provided as a dielectric element. The spiral coil 24 is connected to the electrodes 3 of
the integrated circuit 2 via the lower wiring layer 21.

FIGS. 3A to 3D are schematic cross-sectional views stepwise illustrating an

exemplary method for manufacturing the semiconductor device shown in FIGS. 1, 2A,
20 and 2B.

First, as shown in FIG. 3A, the semiconductor substrate 1 having the integrated
circuit 2, the electrodes 3, and the passivation film 4 is provided. The semiconductor
substrate 1 is, for example, a silicon wafer on which aluminum pads have been provided
as the electrodes 3, which are covered with the passivation film 4 made of SiN, SiQ,, or

25  thelike. In the passivation film 4, openings 5 are defined in the positions corresponding



3 to the electrodes 3, and the electrodes 3 are exposed fromthe
openings 5. The passivation film4 may be formed, for exanple, using any
wel | - known net hod, such as the | ow pressure chem cal vapor deposition
(LPCVD) technique, to a thickness of 3between 0.1 mand 0.5 pm for
exanple. 5 Next, as shown in FIG 3B, the lower wiring layer 21 is forned

on the toRAeele¥MddRS, had hetlRRBYS 1 416 eﬁgégea%%gfﬁg,tg%%#%sg{ e 1. The | ower

wiring layer 21 is a redistribution yer connects

bet ween spiral coil 24, . and first ends 21 a

t her eof p&g%?a@%rgﬁfé{é? g%ﬁ't P};o":: @E’ge&é Fﬁ%‘f’&%’iﬁé using any wellknoyvmdneibod sugh ag o
connectﬁld to ends 23a and 23b of the upper wiring layer 23 that are

provi deWeR¥ipLesshrs chemicahuaparidepesifionddEC V) technaqye, © a thisknessaf nat er i al
of the |ower wiring |ayer 21 maybe, al um num or copper, for exanple, and
t he thi btween 04 1m and O.faymfor txampen 0.1 pmand 10 pm for exanple. The
| ower wiring |layer 21 maybe fornmed using any well -known nethod, for

exanpl e, sputNext, agshoewap®1Gt 3B/ the lﬂv@érivﬁﬁn%qﬁyef bEid folified Hethe. as shown in
FIG 3C, the insulating resin layer 22 is fornmed over the 15 passivation

film4 pagivlion RNATAbAE R GciRiudd SRV § NCTREYS r%iﬁgé &g%%‘f@% ate 1.

The insulating resin layer 22 may be nma or exa I'm de
resin, : i bl resi aor .the |ike .and the, thickness
thor oot RRRies 15EE (BhdsP pit) LEERSEGS howeSh die Fietos®s AR ik Shirsteerg
resin | agyer maybe, f or med usi ng any wel | - known_ net hod, for exanple,
the spi 2‘¥’é83r?f12fﬂgenﬁ§?% Crep @fe;?PPﬁ%‘?%lor%% sisetroden d. andaepend ends 24b At hod,
or the like. In the insulatin? resin |ayer 22, the openings 25 are
def i nedcqnncetsd to grelsi23asnd 23b of theppnen wigingdayen 33 dkat erecprovided alidvedhe t he
lower wiring |layer 21 (two openings are shown in FIGS. 3A to 3D). The
opeH? ngloves witipg kayeri2f (see F1GsiD)y  hepaterial of tig: Ibwehwiringdager 21 igay bée, by
means of photolithography, for exanple. Next, as shown in FIG 3D, the
upper Walumigurh@y espp2s, fonwkangplé,Mad 3 thidknédditherédf sy be between 0.1 pm and
10 pm, for example. The lower wiring layer 21 may be formed using any well-known
method, for example, sputtering, evaporation, plating, or the like.
Next, as shown in FIG. 3C, the insulating resin layer 22 is formed over the
15 passivation film 4 and the lower wiring layer 21 above the semiconductor substrate 1.
The insulating resin layer 22 may be made of, for example, a polyimide resin, an epoxy
resin, a silicone resin, or the like, and the thickness thereof may be between 0.1 pm and
10 pm, for example. The insulating resin layer 22 may be formed using any well-known
method, for example, the spin coating method, the printing method, the lamination
20 method, or the like. In the insulating resin layer 22, the openings 25 are defined in the
positions corresponding to the second ends 21b of the lower wiring layer 21 (two
openings are shown in FIGS. 3A to 3D). The openings 25 may be defined using a
patterning technique or the like, by means of photolithography, for example.
Next, as shown in FIG. 3D, the upper wiring layer 23 having the spiral coil 24 is

25  formed on the insulating resin layer 22. The ends 23a and 23b of the upper wiring layer



25 formed on the insulating resin |ayer 22. The ends 23a and 23b of the
upper wiring layer 4 23 penetrates through the openings 25 defined in
the insulating resin |ayer 22 and are connected to the second ends 21b
of the lower wiring |ayer 21 through 4he openings 25. The material of
the upper wiring |ayer 23 may be, for exanple, copper, and the thickness

t her eof 23rgynelﬁ§tesftm{)ug¥ ?mngﬁﬁ"ﬁ@fﬁheﬁ 19%6%99113&%1#1 %yr%%ﬁper El\flfmnlrlqﬂg

| ayer 23 may 5 be forne exa usi ng any

such as t ou he spiral co is formed in the
upper wﬁngg&{ig@{elr%sﬁ% n@ﬁgﬁg%iﬁﬁ”ﬁ é%h%ié‘ﬂgmepﬁemnw ‘3A to
theil_gglral ﬂfg% 24 may, be forned on the lower wiring |ayer 21 as
shown Fil BgmaleR “PRféx‘Ymna lyten 8 e for enempleaesppet, agd the thickness
sem conductor device in which the spiral coil 24 is fornmed in the Iower
wiring theyesf nmzy beofagiexample, botpeen hath anidt20 umf eThe apper wvifth@fayerd?S indy 4
First, as shown in FIG 4A the sem conductor substrate 1 having t?’]

i nt eyr abefbrmedl for eXardple! itnArBOVEPRESVBiechigud, REcPRAS IS ARplafifgl |1 m 4 1S
provi ded. The description of the sem conductor substrat §hown in

GUbstrate 1 shunougtukFraITlIof if forda B mes“ﬁée e RS Pouer
Wi ring

sem conduct orl sugs?rtl@fgﬁ%"g%%{eﬁo\}&atﬁ%ri Ll 9 ‘é‘?l%may%\é the

I nt erconnecti.n ond e connected to the eIectrodes 3 and t he
spi ral E‘BY‘? ﬂgi%rgf) é?r“ﬁka)‘%(lﬁszﬂ itg 4y Mextpreeqduse fos manufacturing a

i nterconnecting conductive |ayer 26 and the electrodes 3 in a |ater
stage. Semirpadvctardeyige imphichdh¢ spiral coil 24 isformedbin thd lavesy Wising yen2 hum or
copper, for exanple, and the thickness of thereof may be between 0.1 m
andl@o mﬂbéoxplemadphﬂarefefémelta)ms WA fori.| ayer 21 may be formed using
any wel |l -known nethod, for exanple, sputtering, evaporation, plating, or

the |ike. First, as shown in FIG. 4A, the semiconductor substrate 1 having the integrated

circuit 2, the electrodes 3, and the passivation film 4 is provided. The description of the
semiconductor substrate 1 shown in FIGS. 4A to 4D is omitted since it is similar to the
semiconductor substrate 1 shown in FIG. 3A.

15 Next, as shown in FIG. 4B, the lower wiring layer 21 is formed on the
passivation film 4 above the semiconductor substrate 1. The lower wiring layer 21
includes an interconnecting conductive layer 26 connected to the electrodes 3 and the
spiral coil 24.  The spiral coil 24 is to be connected to the interconnecting conductive
layer 26 and the electrodes 3 in a later stage.

20 The material of the lower wiring layer 21 may be, aluminum or copper, for
example, and the thickness of thereof may be between 0.1 pm and 10 pm, for example.
The lower wiring layer 21 may be formed using any well-known method, for example,
sputtering, evaporation, plating, or the like.

Next, as shown in FIG. 4C, the insulating resin layer 22 is formed over the

25  passivation film 4 and the lower wiring layer 21 above the semiconductor substrate 1.



Next, as shown in FIG 4C, the insulating resin layer 22 is fornmed over
the 25 passivation film4 and the |lower wiring |ayer 21 above the

sem conductor substrate 1. 5 The insulating resin |ayer 22 nay be nade
of, for exanple, a polyimde resin, af epoxy resin, a silicone resin, or
the Ii ke, and the thickness thereof may be between O. 1 mand 10 pm for

exanpl e: ' ' orne any wel | - known
et hod, m@‘f&ﬁ%ﬁ“ Pl Bl bENBlc oF AR oIC RS R A Y« ne

| ami nation 5 I|ke t.he insulating resin |ayer 22, the
openi ng&*Y5 azﬂ g:oﬂﬁquﬁlear {]ﬁq{kﬁeandﬂbgﬂ'[ ¢ksiges thgrep %E%’Glbﬁ@m@@ O¢ Iyem and

i nterconnecti ng conductive |ayer 26 and ends 24a of the spiral coil 24
(two opdHimiydotmampitowhhe inswlptieg resip layet 22Mpay Hehormpd nsing snp weltdkyotva
defined using a patterning technique or the like, by means of

phot ol i nietipds finexatple, thexpinpdoating fhettiod! the psintihe wethddGhe4d&ninatien upper
wiring layer 23 is fornmed on the insulating resin |ayer 22. The two ends

23a sind meBod) br thiedike PR heVnkiliftthd @yﬁrla)%? 29%%&@&&%%&13{ a4 Ql?:'ﬁx%éd f geni ngs

25 defined in the insulating resin |ayer are connec to the

28, 2232‘??{"3%‘?”&95@&‘%@%%%%@ B B st AR (o e

eI ect r odes he u er w r| i y 2 % path) and the

i nt er corﬁﬂl ?‘} &3(@“ Q?é‘afea B%I#’S E‘iré{“i#)g OPERINGHHEMANDE i ng

| ayer 2 Fgg/ be, for exagP copper,_ and the thickness thereof may be,
for exadp ‘b%‘t%%ﬂteimﬁ eshaiape opthe likpebyumpans afiphptedithageaphy, 28 may  be
formed, for exanple, using any well-known technique, such as

el ectrolska‘nphg 20 However, the conventional sem conductor device 20 as
shown in FIGS. 3Ato 3D and FIGS. 4A to 4D still have shortcom ngs as

fol 1Bws. Ref eiNekgs tisovir HIG. 3D, alie @spiet vadiglayérd 730K itbmld dnBe GRAMARAS | onal
sem conduct or

resin layer 22. The two ends 23a and 23b of the upper wiring layer 23 penetrate through

the openings 235 defined in the insulating resin layer 22, and are connected to the

interconnecting conductive layer 26 and the ends 24a of the spiral coil 24, respectively.

In this manner, the spiral coil 24 is connected to the electrodes 3 via the upper wiring
15 layer 23 (over path) and the interconnecting conductive layer 26.

The material of the upper wiring layer 23 may be, for example, copper, and the
thickness thereof may be, for example, between 1 pm and 20 um. The upper wiring
layer 23 may be formed, for example, using any well-known technique, such as
electroplating.

20 However, the conventional semiconductor device 20 as shown in FIGS. 3A to
3D and FIGS. 4A to 4D still have shortcomings as follows,

Referring to FIG. 5, an equivalent circuit of the conventional semiconductor
device is shown. In FIG. 5, Cs is the capacitance of the spiral coil, Ry is the electrical
resistance of the spiral coil, and Ls is the inductance of the spiral coil. Cox+Resin) 18 the

25  capacitance of the passivation film and the insulating resin layer, Cg; is the capacitance of



device is shown. In FIG 5, Cs is the capacitance of the spiral coil, Rs
Is the electrical resistance of the spiral coil, and Ls is the

i nductance of the spiral coil. Cox+Resin) is the 25 capacitance of the
passivation filmand the insulating rgsin layer, Cs; is the capacitance
of 6 the sem conductor substrate (silicon substrate), and is is the

I I Gl | . ) t trat N
Cubst r af ByerBBhane Gl 1 e TnbAIEN 5 Ss B RE HClspabRouerf hayer 23

as shown in F % ﬁA to 3D suffers fromthe follow ng shortcom ngs (1)
and (2) .Sc%'c?&é“ Sypeats (SqoBRubsSUAD; ng | ayer 21 and the semi conduct or
substrate 1 are close, Cs; is increased due to parasitic capacitance,
whi ch resul t sPravisderehihelspisal coil 24 oBsbaupmer wieng tayer 23y shogmliaféGS21 and
the upper wiring |ayer 23 (the spiral «coil 24) are close, Cs is

i ncr eas 84, toGusiffegs frorvty fdlledng iovtcomming’ (0f afd@).spiral coil 24 on the
| ower wiring layer 21 as shown in FIGS. 10 4A to 4D suffers fromthe

fol I 9w ng shoyf)mEhindShé pc)we"i‘@ﬂriﬁ%)agel( Z) acrﬁéﬁglggéﬁisclﬁﬂﬁclt&%f)sﬁ%é | Q%ul ayer 24

and the sem conductor substrate re I'S | ncreased eto

dd te | ' .S 0ss. {2) B t he |

1 g FSiCs Bfers MU hle (OBl e Hbs BRSO R Respl o el 9801 1 2y "o e
close, GCs is I@(ﬁé ease ausing e er[gi | oss. 15 As described previously,
in recent yeakd BgcAust the ipwer 3pnpg layer 21 sndythe pppeyvariag layes 23 (b spimlor

el ement, an induction elenment, such as a spiral inductor, is fornmed on a
sem con@oid 26} ars glnse Gs is ingseasedhecapsing erasgpiossnsuri ng i npedance nat chi ng
thereof or the |Ilike (see, for exanple, Japanese Unexan ned Patent

Appl i cati on, ProwsioPobthespiralawild. on RO 0BV 6GHANY layEih2l &f shodwm i@MAGSEChNi que
I's proposed in which a thick resin |ayer is 20 provided between the

semilBondclootD sufftas frofretha fslldwifig sisheobdigsy (@) &Y. so that | oss of
el ectromagneti c energy i s reduced.

(1) Because the lower wiring layer 24 and the semiconductor substrate 1 are
close, Rg; is increased due to eddy current loss, which results in energy loss.

(2) Because the lower wiring layer 21 and the upper wiring layer 23 (the spiral
coil 24) are close, Cs is increased, causing energy loss.

