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

whi ch. formati on of a sem conductor having a induction elenment fornmed above
a sem conductor substrate, such as a dilicon wafer is done together wth
packagi ng thereof. 10 Priority is clainmd on Japanese Patent Application No.

2004- 221785, filed ﬁﬁ‘? plication No.

2004- 302696, filed &E{%Ince(fgﬁ?é?@g% ) %@Ryﬁmfgbyﬁﬁch are incorporated
herein by reference. Descrjpt.i E&ﬁmwgt In recent years, in a
fabrication of a high-f reqt’ﬁ'ﬂgﬁ i t nt, an induction

el enent, such as a spiral inductor, is formed on a sem conductor substrate

for the purpose of ensuring inpedance matching thereof or the like. In such
a sem conductor elenent, however, a part of electromagnetic energy

generated by the inductBaCKabROEMND ICF THEIINVERNTEOSuUubstrate or a wiring
constructing the induction elenent 20 due to parasitic capacitance between

the wiri AptheliGe oy conduct or substrate. This type of energy loss is
di sc%mosgjbq?n Ei’feor eexarrpl e, Japanese Unexam ned Patent Application, First

Publ i cati on 2003-86690. One, cause of this type of electr netic energy
loss is a rel F\Péefsﬁmclp?ﬂ?@on\fgﬁ"ﬁsggla Sﬁ%‘iogﬁ‘&%oﬁé‘%\)\%eeﬁ?dt%@e@hogs}ag and t he
sem conduct gr substrate, which makes the 25 influence of .the parasitic
capaci t aresfactygingthe sape inyhichifermpgion of psnyiepnsdustor hawng a indieHAR que i s
proposed in which a thick resin layer is provided between the sem conduct or
element formed above a semiconductor substrate, such as a silicon wafer is done together
with packaging thereof.
10 Priority 1s claimed on Japanese Patent Applibation 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 zlement, such as a spiral inductor, is forrﬁed on a semiconductor substrate for
the purpose of ensuring impedance matching thereof or the like. Insucha
semiconductor element, however, a part of electrorﬁagnetic 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, J apanése Unexaminéd 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



substrate and the induction elenent so that | oss of electromagnetic energy
is prevented (see, for exanple, N KKEI M CRODEVI CES, March 2002,

pp. 125-127). FIGS. 1, 2A, and 2B illustrate an exanple of a conventi onal

sem conductor 5 device having a spiral coil. FIG 1 is a plan view, FIG 2A
is a partially broken perspective vigw, and FIG 2B is a cross-sectional
view taken along line B-B shown in FIG 1. In a sem conductor device 20, a

2om conlgie, SUIBLGE 5 Bt las.an PR A SR Kool e

t her eon, ode a passivatio ul'a 11 m of

the integrated circuit 2 are provi abave the surface of, the

sen contiert cafiis Pneion it A fod R WRelaR g iE S s eehar s
connected to the electrodes 3 is fornmed on the passivation film4 above the
seni condestior exampe, NKK R, MAGBOREY KIS, darely 2003 9ipnl 25alh- 22 is formed over
t he sem conductor substrate 1 and the |lower wiring |layer 21. 15 Above the

i nsul ati ng reBiGB.l1agAr arkP?B dliustrapeean sraniphgof ayerveRBodwvemgoadigiporr al coil 24
is provided as a dielectric element. The spiral coil 24 is connected to the

el ect r od8scedhRhing 4 Hifirdl BHRIT AR Riafi Vied, FIR 2AR 4 pnBhWbfdkeg | ayer 21.

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

exenpl ar . . for f uy | ) r Vi Q in FIGS.

T oh, PSP S B A L ot SR SRR B8 s r ave 1
havi ng %{}? integrated circuit 2, the electrodes 3, and the passivation film
4 is pr ded. The semiconductor substrate 1 is, for exanple, a silicon

waf er on whi ch al um num pads have been provided as the electrodes 3, which
are covered wn hsemisophistandsvice 205 # pemigopdugtorspbsirate 1 Shcdpdes@p 25 the i ke.

In the passivation film4, openings 5 are defined in the positions

cor r es ponelgragd gircdit (IC) 2 formed thereon, and electrodes 3 and a passivation film 4

10 (insulator film) of the integrated circuit 2 are provided above the surface of the
semiconductor substrate 1.
Furthermore, a lower wiring layer 21 that is connected to the electrodes 3is
formed on the passivation film 4 above the semiconductof 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 Vschernatic cross-sectional views stepwise illustraﬁng an

exemplary method for manufacturing the semiconductor device shown in FIGS. 1, 24,
20  and 2B.

First, as shown in FIG. 3 A, the semiconductor substrate 1 having the integrated
circuit 2, the electrodes 3, and the passivation film 4 1s 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, SiO,, or

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



}

to the electrodes 3, and the el ectrodes 3 are exposed fromthe openings 5.
The passivation film4 may be fornmed, for exanple, using any well -known

met hod, such as the | ow pressure chem cal vapor deposition (LPCVD)
technique, to a thickness of between 0.1 pmand 0.5 m for exanple. 5 Next,
as shown in FIG 3B, the lower wringilayer 21 is forned on the passivation
film4 above the sem conductor substrate 1. The lower wiring layer 21 is a

redi str,j i r bet n<th | ectrodes 3 and
The opi™? o1 4ERARYS arld ORI RBEE ARk pSRNAE IncloNEER <) VRS P01 1 e

el ectrodes 3, d second ends, 21b are. connected (o ends 23a and 23b of the
upper maﬁﬁlwzyqﬁ@@} S o4O BF S ARG uagksvaéwtwéf-li@%m o ¢l ayer 21
(see FIG 3D). The material of the lower wiring layer 21 may be, alum num
or coppbe JoW-pressyramhénsicahwapor depesitiaok@ PV Pheckufuemy atchetssefn 0. 1 m and

10 m for exanple. The lower wiring |layer 21 maybe fornmed using any

wel | - knewieen®l hadand @5 l@pgafapém}ﬂ@utteri ng, evaporation, plating, or the
| i ke. Next, as shown in FIG 3C, the insulating resin layer 22 is fornmed .

oveg the 15 r@é&sésvs%itnﬁri&fﬁld}%%, ﬁ@%&&%ﬂﬁ?@&‘zﬁiié‘%rﬁl@ggh thet above the

sem conduct or substrate I nsul ating sin [ayer may be nmade of,

for exanpl.e...a polyimde.resin, an epo resi silicone resin, or the

i ke, aReTsion i ABawe ik Py Sheteetden 5o loWrarImEIS sh2 1088  exanpl e.
The insulating resin |ayer 22 maybe forned usjng any well-known _nethod, for
exanpl erpdrtswugen rlaay@wmcfégp#éi HghiConngets betwrenibe %é@%s 3tand thapRimhEPbn 20
nmethod, or the like. In the insulating resin |ayer 22, the openings 25 are
def i ned24;, and fiest epds? ta thaof arcrcospentet] toghe elettiedassl; eandi seodd egdp2dfarehe | ower
wiring layer 21 (two openings are shown in FIGS. 3A to 3D). The openings 25
may be dbebeneditaugidi@3a and2Bb ef tHengpbewhitigager®3 thiveark pkaiddiyabzeants: of

phot ol i t hography, for exanple. Next, as shown in FIG 3D, the upper wiring

: ayier 23wRAWirig faer ZP{se@F1G oi). 24T HeSmatéRall (THREHvRR WilBg id}%ialt Bklaf el €Si N
ayer 22. The ends 23a and 23b of the upper wiring |ayer
aluminum or copper, for example, and the thickness thereof may be between 0.1 um 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 fonnéd 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 spoxy
resin, a silicone resin, or the like, and the thickness thereof may be between 0.1 um 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 ihe
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 1s

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



23 penetrates through the openings 25 defined in the insulating resin |ayer

22 and are connected to the second ends 21b of the |lower wring |ayer 21

t hrough the openings 25. The nmaterial of the upper wiring |ayer 23 may be,

for exanple, copper, and the thickness thereof may be, for exanple, between
1 mand 20 m The upper wiring | ayer 23 may 5 be fornmed, for exanple, using

any wel |l -known techni que, such as electroplating. Although the spiral coi

24 is {1y paedirhfes thieugpRRopshink 95 Hafiedd i23hé stiAting eivRpél Inald gxanpl e shown
in FIGS. 3Ato 3D, the spiral coil 24 nmay be formed on the |ower wring

| ayer [ : r ing a

sem con l?gfé%g(i]%egé@r? e\ll}ﬁls ggb téﬁtgeg%%%\f\(ﬁ%ng@?%?{itglogugﬁﬁw&&?%ggl ower
wiring lLayer 21 10 . will be explained with_reference to Fl A to 4D.

st B Sl FhpEperpRi e o S S s CPRSS HoHAs THTER
integrated circuit 2, the electrodes 3, and the passivation film4 is

provi delerevhman dse i skamplepbetiven 1 sanandh2inex orlheupser wiringlaysiddmmanh FI GS.
4A to 4D is omtted since it is simlar to the sem conductor substrate 1
shown itre feln@ed, Ibr eddbnple xtsinganyshelivindwn FdcEniqhB, suches elrwroplwting. ng | ayer 21 is
formed on the passivation film4 above the sem conductor substrate 1. The

lower wiring hay@ighdthe shindll caflex i@%ﬂﬂéﬁ@ﬁﬁ&'ﬁﬁkﬂvﬁhﬁhéﬁ?&@ﬂn\&ﬁg' ayer 26 _
connected to the electrodes 3 and the spiral coil 247 The spiral coil 24 is

to be c ' : LA tive:

el cot r oqRReagifl ERphE shEhEESFREECAA RS AENGAIE RN R AR b e 21
may be, . al um.num or r, f anpl.e, and the thickness of thereof may
e bet visaift BAERIS e B SO PGS SRS RE% batcefinki g ralartBiE fay be
for rréd usi ng an¥ wel | - known net hod, for exanple, sputtering, evaporation,
pl at i ngSenyFoRdyistaridegice N pihichyhe spigahsoll R4S %mwé,m#rféOWﬁgwnrmg BY¥errdsin | ayer
22 is formed over the 25 passivation film4 and the lower wiring |layer 21
aboMe t wél bemkplamad cdbrrefutrpenta Gy, 445 to 4D.

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 F1G. 4B, th¢ 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 um and 10 um, for example.
The lower wiring layer 21 may be formed using any well-known method, for example,
sputtering, evaporation, plating, of 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.