15 As described previously, in recent years, in a fabrication of a high-frequency
semiconductor element, an induction element, such as a spiral inductor, is formed on a
semiconductor substrate for the purpose of ensuring impedance matching thereof or the
like (see, for example, Japanese Unexamined Patent Application, First Publication No.
2003-86690). Therefore, one technique is proposed in which a thick resin layer is

20 provided between the semiconductor substrate and the induction element so that loss of
electromagnetic energy is reduced.

In a conventional semiconductor device, however, a multi-layered wiring
structure may be required. In such a case, impedance mismatching occurs at the

junctions (contact holes) that connect an induction element and a wiring that are formed



In a conventional sem conductor device, however, a nulti-layered wring
structure nmay be required. In such a case, inpedance m smatchi ng occurs
at the junctions (contact holes) that connect an induction elenent and a
wiring that are formed 7 in the different |ayers, which may result in a
decrease in the quality factor value (Q value). SUMVARY OF THE | NVENTI ON

5 The p I i i Ln_light of t.he.above-described
backgr Ogﬁ?ﬁliéﬁﬁﬁgﬁé&%&l{e{‘@fmg ﬁgeﬁég%ﬁ?gé rgasﬁg%%euﬂémh&l %&\Ioéﬁépﬁfél oss and
hi gh perf,orytance sem conductor device having an induction el ement forned
thereab&@gg‘ln order to solve the first aspect of the above problens is
directed to a sem conductor device including: a sem conductor substrate
having an el ectrode formed 10 above a surface thereof; a first
insulating resin layer that is provided over the sem conductor substrate
and has a first openi ng dSUMMARNY OF THEINVENTION esponding to the
electrode; a first wiring layer that is provided on the first insulating

resif | ayer ari¢ présentdRERIInOWad ébnEél@ecPirﬂgéHt %f‘ﬁ)cteﬁg%'-ﬂ&c iBEd Bglc{kgiouﬁﬁem ng

a second insulating resin |layer provided over t I'rst 1rnsu I'Ng’ resin
layer agsh bfeotiddt Herdlif|l yer, C dané :nsulating resin |ayer
having a second opgﬁ&r%g; Fﬁ%ﬂ?@%ég a&%\%/!%ﬁ%%?gﬁﬁa i’éﬂﬁ’%&?"&f’?‘%er ent from the
position of the first ening.in a direction of the surface of the
seni con ]FS?J]uC%oﬁBng'F‘é ‘,’mﬁﬁg “ﬁﬂl‘lgﬁ%‘bﬂam\ﬂ“rﬁ%ﬂ'@eci theesabe¥eat i s provi ded on
the second i nful gting resin_layer and is connected to the first wring
| ayer t hr oughlt9rgertesalys thp irst Aspectpfdheabpvepsolensisdlireateditng | ayer
includes an induction element, and a sumof a thickness of the first 20
i nsul at sergicprdiictoridgyise inohetling:tameniicomdactof sutistrate daving ah Riediradd fogmesi n
| ayer is not less than 5 Wn and not nore than 60 pm According to a
secbhd abpectsusfact therqofesfit insadtng fesih laydt thites pRAKR deschi bed

semiconductor substrate and has a first opening defined at a position corresponding to the

electrode; a first wiring layer that is provided on the first insulating resin layer and is

connected to the electrode through the first opening; a second insulating resin layer

provided over the first insulating resin layer and the first wiring layer, the second

15 insulating resin layer having a second opening that is defined at a position different from

the position of the fifst opening in a direction of the surface of the semiconductor

substrate; and a second wiring layer that is provided on the second insulating resin layer

and is connected to the first wiring layer through the second opening, wherein the second

wiring layer includes an induction element, and a sum of a thickness of the first

20 insulating resin layer and a thickness of the second insulating resin layer is not less than

5 pm and not more than 60 pm.
According to a second aspect of the present invention, in the above-described
semiconductor device, a value obtained by dividing a thickness of the first wiring layer

by a thickness of the second wiring layer may be between 0.3 and 0.5.



sem conduct or device, a value obtained by dividing a thickness of the
first wiring layer by a thickness of the second wring | ayer nay be
between 0.3 and 0.5. 8 According to a third aspect of the present

i nvention, the induction elenment nay gbe a spiral coil. Furthernore, a
fourth aspect of the present invention is directed to a nethod for

manuf act uri ng ' véce. including the, steps of. formng a
first insulat ﬁ%&éﬁiﬁ gft gs%%ﬁ{l g‘gfeerg{a%(/tg? P%‘%%‘@Wé&ﬂgwpwﬁgeﬁﬁﬁ%m@tw ng an
el ectrocti)e pr.ovi deld t her eabove; defining a first opening in the first

i nsul at PRG PHERY ayer such that the electrode is exposed; forming, on
the first insulating resin layer, a first wiring | ayer connected to the

el ect rode t hr §ugheriese, faj fourth agpsnt ofghe presemit myentivets dileeteflite 8 metiRgioat i ng
resin layer and the first wiring |layer, a second insulating resin |ayer;

for m ng nmmetactmthgapenicmdattondpdsd, incditing thedieph OF §0imihg ahrst iRQTtidgon of
the first opening in a direction of the surface of the sem conductor

subs§T akr@in RyBiSiet b @BmRbnERoSRBARAe RRRRY &Qelﬁﬁg&ge}ggﬂgéd‘&ei b&eposi tion

of the first wiring layer; and formng, on t | nsuTating resin

| ayer, i I : s caonnected.to the first wiring |ayer
t hr oug haf ﬁtgﬁgggig# ﬂggglﬁidrli S%S‘?féi ﬁ%ﬂg{lrf%ﬁgglnq%r SHch 'ﬁﬂU’B? F'Gﬁt”é‘fee‘ﬁe nt,

wherein a suH]ﬁf a thi &kqess. of. the first insulating resin layer 15 and a
t hi ckneSEPEF I9EMUE, 8n the; TSt inshlating fF@&iiweraaviﬁstwm pygregmnectedito theri  and
not nore  than 60 pm According to a fifth aspect of the present

i nvent i GFPF“'P&W 1b% frsy epening formings dvesd thiedirstinsulfting resin dayes end thenduct or
device, a value obtained by dividing a thickness of the first wiring

| ayer byirst wihing kayes s setontdniasatinguisinilayengfotmingra seayndspeni@ 08 pv&asn 0. 3
and 0.5. According to the present invention, since the first insulating

resild | ayfferemtrftbrh Aposisien of thel firstdpRhingdn b AnetidrPdahe AlrfacPbPiieded bet ween
t he induction el enent, such as a spiral
semiconductor substrate, a position of the second opening corresponding to a position of
the first wiring layer; and forming, on the second insulating resin layer, a second wiring
layer that is connected to the first wiring layer through the second opening and functions
as an induction element, wherein a sum of a thickness of the first insulating resin layer
15  and a thickness of the second insulating resin layer is not less than 5 pm and not more
than 60 pum.

According to a fifth aspect of the present invention, in the above-described
method for manufacturing semiconductor device, a value obtained by dividing a
thickness of the first wiring layer by a thickness of the second wiring layer may be

20  between 0.3 and 0.5.

According to the present invention, since the first insulating resin layer and the
second insulating resin layer are provided between the induction element, such as a spiral
coil, and the semiconductor substrate, the induction element and the semiconductor
substrate are spaced apart with a sufficient distance by the two insulating resin layers.

25 Inthis manner, energy loss, such as eddy current loss, can be reduced, and a



coil, and the sem conductor substrate, the induction elenment and the

sem conduct or substrate are spaced apart with a sufficient distance by
the two insulating resin layers. 25 In this manner, energy |oss, such as
eddy current |oss, can be reduced, angd a 9 sem conductor device having a
dielectric elenment that exhibits a high Q value (quality factor) and

excel l e eristics. can.he abtained., Furthernpre, the present

i nvent i g%m%ggﬁ%g%rccgvgg&ang i dcj‘ﬂfmﬂf' eﬁﬁgnt thebedubytssuigh Qvalugtagablind, and
anot her _object . thereof is to provide a sem conductor 5 device having an
inducti&?“@ﬁéﬂ%ﬁ’f" Ipntichatagtepptics can e ghtamedal ue. A sixth aspect of the
present invention is directed to a sem conductor device including: a
seni conduct or Furthermose,dhdipreseny irmentdrewhs oxheeived ireliglalodve a surf ace
thereof; a first insulating resin layer that is provided over the

seni condbetexdessribat bazkgroand ahaanather 4tk tRAEITIOR 8L deicondRAS L i ON
corresponding to the electrode; a wiring layer that 1Is 18 orned above

the §i 1 abyicoRpifk bRhAuEEbTeILAUR AU IRs EHEIEG ARl 0 the el ectrode

through the Tfirst opening; a secon INg resin layer that is
formed over the..tir lnsylating.resin .layer and the first wiring |ayer
in the positi %nSlc{gragé%cﬁgﬁﬁﬁeﬁéesF'gl IPH%‘"PPF%&%%“H%H@ fegyeqndugtgpdendes: ond
i nsul ating resin |ayer having a second oi)eni ng; and a second wiring |ayer
t hat ism‘g P& BMiEndusior sivatrats hayiag an glactrednlormed abeve svaface thereoduct i on
el enent, wherein the 15 second wiring layer is connected to the first
wiring Rdirstringylating tesindayes thapisqroided over thresensicamindton pebairat, andihds & Wi dt h
of the junction is equal to or snaller than a line width of the second
Wi ri ng Ifiastewpening definetbatrappisition kerrespdnding a6 iRl dsttiotle; AWiHgALRG thed i
seventh aspect of the present invention, in the above-descri bed
senil 0 ondorniedrabdey iedirstinkilitilg reGRIARE aRfd c%ﬂﬂec@ecﬁ%‘iﬂﬁge&%ﬁe%ugﬁ%emy be
g layer,

provided to 20 the first wiring | ayer and the second wrin

r espect if¢g! obeninbea | ' ' n.the first contact pad
of The 11 Ropeniogfa kDA LBRall vl BUGATECRRRABOR e s ik et

layer and the first wiring layer in the position corresponding to the first wiring layer, the

second insulating resin layer having a second opening; and a second wiring layer that is
formed on the second insulating resin layer and has an induction element, wherein the
15 second wiring layer is connected to the first wiring layer via a junction .provided in the
second opening, and a width of the junction is equal to or smaller than a line width of the
second wiring layer that constructs the induction element.
According to a seventh aspect of the present invention, in the above—{-iescribled
semiconductor device, a first contact pad and a second contact pad may be provided to
20 the first wiring layer and the second wiring layer, respectively, the junction may be
provided between the first contact pad of the first wiring layer and the second contact pad
of the second wiring layer, and a difference between a width C of at least one of the first
contact pad of the first wiring layer and the second contact pad of the second wiring layer

and a width A of the junction (C - A) may be 30 pm or less.



of the second wiring |layer, and a difference between a width C of at

| east one of the first contact pad of the first wiring | ayer and the
second contact pad of the second wiring layer and a width A of the
junction (C - A may be 30 mor less.;q10 According to an ei ghth aspect
of the present invention, in the above-described sem conductor - device,
the induction,el egent nmay. be a spiral coil._ According to a ninth aspect
of the presenf§AFRRP ancighth aspect M6 hecrasent invertipn, et eberdudasoribatevi ce,
the contact pad may have one of a substantially rectangular shape 5 and
a subst samicendugtosidevige.dhe iidapiion elementdhagbe ospitud cpil.esent i nvention, since
the junction is formed so that the wwdth thereof is sane as or greater

than that of AberSmgasd nbithiasect ahthé Biie@éﬁt iFRREbA UA tife 4H39e-dbdtgied | on
el enment, the flow of current is not blocked at the junction and | oss can

O o Sidondutdh Akiiot he bonth TREHANS halt SHELELLMAMLATY Acbligb RGL ' O

el enrent can be 10 prevented at "high“frequenci es.

sem g€on J hayi an induction elenent with a high Q value
(qua itg"*f%ﬁbég’ﬁ%fgﬁ“%@ﬂ%‘@med. BRI EF DESCRI PTI ON OF THE DRAW NGS 15
FIG 1 is a plan view illustrating, an exanple of a conventional

senmi conduct or ACERIGINgJo the pEesenpnvention, sines Hieljynatiopieformed spthet theevidthew of
an exanpl e of the conventional sem conductor device; FIG 2B a

cr oss- s Herqof iregamg as\rigréatertthan thatppfihe secang wring layérdhstevhstanduthe or 20
device according to the present invention taken along line B-Bin FIG 1;

FI GS. 3imducti@elements tiecitraw bf curtens B blockehat thé RinGtGH MMbSEeahldeust rat i ng
an exanple of a nmethod for manufacturing the sem conductor device shown

in FI G réiuced. In particular, impedance mismatching within the induction element can be

10  prevented at high frequencies.