The insulating resin layer 22 may be nade of, for exanple, a polyimde
resin, an epoxy resin, a silicone resin, or the like, and the thickness

t hereof nay be between 0.1 mand 10 m for exanple. The insulating resin
| ayer 22 may be formed using any wel |l -known nethod, for exanple, the spin
coating nethod, the printing method, $he lam nation 5 nethod, or the |ike.
In the insulating resin |ayer 22, the openings 25 are defined in the

posi ti . i i ect| Fve da and ends
Daa of HRdILASRABAEIIR: 58 i BHSC SRR ERIRG S B 4Bl 2D) “The
openi ngs .25 be _defiped usi a_patterning.technique or,  the like, by
means. JFSIBHOHBITEREYReRHS ﬂk%rangglml& e85y eﬁqgﬁmaygg béfieRAA OF) 67 388, | he
upper wiring layer 23 is formed on the insulating resin layer 22. The two
ends 23 wmdfop gkamyplet Ndeuppaating tekindayeaydmasbepfommied asingtahy sigtFknowme
openings 25 defined in the insulating resin layer 22, and are connected to

the | nhehe@oeetanide, aBNSHE b¥end A¥Rbd Abe pAgitihH enettiidls thedamidatibhe spiral coil
24, respectively. 'In this nmanner, the spiral coil 24 is connected to the

el et r aflenod ofiRe HIRE HPRE rin%Me[tingQS%iﬁ I#ﬁ)é@%,atﬁg PF’%?&E%Sf P?%%)deﬁﬂgd fuftfe

i nt erconnecting conductive | aye upper wring |layer
23 may be,.. for exanpl.e, .cqppe and .t he thickness .1her,eof for
exanp] oetior R PR 4 BB e e R OB AP 23 ” A% or ned, 1 or
exanpl e, .using. any well -known techni?ug,ﬂéuch as _electroplating. 20
Howev erSPRhePikbgh(PeROPEHARS gEmbepndadisr- Hegne 800 T oprpings Phmeyds. 3A to
3D and FIGS. 4A to 4D still have shortcom ngs as follows. Referring to FIG
5, ﬂn edpfined using agiarteming tethrunyee ewthe dikei lyhakanserfipbotadleegsapbydévi ce is shown.
In HG 5, Cs is the capacitance of the spiral coil, Rs is the electrical
resi st aneenpdd. the spiral coil, and Ls is the inductance of the spiral coil.
C(OX+Resin) is the 25 capacitance of the passivation filmand the insulating
resipon | ayer, W&t, dsSshol@ IIaD 3D, tiRNgPePividng layer 23 is formed on the insulating

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

the openings 25 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 ¢f the upper wiring layer 23 may be, for example, copper, and the-
) thickness thereof may be, for example, between 1 um 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 Ly is the inductance of the spiral coil.  Ciox+Resiny is the

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



t he sem conductor substrate (silicon substrate), and Rs is the electrical
resi stance of the sem conductor substrate (silicon substrate). Provision of
the spiral coil 24 on the upper wiring |ayer 23 as shown in FIGS. 3A to 3D
suffers fromthe foll ow ng shortcomngs (1) and (2). 5 (1) Because the | ower
wiring layer 21 and the sem conductorésubstrate 1 are close, Csi is

i ncreased due to parasitic capacitance, which results in energy |loss. (2)

Becauseyt hgn| L cetw gcdsbt;@atwﬁéor?éubg&&e}, B&d R@@se{he‘@ierchﬂ%é lge_%y rcgﬁfﬁfehe spiral

coil 24) are close, I'sS i'ncreased, causing energy ovision of the
spiral coi.l 24 on the |ower wrjing, layer 21 as shown in FIGS. 10 4Ato 4D
sufferssefTPB‘?ﬂdﬂlﬁté’rFB}i’sl?'@\tlﬁ Qm'?ﬁlcgﬂcﬂﬂ?s@%rtﬁ)ngs (1) and (2). (1) Because the | ower
wiring |ayer 24 and the sem conductor substrate 1 are close, Rs; is
i ncreased duePmonistanost the ppiea coil @dn thprpper vasing fayer A3 enslrqyyn ingd&S. (2)
Because the lower wiring layer 21 and the upper wiring |ayer 23 (the spiral

coi | 24)Aas eDaluffess, fréa thsfdllbovisasedticonmnsi (hYawh@)gy | oss. 15 As descri bed
previously, in recent years, in a fabrication of a high-frequency

semsconduct or(1§/pRERARE ﬂl@!@)ﬂéﬂ%ﬁﬁé e PARIMhe sSMEddndsctdr SMshak 1ipductor, is
formed on a sém conductor substrate for the purpose of ensuring inpedance

mat chi n her eqf. i . f xam ned Pat ent
Appl i ca P%ehje’s'l'—llg rl%({}éﬁhgﬁ}l% E& ﬁ%%s(iﬁfg.gap aﬁﬁ%‘i&%@%b%ﬂ’%@?gﬁ%ﬁ% ,H%g'ne techni que is
proposed in V\&lg h a thj cé) resi.n layer_js provi ded het n.the,
et conduct or (8 sl Lovts: ovign favGee] e Lelinarh Mote kgt 20t it
el ectromagnetic energy is reduced. In a conventional sem conductor device,
howeyv er SOib2hiAre closeyfer1s dNGgasehFausing Geerdy é0sfay be required. I n such a case,
i npedance mi smatching occurs at the junctions (contact holes) that connect
an inducti on Biogmsen ofhd spiralicoilrig drhthe lawer Wiongeaye? 2il ms shewdirf F&¥Sent | ayers,
which may result in a decrease in the quality factor value (Q
10 4A to 4D suffers from the following shortcomings (1) and (2).
(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



]

val ue). SUMMARY OF THE | NVENTION 5 The present invention was conceived in

i ght of the above-described background, and one object thereof is to

provi de a | ow energy-1oss and high performance sem conductor device having
an induction elenment fornmed thereabove. In order to solve the first aspect
of the above problens is directed to sem conductor device including: a
sem conduct or substrate having an el ectrode forned 10 above a surface
thereof; a first insulating resin |ayer that is provided over the

seni condube difesenidayeat evhasiimpn sesaltiin pelecispeminibe dedlitnéastarvaledbsi ti on
corresponding to the electrode; a first wiring layer that is provided on
the firsdlug)nsul ating resin layer and is connected to the el ectrode through
the first opening; a second insulating resin |ayer provided over the first
insulating resin layer and the first wiring layer, the second 15 insul ating
resin layer having a second opening that is defined at a position different
from the position of thegf i i i-fecgtion of the surface of the
sem conductor substrate; Smﬁgﬁngﬁ\%lﬁ\@qu@gr that is provided on the
second insulating resjn layer and js _connected to the first wiring, |layer
through the SA¥JRESBHENEREIN WarsuicaveRan Hehipfdhe apgyerdpsrrabesh backetoupds an

i nduction elenent, and a sumof a thickness of the first 20 insulating resin
| ayer aamil enet diijedt thegeofds ta proviteadnw inesgy-iss and highiparfbagancei s not | ess t han
5 gmand not nore than 60 gm According to a second aspect of the present

i nvent i gamichiddele dabiee adigg ehiihddtios et dotgiedrthelesiose, a val ue obtai ned by
dividing a thickness of the first wiring layer by a thickness of the second

Wiring |ayer [RyrdBeroR@IWage fitst AsgtoPihe abve AGERIN i @irkGedid i rd aspect of
t he present invention, the induction elenment  may be a spiral coil.

Further 0of Qonduct el e 35088he A sdiEoRhR AT WbV ERLi  ad BleBrdfHofiled © @

met hod for

10 above a surface thereof; a first insulating resin layer that is provided over the
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 wirjng 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 ym and not more than 60 um.

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.



manuf acturing a sem conductor device, including the steps of. formng a
first insulating 5 resin |ayer over a sem conductor substrate having an

el ectrode provided thereabove; defining a first opening in the first
insulating resin |layer such that the electrode is exposed; form ng, on the
first insulating resin layer, a firstgwiring |layer connected to the

el ectrode through the first opening; formng, over the first insulating
resin layer apd the  first,wrin ayer, .a second, i nsul at i resin |ayer;
formng a sec‘g%cé’r%B%ﬁ? AGEG 2Spofs it{“? ﬁrﬁsenibnv&nﬁf’%’&g%fmﬁ?@% 629’5'8%% Pfn of the
first opening in.a direction of the surface of the sem conductor substrate,
a posi t pomsiirel €9k second openi ng corresponding to a position of the first
wiring layer; and formng, on the second insulating resin |layer, a second
wiring | ayerFurietmoms, g dmndraspdettad thdprefent stvention mydifeatedrto maherhforhe second
opening and functions as an induction elenment, wherein a sumof a thickness

of the hifshctinfg b 3hnd@HbNddvade inchidimNthe dteph ioEKOAEMgQf firkhipsgegnd
insulating resin layer is not |ess than smand not nore than 60 m

Accar di 0oty 8 ol bl § Lo ASRESIo Wbl PRAREL, LIYENN H0vidkd plspabave- descr i bed

met hod nufacturing sem conduc vice, a ue obtai ned’by dividing

a thic ss of. the first wisring l.ayer by .a thickpness of the second wiring
Cayer. ndgBRs & S5t GREHBEER BE S AE TR PR R (1oL e SlEROERE | nvent| on.
since the first insulating resin layer and the second insulating resin

| ayer a®eosed Joaing. it e dnstinsilatnguesip dayes| awishviring laperpongeded todbe coj | |
and the sem conductor substrate, the induction elenent and the sem conduct or
su b%t]r atlectarde thpagh theafpat opaning) farnsingf dver tetfindt svalateg tepintlhgertand thensul at i ng
resin layers. 25 In this manner, energy |oss, such as eddy current |oss, can
be redufigtwitmtlager a semidaandatidgresid @xteefohfitiggseaofd 6piig ata @siivant t hat
exhibits a high Q value (quality factor) and excellent characteristics can

PﬁeRgL ggigf_:%elem et B B6ARER of HRSirBY §REM ih BRI P@E seIneifMesd in |ight of
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 um and not more
¢than 60 pm.
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  In this manner, energy loss, such as eddy current loss, can be reduced, and a



.descri bed background, and anot her object thereof is to provide a

sem conduct or device having an induction elenent that exhibits a high Q
val ue. A sixth aspect of the present invention is directed to a

sem conductor device including: a sem9conductor substrate having an

el ectrode fornmed above a surface thereof; a first insulating resin |ayer
that is provided over the sem conductor substrate and has a first opening

defined at_a.position corresponding.to the .electrode: Wi i .ayer that is
For e ancsB By P hETTEE Pl Hissiorabb pt SRR Tgiq bt [l The

el ectrode thrqu th first opening; second insulating resin |layer that
is fornmed %@8’8 agﬁéxcfﬁ?rgfh‘i‘rﬁ%t?ﬂlsg‘f’? F@’g‘?ﬁé@f%"eﬁt ayer and the first wiring |ayer
in the position corresponding to the first wiring |layer, the second

i nsul ating resi AUrth§@ore e pigseat GEeviea s epficatyed dnlighs oEdieghereni ri ng | ayer
that is formed on the second insulating resin | ayer and has an induction

el enent, wisesribed badkgrousd.camd dnother aiyject tprsof isgo ponitsatsethicoodudier devicst wi ri ng

| ayer via a junction provided in the second opening, and a width of the

junction imviagualinduotiar elgnesttieat cklibits @high Qevahiedt h of the second wiring
| ayer that constructs the induction element. According to a seventh aspect

of the present imyietdsgaet of the pleerdoNaHEES dirkddaio aSemiiateiistidevicdevi ce, a
first contact pad and a second contact pad nay be provided to the first

wiring | aygflud@igh 4 61 @REKAGH sWbdttabOhdvipein el dcBSREGIMYPABOvVe bRE A AEEdn My Dbe
provi ded between the first contact pad of the first wiring |ayer and the

second co N &St ipming%sirtl ﬁ?eftﬁgtqg pro‘()’idreh Bgerltl?ey &fuicc%'ag?tggt %LJ&I‘&% SGRs 9 etween a

width C of at [east “one o rst contact pa Irst wring |ayer

and the s nd contact pad of. .the second w Lin ayer .and,a width A of the
A et on” A beSRR LBHeaREE pBlib R Rt KeRbol B b wiB et & O O

t he prese invention,. in the above-described sem cgnduyctor device, the
et + o IBTRSHEREYS B Tt g Bing RIS SnhSEORRHY 0 D R DR of t he
present invention, in the above-described,6 sem conductor device, the contact
pad may hdVé apsingsa sgcendgasulgiingdesiy layerthatiyformed eyegphe first insulating resin

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
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 greater 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-described
semiconductor device, a first contact pad and a second contact pad may be provided to
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.