Accordingly, a semiconductor device having an induction element with a high Q

value (quality factor) can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
15 FIG. 1 is a plan view illustrating an example of a conventional semiconductor
device;
FIG. 2A is a partially broken perspective view of an example of the
conventional semicondnctor device;
FIG. 2B a cross-sectional view illustrating an example of the semiconductor
20 device according to the present invention taken along line B-B in FIG. 1;
FIGS. 3A to 3D are schematic cross-sectional views stepwise illustrating an
example of a method for manufacturing the semiconductor device shown in FIG. 1;
FiGS. 4A to 4D are schematic cross-sectional views illustrating an example of a

method for manufacturing another example of a conventional stepwise semiconductor

25  device;



FIGS. 4A to 4D are schematic cross-sectional views illustrating an
exanpl e of a nethod for manufacturing another exanple of a conventi onal
st epwi se sem conductor 25 device; 11 FIG 5 is a circuit diagram
showi ng an equivalent circuit of the donventional sem conductor device;

FIG 6 is a plan view illustrating one exanple of a sem conductor device
according to g, PisasarbitdbEhisBwind ableFuivifint SirdiPH thd Al Lroken
perspective view illustrat il ngg oge%ygﬁaglegjg%ég{ ag%rlﬁpo?éfﬁ%ﬁ%}%?n i ce

accor di @ka%n&&]:‘?mpcfe%%m invention; FIG 7B is a cross-sectional view
illustrating an exarrpﬁ & of the sem conductor device according to the
present inveni:ian takﬁn ajong line AAin FIG 6; FIGS. 8A to 8E are
schematic cr ofiUs@ 153 R View Whsraiing e sxample of e semicegdugtor degicexanpl e of a
met hod for manufacturing the sem conductor device shown in FIG 6; FIG
9 is a @geegsding(te thernresenhigvemtiamxanpl e of the rel ati onship between
frequency and the Q value for sem conductor devices having an induction

el enBnt that FIGpDAiida pardally bmk&mFé@p&tib@?ﬁw iMStratitlg@ne tRarhple®fdr aph
illustrating an exanple of the relationship betweenthe sumof 15 t

|ayer t edioadnts: divideliRodiingito ML el | aver and the second

Insulating resin |ayer (to ness of all resin layers) and the Q

lue; FIG 1% . i1l ' an. I f | at j onshi
between t he OB LELERR-tochibph R [t Pl B Batak ot e sepisardiosr | he

' i device: . FIG 12 is. h illustrating an exanple of the
ol at 1 ofEhch eerinE T theortsn Ay ention ckepmiamgding Ak kI8 | ayer and t ho

di stance between the first wiring layer and the second wiring |ayer,;
FIGS. 8A to 8E are schematic cross-sectional views stepwise illustrating an

he

10 example of a method for manufacturing the semiconductor device shown in FIG. 6:

FIG. 9 is a graph illustrating an example of the relationship between frequency
and the Q value for semiconductor devices having an induction element that is positioned
in various locations;

FIG. 10 is a graph illustrating an example of the relationship between the sum of

15 the layer thicknesses of the first insulating resin layer and the second insulating resin
layer (total thickness of all resin layers) and the Q value;

FIG. 11 is a graph illustrating an example of the relationship between the
thickness of the first wiring layer and the Q value of the semiconductor device;

FIG. 12 is a graph illustrating an example of the relationship between the

20  thickness of the first wiring layer and the distance between the first wiring layer and the
second wiring layer;

FIG. 13 is a figure showing an alternative example of a semiconductor device
according to the present invention;

FIG. 14 is a partially broken perspective view of the semiconductor device

25  shownin FIG. 13;



FIG 13 is a figure showing an alternative exanple of a sem conductor
device according to the present invention; FIG 14 is a partially broken
perspective view of the sem conductor device 25 shown in FIG 13; 12
FIG 15 is a plan view illustrating g2main portion of the sem conductor
device shown in FIG 13; FIG 16 is a perspective viewillustrating a
mai n portion Qof e sem conductor . device shown . .in FIG 13; 5 FIG 17 is
a perspecti veﬁ\ﬁ'é\?ﬂ??P[ﬂT‘bt"t‘%‘Yﬁ trating,3 magpariigm of the seaicopdycienfleyiceor
device shown in FIG 13; FIGS. 18A to 18E are schematic cross-sectional

vi ews sehoymiied’IGy istrating an exanple of a nethod for manufacturing the
sem conductor device shown in FIG 13; FIG 19 is a cross-sectional view
i Il ustrating BIGd6iin perspaftive ivéeve Rlusnatig anmhingrortionl 6F the GemidBndigtaz pl an
viewillustrating a variation of a contact pad; FIG 21 is a plan view

i || ustragvieshan@tin®IGVEs;i ation of a contact pad; and FIG 22 is a graph
showi ng the results of the tests. DETAILED DESCRI PTI ON OF THE | NVENTI ON

oroforabl o - onsbl neRPERPRY v SEPihaahe o mifh IR HORE RGN 1 o5

7A and gB.shﬂ’\tg an ?@nﬂ_e of the sem conductor device according to the
pr esent SFAFETEMHR *FPG "6 is a plan view, FIG 7A is a partially broken
perspective view, and FIG 7B is a cross-sectional view taken along |ine

A-A shown i n FEIS.ABA tod 8Fjase schempfie srgsrsecionaleriewestemeise dlustatingoanduct or
substrate 101 has an integrated
example of a method for manufacturing the semiconductor device shown in FIG. 13;
FIG. 19 is a cross-sectional view illustrating a variation of the second junction;
10 FIG. 20 is a plan view illustrating a variation of a contact pad,

FIG. 21 is a plan view illustrating another variation of a contact pad; and

FIG. 22 is a graph showing the results of the tests.

DETAILED DESCRIPTION OF THE INVENTION
15 Hereinaﬁer, the present invention will be described based on preferable
embodiment with reference to the drawings.

FIG. 6 and FIGS. 7A and 7B show an example of the semiconductor device
according to the present invention. FIG. 6 is a plan view, FIG. 7A is a partially broken
pefspcctive view, and FIG. 7B is a cross-sectional view taken along line A-A shown in

20 FIG.6.

In a semiconductor device 110, a semiconductor substrate 101 has an integrated
circuit (IC) 102 formed thereabove, and electrodes 103 and a passivation film 104 of the
integrated circuit 102 are provided above the surface of the ;emiconductor substrate 101.

This semiconductor device 110 further includes a first insulating resin layer 111

25  provided on the passivation film 104 of the semiconductor substrate 101, a first wiring



circuit (1C) 102 formed thereabove, and el ectrodes 103 and a passivation
film2104 of the integrated circuit 102 are provi ded above the surface of
t he sem conductor substrate 101. This sem conductor device 110 further
includes a first insulating resin laygr 111 25 provided on the
passivation film 104 of the sem conductor substrate 101, a first wiring

13 layer 1 ormed an the first insylating resin |ayer 111, a second

i nsul at Fap@r f@sﬁtolrlmg(gyg?he é‘f@@‘é?‘h‘ﬁffvé‘? ?Yefﬂé?sfq sesend insklpting yeginrlayarn | ayer
111 and the first wiring layer 112, and a second wiring |ayer 114 forned
on the $Etfammed oven the finy inswdating Irepjrelayer1 Bl1 apdahes Grst sirinibyer 1 1Qubst a at e 101
I's, for exanple, a silicon wafer above which 5 al um num pads are provided
as the edcend modeglaye] 14oformbd ointte spesrliinailating resihlaykP413.such as Si N or
Si2 (a passivated insulator film is formed. Qpenings 105 are defined in

the passi vat TROsdrhicohdkRfbrisBbstat: TASE HbPBSERE, IR 16 ib%lrggﬂ?%gdes

103, and the electrodes 103 are exposed from'the openi ng

pass{ vatj aindd! f h aq €XaNpI using a |l - known
met h%d, sucﬁ%ﬁ%&%@c‘ﬁ%%ﬁ%@%*@%%ﬁ Fﬁﬁ?i‘ﬁs“faﬁl"l}%@ 4 fHisteot s
bet ween_ 0 m 0.5 pin, .for ex l.e. In this enbodinent, the

el ect roﬂ%§ﬂql%§-{aﬂé?‘ pﬁ%ﬁ%‘“f‘i@%ﬁ%ﬂ@@%@r d’%’?@@ 195 arggiefied émthe 115 to
the integrated circuit 102 are provided in tw positions on the surface
of thePasivation filtl§f in thsqnosisions awiespanding i elestrodes M3, pne thereledtiodent i on,
the sem conductor substrate may be a 15 sem conductor wafer, such as a
si | i con 10Afrrexposedrfeym e gpenimpgs ¢ 051d The passivatipn fiatl 0d naytit forrned] foy di ci ng
a sem conductor wafer to the size of a chip. In the case where the

sen conexdhple, Gsidibiriyowell-kfiown BREAGIONINGS Be TIFCYD techiiglieahdd the #im
sem conductor chips can be obtained by form ng groups of various

S 60N ks @loRBE N Botyubde. 1 Al A6 L For RLERNLS ON @ seni conduct or

wafer, and then dicing the se 0 the size 20 of the
chip. In this embodiment, the electrodes 103 that connect the wiring layer having a

spiral coil 115 to the integrated circuit 102 are provided in two positions on the surface of
the semiconductor substrate 101.
According to the present invention, the semiconductor substrate may be a
15  semiconductor wafer, such as a silicon wafer, or may be a semiconductor chip that is
obtained by dicing a semiconductor wafer to the size of a chip. In the case where the
semiconductor substrate is a semiconductor chip, a plurality of semiconductor chips can
be obtained by forming groups of various semiconductor elements, ICs, or induction
elements on a semiconductor wafer, and then dicing the semiconductor wafer to the size
20 of the chip.

Although a portion of the semiconductor device with one induction element
formed on the semiconductor substrate is shown in FIG. 6 and FIGS. 7A and 7B, it
should be noted that the present invention is applicable to form a plurality of induction
elements on a semiconductor substrate, such as semiconductor wafer. It should also be

25  noted that various structures are additionally provided, such as a sealing layer for sealing



Al t hough a portion of the sem conductor device with one induction el enent
formed on the sem conductor substrate is shown in FIG 6 and FIGS. 7A and
7B, it should be noted that the present invention is applicable to form
a plurality of induction elenents od4a sem conductor substrate, such as
sem conductor wafer. It should also be 25 noted that various structures

are addifel seEHd WiriRk P et €4l (ﬁllgﬁn : ' f | ] 14 the
second wW rsi ng IalyerE é16}14, ?)’ut ut t@rﬁnﬁl%gﬂsﬂ%lge %@’?ﬁgf‘ﬁéﬂé’@ﬁen QQ ogﬁl}: as
bunps, | ke he .sem canduct or devi ce according.to i he present
i nvent i g?\?’ttgﬁ}ch%{ﬁlé Ond E@H} deg"d%ﬁ fﬁc%rglgfg @t@%BFﬁ%éﬂvﬁgoﬁﬁfthg'gﬂﬂﬂcﬁn t he
figures. The first insulating resin _|ayer 111 has first openings 116

def i nedaﬁkﬂtl‘P%SWFﬁﬁn‘%sgwri Bsthe figHiss: t o each of the el ectrodes 103.

The first insulating resin layer 111 nay be nade of, for exanple, a
pol yi mi de r esihe firshinsplaipg resiri layeral 1diHas diost@pemiags] 1 6odefinbé inl ibkgosiciod  t he
t hi ckness thereof may be, for exanple, between 1 pmand 30 m The first

i nsuf at cogespending tegueh of il dlerodes {03. MERe ffst DouRiMg Y&l f&oMn mapsdod,
for exanple, the spin coating nethod, the printing nethod, the ["am nati on

10, net e Ot ONFAG! S 408, Thtila OREHE AP I OEpIol | ned
117 ¢ nafe skl ARAGS M) 5 Ko anhe ROMEeR FUFRARI DU ¢ e posi 1 ans. of
e conduict or 1EGAEE g fo EeSHdgREy bp g 35iDE s elldePied i n ¢ he
o 0, BTy e b et rohkbesmapen | ot
connects between the electrodes 103 and the spiral coil 115. First ends

11240 of mefthod; or the liker ifugthkoyere, the first ppering 41 € nialpbedefinédssing 4 st
insulating resin layer 111 through the first opening 116, and are

fC.OPQteC fM fp;dtitflrﬁintgha:lmicftetdr Diteiske] B mektld b HoMtRograsifQ fot ekiriplel 12b of the
’ The second insulating resin layer 113 has second openings 117 that are defined
in the positions different from the positions of the first opening 116 in the direction of the
surface of the semiconductor substrate 101. The second openings 117 are defined in the
15 positions corresponding to ends 114a and 114b of the second wiring layer 114.

The first wiring layer 112 is a redistribution layer that connects between the
electrodes 103 and the spiral coil 115. First ends 112a of the first wiring layer 112
penetrate through the first insulating resin layer 111 through the first opening 116, and
are connected to the electrodes 103. Furthermore, second ends 112b of the first wiring

20  layer 112 extend so as to align to the second openings 117.

The material of the first wiring layer 112 may be, for example, copper, and the
thickness thereof may be, for example, between | pm and 20 pm. This ensures excellent
conductivity. The first wiring layer 112 may be formed using, for example, a plating
technique, such as copper electroplating or the like, sputtering, evaporation, or

25  combination of any two or more of these methods.



20 layer 112 extend so as to align to the second openings 117. The
material of the first wiring |layer 112 nay be, for exanple, copper, and
the thickness thereof nmay be, for exanple, between 1 pmand 20 m This
ensures excellent conductivity. Theikirst wiring layer 112 may be fornmed
usi ng, for exanple, a plating technique such as copper el ectroplating

or the I|ike, utter vapor I nation of any two or
nore of these “‘teﬁ%‘iwg'l@ X% @ aH@Fs\fvf‘?? E??F &> E‘leﬂdiek@mi‘d‘é%m'FMe
spiral coil 115 as a dielectric element. The ends 114a and 114b of the
second W% enfl§ Y14gand 114p ?fehewcmlévﬂﬂng)lﬁghrtlt'ﬂep@e’a’anduougistlﬂeaewm resin

| ayer 113 through the second opening 117, and are connected to the

r espect inselating msih lapet 1132hroagh tltceseédrrdsdpeninrgi NG, draly@e cdrndcted td i Mat eri al
of the second wiring |ayer 114 may be, for exanple, copper, and the

t hi cknefegpédiiet e€donfRyd D€2b bPthe T¥atMALAg 1dyef YeEN 1 mand 20 pm This
ensur es excel I ent conductivity. The second wring layer 114 may be

forngd using, 14, uch a er

el e(r:gtar opl ati ng or EE | @e se('%ngtk@tl gpdggleevap%yg? t%hexag}pcd% Tl on of
any two,or se ne hods 0, A sealing er (not. shown) may be
or ovi deff® (}anﬂeésgée%oﬁﬁn% %{thﬁ@p# betiyeen Lyt ‘“!Eﬁl B THECRWESNd wi ri ng
| ayer 114 ﬁccordléng{ f‘igi requirenents, COV?EJJ} ng g;efl east thg0 seconﬁ:| W ring
| ayer 19%° fcogdugtivily. | WW@ Aexes 144 may be fermedoising, forpxhmple, de
resin, an epoxy resin, a silicone resin, or the like, and the thickness

t her eof a Mnséedhmqmewctl@s pPopEN dlectié‘plal&@ qrrthe fike, sputestinigpevapprkiongs f or
connecting to termnals of outside elenents may be defined in the

seal i ngcompimatiorrof drdyewaurenore f tHege AiktHodonduct or device 110 of this
enbodi nent, the sumof the layer thickness of the first insulating resin

layeg 111 andAtQelihg¥ger (bt SHEMES a9 belprévided on the second insulating resin

layer 113 and the second wiring layer 114 according to requirements, covering at least
the second wiring layer 114.

The sealing layer may be made of, for example, a polyimide resin, an epoxy

resin, a silicone resin, or the like, and the thickness thereof may be between 10 pm and
15 150 pum, for example. Openings for connecting to terminals of outside elements may be
defined in the sealing layer.

Furthermore, in the semiconductor device 110 of this embodiment, the sum of
the layer thickness of the first insulating resin layer 111 and the layer thicknees of the
second insulating resin layer 113 is not less than 5 um and not more than 60 pm. By this,

20  asemiconductor device having a dielectric element that exhibits a high Q value and
excellent characteristics can be obtained, as described later.

In the semiconductor device of this embodiment, the layer thickness of the first
wiring layer 112 is preferably smaller than the layer thickness of the second wiring layer

114. In particular, a value obtained by dividing the layer thickness of the first wiring



second insulating resin layer 113 is not less than 5 mand not nore than
60 m By this, 20 a sem conductor device having a dielectric elenent that
exhibits a high Q value and excellent characteristics can be obtai ned,
as described later. In the sem conduggor device of this enbodi nent, the
| ayer thickness of the first vvi ring layer 112 is preferably smaller than

thelayrt ofte dvmrln .l ayer 14. 1n particul

val ue OE ] ir.llie )Wgﬂ%" %?%:Pn@ﬁ‘iq’a é'é' lﬁwéef?f@&gtbeww 16

| ayer 112 8% the Iayer t hi ckness of the second wiring layer 114 is
preferaB‘Tl etween 0.3 and 0.5. Furthernore, the thickness of the first
wring layer 112 is preferably smal l er than the thickness of the second
i nsul ati ng r eEunhdranpes, thetBickbessleof the firsnwiringdayer] 12dsprefeedbly smalidrhe

sem conductor device shown in FIG 6 and FIGS. 7A and 7B will be

expl ai nethn the BRekn8s dfohStecaidinsclagi@idsin lay&@g33sect i onal views stepw se
illustrating an exanple of a nethod for manufacturing the

abovg- descri bggye g%m tﬁrﬁu T | in FIGS
8A to 8E are t a)lgen a ong I ne %‘é gghm%&?ﬁcﬁﬁé&éagﬁ%é 1&—{6@"[1}{ Egtgsghom in
FIG 8 substrate 101 having the integrated circuit
102, @%F&?e@ﬂ Cp?% ﬁéﬁﬁx? A¥Dassi vation film 104 is provi ded. As
descri | bed abogiq‘ g}g I conduct or substrate 101 is a sem conductor wafer
having the el &% areRbEmale Gsasssieqliqnabiemisistapase iflustrting ahove t he
surface threreof, and the openings 105 are defined in the passivation
fi 1 m 104xampleioé amerthed fon manslactring shostwivaglesaibstl emiconductaraBvickledthe as
shown in FIG 813, the first insulating resin layer 111 having the first
openi ngsrdsi-Gedtnabviaws iroFIGH 8 Ana$H aratdken afonk ting @¢ Acshotvadn $8@Gi 6;onduct or
substrate 101. The first insulating resin layer 111 nay be formed, for
exanpl e, by f s, B9sldwn in FIG. 8A, the semiconductor substrate 101 having the
integrated circuit 102, the electrodes 103, and the passivation film 104 is provided.
As described above, the semiconductor substrate 101 is a semiconductor wafer
having the electrodes 103 and the passivation film 104 formed above the surface threreof,
and the openings 105 are defined in the passivation film 104 in the positions
15  corresponding to electrodes 103.
Next, as shown in FIG. 8B, the first insulating resin layer 111 having the first
openings 116 is formed on the passivation film 104 of the semiconductor substrate 101.
The first insulating resin layer 111 may be formed, for example, by fbmﬁng a
film made of one or more of the above-described resins using any well-known method,
20  for example, the spin coating method, the printing method, the lamination method, or the
like, over the entire surface of the passivation film 104 (first insulating resin layer
formation step), and then defining the first opening 116 using a patterning technique or

the like, by means of photolithography, for example, in the positions corresponding to the

electrodes 103 (first opening formation step).



filmmade of one or nore of the above-described resins using any

wel | -known nmethod, 20 for exanple, the spin coating nmethod, the printing
nmet hod, the lam nation nmethod, or the |I|ike, over the entire surface of
the passivation film 104 (first insulldting resin layer fornmation step),
and then defining the first opening 116 using a patterning techni que or

the 1ike, by NBangs dowhl1RFH:! $006E BRRYiri@LayEX APl Fornld dulifie RRF! 1 ONS

corresponding to the electrodes 103 (first "opening formation step). 17

Next , ' Ny iring |l ayer..112 is . forned on the
first ?ﬁgﬁngft{g]rneg&rlgg&nl lﬁgg}lés? uﬁ‘lﬁg {a?r {:rrfé\”{mw(% %3951 a%rpaft&u}?ét"?%ﬁf’%g’ép) . The
particular. et had far, ormng. the first wiring layer 112 in a _

P dlet ol RRIREAR St oTEAE 1ehb L jpct Rredeipaingd Posianda not pasticulery Hithdd

di sclosed in PCT International Application Publication No. 5 W000/077844
may be #ifothe method dipclesedrin PET Interagtional Apglivptien BablizatioreNer abl e met hod f or
formng the first wiring layer 112 wll be explained. First, a thin seed

| ayey (WEDOEOBABAN nbayr becdrepibyal Fatexamplenhi ch is to be carried out later,
is formed by neans of a sputtering technique or the |like, over the entire

surface of  1fefehsn EtdnSile bD'# Pie?érhlsle nie@Rdd Yok ?&ﬁﬁ%ﬁé 18 ﬁlﬁﬁgﬁ}%fi 1 é £9 I ons

thereof. The seed layer is, Tor exanple, a stac

copper chromium (Cr) |ayer forned by mneans of sputtering, or
a stacklga}/g%?fgngngﬁl'udi ng a copper layer and a titanium (Ti) |ayer.

Furthernore, the sged | gyer e | ectrol ess copper plating |ayer, or
a thin netal lt:'lrsiy%ﬁmf Bﬁﬁﬁéweﬁ g‘?‘ﬁjﬁév&pﬁ slerigeplating, B’gliq%dﬁ tohka ¢asded eMeni cal
vapor degposjtion (CVD), or 15 the like, or a any conbination of the
above- dBe&y s feaneddhyameansafia sputtering tevhniquernrithgulike, ovetdhe entire serfacstof| ayer
(not shown) for electroplating is formed on the seed layer. Qpenings are
def 1hedtherfirstHasulatinigsesindgyer 11 h or sajéctedkregionsitiecdoft Mhefseedslayeniis,ifog | ayer
112 is to be formed, and the seed layer is exposed fromthe openings.
The r esestmpleyeestackeyt bbdy including a copper layer and a chromium (Cr) layer formed by

means of sputtering, or a stacked body including a copper layer and a titanium (Ti) layer.

Furthermore, the seed layer may be a electroless copper plating layer, or a thin metal

layer formed using evaporation, a coating method, chemical vapor deposition (CVD), or

15 thelike, or a any combination of the above-described metal layer formation techniques.
Next, a resist layer (not shown) for electroplating is formed on the seed layer.

Openings are defined in the resist layer in regions in which the first wiring layer 112 is to

be formed, and the seed layer is exposed from the openings. The resist layer may be

formed, for example, by laminating a film resist, spin coating a liquid resist, or by any

20  other suitable method.
Then, the first wiring layer 112 is formed on the seed layer using the resist layer
as a mask by means electroplating or the like. After forming the first wiring layer 112 in
desired regions, unnecessary portions of the resist layer and the seed layer are removed

by etching them so that the first insulating resin layer 111 is exposed except the regions

25  where the first wiring layer 112 is formed (see FIG. 8C).



formed, for exanple, by lamnating a filmresist, spin coating a liquid
resist, or by any 20 other suitable nethod. Then, the first wiring |ayer
112 is formed on the seed | ayer using the resist |layer as a mask by
nmeans el ectroplating or the like. Aftl8& formng the first wiring |ayer
112 in desired regions, unnecessary portions of the resist layer and the

seed | ayer ar : t gRI .so.that the fi . i.nsul ating
resin layer 1 ‘I‘h?gp %@%&s@?@kgfgb@ tsél%)%r@e"gslu(l)aﬁlsng rﬁ%n%ﬁ@f E‘* ﬁeforqugqvew ring
| ayer 112 is forned (see FI 8Q) . Next, as _shown in FIG 8D, the
second #Wéf?%’f’?‘f‘]ﬁ“ﬂ%’%?‘ﬁ%’%gp ﬂ%ﬂﬁeif’gr?td?”ﬁ’é‘ﬁ lgxpEd 12he first insulating
resin layer 111 and the first wiring |layer 112. The second insul ating
resin |ayer 17The sacpndinsnloting aesirt layereddmaebe foymedyfoi exquple, fhiyl forminga of
one or nore of the above-described resins over the entire surface of the

first Hlnmsadeatfiongor merenof thy eiovkidesaritetdtrbsing dves thendntird@irfady 6f thé H2stusi ng
any wel | -known net hod, for exanple, the spin coating nethod, the printing

met hod, isaRiting Msiblay @ ITeindqRe iRt wikhes laydka 2(@9%%3 WS A &%@85 in
econ

| ayer formation step), and then defining the s openi ng using a
pat t er nigh. b B S| : : ke, ool i t hogr aphy, for
Excap! o0 e BRI B oo BE et i brfiRBR Plod VR B SR BEBRM o B ¢ e
first wixing layer 112 10. (secand openi ng fornatjaqn, step). xt, ,as shown
i i o e Clen Y Bhuartie GRnRET Rargaion peph 200 A dsing hatecond PPOVIG | <
formed qQn_the second, insulating resin |ayer 113 (second wiring |ayer
for mat i 3A7 uging gyatigmingfechmquel of thekikes by megns pf phatelithegraphy, fercsauple, ri ng
| ayer 114 in the predetermned regionis simlar to the nethod for
provi di mytheipositions corvdspomding tythe sdcbfd eads HI2b dfithsfidewviridgddyeteld@r i pti on
thereof will be omtted. In the case where the sealing |layer is provided
abol@ t ifgecond opehing formatidregte). 114, the sealing |ayer nmay be forned, for
exanpl e, by patterning a photosensitive resin,
Next, as shown in FIG. 8E, the second wiring layer 114 having the spiral coil
115 is formed on the second insulating resin layer 113 (second wiring layer formation
step). The particular method for providing the second wiring layer 114 in the
predetermined region is similar to the method for providing the first wiring layer 112,
15  and thus detailed description thereof will be omitted.
In the case where the sealing layer is provided above the second wiring layer
114, the sealing layer may be formed, for example, by patterning a photosensitive resin,
such as a photosensitive polyimide resin, using photolithography to define openings in
predetermined positions. It should be noted that the particular method for forming the
20  sealing layer is not limited to this method, and various techniques may be used.
Afier forming the sealing layer, a semiconductor chip in which the induction
element and the like are packaged can be obtained by dicing the semiconductor wafer
having various structures, such as the induction element, thereon to a predetermined size.

Next, the operation and the effects of the semiconductor device of this

25 embodiment will be explained.



such as a photosensitive polyimde resin, using photolithography to
define openings in predeterm ned positions. It should be noted that the
particular method for formng the 20 sealing layer is not limted to
this method, and various techniques n®y be used. After formng the
sealing |l ayer, a sem conductor chip in which the induction elenent and

the like are Ragkages A% kned by, di.cing the sem conductor wafer
havi ng various struct u{r:%gl,nqs egﬁhgg{%t%(éol?arfaﬂetl?%ﬁa@IEWE?W?QBWF%H’%o a
pr edet er i n si. ze. . Next e operation and the effects of the

seni conéétpékcggd%é?ﬁ Supstpe {"fﬂt@e d?%"é‘%@ﬂ‘inﬁ%‘ﬂfh%“ﬂ@tﬂé elemenbandtie 19  Since
the first resin layer and the second resin |ayer are interposed between
the senPEBitaRGUCHHr subsiEts are spaged apare withe!l sufficient didtanvent Astafresulli gleect ri c

el ement and the sem conductor substrate are spaced apart with a

suf f i ci eesistatics péithessemimnductessibbtratt iedecraasidRaNHROWE intHIG. SEWHERBYUCT OF
substrate is decreased (Rsl shown in FIG 5), whereby 5 reducing eddy

cur rent rddusing eddy cheedtisR. Hul@efrhdrd] th¥ifkdt Rerih @ Ykr ﬁ&?ﬁ&ﬂeﬁ Afde fd fize Lo the

sem conductor substrate is an interconnection wrinhg connecting petween
the el egthRefuctdd el ' I and the dielectric element is
provi ded in the secgw%gr@ﬁg&%%%@ogir&gﬁé%fowgl’ﬁ'ﬁeh%wg Glﬁ‘mﬁ‘ﬂ‘iﬁ‘r
substra ince the dielectric element and the sem conductor
subst r atfngd tah;l;re]:*il %B%%‘é‘ﬁﬁ’%ggtanaﬁadﬁgle%tﬂfzf emeahis ppvitleghindhe sepond andsing ur r ent

10 Iossldue Lo r’r&g&gﬁi c flux generated by the dielectric el enent can be

r educed [aYeL fisiant ne gepicppdugtorispbsimate: i ighus.cdias thedielectivd:l¢rhent sad ond
insulating resin |layer are interposed between the sem conduct or

subst r athe sspdcanductar substrateiace spacerbapart witlsla siiicieatidis@ibcd, e dddy ckresses of
these insulating resin layers is set to no less than 5 mand not nore

t hah0 60 loss dBy td inagnetipfhixareablard W8the airtieaicdleflamticas be RalkaY vari ous
advant ages, 15 such as greater increase in the Q value, smaller size, and

e T RN, RSy SR 55 35 S L6 e
are interposed between the semiconductor substrate and the dielectric element, and the
sum of the thicknesses of these insulating resin layers is set to no less than 5 pm and not
more than 60 pm. By this, preferable semiconductor devices having various advantages,

15 such as greater increase in the Q value, smaller size, and reduced manufacturing cost, can
be obtained. If the sum of the thicknesses of the two insulating resin layers is less than
5 um, the improvement in the Q value is smaller, which is not desirable. Furthermore,
the sum of the thicknesses of the two insulating resin layers of greater than 60 um is not
disadvantageous in terms of the manufacturing cost or manufacturing conditions since

20  further increase in the Q value is not expected (see FIG. 10). 1In order to use the device
as a dielectric element, the Q value is preferably 20 or higher.

In the semiconductor device of this embodiment, the inductor is made of the first

wiring layer and the second wiring layer, among which the first wiring layer is an under

path that connects between the electrodes on the semiconductor substrate and the

25 dielectric element (coil) and the second wiring layer has the dielectric element (coil).