5 and a substantially circular shape. According to the present invention,
since the junction is fornmed so that the wwdth thereof is sane as or
greater than that of the second wiring |layer that constructs the induction
el enent, the flow of current is not blocked at the junction and | oss can be
reduced. In particular, inpedance m sgatching wthin the induction elenent
can be 10 prevented at high frequencies. Accordingly, a sem conductor device
havi ng an inductign elenent with a high Q value (quality factor) can be

obt ai ned. BRIACORERTHY PTEGRbGSPIHR! BRAVMENGSIVSNIGIn thejaboye-gewnbed ew
illustrating an exanple of a conventional sem conductor device; FIG 2Ais
a part istligondngkedepes, shpeniduvtidondlemenf manbex apiplleodf the conventi onal

sem conductor device; FIG 2B a cross-sectional viewillustrating an exanpl e

of the sem cofduedifg to Zﬁirﬁﬁf‘w&%@t SGROpFHsBG iheentibe, BHES SiYvelaV& edon taken
along line B-Bin G 1; FIGCS. 3A to 3D are schematic cross-sectional views

stepw se_i.| | rall e r cl.uri t
sern cortisyosH bbbtk B e AR &Ry, v b8Py N TR, RS AP e
cross-sectiopal views illustrating an exanple of a nethod for nmanufacturing
ano%her ?‘éméﬁlgfa‘”%‘iﬁéﬁﬁl?eonal st epwi se semiconductor 25 device; |1
FIG 5 is a circuit diagramshow ng an equivalent circuit of the
convent i onal Adsendiog teithetraesedtinivestiork sBee ghe) jyneiiopliaformiedwothattka width ng one
exanpl e of a sem conductor device according to the present invention; 5
FI G 7Ahesofispaimeiaalbol grdatep klem they (fpketécvad witng ldvbirhhr @nsitgetotte exanpl e of a

) induction element, the flow of current is not blocked at the junction and loss can be

reduced. 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 semicondtctor device;
F1G. 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;



sem conductor device according to the present invention; FIG 7B is a
cross-sectional viewillustrating an exanple of the sem conductor device
according to the present invention taken along line A-Ain FIG 6; FIGS. 8A
to 8E are schematic cross-sectional views stepwise illustrating an 10
exanpl e of a method for manufacturinglthe sem conductor device shown in FIG
6; FIG 9 is a graph illustrating an exanple of the rel ationship between

frequency andrihe Qa\iklie 3&%;@% %ﬁﬂ@%féﬁ@fvaﬁ%‘t’ Eﬁ&@l &éﬁng g&;@ﬁtibrﬁﬂ“t ion

el ement that is positione In various |ocatlons; s a graph

illustrati.n nlLe of the relationship between the sumof 15 the |ayer
t hi cknegeélggg%cﬁl%ﬁ)é@?@%’st insulating resin |layer and the second insulating

resin |ayer ](_\tot al thickness of all resin Jayers) and the Q. value; FIG 11
is a graph il TiB&aaipkg yawaluwistiag one eranple|of @ ssHaenngueiet dBdse t he

t hi ckness of the first wiring |layer and the Q value of the sem conductor
devi ce; acchtding fthe prezegfriapdntionl ust rati ng an exanpl e of the rel ationship

bet ween the 20 thickness of the first wiring | ayer and the distance between

the §irst w rFI@ Asises pahislly Bokes paopdtive MiR@ilhaieting fleGxamkpld 62 figure
showi ng an alternative exanple of a sem conductor device according to the

pr esent %gﬁg&mdgw}gdevﬁg%w;{ﬁigggo ﬁﬁﬁf%ﬁ@&%@ﬁken perspective view of the

sem conduct or device FIG 15 is a plan view

illustrati j- . ti f th i duct devi h in FIG 13;
FIG 1615 a PSRt URarelrnal Pt TR B g Pl i omiceppudor
sem conducgtor device_shown in FIG 13; FIG 17 is_a pgrspecti ve Vi ew

il Ljst r 48 Y1RyREOFRG LOBF PresRUIGRVEtONnd PRAMBGHA-A in FIG.6;

FIGS. 8A to 8E are schematic cross-sectional views stepwise illustrating an
10 example of a method for manufacturing the semiconductor device shown in FIG. 6;

FIG. 9 1s 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. 111s 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 i}lustrating 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;



device shown in FIG 13; FIGS. 18A to 18E are schematic cross-sectional
views stepwi se illustrating an exanple of a nethod for nmanufacturing the
sem conductor 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 contactjopad; FIG 21 is a plan view
illustrating another variation of a contact pad; and FIG 22 is a graph
showi ng the results of the t DETAI LED DESCRI PTI ON OF, THE | NVENTI ON 15
Her ei nafter, ﬁﬁ}eléﬁ%%gﬁfl TR i%‘rﬁﬂnmﬁlwa‘%Bo@é’g e TR OR dBYIES er abl e
enbodi nment W|th reference to the drawings. FIG 6 and FIGS. 7A and 7B show
an exangloemon fHel¥eni conduct or device according to the present invention.
FIG 6 is a plan view, FIG 7A is a partially broken perspective view, and
FIG 7B is a Kihd46isgptispeugive wiewillaketingh anih porienAf Aessemicorndacto?20 FI G 6.
In a sem conductor device 110, a sem conductor substrate 101 has an

I nt egr ajRske ﬁb%thlélﬁ) 102 fornmed thereabove, and el ectrodes 103 and a
passivation film 104 of the integrated circuit 102 are provi ded above the
surface of t conduct r subst e 101. This_ sem.conductor. device 110
Fur Cher 1 nol UdSe 14 £ PeEptatye ey MiRrButed mapLSrde Sr g Eat Pttt ne
passivation film.21 of the sem conductor substrate 101, a first wiring 13

| ayer 199icoRpy 15%?@hg’fl rst insulating resin layer 111, a second

i nsul atl ng resin layer 113 formed over the first insulating resin [ayer 111
and the firstFifiS.ilRg tbd@Erarg schematig crosssedinmal icwis stpphaseatiugiidingenmed on t he
second insulating resin layer 113. The sem conductor substrate 101 is, for
exanpl eexample bf £ arethwaffer mahofaetuninigcthe Sensicomductomdeaids shown fri BMG.dé¢ as t he

el ectrodes 103, on which a passivation film 104, such as SiNor SIQ2 (a

passi vated i nsut,abas akidsisedtfonhPUieRAlluERRIME A0 AarihHon of thedeéddagtndtiont he
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

F1G. 22 is a graph showing the results of the tests.

DETAILED DESCRIPTION OF THE INVENTION
15 Hereingﬁer, 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. TAisa partiélly broken
pefspective 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 semiconductor 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



passivation film 104 in the positions corresponding to el ectrodes 103, and
the el ectrodes 103 are exposed fromthe openings 105. The passivation film
104 may be formed, for exanple, using any well-known method, such as the
LPCVD t echni que, and the film 10 thickness thereof is between 0.1 mand 0.5
pm for exanple. In this enbodi ment, i18he el ectrodes 103 that connect the
wiring layer having a spiral coil 115 to the integrated circuit 102 are

provi ded_ | 0sithQ on_the sur.face t he sem conduct or, substrate
05 Adtep i peCrBer bt e AP e Tht A8 REREBREY b tas ¢ Ty be
a 15 sem conduct or fer, such as a sil]icon wafer, qor may be a

seni con]dt}cfPHPe¥ﬂYfH thyest msulagpg sesHedyer 1 1di aadihe Srd avitipsdyse d bt adRer to the
size of a chip. In the case where the sem conductor substrate is a

seni corstoetdowirotg lpyerd 1gIfomadd drythefsemdiisonaingtesindiepsd 18an  be obt ai ned by
form ng groups of various sem conductor elenents, ICs, or induction

el ements on allsedhfiedduciopkubserhRr 10138 dof Semle.d Acdhwafee Bb&Ndrek or waf er
to the size 20 of the chip. Although a portion of the sem conductor device

with o j i i QL. 1s shown
' 1 e e bR as ¥ ABE-ls 1D GEVRERA AN Ol AR 16 ol

i nventi on,.| licable tq.fo l.uralit i nducti.on .eLengnts on a

som corBouigr Bhstt pasbeled i BB S, doreaiE0si e cRodn dso be 25
noted that, variogus structures are additijonally provided, such as a sealing

| ayer fRASSI@tiQN flgn 194 in the peaBepticarrasporiingipesiectnodes §03.rd theplgrtredes to

outsi de el enents, such as bunps, or the |like, to the sem conductor device
acco}r di HBp aro expresep frogethe dpaniggs 10N, Tht phssingtios didi 104dday beofainedt fouct ures are
not. shown in the figures. The first insulating resin |ayer 111 has first

openi ngxairle, dningrdg well-kievipagthodpsuch s tlay TRCVONdting gl agd e Hlin t he
el ectrodes 103. The first insulating resin layer 111 nay be nade of, for

Sﬁglrml EthicknBédl therbFR beBbdeR. 0. PAmERRYS [18S ot ex8mpld.i cone resin, or the Iike,
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



the thickness thereof may be, for exanple, between 1 gmand 30 gm The first
insulating resin layer 111 may be forned using any well-known nethod, for
exanpl e, the spin coating nmethod, the printing nethod, the lam nation 10
met hod, or the like. Furthernore, the first opening 116 may be defined using
a patterning technique or the like, by neans of photolithography, for
exanpl e. The second insulating resin |ayer 113 has second openings 117 that

are def jpedoodinirBea Re9i k] aﬁﬁl%ﬁ%xﬁﬁiﬁm@% ?Inrsm@é QfeROShtl %513;5 bigef i 1 st

. . |
opening 116 in the dirtection © e surface of the’sem conductor substrate

101. Theg,s d eni,n 17 are defined in the. 15.positions gorrespondi ng
o ends a8 s P ERER: e bt ane i e e sy Cimv el S B Rai Vi i g | ayer
112 is a redistribution |ayer that connects between the electrodes 103 and
the spi ASItQRs strycfures pre AQLSBAWE 1n theig e he first wiring |ayer 112

penetrate through the first insulating resin |layer 111 through the first
openi ng 116, 3hdfirshiimsubtingectietbyenl t hasdfirstopaniess 1163leflifed intbe pusiton second
ends 112b of the first wiring 20 |ayer 112 extend so as to align to the

second e@espoaEnd l/eachits thddestkdtles 903.t MefirkshsbtihgW@sinay i 111 2nay8e be, for
exanpl e, copper, and the thickness thereof may be, for exanple, between 1

gm and 20490F fSNLSnGS Wkdyintget 8{3‘% inl, ¥ish¥ond ASinf bf Sk 1}k ddag | ayer
112 mayé% ?or’mad usi'ng, ﬁlr“ exanéﬁﬁg%ng pl-at %ng’; i e({?‘r%nlhzgll?[é?f such 7as copper
el ectropl ati or, the. lik utteri evapor at i or 25 conbi nation of
any t m%ﬁhwgﬁgsﬁerf%&@' ﬁ%tﬁgwq%%%%%e E‘E‘n@d\?ﬁﬁﬁ”ﬂg | ayer 114 i ncl udes
the spiral coj L %‘éﬁé .as_a dielectric_ el enent Tgig ends 114a _and 114b of the
secopd wi ri ng [R&{ET insleting fesin Javst ¢ hi gy effAgned ppgany WeHikBOYRg resin | ayer
113 through the second opening 117, and are connected to the respective
second @&radhadi fy expmplee the spin cogtingmeethed; dke nrintingsmethednthe damiaktiaf t he second
wiring layer 114 may be, for exanple, copper, and the thickness thereof my
be, 19 or neetlaniy betheldkewdanthkrmuomn theXhstnopeinigs] lénmey b defined using a
patterning technique or the like, by means of photolithography, for example.
| 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 1 pm and 20 um. 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.