5 m the inprovenent in the Qvalue is smaller, which is not desirable.
Furthernore, the sumof the thicknesses of the two insulating resin

| ayers of greater than 60 pmis not disadvantageous in terns of the
manuf act uri ng cost or manufacturing cé®nditions since 20 further increase
in the Qvalue is not expected (see FIG 10). In order to use the device

as a di el ect r ithed @fRAlre, thiResifel bethk Sea¥nfFiARate? BePnedufRflane [ t e

sem conduct or devi ce of this enmbodi nent, ein tor 1S m

first Mggeggmh@élﬁgsameti};@acﬁ?pond wiring layer, anmong which the first

wiring layer 1s ah under t hat connects between the el ectrodes on
the sem condugt substrate and.the 25 dielectric elenment (coil) and the
second Wiri ng%F%gP%%queﬂéh%%k@EﬁsP? Ef‘gFgﬁ%MSU(%BIWSm layer and thé)i s
structure, the resistance of the second wiring |ayer becones domi nant in
the resSeCRAdRsulating resin {ayer qrq dhrcsanie, iffthe thickness of thevtennd imsulating fess ses  of
the first insulating resin layer and the second insulating resin |ayer

ar e ¥ he layamis, too smakhahe Histinoebeatweén thedirstesieing 14yes dhdiheN@cor@SWifing PayepY el | S
too small, the distance between the first wring | ayer and the second

W ring ligidiceds medueamt, tidSeffect S5HE Ener%?%s@ﬁ&ﬁﬁes%}%ﬁ@agfﬂﬁﬂy 1 oss

becones significant due to increased Capacitance € inductor.
Thi s i s RECALS Eardabfars ' L ng ' | ayer (see.Fl GS. 7A and 7B)
have two d ffer J%‘F po?gle@ﬁosﬂﬁ%%gﬁéc}wegﬁﬁig Qeé:f’}'%éﬁ%ﬁé‘:?ﬂg “?5?‘%{’3 r$SHsul ati ng
resin | n th rmed on.the first wiring layer. If the first
wring DO GREPIGE 1 BB Tl Ve dlereitaprionsisrs GeKdomsdan the frstg
| ayer duri formation of the second insulating resin |ayer and the
t hi ckneé’ésug"%ﬂgﬁ%sm Phanshhe gther formed gp thefirst wiring laperds If the fiss edrieg snal | er
than desired. If the thickness of the first wiring layer is too small,
t he 1@ edayier isdpo thiek, strasin maySflow Gduncthel fidst aviting tayer dwrihigcformation ofithe
cross-sectional area of the first wiring layer, which is 15 not
desi r ablsecond insulating resin layer and the thickness of the resin on the first wiring layer tends
to become smaller than desired.
If the thickness of the first wiring layer is too small, the electrical resistance is
reduced due to the reduction in the cross-sectional area of the first wiring layer, which is
15  not desirable.
By maintaining a value obtained by dividing the layer thickness of the first
wiring layer by the layer thickness of the second wiring layer to no less than 0.3 and not

more than 0.5, the influence of increased capacitance (Cs) is reduced and a
semiconductor device having further excellent characteristics can be realized.
20 Examples
Semiconductor devices were manufactured, and the characteristics thereof were
evaluated. Silicon substrates were used as semiconductor substrates. The first
insulating resin layer and the second insulating resin layer were formed from a polyimide
resin. The first wiring layer were provided between the first insulating resin layer and

25  the second insulating resin layer, and the second wiring layer was provided on the second



By maintaining a value obtained by dividing the | ayer thickness of the
first wring |ayer by the layer thickness of the second wiring layer to
no less than 0.3 and not nore than 0.5, the influence of increased
capaci tance (Cs) is reduced and a sepj conductor device having further
excel l ent characteristics can be realized. 20 Exanpl es Sem conductor
devi ces @ﬁﬁ@ rranuf cture&iﬁ(gnld t.he char acterl stics thereof were

eval uat e & TEVR W Gbst glegimic £lqment was fareed @ adu-tuen spitabeeil.at es.  The
first sul a(tl ng resin layer and the second insulating resin |ayer were
f or med f WRFEL (38 Wi serbas the gaterialpbthe ifirsstsequndi wiging dgyer andseeond wirited
between the first insulating resin |layer and 25 the second insul ating
resin | d9%r. and the second wiring |ayer was provided on the second 21
insulating resin layer. The dielectric elenent was fornmed as a 3.5-turn

spi ral dosition ofbifetiof Elbmenas used as the material of the first second
wring |layer and second W i ng Iayer Position of Induction Elenment 5 As

a wokki ng exa I t. sen ¢conduct or devi ces having
a fFr st Wiri % ayer é;&aﬂip \égde} 1{1\%’3&0 ‘iﬂ'i’gﬂ‘?f% e"é‘i?ﬁ Y'B8@ as an
interco rin n at and a second wiring |ayer distant
fromt hgﬂg&%’@é A%YSEPB%‘%’&F@SCE tt‘g Sﬁ%“ﬁan@f%‘i’ SubFFe a3 @hBfrcapapetion

manuf act ur. ed onpar ative examl) sem conductor devices having a
first wi'PFAg( EPa b&nd A serand yipas layer distant Semdbe shmicondustobsubsiaee as a

10 dielectric element, and a second wiring |layer distant fromthe
seni cond§éwigleatip glementwars mamfactired.c 0As @ coinparative ext@np]€) \semideatiidtomer e
manuf act ured. For these sem conductor devices, the relationship between

f r equendigviseshaRinga fiest wating laybiisdsiibned BRs6 B b6 eaﬁ%halfct&'sﬁmléa&i the
wor ki ng exanpl e and the sem conductor elenents of the conparative
exarnpl e distédtrigeRieAE hd & dedird Shirih P faye ARG PRI thE Sniconductor substrate as
an interconnection wiring (over path) were manufactured. For these semiconductor
devices, the relationship between frequency and Q value was evaluated.

The semiconductor elements of the working example and the semiconductor
elements of the comparative example were manufactured under the same conditions,

15 such as the thicknesses of the insulating resin layers, of the working examples, except for
the positions of the induction element as described above.

In FIG. 9, the solid line shows the Q values of the semiconductor elements of
the working example in which the dielectric element was provided in the second wiring
layer. Furthermore, the dashed line shows the Q values of the semiconductor elements

20  of the comparative example in which the dielectric element was provided in the first
wiring layer.

The results of FIG. 9 indicate that an inductor having a high Q value can be
realized by disposing the dielectric element distant from the semiconductor substrate
when two wiring layers are provided.

25  Thicknesses of Insulating Resin Layers



15 such as the thicknesses of the insulating resin |ayers, of the working
exanpl es, except for the positions of the induction elenent as described
above. In FIG 9, the solid Iine shows the Q val ues of the sem conductor
el ements of the working exanple in which the dielectric elenent was
provided in the second wiring layer. Furthernore, the dashed |ine shows
the Q val ues qf Fhe sem conduct or, el ements 20 of the conparative exanple
in which the GF&P¥R N ﬂ@? &nepluralits obsegusendycion devieest were tanufachured | ayer .
The results of FIG 9 indicate that an inductor having a high Q value can
be reaMhiegaryjngithe sumiofghe kaperdhisknesses of the Sreeitsubiting aexin byarandhie:

sem conduct or substrate when two wiring |layers are provided. 25

Thi cknessead dfsulatingresin hyeiRand thel@ysluss d2hestSemidnBudttr d/des ala @
plurality of sem conductor devices were manufactured while varying the

sum of ﬁlaqué,ﬁ%;%mtd}i{gmpes,ﬁ@a%ugﬁ_ the first insulating resin |ayer and the
second insulating resin layer, and the Q val ues of these sem conduct or

deviges at a wer e asured. 5 In.these sem conductor
devi 5(zes, t he H @g%%ﬂﬁgonnghftﬁgl%%%e& i@ﬁéﬂ“&gg@@r positieped it B¥duct or
substrate i s &?m i nterconnection wring (under path), and the second
wiring SHiFapdystarsupstrate i§,andptereonpsctis diERS fundampath)s aed the secandevisiogr i ¢

el ement. The rel ationship between the sumof the l[ayer thicknesses of the
first iyer distapyfromdhe pemiggrductongubstistesis e dirledtris eleatenng resin | ayer
(total thickness of all resin layers) and 10 the Q value is shown in

FIG 10 and Tabe¢ ecldtionShipsetwezauhé sum bfliheddyer uhatnease@omielfﬁstqhsa&ixg
hi gher was obt ai ned when the sum of the | ayer thicknesses of the first

i nsul at iré¥h fagér dhd théyebnd idulafifg SRGORGer (fbiall tBick s LESH )%31 no | ess
than 5 mand not nore than 60 p%n In ﬁhi(s case, t ﬁe § Fegé:l?mﬁrsen anci ng
thei® vald@ vafue iYW F1IN £6 BRPTABIE 11 OfiRbe results indicate that a Q value of 20

or higher was obtained when the sum of the layer thicknesses of the first insulating resin

layer and the second insulating resin layer was no less than 5 um and not more than

60 um. In this case, the effect of enhancing the Q value is favorable whereas the total

thickness of the insulating resin layers is prevented from being unnecessarily increased.

15 Table 1



t hi ckness of the insulating resin layers is prevented from being

unnecessarily increased.

15 Tabl e |

23 Sum of Thi cknesses of First and
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Thickness of Conductive Layer

I ckness of Conductive Layer A plurality of sem conductor devices

first wiring | ayer
to 5 10 m In these
ned close to the
(under path), and

or substrate is a

es of the

he first wiring

of the

A plurality of semiconductor devices were manufactured while varying the

thickness of the first wiring layer when fixing the thickness of the second wiring layer to

10 pm.

In these semiconductor devices, the first wiring layer positioned close to the

semiconductor substrate is an interconnection wiring (under path), and the second wiring

layer distant from the semiconductor substrate is a dielectric element.

FIG. 11 shows the measured Q values of the semiconductor devices in which the

thickness of the first wiring layer is 1 pm, 3 pm, 5 pm, or 9 pm, and the thickness of the

second wiring layer is 10 um at a frequency of 2 GHz. In this measurement, the

thickness of the first insulating resin layer was 10 pm, and the thickness of the second

insulating resin layer was 10 um,



second wiring layer is 10 p.mat a frequency of 2 GHz. In this
nmeasurenent, the thickness of the first insulating resin |ayer was 10
pm and the thickness of the second insulating resin layer was 10 m 24
The results of FIG 11 indicate that - sem conductor device having an
even higher Q value can be realized when a val ue obtained by dividing the

t hi ckness of e firs , ring.layer by the thickness of the second
wiring |ayer ?@‘e B'Césf‘]\lkégills#‘éldﬁ@c@gg?m gemicopdugiondevips havingangiven ances
bet ween tge first wring layer and the second 5 wring |ayer of

seni con b Yi’i'\‘ﬂ‘@@?eifﬁalmﬂé‘{hetl Bevatugioblaiassisbyodividive the thckhessisfthat i ng
resin |ayer (the thickness right above the first insulating resin |ayer)

was 10 pwstavidng heyer bitheithizkaess of tHeaeédndsvirinigayed id B¥REen'®S a3d Py, 5 M or
10 m Upon the nmeasurement shown in FIG 12, the thickness of the first

10 m Lpon the m the i
| ayor was 10 pm 10 e o o o Tencen R e st ARUBERAMALYT | OF

t he thi f i o r.ta.the t kness, of the second
 noul at oS e of miCrdhbor Mhvibdidh WV ot BibiiRss ok GE SRR Bplatbe Wi 1 ng
| ayer and.the second.w ring |layer ipcreases. This indicates that an
excel | eﬁ?SI%BaPFFrc@ﬁed@&kB Ssd'éﬁﬁt E@/“’ﬁéb‘f ﬁfj" psplang rgsimlayer) wes 4B mm arstithas t he
rati o of ,t]g}e tHickness‘ of the first wiring layer to the thickness of the
second ithiskness phihe fastiwiring Javier was 3 ey, Sawewr 1gimailipen thaineasunahént e

enbodi ments of the present invention will be described wth reference to
t he dr ashenymsin FIGG32, 4@ thiokdsss of the firstatslaingatdin layet wie 1@ hQdhdraiet of the
sem conductor device according to the present invention. FIG 13 is a

cr oss- sekitkrisabf the 8¥¢ondIvaring fayebwas PPupartial |y broken perspective view,
FIG 15 is a plan view of a main portion, and FIG 16 and FIG 17 are

perspective Visavadiedted BS tHPEIpIPRY FION2, &5'the ratid dfthPthfkRSS R A% fiQpal Vi ew
wiring layer to the thickness of the second insulating resin layer decreases, the distance
between the first wiring layer and the second wiring layer increases. This indicates that
an excellent semiconductor device having a high Q value is obtained as the ratio of the
thickness of the first wiring layer to the thickness of the second insulating resin layer

15  decreases.

Hereaﬂer, alternative embodiments of the present invention will be described
with reference to the drawings.

FIGS. 13 to 17 illustrate an alternative embodiment of the semiconductor device
according to the present invention. FIG. 13 is a cross-sectional view, FIG. 14 isa

20 partially broken perspective view, FIG. 15 is a plan view of a main portion, and FIG. 16

and FIG. 17 are perspective views of the main portion. FIG. 13 is a cross-sectional view
taken along line D-D shown in FIG. 15.

As shown in FIG. 13, this semiconductor device includes a semiconductor
substrate 201, a first insulating resin layer 210 provided over the semiconductor substrate

25 201, first wiring layers 211 and 212 provided on the first insulating resin layer 210, a



taken along line DD shown in FIG 15. As shown in FIG 13, this

sem conductor device includes a sem conductor substrate 201, a first
insulating resin |ayer 210 provi ded over the sem conductor substrate 25
201, first wiring layers 211 and 212ogrovided on the first insulating
resin layer 210, a 25 second insulating resin |ayer 213 provided over

the fir ' | resin yer .210 and the .first wiring |layers 211 and
212, an gécghtg g#g%hhgngersfnn%y?r%/@rp M e‘ﬁ?%&%“egmb H’SP‘;?EH% E“é%‘éyeri%§ @hdtheng
resin I?\éer .213 Tx{%éf em Sonduct or substrate 201 is a base material 202,
such as it ¥ining [yers2d L and 262, a5d peseqgnidwirmgdeyer 3dé pravidedam thasécondgr at ed
circuit (not shown) and a passivation film 204 are fornmed. The

el ect r othsulaiog ayesr X13r med of al umi num copper, or the like. The
passivation film204 is a passivated insulator film and nmay be nade of

SN, SiC2, ofhé Renibérductol Qubsiald 11988 Shaehh@Rlaf 3022 hs 190RHN NETer205 are
S , an

defined in the positions corresponding to the el ectrode "t he
elec§ro ' assi.vation film
204y T2 oo e FURS 209 of s CREN! (AP 0 TS FRRRRUSABIAN 2o (he
LPCVD t &pgtiqugn aand the filmthickness thereof is between 0.1 m 15 and
0.5 m for ex rrpff €. According to the present invention, the sem conductor
substrate may, pe a%qsﬁem' 8§nductor waf er, such as a silicon wafer, or may
be a seni condlieg BlFcties 203 mayibeJammed ofralwminym, cappescordhe ikeaed by f or mi ng
groups of various sem conductor elenents, |1Cs, or induction elenments on
a sem conduct &he passivatiomfilin 204 is aipassivated fimsulorsfem, andidiag be madafo€8iN,0 t he
size of a chip.

S10,, or the like.

10 In the passivation film 204, openings 205 are defined in the positions
corresponding to the electrodes 203, and the electrodes 203 are exposed from the
openings 205.

The passivation film 204 may be formed, for example, using any well-known
method, such as the LPCVD technique, and the film thickness thereof is between 0.1 pm

15 and 0.5 pm, for example.

According to the present invention, the semiconductor substrate may be a
semiconductor wafer, such as a silicon wafer, or may be a semiconductor chip.
Semiconductor chips can be obtained by forming groups of various semicondﬁctor
elements, ICs, or induction elements on a semiconductor wafer, and then dicing the

20 semiconductor wafer to the size of a chip.

The first insulating resin layer 210 has first openings 216 defined so as to open
in the position corresponding to each of the electrodes 203.

The first insulating resin layer 210 may be made of, for example, a polyimide

resin, an epoxy resin, a silicone resin, or the like, and the thickness thereof may be, for

25  example, between 1 um and 30 pm.



The first insulating resin |ayer 210 has first openings 216 defined so as
to open in the position corresponding to each of the el ectrodes 203. The
first insulating resin layer 210 may be nmade of, for exanple, a polyinde
resin, an epoxy resin, a silicone resdn, or the like, and the thickness
thereof may be, for 25 exanple, between | mand 30 pm 26 The second

i nsul ating reqihs stawalinsilatind 3&si® R§BY @Qsha%rj?ge@mﬁéé f‘?p?égi}lg?riigﬁfb LR

corresponding to the two ends of fhe seco I ng € second

i nsul.at icB@ed ﬁmﬁ'e‘@?‘%r“‘%jeﬁdwth%eﬁg%%%pr?{,%F{-?”p' e, a polyimde

resin, an epoxy a sifrconéeresin, ke. 5 Since the first

wiring layers211 and.212 and the second wring |ayer 214 are spaced
apartgvvi t% a FFEORENRS t@sm?%’ ri@t‘f‘i‘%“' mgepﬁif@wr@gwlm poh@midscond

insulating resin layer 213 to 10 p.mor greater, it is possible to
reduce &GP Spe¥Erestnlaisticpressin petholike.al ue. The thi ckness of the second
insulating resin layer 213 is preferably between 10 pmand 20 inn. 10 The

insubating reSincelthe firss witir} lapets 21 Bandy1 Dandf the sRGnd WiflHg By¥r 18] dre KNOWN
met hod, for exanple, the spin coating nethod, the printing nmethod, the

' i | di j ef i ned
uaing & battorn ng  ame difihce by 3cRREM kﬁé%ﬁg% fe%%%{?ﬁlfs% oy
f xanpdk g i r 12 i rst cpnductiye | ayer
are 1 edierr B Tone I?Wg*{g#%:%%i%@fﬁﬁé t§&‘f&é%ﬂ; t?’ifz"gﬂ‘ gfa‘)fﬁqgeﬁ ‘%3? and
h EFARR er . _Firs ends a and,

fm‘ i ﬁécﬁﬁlgwsﬁ'f%ﬁm&ﬁ S'9f e Speond SRshletg evia lavke 2 bb BarPisEbly betweeni a i rst
junctioqﬁ 218 48 med in the first openings 216. As shown in FIGS. 13, 16,
and 17, 'Cdi &g é&ﬂ% 211 b and 212b having an substantially rectangul ar

pl ate shape are provided on the first wiring |layers 211 and 212.
10 The insulating resin layers 210 and 213 may be formed using any well-known

method, for example, the spin coating method, the printing method, the lamination
method, or the like. The openings 216 and 217 may be defined using a patterning
technique or the like, by means of photolithography, for example.
The first wiring layers 211 and 212 (first conductive layer) are redistribution
15 layers connecting between the electrodes 203 and the second wiring layer 214, First
ends 211a and 212a of the first wiring layers 211 and 212 are connected to the electrodes
203 via first junctions 218 formed in the first openings 216.
As shown in FIGS. 13, 16, and 17, contact pads 211b and 212b having an
substantially rectangular plate shape are provided on the first wiring layers 211 and 212.
20 The contact pads 211b and 212b are provided in the positions corresponding to
the second openings 217, and are formed so that the length and the width thereof are
greater than the width of the first wiring layers 211 and 212.
The material of the first wiring layers 211 and 212 may be, for example,

aluminum or copper, and the thickness thereof may be, for example, between 1 pum and



20 The contact pads 211 b and 212b are provided in the positions
corresponding to the second openings 217, and are forned so that the

|l ength and the width thereof are greater than the width of the first
wiring layers 211 and 212. The materipgl of the first wiring |layers 211
and 212 may be, for exanple, alum num or copper, and the thickness

t her eof b anpl e et 1 mapnd 2¢ 20 m The first wiring
ayer 220 M T SR RTR & 2R B emed wribameelidacvnretiod.
exanpl e,. sputtering, evaporation, plating, or the like. As shown in FIGS.
13 to 1¥r f&ﬁ@pﬁ%é@-ﬁ@ﬂﬁg*qmaomg%,plagmg, Qrstgébli@t conductive layer) includes
a spiral coil 215 as an induction elenent. 5 The material of the second

wiring layer AsshowyihEIGS.dB texastht secondpyring layer214 Recdnllicekrsiset her eof
may be, for exanple, between 1 mand 20 m The second wiring |ayer 214

may be flayerncluddsigspitabéoiEXE5a3 o8 indlotioh REnie@€hni que, such as copper
el ectroplating or the like, sputtering, evaporation, or the |like. Contact

DS 2 an RS kel AN UORAHAL katef SF4 RAPHENor BLAS RRS. AL 10

provided to the two ends o wrin Foflect pads

214a an i.d i.n the positions corr ondipg to he. second
openi ng%%&%%@%&@@?fﬁ%&mse&w&f B?Wé"e?ir’@? ﬁ"‘f\i@%e HEPNG WEHEOf i s
greater thaz he \QII gth of the_second wiring |ayers 214. The contact pads
214a anlpYsials may be dopnediusing, frexamplsnplating teshique, such asoppars 212b of t he
first wring layers 211 and 212 via second junctions 219 defined in the
second 6lseprlaengarrthe like,sputtéring, gvapvtationseratbe likati o, i.e., the ratio of
the mninumw dth and the length (the thickness of the second insulating
resin |ayer Ziféhmév@aﬂsﬁlAam&iwl%)m@ﬁsﬁMi@ﬂ?P&éa@ﬁB' RESshapd aleS t 00
ed in

small, a metal material is not conpletely fi t he second
10 provided to the two ends of the second wiring layer 214,

The contact pads 214a and 214b are provided in the positions corresponding to
the second openings 217, and are formed so that the length and the width thereof is
greater than the width of the second wiring layers 214.

The contact pads 214a and 214b are connected to the contact pads 211b and

15 212b of the first wiring layers 211 and 212 via second junctions 219 defined in the
second openings 217, respectively.

The aspect ratio, i.e., the ratio of the minimum width and the length (the
thickness of the second insulating resin layer 213) (width / length) of the second
openings 217 is too small, a metal material is not completely filled in the second

20  openings 217 upon defining the second junctions 219, resulting in malformation of the

second junctions 219. For the above reason, the aspect ratio is preferably 1 or greater.

The second junctions 219 are defined along the walls of the second openings

217.



20 openi ngs 217 upon defining the second junctions 219, resulting in

mal formation of the second junctions 219. For the above reason, the
aspect ratio is preferably 1 or greater. The second junctions 219 are
defined along the walls of the second2®%penings 217. 28 |In the exanple
shown in the figures, the second junctions 219 has a prism shape having a

rectangul ar CEPR ex8nbleWRhowd up..si.des, .t her eo e parallel to
cah of 7o UECEPAME R Biisty hitiabons |
zfe cogdt ﬁg‘ﬁgg Iﬁ‘? ncit?n ﬂ%ﬁsﬁ%?&?%ﬁ?é é‘f&?‘H, Si‘gls thereqf arqparallgl 4@ pachrofithee second
junctiong 219 (width A shown in FIGS. 13, 16, and 17) is set to be the
sane as SBEespidha antachpad 2 Hia, 214k 20 biton 262b.t he second wiring |ayer 214
that constructs the spiral coil 215 (width B showmn in FIGS. 13, 16, and

17 the spiral Thes¢copd Sinctioly? Keart ipagfetably prbitlbd SifbstahfalhefIRelcdnidGiti ons
219 to fall within the 10 above-descri bed range, inpedance m smatchi ng

Wit hfn tiecohpict pad ZDial 2 P4 2¢ 8 P 12ipr evented and a high Q value can be
achi eved. The dlpé#} eréaﬁce bet ween the width of the second junctions 219

and the line w - Wi [ r.214 .t o ructs.the
spiral coil Z%Qﬂd@féﬁ%%cﬁﬁeﬁgg%ﬁsg lgtgrk“?‘i(?‘ ?8?;8%2‘??;2%2 aﬁ‘gﬁ'}gﬁd
di fferen e the width of the con S a,, . , ,
212b (sﬁ%c)ﬁ‘i%%%"v@? NCFROT gigate %?Wwﬁﬁt?foﬁﬁae% Wifipg lyer 2k batsecond
junctions Zlgsﬁﬁﬁshqm |_r11 FIGS 13, 16, and 17 width A) (C- A is
pr ef er alSPYSEEtsIRs spiral gail R4s (Widgh Bsbewn ingFih% 13i 16.end i@ éhdrspimabenil 2 1.
widths to fall wthin the above-described range, a h‘l gh Q value can be
achi eved. 20 Pysetingithe width of Bredecirnd jenativas 2b2 todadinvithie thei dt hs i s
preferably 10 pm or _ ' . N ‘ -

10 above-described range, impedance mismatching within the spiral coil 215 can be

prevented and a high Q value can be achieved.

The difference between the width of the second junctions 219 and the line width
of the second wiring layer 214 that constructs the spiral coil 215 (A - B) is preferably set
to 10 pm or smaller.

15 The difference between the width of the contact pads 214a, 214b, 211b, and
212b (shown in FIGS. 13, 16, and 17 width C) and the width of the second junctions 219
(shown in FIGS. 13, 16, and 17 width A) (C - A) is preferably 30 um or smaller. By
setting the difference between the widths to fall within the above-described range, a high
Q value can be achieved.

20 The above-described difference between the widths is preferably 10 pm or
greater so that connection failure can be prevented even when the second junctions 219
are formed misaligned.

The ratio of the contact pads 214a, 214b, 211b, and 212b C to the width of the

second junctions 219 A (C/A) is preferably 2 or less. By setting the ratio (C/A) to fall

25  within this range, a high Q value can be achieved.



greater so that connection failure can be prevented even when the second
junctions 219 are forned msaligned. The ratio of the contact pads 214a,
214b, 211b, and 212b Cto the width of the second junctions 219 A (C A
is preferably 2 or less. By setting t#e ratio (CJA) to fall 25 within
this range, a high Q value can be achieved. 29 The ratio (CA) is
preferably or ; S onnection failure can,be prevented
even when the]‘ggﬁlﬁgqfﬁLgi ?%?B%%%aﬁegﬁ‘ rF%gﬁb%ag%?l QOQH%%'P“%HBHBF erence
bet ween [ of the contact .pad 214 214b, 211 b, or 212b and the
cross-sgyf} feg%gﬁ%ﬁgy%rbwgqn ﬁlﬁée‘?gééﬁ?ftﬁoﬁﬁgfq %Iﬁifo@l@lmbsab@'@ﬂerabl y 2700 n2 or
|l ess. 5 By setfti the difference in the areas to fall within the above
range, a hi gh&-&?a&f%cééﬁ“‘@én thecareaobthe contactyiad\2d 4ali X19by Hribeos N 2bhe ar eas
is preferably 700 n2 or greater so that connection failure can be

pr event aud thesmossisectidnabarszobthd speondtjinetion2 B9 RipgefeRILIEIT00iR A jgaed. 10
The ratio the area of the contact pad 214a, 214b, 211 b, or 212b to the
Cr 0s5- s Bytseninglthedi€Rrédte e 2R%9 Rfal it e PX R 4 l'ess.
By sett?gg tﬁ% difference in the gﬁlggigﬁ{lg{faﬁﬁ@ﬁ@ﬁié}ﬁgﬁlﬂ%%%%anﬁ:(aeng& a
hi gh Q ya&lisegcan be achieved. The above area ratio is preferably 1.78 or
greater so that connection failure can be prevented even when the second

junctions 219 r m salj gned.. 15 Th | fference in widths, the
width ratio, Elﬁé(g%év%fdg&gﬁ 0 lf‘#‘ FrEasts pﬁgaswgﬂgr@aﬁorrggqtg s9fthathe cont act
pad 214a, 214D, 21111b, r 212b and the second junctions 219 are ‘
pr ef er afiPyrectien Gilugrcan e preventsd evpp whem thecseconddgunctions 219 szttfonsied | b, and
212b. However, the above advantageous effects are achieved even when
above- deysaligeedt conditions are net for any one of the contact pads to
whi ch the second junctions 219 are connect ed.

10 The ratio the area of the contact pad 214a, 214b, 211b, or 212b to the

cross-sectional area of the second junctions 219 is preferably 4 or less. By setting the
difference in the areas to fall within the above range, a high Q value can be achieved.

The above area ratio is preferably 1.78 or greater so that connection failure can
be prevented even when the second junctions 219 are formed misaligned.

15 The difference in widths, the width ratio, the difference in areas, and the area
ratio of the contact pad 214a, 214b, 211b, or 212b and the second junctions 219 are
preferably satisfied for all of the contact pads 214a, 214b, 211b, and 212b. However,
the above advantageous effects are achieved even when above-described conditions are
met for any one of the contact pads to which the second junctions 219 are connected.