excel l ent conductivity. The second wiring |ayer 114 may be forned using, for
exanple, a plating technique, such as copper electroplating or the |ike,
sputtering, evaporation, or conbination of any two or nore of these

nmet hods. 10 A sealing | ayer (not shown) may be provided on the second
insulating resin |ayer 113 and the 4écond wiring |layer 114 according to
requirenments, covering at least the second wiring layer 114. The sealing

| ayer may be [0)d re5|n a

Si 11 cone. rosi T Sectdhuirle BT Yoot ﬁ%ﬁb%%é%aig‘?o%ﬁirso?%ec%c&s Beleen 10 m
and 15150 for e enin onnectln ernlnals of outside
el ement erﬁégg Dhda gt 143% the f%@n@,@%ﬁ%{ﬂrza W penetirieirone faéhe jefoRthe

sem conduct or device 110 of this enbodinent, the sumof the |ayer thickness
of t he ihsulatingimsinllajter Ag3 thasiigh ttayse@or@lqpeamg ltlHeatdgrerconmmctddrtedlse of t he
second insulating resin layer 113 is not |less than 5 mand not nore than 60

m By trhirgctidOseondend dIntsthe figawigag Raxt ng2.a diel ectric el enent that
exhibits a high Q value and excellent characteristics can be obtai ned, as

desgri bed | at t he Iayer
t hi gkness of ’l?‘Lem P?ésltlﬁtﬁm@%‘:gg@?‘g{/i% L ggy%@%gfg?eﬂgggfﬁﬂggdﬁ FSE %n t he

| ayer t S f t 114, artjcular, a value

obt ai neg ﬁgﬂme @’leﬁ:@? t}’érex?‘f‘?? kheétgée%il %gnq#gb"% V\;rb’lsr‘?ﬁ SUE | ayer 112
by the Iay?r t hi ckness of the second wri ng | ayer 114 is preferably between
0.3 arfdeetient conguchgityp lde seemmdeiregdass 14 oo PPEed WHPE, gt PEPEIC112 i s
preferably smal ler than the thickness of the second insulating resin layer
113) 5 A\plating techeighodutlons eanpef electoonlaizng drehe bke.condering evafpvatoa, shown i n

FIG/ 6 and FIGS. 7A and 7B will be explained. FIGS. 8A to 8E are schematic
Cr 0ss- smatbinatain ofiagysws toe pwirs ef tHekeisiethmtds.ng an

10 A sealing layer (not shown) may be provided 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 um and
15 150 um, 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 thicknes‘s of the
second insulating resin layer 113 is not less than 5 pm 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 secdnd wiring layer

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



exanpl e of a nethod for manufacturing the above-described sem conduct or
device. The J cross-sectional views in FIGS. 8A to 8E are taken along |line
A-A shown in FIG 6. 10 First, as shown in FIG 8A, the sem conductor
substrate 101 having the integrated circuit 102, the el ectrodes 103, and

t he passivation film 104 is provided.16As descri bed above, the sem conductor
substrate 101 is a sem conductor wafer having the el ectrodes 103 and the

passi vat | il farned above the ,surface t r eof nd .t he eni ngs
05 ar Sl Al ok sk AR OO bR R et T S era e 68
correspondj gg to el ectrodes 103. Next, as shown in FIG 8B, the first

i nsul at? fesin layer 111 having the first openings 116 is forned on the
passivation film 104 of the sem conductor substrate 101. The first

i nsul ating r elsurthermyrs, thetthickngssiod thofirsewindolayenxbliZpb prefopbfyommlley a film
made of one or nore of the above-described resins using any well-known

met hod, thai thef thickasaraglies scbbgd HBLIAtIEMdsinByselBod, the printing method, the
| am nati on nethod, or the |like, over the entire surface of the passivation

film 104 (11 Qb RHRI ROnf8SHE AU e SREERINCAS BYRBMo IR Fie def i ni ng

the first opening 116 using a patterning technique or the by neans of
opoL ol LBPRAPE Aot SYRRPL Syl he pos U ons cortsponding Lo the
e L, 1 LS U S ot v T Bor 1 e
the first wring layer 112 in a predeterm ned position is not particularly
| i mi.t ed¢xamiel of ametiadiiod menufkcbsing the alfeye-deserdradasemaeraidugiop dedea. i Bhe
Publi cation No. 5 W00/ 077844 may be enpl oyed, for exanple. Here, an exanple
of ?aﬂ] ggss-sdultienanleﬁm:dinflﬂﬁst 8ANDIRE draealfenraddngline AgA klegwven inlHIZs. 6w | | be
> pl 0 ' First, as shown 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 10} 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 insula—ting resin layer 111 may be formed, for example, by férming a
film made of one or more of the above-described resins using any well-known method,
2_0 for example, the spin coating method, the printing method, the la:rhination 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).



First, a thin seed |l ayer (not shown) for electroplating, which is to be
carried out | later, is fornmed by neans of a sputtering technique or the

| i ke, over the entire surface of 10 the first insulating resin |ayer 111 or
sel ected regions thereof. The seed layer is, for exanple, a stacked body

i ncl uding a copper |ayer and a chromldm (Cr) layer formed by neans of
sputtering, or a stacked body including a copper layer and a titanium (Ti)

llayer.  Furt hesdDis@hobhien FEEARE AWE FirdiiriRE 1Ll ECLBie&Sot@RMREt Pl ating
| ayer, or a thin metal |ayer fornmed using evaporation, a coating nethod,

chem c nar ey %g iL.ke, ' ion of the
above- 3%53&(‘@%@5@2%2&}: IFQ@%& dr%@&%%épégﬁ#l %ﬁ@sﬂﬁ@ﬁaﬁgﬁ%&ﬂ;@ trI ayer (not
shown) for, el ecftroplati is formed on the seed layer. Openings are defined
in the ffpléglﬂlgﬂhq 5 Wisipe E&a DI & P I PSR 15/0F P%C‘P%Sr]é?l #d s to  be
formed, and the seed layer is exposed fromthe openings. The resist |ayer
may be anfl dhemgthoflshiscdosgdpn BCTHpterrationak Appficatipn PrbliegiosNo.spin coating a
liquid resist, or by any 20 other suitable nmethod. Then, the first wiring

| aysr IWRO0K77844mthydie enfjdopsiethrleaymiplesi ng the resist layer as a mask by
means el ectroplating or the like. After formng the first wiring | ayer 112
in desired ngegk aHpE et f i ,,,]rﬁ% t he seed

| ayer are rermve’gc{hset;{y et cﬁﬁgéﬁ%]ﬂ]eg)é ﬁltg{&tf%@?lgygefﬁli%ﬂsul tqié%egq%si n | ayer
111 is X ocs%g %(%gpt the regions 25 where the first wiring |layer 112 is
formed (See & ). 18 Next, as shown in FIG 8D, the second insulating
resin | ayer 3.is for over the first insulating.resin |ayer 111 and the
first wiring I%&thﬂ?gg%yé’rg‘ggéﬂm}@w]ﬁ??ﬁa?%i g5 de biiéﬂﬁgf‘lbe forned,
for /exanple, by forming a_ filmnpade of one or nore of the above-described
resi ns laigprs farEed byimeans of papatteying thehmqyeser thslikenyeathe sgtiteesiface efyer 111

and the first wiring layer 112 using any wel|-known nethod, for exanple, the
spilf cdhe ifiny imwddvog, resih daysr il ht ongplentedwegions eeréafi Thet seot layet tsofdr or t he

example, a stacked body including a copper layer and a chromiuﬁ) (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  the like, 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 Jayer 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).



i ke (second insulating resin |layer formation step), and then defining the
second opening - 117 using a patterning technique or the |ike, by neans of
phot ol i t hography, for exanple, in the positions corresponding to the second
ends 112b of the first wiring layer 112 10 (second opening formati on step).
Next, as shown in FIG 8E, the secondl8iring |layer 114 having the spiral
coil 115 is formed on the second insulating resin layer 113 (second wiring

| ayer Tor Mati gy 8 gRhn A1RCPRDL W Aind TRLIRth] RkiPhod! 959grdhga seGond.

wiring layer 114°in the predetefmned region is sim he net

i di he first w.ri I 12 15.and t detailed d i pti
her cof Uit et Siertuh S 1 EEne el apainerdi2 (707 ayer 't o pr ovi ded

above the second wiring layer 114, the sealing |ayer may be formed, for
exanmpl e, by pakt scaphysulagng resdeiayer | \empe be formesh, &1 examalephnfasersi ti ve

pol yi m de resin, using photolithography to define openings in predeterm ned
posi ti ofitm mMddesfion¢ dr inerenafithe abdwat-ddshebgalretine ovartheehivedufface dfaheating t he 20
sealing layer is not limted to this nmethod, and various techniques may be

useds Afdsglatih®tddiddyéiE 198l the Grdt M Bhg 17 EM GANFHEY Rl ARbRnidktibYy, ch the
induction elenent and the |i ke are packaged can be obtained by dicing the

e CONUR AR S MRS AL US SENGIHEESa, G RS RehBA UG e

el ement, o a pre rmned ‘si ze. eration an
effects..of the sem conductqr device.of this ES %Podi nt will be
oxpl ai nie (SpEONRRIERE FESin e Tprmaatiom siopdy S 1% Ao echeraid opePler are
i nt erposed between the sem conductor substrate and the dielectric elenent,
t he-di el EEBFing agpisrRmE tagfriqurcor the ke diygneans of phpiolithpseaphy efos gxaapicapar t
with/a sufficient distance. As a result, the resistance of the
sem conduthegosisiohsearmspondinglocthe asauhd(en8s 1 8 pofthe Airfv@ring layenh&2 eby 5
reduci ng eddy current |loss. Furthernore, the first wiring |ayer positioned
cl os@ t ¢setbued opemirigcfondatidrostepubstrate i s an interconnection wring
connecti ng between the el ectrodes
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 sezling layer is provided above the second wiring layer
114, the sealing layer may be formed, for example, by patteming a photosensitive resin,
such as a photosensitive polyimide resin, using photolithography to define opénjngs 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.
After 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.



and the dielectric elenent, and the dielectric elenent is provided in the
second wiring layer distant fromthe sem conductor substrate. Thus, since
the dielectric element and the sem conductor substrate are spaced apart
with a sufficient distance, the eddy current 10 |oss due to nmagnetic fl ux
generated by the dielectric elenent d&n be reduced. Furthernore, the first
insulating resin |layer and the second insulating resin |ayer are interposed

bet ween the sgm ctglnguctor. ubstr&g}e anddthe qi el ect.r%c el &rgent, nd the sum
of the thi cknd8&eeHSRERENRANT KIS HEOIEETR 4y BTFLPFEL PF KB Yss than 5
gmand not, npre than 60 pin. By this, preferable sem conductor devices

havi ng SFENFUIcko vestagend the digipetriggegeptatherdielpetie glemenhapieQ val ue,

smal | er size, and reduced manufacturing cost, can be obtained. If the -sum
of the sehiickmims®esulmiratehere spured apart atihrgsuffsem distyeres iAs dresdt, thean 5 m the
i nprovenent in the Qvalue is smaller, which is not desirable. Furthernore,

the sumegiktahb@of Mk CkARSHESLO subbiatt WWddcRSdE AR NEhTVAPINFIRYS E headhydr eat er
than 60 gmis not disadvantageous in terns of the manufacturing cost or

manuf ac i: i.1i Si J.: L0, i s not
expéct e%ﬁ{‘%}ggeﬁ%gﬁ%?%ﬁn or 81%9?;89%%2@ %tﬁ)lélﬁg g%%gpb%gg%%aﬁ%ﬁ\égé% r%i c el enent,
the Q value i referably 20 or higher. In the sem conductor device of this
enbodi reRCondEtar SHRRUEET S 28 IHEHOTBTOHOREVENE SPInSTHRE BEMeR) & JFRFoLFY second
wring layer, among which the first wiring |layer is _an under path that
connect andgbe didertihelepicat rpd thesdiglsctrisel eesnt éopravidied in thetsseordwiniaad t he 25
dielectric elenent (coil) and the second wiring |layer has the dielectric

el enent lajeradibtant 26m thesdnhicenditcrarcubsteate. t HEhusesnet thadecladtrit Hlemsetcandd wi ri ng
Iayér beconmes dom nant in the resistance (Rs) of the inductor. Furthernore,
when t hgetsBintdondsgessubbiratierd sgased hfistivth RISt Aistape) thasddy Agrensecond
insulating resin |layer are the sanme, if the thickness of the second

| nsyy at J3PaheR) Magrtib IR gehSratedthySiiB il oleduiCeldinthtdinthdelivean the first
wiring layer and the second wiring layer is reduced. As a result, the effect

of the ener gyFLxQﬁe%’rBf'& UK sP irQMahhg Uy ﬂk’gr 4 the second insulating resin layer