20 It should be noted that the width of the second wiring layer 214 constructing the
spiral coil 215 as used herein refers to an average width of the spiral coil 215.

Furthermore, the widths of the contact pads 214a, 214b, 211b, and 212b and the

second junctions 219 as used herein refer to a maximum width.



20 It should be noted that the width of the second wiring | ayer 214
constructing the spiral coil 215 as used herein refers to an average
width of the spiral coil 215. Furthernore, the widths of the contact
pads 214a, 214b, 21 |b, and 212b and 3he second junctions 219 as used
herein refer to a mxinumw dth. 30 A sealing |layer (not shown) may be

Wring layer Siiesss BBl HaT e taled PATe e Pu ol ing resn-

accor di t eguirements.. .The sealing layer may be nade of, for exanple,
a pol yi ﬂqg/alé?}e qﬁ%‘*‘eéﬁ‘w&ﬂ&wng yF’éZi%‘,’Oq’ﬁr‘B Pt leavidhe segond wisingtlpyer214e, and
the thickness thereof may be between 5 mand 20 pm for exanple.

Qpeni ngé&° nE shEaMIremeRts.connecting to termnal s of outside elenents may

be defined in the sealing |layer. Next, a nmethod for manufacturing the

sem conduct or Theséating Ayt maydd nedaie\of, fonexdmple, Asulgitidefbsinl fn Epds§. 18A to
18E are schematic cross-sectional views illustrating an exanple of a

- - ! ice. FIGS.
met h9d  fesin, AREIWORE kesid, B tHeBeaiMBe qﬁaﬁ{ekm@re%ﬁmagfai@%gﬁgag sglﬁ% Lié:

18A to 18E are cross-sectional views taken along wn in FIG

15. Nex fﬁﬁa%ﬁ' Ejggﬁ | r Lasyl ating,.resin | ayer
210 havitzggﬂﬁt e fi é{] 0 enflﬁé@ﬁ%g)%% ocrorregcd&gtéhe I %‘?’ffﬁﬁqgﬁfi : m 204
of the ) or A5 suhstrate 201. The first insulating resin |ayer
210 my%@@eﬁ%ﬂﬁgﬁﬁeg?ﬁm&g Sggll%'aﬁ"gr'the fol I owi ng net hods. The sec]?_nld
insulating regjin |ayer 210 nay _be fornmed, for exanple, by formng a ilm
made of oge oﬂeﬁblaég%m‘%f?énb?ﬁé}fﬂé%dm srsuicondsictos deviee mehtoredtabpee sur f ace

of the 20 passivation film 204 using any well-known nethod, for exanple,
the spi mugatdiembed.

10 FIGS. 18A to 18E are schematic cross-sectional views illustrating an example of
a method for manufacturing the above-described semiconductor device. FIGS. 18A to
18E are cross-sectional views taken along line D-D shown in FIG. 15,
Next, as shown in FIGS. 18A and 18B, the first insulating resin layer 210 having
the first openings 216 is formed on the passivation film 204 of the semiconductor

15  substrate 201.

The first insulating resin layer 210 may be formed, for example, using the
following methods.

The second insulating resin layer 210 may be formed, for example, by forming a
film made of one or more of the above-described resins over the entire surface of the

20 passivation film 204 using any well-known method, for example, the spin coating

method, the printing method, the lamination method, or the like (first insulating resin
layer formation step).

Next, the first openings 216 may be defined using a patterning technique or the

like, by means of photolithography, for example, in the positions corresponding to the

25  electrodes 203 (first opening formation step).



met hod, the printing nethod, the |am nation nethod, or the like (first

insulating resin |ayer formation step). Next, the first openings 216 may

be defined using a patterning technique or the |I|ike, by nmeans of

phot ol i t hography, for exanple, in théipositions corresponding to the 25

el ectrodes 203 (first opening formation step). 31 As shown in FIG 18C

the first wrj e 0 e first . insulating
A@Q?c}ﬁ\?ﬁ{ﬁ{ﬁlé]lécgﬁllg tﬁ&%@éﬁ%ﬁ@ﬂ A 12 arg forined QP%]@&

resin |ayer 210 irst wrin ayer I'on ste ring

| ayers . 212 may be,forned,. .for ex |l e, using the follow ng

met hods.ﬁ;%n%ﬂ%élgﬁ r?sé&/@eﬁ %mf@lr%“%iatyﬁ%%%?g?n S%BRMl ating resin layer 210
using a sputtiﬁiags technique or the |ike. The seed | ayer is, for

exanpl e, a st ABkBEH! poune jayers2d |l aad 312 mapde formegde foremamplec isingithem ( Cr )

| ayer, or a stacked body including a copper layer and a titanium (Ti)

| ayer. Fdlowingmefwidst | ayer (not shown) for electroplating is forned on
the seed layer. 10 The resist layer is fornmed on regions other than

wher® the fir atsewd laydgis|fem@sdson’hd fisst hsabfing 3 fa9e DB s first
wiring layers 211 and 212 nade of copper, gor exag%pl e, gﬁeéj@él]ruﬁ%?on t he

d | ' haat lald ' , first,.| ti 218
?fg f or HapRe BOETRE: ??ﬁggfednﬁﬁﬂ?@ig%%&k# e S?’%?fz%& G il g%'??ﬁ? ng
ayers irs cli.0 , unnecessary portions
of yt he r%é{ %P]d? é‘éﬁ’r“ﬂgﬁ&&{}ﬁ@’%’e"é& %&%@n@ﬂwo&?ﬁ léﬁ,rﬁpﬂé F hem As

shown in FlGd}g%}fPt he second insulating resin layer 213 is formed over

the fi PEEMYM hg resin layer 210 and the first wiring layers 211 and
212. The second insulating resin |ayer 213 nay be forned, for exanple,
usi ng t he Next, a resist layer (not shown) for electroplating is formed on the seed layer.

10 The resist layer is formed on regions other than where the first wiring layers 211 and 212
are to be provided.

The first wiring layers 211 and 212 made of copper, for example, are formed on
the seed layer using electroplating or the like, and the first junctions 218 are formed in
the first openings 216. After forming the first wiring layers 211 and 212 and the first

15 junctions 218, unnecessary portions of the resist layer and the seed layer are removed by
etching them.

As shown in FIG. 18D, the second insulating resin layer 213 is formed over the
first insulating resin layer 210 and the first wiring layers 211 and 212.

The second insulating resin layer 213 may be formed, for example, using the

20  following methods.

A film made of one or more of the above-described resins is formed using any
well-known method, for example, the spin coating method, the printing method, the
lamination method, or the like, over the entire surface of the first insulating resin layer

210 and the first wiring layers 211 and 212 (second insulating resin layer formation step).



20 follow ng nethods. A filmnmade of one or nore of the above-descri bed
resins is formed using any well-known nethod, for exanple, the spin
coating nethod, the printing nethod, the |I|amnation nmethod, or the like,
over the entire surface of the firstapnsulating resin |ayer 210 and the
first wwring layers 211 and 212 (second insulating resin |ayer formation

step). 32 he_ segond .openjngs 217 are defined using a patterning

t echni que o?le[%j%xet’ ﬁthle ﬁ%gonﬁypﬁxgggsg?t?%ﬁﬁgﬁgqﬁ% BHifypaing chggbﬂéﬁﬂ e in

posi tions gorresgogﬂ{fna o the contact pads 211 b and 212b of the first
Wi ring IITIS‘y ¥ neans obphptolithographs fer exgmpiasdn pesiionscourspendine to ieAs shown in
FIG 18E, the second wiring |ayer 214 having the spiral coil 215 is

f or med emtachpadsedhand 232 af thadirstesiring laypes 2 12 1dd (M seedndvopdning | ayer
formati on step). The second wiring |ayer 214 may be formed using the
same nefonpdtiassteple met hod for forming the first wiring layers 211 and
212. In other words, a seed |layer and a resist layer is formed above the

second 10 i nsyk afdviAPin'198). 1SE AKE Fec%ﬁ& avu-'gﬁf Piﬁ’glt glgtelza%ﬁ;%g? %@l Egil by 214

made of copper or the like 1s torne

el ectroplatikng..or_the, like. as wel | form ng.the second . junctions 219
in the g’é@%ﬁagé‘bﬂeﬁf’ [5151 \;131;1115 ﬁ’sm@' %?{ié(ﬁg?gg?w Ié%‘[IfPﬂ@ﬂq"&)ﬁéfrPS-i s

provi ded above the second wiring |ayer 214, sealing |ayer may be forned,
for exanple, fraPR Wmfrggla&er&%gm%bﬁsﬁorm%wegmswmmq@sdéea

phot osensi tive polyimde resin, using photolithography to formthe

seal i ngmethpdfor fermingdhe fisst wiringllayersizlil @and 21Bext , the operation and the
effects of the sem conductor device of this enbodinent will be

expl ai ned. (1In diersedrds,ngsetdtayet alida REist hagersie fafikdjaboed theRecoadd A to be

the sane as or greater than
10 insulating resin layer 213. Then, the second wiring layer 214 made of copper or the like
is formed on the seed layer using electroplating or the like, as well as forming the second
junctions 219 in the second openings 217.
In the case where the sealing layer is provided above the second wiring layer
214, sealing layer may be formed, for example, by patterning a photosensitive resin, such
15  asa photosensitive polyimide resin, using photolithography to form the sealing layer in
predetermined positions.
Next, the operation and the effects of the semiconductor device of this
embodiment will be explained.
(1) By setting the width of the second junctions 219 A to be the same as or greater than
20  the line width B of the second wiring layer 214 (the spiral coil 215), the flow of current is
not blocked by the second junctions 219. Thus, loss can be maintained to a low level.
In particular, impedance mismatching within the spiral coil 215 can be prevented at high
frequencies.
Accordingly, a semiconductor device having a spiral coil 215 that exhibits a

25  high Q value (quality factor) can be obtained.



20 the line width B of the second wiring |layer 214 (the spiral coil 215),
the flow of current is not blocked by the second junctions 219. Thus,

| oss can be maintained to a low level. |In particular, inpedance

m smatching within the spiral coil 2B3 can be prevented at high

frequenci es. Accordingly, a sem conductor device having a spiral coil 215

t hat expy\ ' gquality.factor a e t gj.ned. 33
(2). By Lt Stfhg 82 gt hce bR alE BRI hE g RhReLaeaf AR o7kt TBeind 214,
214b, 2 212b .and the, wi dth qf the secaond junctions 219 (C - A
to 30 g% m}@‘gg ,""‘%‘ﬁé’%%fzw&i JHPCU%%&B;SCM) te 30 |umposless thefQ valuetofier
enhanced. The reason why a high Q value is obtained by setting the
above- d&spimkepil 2l Santbe farthes ehbangedn the widths (C - A) to the
above-descri bed range is believed that variations in current
di stribution Therdasor whyadikhQealueis sittained bpwetting (R HW-asdcribad-  (3)
Since the contact pad 214a, 214b, 21 |b, or 212b is shaped in a
subss anfiffdrénte beffdet TR HvRIth: I -l : e second
° SEOR) Emptane Santid e SELARGH st

junctions 219 and the conta pads 214a, rarely

A hough ot Eekf Eﬁ@ﬁ*}%ﬁé 4B Dol rmpl géfv’% &e%sqfﬁcih%%eﬁi nin
h di | f th [ ' ' in FIG 13,
e pr e COR RIS SRR P2 i 21k 1 BcPHA) LU TR BRI The

sem conduct or device shown in FIG 19 is different fromthe sem conductor
15 devi Estangulan shape pponnectipn; failyng betwasn the secondjungtions@d Adnj trectcingast 229
gradual ly decreases w th an increase in the distance fromthe surface.
The secpads 31dacl idbn2 PUY andiQ 1 2Herasdy bégurs evemarhednythelsdcond fghcBosEZIONGe OPENi NY
227 so that the width thereof is decreased with an increase in the

di st@nc forfredmiksiiiégned.

Although the second junctions 219 have a substantially constant width in the
direction of the depth in the semiconductor device shown in FIG. 13, the present
invention is not limited to such an embodiment.

The semiconductor device shown in FIG. 19 is different from the semiconductor

15 device shown in FIG. 13 in that the width of a second junction 229 gradually decreases
with an increase in the distance from the surface.

The second junction 229 may be easily formed by defining a second opening
227 so that the width thereof is decreased with an increase in the distance from the
surface.

20 In semiconductor device having the second junction 229, a metal material is
evenly distributed to fill within the second opening 227 with no void when the second
junction 229 is formed using electroplating or the like.

Accordingly, malformation of the second junction 229 can be prevented.

FIGS. 20 and 21 illustrate other embodiments of contact pads.



surface. 20 In sem conductor device having the second junction 229, a
nmetal material is evenly distributed to fill within the second opening
227 with no void when the second junction 229 is forned using

el ectroplating or the Iike. Accordinghy, mal formation of the second
junction 229 can be prevented. FIGS. 20 and 21 illustrate other

enbodi ment s of, GARLARIA PAVSHoR in AGONASS RBLARHD AIRNILR. E G, 20 has

a substantially circular shape in pl'an view, S omt he

rect ang : . 50N t pads 214 14b, 211 b, . and .212b shown in
FI GS. 1%8?{5 ﬁdﬂ 1%\(&}:%%?1{1}??0%% fﬁ%‘ﬁ‘bg‘@"?{a‘i?eﬁp%‘:qﬂi%t pﬁ%ﬁ% HA4potlotnd shape
in plan,yiew, Wwhi 5.is different fromthe contact pads 214a, 214b,
211b, aﬁﬁ@*@h‘fanﬁ(}éom@cp-pad 234b preferably has a pol ygonal shape
having five (pentagon) or noresides. In the exanple showmn in FIG 21,

the pad has af cootagypadd34bishpen in RIG.I2H tesmi pobypdusl shapeti@vilaevibeywhizht he
contact pads 224b and 234b, the Q value of the spiral coil 215 can be

f ur ther issdifferenefiomithe paitadt pads14al DEIbS 201 QRGREsr device 10 having the
substantially circul ar-shaped contact pad 224b exhibits a high Q val ue.