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 um. 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 pm, 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 .pun 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). In 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 (co1l) and the second wiring layer has the dielectric element (coil).



i ncreased capacitance (Cs) of the inductor. This is because the second
insulating resin |ayer (see FIGS. 7A and 7B) have two different portions:
one directly forned on the first insulating resin |ayer and the other ,
formed on the first wiring layer. If the first wiring 10 |layer is too thick,
aresin my flowfromthe first wiringdlayer during formation of the second
insulating resin layer and the thickness of the resin on the first wring

| ayer tends L omReGARRSIBE TRl A8 Br HRYLAH whind 0L G BEIAmAEALHe [T TSt

wiring layer 1s too sma ctrical resis e 1's redu ue to the
reductigﬂgz in the S -secéicgnal area of the first wiring layer, which is
15 not er?l%\tBP%e.ﬁ%go CAPA % 'ng a val ue obtained by dividing the |ayer

t hi ckness of the first wring _|ayer by the |ayer thickness of the second
wiring layer Fortheymaosesvhandhe Bigkngsess eothe finst msulpting GesBr laydrenidrile uence of

i ncreased capacitance (Cs) is reduced and a sem conductor device having

f urt her s&oaekrsatdtinglrasiatdyer htthe sama if the thiekhdsz of the2@cdndainplisténgSesinconduct or
devi ces were manufactured, and the characteristics thereof were eval uated.

Siligon 1@@@&&5@%&&%& QAR LRRVRS @E&Eﬂ@%ﬁ?% 1a9EPSId @RE @éconlk}ﬁﬁﬁ'% {a3r
i nsul ating | a

resin |layer and the second I nsu ihg resin |ayer wefe fornmed

from & ROl IIC Ad ERLlly FRERLL LRl RIS ST LS RO flsdobet ween ¢ he

first insulati‘hg resin rrayer _ sedond T1ad ng resin |ayer, and
Jiftag T RNE TR LR T .
(Cu) was used as the material of the first second wiring |ayer and second
wi ring layvayésee FbgSi 1A @nd dB) bavribrd diffemné perions: oxs diregdy kormgdeudhp fiest of t he
pr-es)ent i nvention, sem conductor devices having a first wiring |ayer
posi t i omeshlagingsesih dayar sedriteanikr domnedsarbthe fastevamgdayernt Hrtho fire etiringn
10 layer is too thick, a resin may flow from the first wiring layer during formation of the
second insulating resin layer and the thickness of the resin on the first _wiring layer tends
to become sﬁaller 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
insrulating 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



wiring (under path), and a second wiring |layer distant fromthe

sem conductor substrate as a dielectric element were manufactured. As a
conpar ati ve exanpl e, sem conductor devices having a first wiring |ayer
positioned close to the sem conductor substrate as a 10 dielectric el enent,
and a second wiring layer distant fropmthe sem conductor substrate as an

i nterconnection wring (over path) were nmanufactured. For these

sem conduct or devij ces, .the rel ationship between frequency and Q val ue was
eval uat B§ulafRg resEayein dddieshiclestapelomeng vas Famggdrakianed-8Rasprd cald t he

sem conductor elenments of the conparative exanple were manufactured under
t he sanfoppardCu) vas pselizsdbe matesiat bethe Hirstkonesslesirpiz loye ahd sedoad iwigng esi n

| ayers, of the working exanples, except for the positions of the induction
el ement |¢r.descri bed above. In FIG 9, the solid Iine shows the Q val ues of
t he sem conductor elenents of the working exanple in which the dielectric
el enent i | second wiring layer. Furthernore, the dashed
l'ine shg%ﬁ?ﬁéf%dga %de]gleo %{ he sem conductor el enents 20 of the conparative
exanpl e in which the, diel e(l:jgeri el ement. was. provi.ded in the first wring
layet. The reSAPrET6MEFaM O pIESER ALY » FTHERRYFLOR 4GV IR REVHiggh Q val ue
can be realized by disposing the dielectric elenent distant fromthe

sem condis BTG layst pegigonedisdesettol seinicongudtermbstraie es pr dusrdernectten Thi cknesses
of Insulating Resin Layers 22 As shown in Table 1, a plurality of

sem coneudhpundenvpaie)l and ndecondufisiap layed distant &owathy isagidohéuctormsubktrdtdhie | ayer

t hi cknesses of the first insulating resin layer and the second insulating

resin | aygdicleist éb@ich} WeleURSnmPictill@s eAS @ToaRRALHIGE RkatlfM S@Scaidudtorf I equency
of 3 GHz were neasured. 5 In these sem conductor devices, the first wiring

Layer gp?gﬁgliésg{agg} %,ﬁ&gﬁgﬁ%@gg gcgsnﬁﬂd&@maglrb% B aRUBHCAlGetb sk Lghconnect i on
10 dielectric element, and a second wiring layer distant from the semiconductor 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 inr which the dielectric element was provided in the secdnd 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



| ayer distant fromthe sem conductor substrate is a dielectric elenent. The
rel ati onship between the sumof the |ayer thicknesses of the first
insulating resin |ayer and the second insulating resin |layer (total

t hi ckness of all resin layers) and 10 the Qvalue is shown in FIG 10 and
Table 1. These results indicate that -3 Q value of 20 or higher was obtai ned
when the sum of the layer thicknesses of the first insulating resin |ayer
and the second insulating resin |layer was no | ess than 5 mand not nore than
60 m In thi sAeshavn imkably {apluplitephserurensiucks deyigas wers BanHyEEs| e wher eas
the total thickness of the insulating resin |ayers is prevented from being
unnecesshilé varyingahe agedf thel5yeFahickndss@aof the firvinstlitokmess éyenindihest and Q
Val ue (at 2GHz) Second Insulating Resin Layers (gm 1 . 12.2 2 14.2 5 22.4

10 26. Ssecdfl #duldtingtbsaPlafer, 4 B€.(valals Sbhbse LohidhddctoBlevideslat 2100 36. 1

Thi ckness of Conductive Layer A plurality of sem conductor devices were

manuf a i i t hi ckness of the first wiring |ayer when
C%ﬁ%u%ﬂ%ﬁ %}Yzawgv¥1'et S8,

fixing ness o e second wiring layer to

5 In these semiconductor devices, the first wiring layer positioned close to the
semiconductor substrate is an interconnection wiring (under path), and the second wiﬂﬁg
layer distant from the semiconductor substrate is a'dielectric element.

- The relationship between the sum of the layer thicknesses of the first insulating
resin layer and the second insulating resin layer (total thickness of all resin layers) and

10 the Q value is shown in FIG. 10 and Table 1. These 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 pm and not more than

60 pm. In this case, the effect of enhancing the Q value is favorable wherea.s the total
thickness of the insulating resin layers is prevented from being unnecessarily increased.

15 Table 1
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Thickness of Conductive Layer

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

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 um, 3 pm, 5 pm, or 9 um, and the thickness of the

second wiring layer 1s 10 pm 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 pm.



b

with reference to the drawings. FIGS. 13 to 17 illustrate an alternative
enbodi nent of the sem conductor device according to the present invention.
FIG 13 is a cross-sectional view, FIG 14 is a 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 theygmin portion. FIG 13 is a
cross-sectional view 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 insul 58§ regulieet HG. 4y apdicatp that 8 oemaicgnever ¢qvicedinganRielor substrate
25 201, first wiring layers 211 and 212 provided on the first insulating

resi n | bigber Qv8luezag be readizot svhien 8 whbieiobtpinekhindivedneg th2tBicknessiofidd over the
first insulating resin layer 210 and the first wiring layers 211 and 212,

and a SEEOWGNYG layBdby dkehicRddks BE ¢ sdeshdoRirind8ameGOBstweb MO Bl AligNg resin |ayer
213. The semni conductor substrate 201 is a base material 202, such as a

silicon wafer I . bnt ircuit (not

shown) and a %Ie%giz\?sgl? %grﬁe{% ﬁ%ﬂd%%8@Eé$géﬁgépné§§rﬁgﬂer{éelgﬁr%§gheg%g&lrﬂrday be

forned of .alunm n copper, or .the like. The passiyation film204 is a

Pﬁsgﬁe val i e f;sgllzqzngﬁ?toaﬁa%e&yn gvgé%a@s%gff{ﬁsmf %s;&;qn R e, 10 1n
e passivation film , . openi ngs ~are defined in the positions

cor r esptaati larertEherthiskaess aighd geavedbafirs insulatiag sesie laystevasP@Rummead ésgposed from

the openings 205. The passivation film 204 may be fornmed, for exanple,
usi ng athichmetd efikhofst wirihp) baber stach pas Stire, &POVDnt ddpor theeneaamdntehe film

t hi ckness thereof is between 0.1 m 15 and 0.5 m for exanple. According to
t he ..\}pr e st in'MIENt R Othe thidkndse 6F HRFHGhaatilebindbfer i 10648, and the
‘. thickness of the second wiring layer was 10 pm.

10 As indicated by the graph in FIG. 12, as the ratio of the thickness of the first
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.

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

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



sem conductor wafer, such as a silicon wafer, or may be a sem conduct or
chip. Sem conductor chips can be obtained by form ng groups of various

sem conductor elenents, I1Cs, or induction elenents on a sem conductor

waf er, and then dicing the 20 sem conductor wafer to the size of a chip. The
first insulating resin layer 210 has X5irst openings 216 defined so as to
open in the position corresponding to each of the el ectrodes 203. The first

i nsul at | 0, y__be. I | e, ol y{ m resin,
an epox LR E R B TRl RaBToFsrdhe il in SAMErEse BrBRall iR, cor may
be, for. 25 ex | e, between 1 4m and 30 m_ 26 _The second insulating resin
| ayer it Wgyéﬁngﬁﬁ H&;?aéﬁlﬂe@ﬂﬁeﬁcw WH@I@&@&?&%%@I@WF@%&W&F%@% o the two
ends of the second wiring layer 214. The second insulating resin |ayer 213
may be msdeting resibdeysadipl e, a polyinmde resin, an epoxy resin, a silicone

resin, or the like. 5 Since the first wring layers 211 and 212 and the

second wi ri ngTheyeaiicaiticftr SubsiRGCEN i8Rdabe Watdtiad 20Rfutlehentilicddbivakee by
setting the thickness of the second insulating resin layer 213 to 10 gm or

gr eat er ndvt iEcPAsG&EdeE 209 of SRACHYuik 806} A6 £ bt ﬁn} val ue. The
thi ckness 'of t%e Second ?ngu?‘g%{? r esclg[nml g:;?/ogrs g{%&j %}g& pl?%sgrtg@ y between |
10 gm 20f m ,10 The insulating resin |ayers 210 and 213 may be forned
using a Ft-kKhown nethod, for exanple, the spin coating nmethod, the
printing nethod, the |am nation nethod, or the like. The_openings 216 and
217 may be defhmdgctindeng03 maychedonnedof dluprpimu@pgen opthellikke, by nmeans of
phot ol i t hography, for exanple. The first wiring layers 211 and 212 (first
conducti ve | aYks passivationefilns 20f bua paasivatel ihsyatos fionasoninbe bedaefsiN, he
el-egtrodes 203 and the second wiring |layer 214. First
SiO;, 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 um
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 pm and 30 pm.



ends 211 a and 212a of the first wiring layers 211 and 212 are connected to
the el ectrodes 203 via first junctions 218 forned in the first openings
216. As shown in FIGS. 13, 16, and 17, contact pads 211 b and 212b havi ng an
substantially rectangul ar plate shape_are provided on the first wiring

| ayers 211 and 212. 20 The contact h%gs 21 I b and 212b are provided in the
positions corresponding to the second openings 217, and are formed so that

the | ength anthé bownd fishlatig redf laee2 1 Dhwaipeninghan? téknad idtdhe fsitidae fir st
wiring layers 211 and 212. The material of the first wring |layers 211 and

212 naycgﬁﬁﬁgﬁgngﬁﬁﬂﬁkgoen@é&ﬂmgggggﬁwggﬂﬁgﬁ?ﬁgpg_the t hi ckness thereof may

be, for exa between 1 gm an e first wiring layer 211 and

212 may be fo d usi,n ny well:kno nmet hod f or. exanpl.e, sputtering,
evapor ati on, Eﬂgﬁcﬂaf‘ I%Pﬁ’lnﬁg r?%%&yeﬂ%%%ﬁeﬁ?dﬁlo&fpr PR %P Y%g%econd
wiring |layer 214 (second_conductive |ayer) includes a spiral coil 215 as an
i nduct i Gile PR gRNEY, resinyh siligancrepigy opthedike. second wiring | ayer 214 may be, for
exanpl e, copper, and the thickness thereof may be, for exanple, between 1
gm &nd 20 gi nSinthéhessowiting layerg 211 ape212add theysebmnd wrimgdayesi2ig are or
exanpl e, plating technique, such as copper electroplating or the Ilike,

sput t er si@ed eyaPRitala fficient difighdeiySettiRnhaticlareSofhd secdd imshititingn an
substantially rectangul ar plate shape are 10 provided to the tw ends of

he scoRat 1218 LNSTn iy FOBLatl el nsSat Al ettt e i

t he positions corres _ med so
that the ,Jength and the.width thereof is . grea .than the.wdth of the
seoqnd WPFngteafEpucsd B teitbadibaRing Sos i A3 PSRk Moot ea o
t he /cont act gggf 21 Ib and 15 212b of the first wiring layers 211 and 212
vi a secoRdy ?YMs 219 defined in the second openings 217, respectively.

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 betweeﬁ 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 electrcdes

¥ 203 via first junctions 218 formed in the first opeﬁings 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 um and



The aspect ratio, i.e., the ratio of the mninumw dth and the length (the

t hi ckness of the second insulating resin |ayer 213) (width / length) of the
second openings 217 is too small, a nmetal material is not conpletely filled
in the second 20 openings 217 upon defining the second junctions 219,
resulting in mal formation of the sed¥nd junctions 219. For the above
reason, the aspect ratio is preferably 1 or greater. The second junctions
219 are [ . 1., Of [ 1. I he
exanpl ezgﬁ%mnﬂ%nﬁltsﬁ%]{l%ﬁay g@,l 1t gi 2slte22§a dsjgﬁnc e?%ﬁ@g%%g %eilélzné) V%??lse%()éhape

havi ng rectangul ar .cross-section,.and the, four sides thereof are parallel
Lo eachiosEXURRS, @d’&&'ém%’fevtaﬂ%faE%‘htPé%%ngp%’fth?i% 214b, 21 |b, or 212b. The
second junctions 219 are preferably provided substantially at the center of
5 the cont actApsipverinelIGHL45 to 23, the seaond Miping 1ayee 204 (Rebomst canductsecond
junctions 219 (width A shown in FIGS. 13, 16, and 17) 1is set to be the sane

as or gneabéicliden spirel ¢dinEl SMsdinfindfctionelgegaond wiring layer 214 that
constructs the spiral coil 215 (width B shown in FIGS. 13, 16, and 17 the

spirl col I 2H matct 86k sBbrliNGire #yer 914 b%?ﬁﬂ%ﬁgﬁg}d%&é\m}ﬁ%ﬁa%@ to fall

within the 10 above-describ range, I'npedancé m snmat in the spiral
coil 21 re

oo o2 e RS RSP IO AR BB o A2 e P v 1
o L Rh e bR o DRl B ed e v o
of the contact pads 214a, 214b, 211 b, and 212b (shown in FIGS. 13, 16, and
17 wi dt plecyopiating orehodilie.rspotteninge evepomatidn, gnteilkes 219 (shown in FIGS. 13,
16, 7/and 17 width A) (C - A) is preferably 30 mor smaller. By setting the
di fference beContant pade 204 e tind?2 14b ihainlsubsttutiailytreetangdareplateshapdred range, a
" glh() 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 secoﬁd
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.



Q val ue can be achieved. 20 The above-described difference between the
wdths is preferably 10 mor greater so that connection failure can be
prevent ed even when the second junctions 219 are forned m saligned. The
ratio of the contact pads 214a, 214b, 211 b, and 212b Cto the width of the
second junctions 219 A (C/A) is prefetlably 2 or less. By setting the ratio
(CA to fall 25 within this range, a high Q value can be achieved. 29 The

atio (O 1 BEeLanhl a0 it v AL 0RALE,ERRNAR AOMEELLAD Sl ure can

be prevented eve Sécon unction rmed Sal'i'gned. The

dlffere ce between the area of t tac 214a, 214 2 or 212b
and  nonETBEE LB ST Sar B s SR BRI aE S SAbaRLaL iosagh 8F R abl y 2700
n2 or less. 5 By setting the difference in the areas to fall within the
above redgse of thetogtrctpacl e, 3ib. B8 1bauRildbed. The above difference in the
areas is preferably 700 n2 or greater so that connection failure can be

prevent ed evefiheweond hcaegoD hdieiferbly PRbOided ubspariiatly aniheakhignedd. 10 The
ratio the area of the contact pad 214a, 214b, 211b, or 212b to the

Cr 0ss3- sgldoaRdl pAl BAa0 14191 PR obunctions 219 is preferably 4 or less. By
setting the ?ference ih thé areas to faII W|th|n t he above range a high

Q value can b The bov o 1S gr eat er

so t hat conneipgﬁaﬁ ?&h ec%ré érbsr Ae\S'/hen ﬁﬁégséc ??)uncti ons

219 are, forned sal i gned e fere celn wi dt hs, rati o, the
i £ 1 or ot [PePE 38me 3 argiﬁ%teall@a the lipg wicsh of ﬂ@sesqnda‘eﬁnn;sg ?.i%ﬁﬂaém

211b, or 212b and the second junctions 219 are preferably satisfied for all
of the eorstaets thashirap ¢aih 213 fuisith Bishbwnan §1G3.213, 1fiosmsl/ bt the spindd cad @l e)-

adva)nt ageous effects are achi eved even when above-descri bed conditions are
By setting the width of the second junctions 219 to fall within the

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 pm or smaller. By
setting the difference between the widths to fall within the above-described rahge, 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 wheﬁ the second juncﬁons 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.



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 |ayer
214 constructing the spiral coil 215 as used herein refers to an average
wi dth of the spiral coil 215. Furthernore, the wi dths of the contact pads
214a, 214b, 211b, and 212b and the s@Bond junctions 219 as used herein refer
to a maximumw dth. 30 A sealing |layer (not shown) may be provi ded above

the second i ngjd @b F'@/Ag gnférgyl ford B3 &@eét@x%e%%ﬁ%nﬁ%édOHth&}é%ﬁn 214

covering at least t d wring | 214, according to requirenents.
The seag imde resin, an epoxy

5 resin, e%g\é?q?%/ %vﬁwgg?%e segpn@h@cpp% %gf?fﬁeedtrﬁ ﬁ%eéls thereof may be

between 5 m and %0 pm_ for exanp Openl ngs (.not shovvn% for connecting to
termnals of owdifferencebaygen ﬁlerawaqféhaewtﬁed)aﬂﬂlﬁhélﬁba Hihgor Alddr . Next, a

met hod for manufacturing the sem conductor device nentioned above Wil | be
descr i ked.thd Erofs-@8tiofd ArdacoftBEs@oad sutvanns 219 srposferabbe D 7dhah? vi levs
illustrating an exanple of a method for manufacturing the above-descri bed

S emscor@ylgét@ﬁ%ﬂe\ﬁlﬁaen@ i@%he 4345 iPfall VRRIAKIR MHRES ca hfgﬁﬁl% v¥Iu€Wen berken
along line DD shown in FIG 15. Next, as shown | A and 18B, the

first ipsylaging resin layer 210 having the first opem ngs 216 is formed on
t he passivation film 204 of the sem conductor 15 substrate 201. The first

insulating r n.layer..2 10 using the follow ng
met hods. Thee@éc@ﬁagﬁﬁ?ﬁ%ﬁ lﬂgyeraeg?sds Pg{f%’;ab{io@ %%%"d % or exanpl e,
by formng a m made of one or nore qf the above descrl bed resins over

t he entqqneegtmtlaeeeaﬁn brereyguisd $YFR HOPD HherseroRhmctaRs 95 famer - known

met Hod, for exanple, the spin coating
misaligned.

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.



met hod, the printing nethod, the |am nation nethod, or the like (first
insulating resin layer formation step). Next, the first openings 216 nay be
defined using a patterning technique or the |ike, by neans of

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

el ectrodes 203 (first opening formatBon step). 31 As shown in FIG 18C, the
first wiring layers 211 and 212 are fornmed on the first insulating resin

orer, 210 (4 S PR PIGG B it o U L gLyl 211

and 212 may be the ne 5 A seed
| ayer is fqrpoed,gn the first .insylating.resin |layer 210 using a uttering
t eohni T 15 R sREPnarE e Ry 2 apViting %té?a%satérf«ﬁ?@,]a wirige JeEabody

including a copper layer and a chromum (Cr) layer, or a stacked body
i ncl udiapepraingdppeguitengats- and a titanium (Ti) layer. Next, a resist |ayer
(not shown) for electroplating is formed on the seed layer. 10 The resi st

| ayer is formd sedlinpdayaangayobdeadé b fovdansld, Agolyitde Mkih| fgegogyers 211 and
212 are to be provided. The first wiring layers 211 and 212 made of copper,

for sexagpl & sifédnelBhHRY tﬂé‘liké,*&ﬂd?ﬁ@ﬂjé ¥§rth%}§gf‘ifﬂa§b%kﬁa%€h atiignPr the like,

and the Tirst junctions 218 are fornmed In ITst openings 216. After
formng,the First wri | ayer 11 d 212 and.the first. 15.junctions 218,
unnec egg :ff?’ ‘EB{)?’&I‘&W& (g]p%flﬁ]égilé‘iti ngp ng 2 rco%etf%flﬁéo gegggxaﬁsa eot]ésé‘#ee renoved by
etching ., them } As shown in FIG 18D, the second insulating resin |ayer 213
is for ﬁéﬁ?‘%%mai’lb@de?m%‘ﬁ’ tﬂ?\ﬁﬂ?‘élgil%r-r esin layer 210 and the first wiring

| ayers 211 and 212. The second insulating resin |ayer 213 may be forned, for
ex anl e, usi Mgxtiremethod foy mamifaguring Hedsmiconductor device mentioned above

will be described.
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).