The reason Whyh@cdhtsth in Y%H'Ereg b ghsev\%gﬂ}’géna@ @Hﬁ;ﬁﬁ%\%?ﬁ% (?\;e%i‘iﬁ??%' g'? > piag.

current distribution can be reduce urren

Exanpl e t -1 to 2- shown,in FIG 13,. seni conductor
devimgesﬁlf ﬁé&u%?%g &r@g&%ﬁ%m l&rﬁG:gﬂ)stFFH?%l’M QIRZONRATARE- Si | i con
substrate, th t{hi rst.i ngul atjng resin | ayer 210 made of a polyimde
Cesin the fisdesFmicRRduCciTalexios havingahodontash madst4bend a34b, theQseiend

insulating resin |ayer 213 nade of a polyinmde resin, and the second
wiring Phipespiraleoil 215 can be further enhanced. In particular, the semiconductor device

10 having the substantially circular-shaped contact pad 224b exhibits a high Q value.

The reason why a high Q value is achieved is believed that variations in current

distribution can be reduced when current flows in a contact pad.

Examples
15  Test Example 2-1 to 2-5
As shown in FIG. 13, semiconductor devices including the semiconductor
substrate 201 that was a silicon substrate, the first insulating resin layer 210 made of a
polyimide resin, the first wiring layers 211 and 212 made of copper, the second
insulating resin layer 213 made of a polyimide resin, and the second wiring layer 214
20 made of copper were manufactured.
The thicknesses of the first insulating resin layer and the second insulating resin
layer 210 and 213 were 10 pm.
The widths of the first wiring layers 211 and 212 were 30 pm.

The spiral coil 215 had 3.5 turns, and the line width thereof was 30 um.



20 made of copper were manufactured. The thicknesses of the first

I nsulating resin |layer and the second insulating resin |ayer 210 and 213
were 10m The widths of the first wiring layers 211 and 212 were 30 p. m
The spiral coil 215 had 3.5 turns, ang the line width thereof was 30 m
35 The second junctions 219 were fornmed in a square shape in
Cross-sectio nd the. width ereof. was.set to the values shown in Table
2. The contac %%?83“@&'&5{101'51&4}@,‘”%1 orﬁl,eaé%asﬁ"laéf)s}%@feén prostracstion aad hsuar e
shape, ﬁt‘c‘i the width thereof was set to 50 m 5 The Q val ue of the

spi ral therepfpias spitadhe valugsshawnindakledy of 2 GHz. The results are
listed in Table 1. Table 2 Wdth of Second Wdth of Spiral Coil Q Val ue
(at 2GHz) Juhloe ¢antack padssd 14Ex2idbl 21 110 akD2 PZh were Forinéleinta squaaphgpe25 30
25.8 2-2 Test Exanple 30 30 27.0 2-3 Test Exanple 35 30 27.4 2-4 Test
Exanpl earftDthd @vidth. tRere@f Wwas set to 50 pm.

5 _ The Q value of the spiral coil 215 was measured at a frequency of 2 GHz. The

results are listed in Table 1.

Table 2
“;ifnt:ti(:; S(e:;l)ld Width o(f Pi}:)lral Coil Q Value (at 2GHz)
Test gi(fmple 20 30 25.5
Test 2}_{2ample 25 30 25.8
Test l;)-cs;ample 30 30 27.0
Test ];‘fzmple 35 30 274
Test g:_c;unple 40 30 28.0

The results in Table 2 indicates that high Q values were achieved by setting the

10 width of the second junctions 219 to be equal to or larger than the width of the spiral coil
215,

Test Example 2-6 to 2-10
The semiconductor devices shown in FIG. 13 were manufactured.
The second junctions 219 were formed in a square shape in cross-section and the
15 width thereof was set to 30 pm.
The contact pads 214a, 214b, 211b, and 212b were formed in a square shape in
cross-section and the widths thereof were set to 40 um, 50 pm, 60 pm, 70 pm, or 80 pm.

Other conditions were the same as those of Test Example 2-1.



The results in Table 2 indicates that high Q val ues were achi eved by
setting the 10 width of the second junctions 219 to be equal to or

| arger than the width of the spiral coil 215. Test Exanple 2-6 to 2-10
The sem conductor devices shown in FI3& 13 were manufactured. The second
junctions 219 were forned in a square shape in cross-section and the 15

2190 wer e 1 or PR e ASheohif A7 £ 1A BERuROLR reolfhoiperhent biRe ™

nme n a square snape In Cros

t her eof t 40 50.pm .6 70 m or 80 pm Oher conditions
wer e th@n\,{%@?—f}s ttrﬁl8§%sug]f”|§es§'5wﬁk’égﬁ‘|9§22-l. 36 The Q value of the spiral
coil 215 was neasured at frequencies between 0.1 Gz and 20 Giz. The
resul ts are shbéresults mKEG. 22 indivate thathigher Q malBpsavez 2chiesiedwhen theat hi gher
Q val ues were achi eved when the w dth of the contact pads 214a, 214b,
211b, awmidthdb?theventacbpdda@dAa, 20 4h) 2rd, £ 202bSvere bpwveen 40 @mARNGO fig Wi dt h
were between 70 itmand 80 m Since the width of the contact pads was 30

pm 4§ avesm [EWHER the WS WEBbEMALN 700N add 80 gf'nf_ferenc_e bet ween t he
wi dth of the contact pads and the width of the second junctions were 30

m or | ess. The; i | i ! I ariqus. seni.conduct or
devi ce havi ngggﬁé ﬁ%gg@nmd%@?%%ﬂg?tgﬁe@% %‘8@% ’ gasv E){D‘afbgei' " @%ﬁﬁ?rﬁ ,aclgeve%

sem conduct gr ice I NON-canta type IC ,tag jn jch the induction
el enent V#'ﬁﬁ@?ei ‘gﬁéfeaee g‘ﬂwﬁ?ﬂ r’fﬂg&’o‘?cfltthe %t?cé Pﬁ‘i‘%@“@r‘b"e&"@hﬁgmerﬁﬁ?ﬂ@ of the
i nventi on have been described and illustrated above, it should be

under st JBGUPERWeReH04En 8F IeShxanpl es of the invention and are not to be

considered as limting. Additions, om ssions, substitutions, and other
The present invention is applicable to various semiconductor device having an

10 induction element, such as, for example, a semiconductor device for non-contact type IC
tag in which the induction element functions as an antenna coil.

While preferred embodiments of the invention have been described and
illustrated above, it should be understood that these are examples of the invention and are
not to be considered as limiting. Additions, omissions, substitutions, and other

15 modifications can be made without departing from the spirit or scope of the present
invention. Accordingly, the invention is not to be considered as being limited by the

foregoing description, and is only limited by the scope of the appended claims.



15 nodifications can be nade wi thout departing fromthe spirit or scope
of the present invention. Accordingly, the invention is not to be
considered as being limted by the foregoing description, and is only
limted by the scope of the appended3€lains. 37 Wat is clained is: 1. A
sem conduct or device conprising: a sem conductor substrate having an

el ectr oggaf RiciEse@pove a surface thereof; 5 a first insulating resin

| ayer that is provided over the sem conductor substrate and has a first
openi ng defined at a position corresponding to the electrode; a first
wiring layer that is provided on the first insulating resin layer and is
connectged to | he elegtrod t hrough the first opening;, a second insulating
resin |ayer p%é?@ﬂ@& YRR device compsisinghsul ating resin |ayer and 10 the
first wiring layer, the second insulating resin |ayer having a second
openi ng that @ semigesidunted sehstratejuying anrelatitiotle farntedfabove 4 iirfaeshdrésn of t he
first opening in a direction of the surface of the sem conductor

subsirate; ardfist isaktiflg vésin laged thdas piovadediovePihe YeiREndikté0bSREON
insulating resin layer and is connected to the first wiring |ayer

t hr oughyddigis qﬁ.gngbe i i 4L | ayer conpri ses
an i nducti on%el erren?i,?%gir?gﬂgd é%r#}% @&ﬁgﬁﬁlﬁg@ggg?%l%%@ﬁ st-insul ating
resin |ayer of the secaond.insulating tesin |ayer is not
|l ess than 5 %ﬂgﬁgﬁlﬁgﬁﬁgﬁt@a&lﬁg?% poﬂtgiﬁrsfﬁg“gbﬁggmf%?r&nddévi ce
according to claim1, erein a val ue ohtained by 20 dividing a

t hi ckneg‘g”'ﬁ?m&ﬁbﬂ’f’ieﬁ[ %Wﬂ@h‘ﬁ?gmﬂwlﬁn&hi ckness of the second wiring

layer is between 0,3 and 0.5. 3. The sem conductor device according to
claim1, wher&pasond insplating resimlagergrevided peershesfitst misulating resin layer and

10 the first wiring layer, the second insulating resin layer having a second opening that is
defined at a position different from the position of the first opening in a direction of the
surface of the semiconductor substrate; and

a second wiring layer that is provided on the second insulating resin layer and is
connected to the first wiring layer through the second opening,

15 wherein the second wiring layer comprises an induction element, and a sum of a
thickness of the first-insulating resin layer and a thickness of the second insulating resin

layer is not less than 5 um and not more than 60 um.

2. The semiconductor device according to claim 1, wherein a value obtained by
20  dividing a thickness of the first wiring layer by a thickness of the second wiring layer is

between 0.3 and 0.5.

3. The semiconductor device according to claim 1, wherein the induction element
is a spiral coil.

25



25 38 4. A method for manufacturing a sem conductor device, conprising
the steps of: formng a first insulating resin |ayer over a sem conduct or
substrate having an el ectrode provided thereabove; defining a first
opening in the first insulating resinglayer such that the electrode 5 is
exposed; formng, on the first insulating resin layer, a first wiring

| ayer cgnnect ed t e electrode through the first opening; formng,
over thg' fi rsg nﬂ%@%‘? gqri%uﬁgbfrwglaaﬁ?g}lc‘ﬁ'ﬁﬁcﬁoﬁge‘f'f’?’é’?mﬁﬁ?mﬁ "I%%Péro?:' a
second insulating resin |ayer; 10 form ng a second opening at a position
different fro ﬂal"}ﬁo%telﬁ? Hﬁulagﬂs Frsity layestovepp semiggnduster substestet hayingofn t he
surface of the sem conductor substrate, a position of the second opening
cor r espeledireds providegthsiaabove;of the first wiring layer; and formng, on
the second insulating resin layer, a second wiring |layer that is

connect ed to ddfinidig 4 fitst Opérdingin @Y Grstilduitiig redif 158F AR (RR Y d&ctRyad
functions as an 15 i nduction el enent, wherein a sum of a thickness of

the 4irsdedpbsddt ating resin layer and a thickness of the second
insulating resin layer is not less than 5 pmand not nore than 60 m 5.

The nethod fo uf act Uk em conduct or devi ce according to c|aim4,
20 wherein a 505%’ 8@@5 ﬁ‘égﬁl@a@%{ea}“ﬂay e&?ﬁf@ﬂ%&% ayer qqqggqtq:ftgttllw ring
| ayer by, a thickness f the second wiring layer is set between 0.3 and
0.5. 6. %Eﬁcg‘é‘%‘gﬁ’h@ﬁé@%ﬁ’s&%%;conpri sing: a sem conductor substrate

having an el ectrode formed above a surface thereof; 39
forming, over the first insulating resin layer and the first wiring layer, a second

insulating resin layer;

10 forming a second opening at a position different from a position of the first
opening in a direction of the surface of the semiconductor substrate, a position of the
second opening corresponding to a position of the first wiring layer; and

forming, on the second insulating resin layer, a second wiring layer that is
connected to the first wiring layer through the second opening and functions as an

15  induction element,

wherein a sum of a thickness of the first insulating resin layer and a thickness of

the second insulating resin layer is not less than 5 um and not more than 60 pm.

5. The method for manufacturing semiconductor device according to claim 4,
20 wherein a value obtained by dividing a thickness of the first wiring layer by a thickness

of the second wiring layer is set between 0.3 and 0.5.

6. A semiconductor device comprising:

a semiconductor substrate having an electrode formed above a surface thereof;



a first insulating resin layer that is provided over the sem conductor
substrate and has a first opening defined at a position corresponding to
the electrode; a wiring layer that is forned above the first insulating
resin layer and is connected to the38l ectrode through the first opening;
5 a second insulating resin layer that is fornmed over the first

i nsul ating resfirst ireMRting a’th labe thatis hroMdedReed @Y SEmicBndiRGoRABithON
corresponding to the first wiring | ayer, the seconé: I nsu?atl ng resin

aver had 0 o TiseaRihe AN Aflidh DREGRAN/L ML Jgye L hat [ s Tormed

on the second Insulatirng resin Tayer an CidSn el enent, 10
wherein the second wiri .Iﬁgﬁrg ig co ngcted o the first wiring |ayer
via a junctiabwlrbt}%lwg i d apovsifhe bséHFSHEj‘,“n&ﬁ%F“bla.)(chﬁm‘ 18f the
junction is equal to or smaller than a |line width of the second wring
| ayer t¢pnneeisd i thaslestrodeothronghdhe Brst epeniegit . 15 7. The seni conduct or
devi ce according to claim6, wherein a first contact pad and a second
contact pad- a scpndinisulating cesirhlaydrithattis firmied gvéralie fird isbuldfifig $&HPRYe T i NY
| ayer, respectively, the junction is provided between the first contact

pad of - dditht first bwivin 1438r IntheposifblcdRRpSREAT B RAGHHRAMPY tidhe second

wiring layer, and 20 a difference between a éast one of

the fi rS%Tcoﬁcpﬂfsﬁﬁgn%?é;irﬂfay%rhﬁvﬂgras%coﬁﬂ ﬂgpﬁlglgy r and the second contact

pad of the secon ring layer "and a w A 0of the junction (C- A is

30 mor less._ 8. The.sem conductar device according.to claim6, wherein
the i nducti on® gchﬂ@mnngggyfrggg 13 [TPEE 0p 4G secg m@‘.‘l%?ﬁ%r%@r#‘%ﬁﬂﬁé%r
devi ce aCC%rdlng to claim6, wherein the contact pad has one

an induction element,

10 wherein the second wiring layer is connected to the first wiring layer via a
junction provided in the second opening, and

a width of the junction is equal to or smaller than a line width of the second

wiring layer that constructs the induction element.

15 7. The semiconductor device according to claim 6, wherein a first contact pad and
a second contact pad-are provided to the first wiring layer and the second wiring layer,
respectively,

the junction is provided between the first contact pad of the first wiring layer
and the second contact pad of the second wiring layer, and

20 a difference between a width C of at least one of the first contact pad of the first

wiring layer and the second contact pad of the second wiring layer and a width A of the

junction (C - A) is 30 pm or less.

8. The semiconductor device according to claim 6, wherein the induction element

25  isa spiral coil.



of a substantially rectangul ar shape and a substantially circul ar shape.

40

9. The semiconductor device according to claim 6, wherein the contact pad has one

of a substantially rectangular shape and a substantially circular shape.