A filmnmade of one or nore of the above-described resins is forned using any
wel | - known net hod, for exanple, the spin coating nethod, the printing

nmet hod, the |am nation nethod, 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 formagion step). 32 Next, the second

openi ngs 217 are defined using a patterning technique or the |ike, by neans

of photolithg i f i.n. .t r4:8S din he contact
pade 211 b and 3836 1510, SF e ProplRE bl SHP23RE B rdnha” open ng
formation st .5 sh i.n FLG 18E, .the . second wiring |ayer 214 having
t he spif?ré 1n§\§§\%ng2rf§@yﬁgyerﬁdmﬁ,§§ﬁt bo{h -] y%’e@&ﬁﬁ“?‘h%tﬁﬂ’rsati ng resin |ayer 213
(second wiring layer formation step). The second wiring layer 214 may be
formed using Tg!@eﬁrstamnmlta}fmﬂhb amCthmtah@G Tomped;, frrrexpmpptehesihgtlet i ring

| ayers 211 and 212. In other words, a seed layer and a resist |layer is

f or med fahewmgtihetheégcond 10 insulating resin layer 213. Then, the second
wiring layer 214 nade of copper or the like is formed on the seed |ayer

usi gg el ectr %Eﬁeﬁi‘ lg Q5§ f&rﬂﬁ%li)&?ll%ﬁ? Eﬁ?'ﬁé’ﬁialting‘?egiﬁ’fagiet dﬁﬁn?&g rinkUnctions

219 in the seco eni ngs e casé wher e sealin ayer is
provi ded ,abqve tdse. ecohd wrning.layer 214,  seal.i | ayer,.may be fornmed,
For exaRpiscasy BERRE, 1PR3ee pHiainddierpiv o Sikae Bogy repisd ocper
phot osensi tiye polyjm resin, using photoljthography to formthe sealing
| ayer i1ﬁyerﬁflé&é5é9%%§&aé@mi05ﬁ§tackfé%<€?d°& REIUGHErReIroRT HEr A ef fect s of
the sem conductor device of this enbodinment will be explained. (1) By
set i ngitemamglag) layess t he second junctions 219 A to be the sane as or greater
thawr 20 the line wwdth B of the second wiring |layer 214 (the spiral coil
215), the fl dvextf a casist tayer {n®t shoein) Bbrodketcb piatirtghie femedndh theivedd lapey. 219. Thus,
| oss can be maintained to a | ow | evel .
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).



In particular, inpedance m smatching wthin the spiral coil 215 can be
prevented at high frequencies. Accordingly, a sem conductor device having a
spiral coil 215 that exhibits a 25 high Q value (quality factor) can be
obtained. 33 (2) By setting the difference between the width of the contact
pads 214a, 214b, 211 b, and 212b andzthe width of the second junctions 219
(C- A to 30 prn or less, the Qvalue of the spiral coil 215 can be

furth h .. Th wh hi I [ bt ai ned b tti th
above descr | DU 8 G BAUGEb AL WEEALOREY Unk Raele ey paypeihe | 0 11°

above-described range is believed that variations in current distribution
can be ll&gby é@f%@ﬁmpgr@wlrtbmraphb\fgr ¢xemple onpagtiopaeprresp@)ding toctBe t he cont act
pad 214a, 214b, 211 b, or 212b is shaped in a substantially rectangul ar
shape, @atazepids@iiband dizb bfthedant witmgdewend] | ant? i DEscaii®pangt he cont act
pads 214a, 214b, 21 Ib, and 212b rarely occurs even when the second

juncti oasmaidéh @¢p. 10 formed m saligned. Although the second junctions 219
have a substantially constant width in the direction of the depth in the

e a s i1y constan 3 on of the depth in the
o Such an orboRnaNE T ThetEaht s crobdiult 21 Bk iRl g Tt

different fromthe sem conductor . 15 vice shawn in FIL.G 13 in that the
i dt b el G e e s SRSty 4T ATy Serop auss [9F Fmsfion HePbage | m t he

di stance fromthe surface. The second junction 229 nay be easily fornmed by
defining a seEwmwcopbwirmg laga72ldonehbe farmed wsiagHhe prspenikttiod adéhe eased wi t h
an increase in the distance fromthe surface. 20 In sem conductor device
havi.ng mhehod declodnjngribe fist vAAAg layersetldlandetl@rial is evenly distributed to
fill) within the second opening 227 with no void when the second
.In other words, a seed layer and a resist layer i1s formed above the second
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  as a 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.



junction 229 is formed using electroplating or the |like. Accordingly,

mal formati on of the second junction 229 can be prevented. FIGS. 20 and 21
illustrate other enbodi nents of contact pads. 34 A contact pad 224b shown
in FIG 20 has a substantially circular shape in plan view, which is
.different fromthe rectangul ar-shapedgicontact pads 214a, 214b, 21 |b, and
212b shown in FIGS. 14 to 17. A contact pad 234b shown in FIG 21 has a

pol ygon shape i l.an view, which .5 is different, fragmth tact pads
D0 a2 RS S iR BihPonts Botweta Eowidoet st arat s PE Bl ygonal
shape havi ng fiveﬁ§gentagon) or nore sides. In the exanple shown in FIG
21, t he2Phdnddbe wirits of Hiyosedndsnageons| 2] iRe Ak ¥otd e dess, el wduhelvi ng t he
contact pads 224b and 234b, the Q value of the spiral coil 215 can be

f urt herthespiasicedl.215reapde turthedr @anhariché. senm conduct or device 10 having the
substantially circul ar-shaped contact pad 224b exhibits a high Q value. The

reason why a megféaéanv\méyshggﬁ ﬁ@ﬁi&%@@bﬂaﬁne@%‘yis@ﬁﬁﬁg thd@ovéales@ive@ns i n current
di stribution can be reduce en current flows in a contact pad. Exanples

£ R e SRS SR e

i ncludi ng € sem con sub a’'silicon substrate, the

first insulating resin |layer 210 made o olyimde resin, the first
Wiring YHpEPES m&%&%@*ﬁ%@%?e E%HB%C; ‘,VgF‘FIE“%%Eﬁ?ﬂVS ip AORiRes Pig-resin |ayer
213 made of a polyimde resin, and the second wiring |ayer 214 20 made of
copper (@ Semordhetersediped 214ha14hi Dikheestl?bos shaped in a substamiallst i ng resin

| ayer and the second insulating resin |ayer 210 and 213 were 10 m The

Wi d-t)hs rktahpelaf shapt, adinnectopnl faihee beBidenahel s@bAd ywarceoROP1 9 and the contact

pads 214a, 214b, 211b, and 212b rarely occurs even when the second junctions 219 are
10 formed misaligned.

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 1s

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.



The spiral coil 215 had 3.5 turns, and the line width thereof was 30 gm 35
The second junctions 219 were forned in a square shape in cross-section and
the width thereof was set to the values shown in Table 2. The contact pads
214a, 214b, 21 Ib, and 212b were forned in a square shape, and the width
thereof was set to 50 gm 5 The Q valife of the spiral coil 215 was neasured
at a frequency of 2 GHz. The results are listed in Table 1. Table 2 Wdth

of Second W dalRoffacSpidr 2045GablvnGh Yad VB hata RBkEhtallaiedul @rhigdinTeat Exanpl e
20 30 25.5 2-1 Test Exanple 25 30 25.8 2-2 Test anple 30 30 27.0 2-3

Test ExapRl &nidn 386 ?elﬁ fr&%ﬁgr Ma eé‘g 1’?190%%!:%2142& §1Jﬁ1§1ﬁﬁsa'ﬂht sin

Table2|nd|catest hiev y sétting t 1) width
Spiral Z@%%‘)“dy’fé”%%@?fﬂeélﬁ?pfi 3.666?3""'2- 58 ?Le' e conductor devi ces shown
'n G 13 V\e}r-\ecog‘ggtu ;];a?ic2t3u453 s(ljlown in FIG. 21 has a polygonal shape in plan view, which
5  1s different from the contact pads 214a, 214b, 211b, and 212b.

The contact pad 234b preferably has a polygonal shape having five (pentagon)
or more sides. In the example shown in FIG. 21, the pad has an octagonal shape.

In the semiconductor device having the contact pads 224b and 234b, the Q value
of the spiral coil 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
polyim_ide resin, the first wiring layers 211 and 212 made of copper, the second
insulating resin Iayer 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 pum.
The widths of the first wiring layers 211 and 212 were 30 wm.

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



The second junctions 219 were fornmed in a square shape in cross-section and
the 15 width thereof was set to 30 m The contact pads 214a, 214b, 21 |b,
and 212b were fornmed in a square shape in cross-section and the w dths
thereof were set to 40 m 50 m 60 m 70 m or 80 m Oher conditions were
the sane as those of Test Exanple 2-435 36 The Q value of the spiral coil
215 was neasured at frequencies between 0.1 GHz and 20 GHz. The results are
shown in FIG.H%Z. The. resul t ]‘r‘?l n FI.G 22 indicate that hi %her (%J\r/%kues wer e
achi eved whenT RhFCORT IREGRS TheMers foume 1 2au R ARapoID A0S 390 SIS 1 o1 vier e
between 40 mand 60 m 5 conpared tg when the width were between 70 m and 80
m  Si ncwidthghegaftrrsget torthe veluestowsdad aes2-:30 m favorable results were

achi eved when the difference between the width of the contact pads and the
wi dt h of the FTheoamthctjpadc? i4andl4e el 3AndR202b hessiorilé ips epend sHapeention i s
applicable to various sem conductor device having an 10 induction el enent,

such asgndf @Bk vEIATRéBef RaS QTG SMfHCt or device for non-contact type IC tag in
whi ch the induction elenment functions as an antenna coil. Wile preferred

enbadi nent s W\ L. ' il e bove, it
shog)ldd be ungiélﬁés{}?gg&tﬁg{‘é?ﬁle%gglgfzggg@g%%?g@e@g%ﬁg%eﬁgtﬁ??g};\ﬁ%nﬁ%e not
to be consj derﬁig gs l].l gliti ng. Additions, om ssions, substitutions, and other
15 nodi Feselts g hsted dm TaBledade wit hout departing fromthe spirit or scope of
the present invention. Accordingly, the invention is not to be considered
as being |imTeeBy the foregoing description, and is only linted by the

scope of—the—appended-iaras: “Yirat Faqed—Ts—I—7Asenj conduct or
devi)ce conpri si ng: %viﬁilt;:;gf:;?\a Wldﬁl%l(fﬁ? alCotl Q Value (at 2GHz)
Test Dxample 20 30 25.5
Test Example 25 30 258
2-2
Test xample 30 30 27.0
Test Example 35 30 274
2-4
Fest xample 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 um.
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 pm, 50 pm, 60 pum, 70 pm, or 80 um.

Other conditions were the same as those of Test Example 2-1.
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‘a sem conductor substrate having an el ectrode forned above a surface
thereof; a passivation filmwhich is provided above the surface of the
sem conductor substrate and has an opening defined at a position
corresponding to the electrode; a first insulating resin layer that is
formed on fhe passivation filmand h 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

el ectrode t hrbugR vahe dfithesspimbenil 34> was sweprad ehEeduenring betesem 0)1dyEr

provi ded over the first insulating resin layer and the first wiring | ayer,
t he secoandd( GHul afhagesutsbre shawarinFdGi 1y a second opening that is defined
at a position different fromthe position of the first opening in a

direction of theresowihage, gg g&&}@atéﬁm ﬁfgﬂ LQafues Wesd Eﬁﬁ&ied%fﬁhéeco”d

wiring layer that 1s provi on the second insulating resin [ayer and is
connected, to.the fjrst w.ing,,l ay t hr t he ,second, openi n wherein the
second Wc‘j%ﬂ? ﬂ%ﬁ_ﬂeaﬁ?@ Ctz%ar%lziléﬁ’?léﬁ’ fﬁ&’ﬂé‘ﬁ%ﬁﬂevgﬁrebr‘?tgy R %%%I?Hggg B the
first insulating resin layer is not less than 1 mand not nore than 30 m
and Ja sipmpased tohuhemihe pridiswere befreen 0gimiapd 80 #-ng resin layer and a

t hi ckness of the second insulating resin layer is not less than 5 m and not
nmore than 60 FHnpe the. witheofSthacomtadustle was 80 ivog facrabldiremits overd ahimvéd wher ei n
the induction elenent is a spiral coil. 3. The sem conductor device

accor di Wher the@ifier@hde bovveéitR wideh &1 the torthcWads hidthev@iditof tBY Sdcohé made of a
polyim de resin, an epoxy resin, or a silicone resin. 4. A sem conductor

devi ce £QMRLAsSLEE 30 BFjesonduct or substrate having an el ectrode formed
abo@e aﬁgurfe;ce the(r’jheof; © a first insulating resin layer that is provided

over the serm SRl MRS AL B 08B b PlonBRED) A% 2
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, 1t should be understood that these are examples of the invention and are
not to be considered as limiting.  Additions, ormissions, 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.



-a first wiring layer that is provided on the first insulating resin |ayer
and is connected to the electrode through the first opening; a second
.insulating resin |ayer provided over the first insulating resin |ayer and
the first wiring |ayer, the second insulating resin |ayer having a second
opening that is defined at a positiog different fromthe position of the
first opening in a direction of the arface of the sem conductor substrate;
and a second wiring |ayer that is provided on the second insulating resin
llayer and ywgat i CQnpRatie€d to the first wiring layer through the second

openi ng, wherein the second wiring |ayer conprises an induction element, and
a sumof a thlckness of the flrst insulating resin [ayer and a thlckness of
t he seconq i ns atﬁ&gquS'nv éﬁ not less than 5 mand not nore than 60
pin, and wher ef > 8. (%$ﬁé HmB %lVldlng a thickness of the first

wiring |ayer by samcbhahcclmealssuafe Hah@ng&ﬁ@mﬁdo&u fotriig dbayen suﬁacbﬁiem;n 0.3 and
0.5. 5. A nethod for . glufa turing a, sem cogductor devi ce, r| sing the
steps of : f or AiPAYG AR S WaEshgs Pravided Rbevert ?%‘HE‘P%WHEG‘“&‘EM I'surface of a

sem conduGhrafUig hhfholtAMia iRk ﬁ'a%%&nh@?ﬁ@orﬁé&?&ﬁﬁh PRWEeIblifogeur face

t hereof, and has an openlng defined at a position corresponding to the
el ect rode, f or mifingy imsulating resimispdrakat ngyforreed on thapessivation fibkn ancheaspdsti vat i on
filmand the ar.e |rst insulating resin |ayer;

defining & °P?m?%ii§§158ﬁFﬁgO%l%ontﬁ?gefe%éwgtt%% getcrﬂ%e’rey n layer such that the

el ectrode is eXpasdtlng faenthads peridebon g Bkt infdatingtredg layesdnd i ayer, a first
W ring |ayer conne t;? to . the electrode through the first opening; formng,
over the fPRuseteflfethesiscigds brqugh thafust opstinghe first wiring | ayer, a second

{ nsul at :O ng res h@%dfoau%ulafuﬁé FdsDiafer PRAANA RBEME Mokt AsuBiRO Rt 19y6r Ghd T er ent
iti
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,

wherein the second wiring layer comprises an induction element, a thickness of
the first insulating resin layer is not less than |pum and not more than 30 pm, and a sum
of the thickness of the first insulating resin layer and a thickness of the second

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

2. The semiconductor device according to claim 1, wherein the induction element

is a spiral coil.

3. The semiconductor device according to claim 1, wherein the first insulating

resin layer is made of a polyimide resin, an epoxy resin, or a silicone resin.

4. 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 semiconductor substrate

and has a first opening defined at a position corresponding to the electrode;



opening in a direction of the surface of the sem conductor substrate, a
position of the second opening corresponding to a position of the first
.wiring layer; and 39 formng, on the second insulating resin |layer, a
second wiring layer that is connected to the first wiring |ayer through the
second openi ng and functions as an iqﬂyction el enent, wherein a thickness
of the first insulating resin layer is not less than 1 gmand not nore than
30 gm and a sumof the thickness of the first insulating resin |ayer and a

thi ckness of t hefiSEaRING 1hyts tHadld gRevilRBdthé B¥e inshiftil®fesinggfer kitR3 5 gm and not
nore than 60 6. The net hod for manufacturing sem conductor device

m s
accor di ng ¢aneqied tothe elegirpde hrgughniBe first gpeningsul ating resin layer is formed

using a spin c I : Nt s ] i t hod. 7.
A et hod for maloé’r;‘lgtﬂi %@tlﬁlﬁgﬁgeggmfg%ﬂaggﬁ%%evi crgﬁhaﬁ%@%ﬁ%&%@t eps of:

form ng a thedisit winsgilagtri thg se@sidindulzyieg resindnyes haeng e sembud bpenisgithsttis at e havi ng

an electr rovi ded there ve: def.i.ning,a,first .openi .n t first
sul a1 notaael A neron R e utioh bR o bR A Rel G o o ¢ e
first insudufabdgf the Sdniichrdiietor s@bsfrhteSdndM ring | ayer connected to the

el ectrode through the first opening; formng, over the first insulating
resin | ayer and terend wirkhg lgyer thagispagraded on thesesped inswatingesindaveeandis| ayer ;
formng a ; i .Qﬂh. froma position of the
first ope(h%?lﬁg&ighntggﬁ%?&g‘éﬁn@ﬂa%?%Jtlrh{é su?%%%‘g&gégntl @ sem conductor substrate,
a position of tWhieereisdwordommipeiringdayeocongspponah nduttmnalqnasit,tanda sah of he fir st

TN Gt B L okt e Ll RGN o B e LB ST refin 00N
layer is not less than 5 pm and not more than 60 um, and
wherein a value obtained by dividing a thickness of the first wiring layer by a

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

5. A method for manufacturing a semiconductor device, comprising the steps of:

forming a passivation film which is provided above a surface of a
semiconductor substrate having an electrode formed above the surface thereof, and has
an opening defined at a position corresponding to the electrode;

forming a first insulating resin layer so that the passivation film and the
electrode are covered with the first insulating resin layer;

defining a first opening in the first insulating resin layer such that the electrode
is exposed;

forming, on the first insulating resin layer, a first wiring layer connected to the
electrode through the first opening;

forming, over the first insulating resin layer and the first wiring layer, a second
insulating resin layer;

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



connected to the first wiring | ayer through the second opening and functions
as an induction elenment, wherein a sumof a thickness of the first
.insulating resin layer and a thickness of the second insulating resin |ayer
is not less than 5 gmand not nore than 60 gm and wherein a val ue obtai ned
by dividing a thickness of the first wring |ayer by a thickness of the
second wiring layer is set between 0.37and 0.5. 40 8. A sem conductor

devi ce conprising: a sem conductor substrate which has an integrated circuit

formed on a sukdrafes, oh fﬂﬂ{&é\fndﬁﬂﬁﬂﬁﬁg%s%ﬁaz&gﬁ_sécc@ﬁd"ﬁfﬂ_i ay® (e surface
thereof, a first insulating resin layer that is provided over the

senm conduépiiecied s the dirgt wiging)layersthepugh thetseennd wpenjnglend fiaetians agamposi ti on
correspondi ng;: el ectrode; a wiring layer that is fornmed above the
first ins%}@?tll(?{gﬂ%@@}th | ayer and is connected to the el ectrode through the
first openi ng; wheserothitkneswif dtei firgt inedating Iresyrelay¢rhisihoti lessftiannipsh ander t he fir st

insulating resin layer and the first wri | ayer in the, position
cor_respongf’h[ao’feéhal ik Wﬂ?ﬁé”?i‘% ?szﬁg’e f’gédw t'i“ﬁ%:?fl"g@?“’ﬁé‘n&ési n | ayer
havi ng a ﬂﬂ&@i&@k SIRENSEnd iﬁﬂﬂat%g%@ﬁﬂ'[@eﬂsﬁxbﬂl@ss'tﬁéh% uinhidl noBmbRIthad on t he
second insulating resin |layer and has an induction elenment, wherein the

second wi OP#§-1 ayer 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
greater than a line width of the second wring |layer that constructs the
i nduct i on6el en#h¢ method Thramserfactorimgusenondietirceviae aarndlingta daiml i m 8, wherein

t he i nducti on.eg erﬁ%sr%tinsula%ngaresspl ral .C%In!n.ed 10. A sen conductor device

conpri si né&{herem he n layer is using a spin coating method, a printing

method, or a lamination method.

7. A method for manufacturing a semiconductor device, comprising the steps of:

forming a first insulating resin layer over a semiconductor substrate having an
electrode provided thereabove;

defining a first opening in the first insulating resin layer such that the electrode
is exposed;

forming, on the first insulating resin layer, a first wiring layer connected to the
electrode through the first opening;

forming, over the first insulating resin layer and the first wiring layer, a second
insulating resin layer;

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
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 pm and not more than 60 pm, and

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.



a sem conduct or substrate having an el ectrode fornmed above a surface
‘thereof; a first insulating resin layer that is provided over the

. sem conduct or 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 aﬁnnected to the el ectrode through the
first opening; a second insulating resin |layer that is fornmed over the first
insulating resin layer and the first wiring layer in the position
corresponding to the first wiring |layer, the second insulating resin |ayer
havi ng a second opening; and 41 a second wiring layer that is formed on the
second i ndul at iAnggiedidhctongeticeompniaing: an i nducti on el enent, wherein the

second wiring la%Xﬁfcoh%mcf&@ﬂgﬁlta‘?e%ﬁigh B&eanf'{l{e]:élla*;e\ﬁjcﬁ]ljc&g féﬂ%& Em\c{!sx?rfﬁe junction
provi ded in the 'second opening, and a Wi d of the junctron i s equal to or
gr eat er t hthereef and ae eletttibde fofmédubosethendrfaceithidrasf; | ayer that constructs the

i nduction el emer}t, .aﬁrjl‘lﬁi wherein a Li r.st contact pad and a second contact pad
are provided t & HHdnatog respp Ep'f{gt fta3providp OYEHéIP"s@BB?R]’thPF Sﬁ'gﬁfaé‘iler,
respecti Vel had N'frst eptaingQikfinéd APOsHBE cHRéspBRiing ané blestodeont act pad of the

first wiring layer, and the second contact pad of the second wiring |ayer,
and a dif f er en@évipag \eventhat ipifermed aboyfe the firsbmselaidngresin layseand isst contact pad

of the fi rc%hnecy‘;dﬁ&ﬁﬁoéﬁ%'rﬁéeﬁ’%ﬁmﬁe ﬁﬁf@%ﬂinﬁ?n} act pad of the second wring

| ayer and a w J urctr on s 30 mor less. 11. The
sem conduct or deetond issntaing iresin lagerchaiinfoifed ovwee thes first inuldtingstsichgeéract pad

ubst ant | GPRge GRreaPEtBERimBE Pein TAIORAS Diedie W0k RSeh e or more’
si des. 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 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 greater than a line width of the second

wiring layer that constructs the induction element.

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

is a spiral coil.

10. 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 semiconductor substrate
and has a first opening defined at a position corresponding to the electrode;

a wiring layer that is formed above the first insulating resin layer and is
connected to the electrode through the first opening;

a second insulating resin layer that is formed over the first insulating resin 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



4]

a second wiring layer that is formed on the second insulating resin layer and has
an induction element,

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 greater than a line width of the second
wiring layer that constructs the induction element, and

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

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 um or less.

11.  The semiconductor device according to claim 10, wherein the first contact pad
and the second contact pad have one of a substantially rectangular shape, a substantially

circular shape, and a polygonal shape having five or more sides.





