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-1 "~ e 1112222222 P00 EE e 22222 tiil till TITLE OF THE | NVENTI ON
*159159* SEM CONDUCTOR DEVICE LELLEEEEETEErrerrerr~rrerrerrerrrenrnrld
BACKGROUND OF THE | NVENTI ON *000 02* u The present invention relates to a

sem conductor 5 device having a CSP (Chip Size Package) structure, a
manuf acturing nethod therefor, and an el ectronic device having the
sem conduct or devi ce. Sem conductor devices having a CSP structure in

g
whi ch chip and package sizes are al nbst equal to each 10 oth mwmm,mmmmmm
recently known and used to increase a nounting density on a c .
An exanple of this structure igIshewor PHEl GNVERTIBNG 16 is a =aswbi onal

vi ew show ng a sem conduct or device 20. The sem conductor device 20 has a
so-cal | ed waf esEM@CONDGBPORS DEMICE ur e obt ai ned by dicing, i nﬂlmwmmmﬂﬂmmmmn
waf er havi ng under gone package processing including a prote ]
formati on step, a conducti ve BEJKGROUND raf iTHE SEINYENBI@bst f or mat r@most ep,
and a resin encapsul ation step. 20 The sem conductor devices 20 are forned
froma wafer. The Sinef e seeitr duiversurdrace lsitde tof aa seeimauhitor
substrate 1 bearing a circuit element or elenents has a plurality of
connecti Bn paddeyiggdbavios aaCeh AGhid Sdtzeodeskaga)hstinuatun® passi vati on
film25 (insulating filn) 3 nmade of silicon oxide, silicon nitride, or the
like is fornmedM8Rruzagstuging geddosgk thggefor, and an electronic device

having the semiconductor device.
Semiconductor devices having a CSP structure in
which chip and package sizes are almost equal to each

10 other are recently known and used to increase a
mounting density on a circuit board. An example of
this structure is shown in FIG. 16. FIG. 16 is a
sectional view showing a semiconductor device 20. The
semiconductor device 20 has a so-called wafer level CSP

15  structure obtained by dicing, into chips, a wafer
having undergone package processing including a
protective film formation step, a conductive layer
formation step, a post formation step, and a resin
encapsulation step.

20 The semiconductor devices 20 are formed from a
wafer. The surface (circuit surface side) of a
semiconductor substrate 1 bearing a circuit element or
elements has a plurality of connection pads 2 made from
aluminum electrodes or the like. A passivation film

25 (insulating film) 3 made of silicon oxide, silicon
nitride, or the like is formed on a circuit side of the

semiconductor substrate 1 including the upper surfaces



semi conductor substrate 1 including the upper surfaces 2 of the connection
pads 2 so as to expose the center of each connection pad 2. A protective
film4 with openings so as to expose the center of each connection pad 2
is formed on the 5 upper surface of the passivation film3. The protective
film4 is fornmed by, e.g., applying a polyimde-based resin to the entire
circuit surface side of the wafer 1, curiag the resin, performng resist
patterning and protective filmpatterning with 10 an etching solution, and
removing the resist. Conductive layers 5 electrically connected to the
connection padsf2theecbanaedion bhesprolectkisveof elxpobe froreme@dntert e above
manner. Posts 6 made from columar electrodes are forned at predeterm ned
portions on theath condective bageR.5. An oxide filmon a distal end face
6a of each post 6 which has been naturally formed is renoved and subjected
to netallization préceseitegtiyeh fiden dowddah mpemtingg stheagpdst ekpaseaused to
connect a termnal on a circuit board (not shown). The height of 20 the
post 6 is at |thetcsoter afdergpi canngciiiont PA002 tie FHROMGH orhd&hgost 6 is
formed into a straight shape to absorb a stress generated by the

di fferenee in UPREErNERréEREENSILoleoPREisd VAl obetfiedn 3t-he T&€m conduct or
substrate 1 and the circuit board. 25 An encapsulating film7 nade of a
resin such as PpBF§FRidE &f 1Bpdxy si SorBeRe®Yon ot Re e APPLY 186 face si de

polyimide-based resin to the entire circuit surface
side of the wafer 1, curing the resin, performing
resist patterning and protective film patterning with
10 an etching solution, and removing the resist.
Conductive layers 5 electrically connected to the
connection pads 2 are formed on the protective film 4
formed in the above manner. Posts 6 made from columnar
electrodes are formed at predetermined portions on the
15 conductive layer 5. An oxide film on a distal end face
6a of each post 6 which has been naturally formed is
removed and subjected to metallization processing such
as solder printing. The post 6 is used to connect a
terminal on a circuit board (not shown). The height of
20 the post 6 is at least 50 um, and typically about 100
to 150 um. The post 6 is formed into a straight shape
to absorb a stress generated by the difference in
thermal expansion coefficient between the semiconductor
substrate 1 and the circuit board.
25 An encapsulating film 7 made of a resin such as
polyimide or epoxy 1s formed on the entire surface side

of the semiconductor substrate 1 between the posts 6.



of the sem conductor substrate 1 between the posts 6. 3 A filter circuit
and antenna el enent forned from passive elenents are required to inplenent
an RF radio circuit nodule such as a Bluetooth nodule or GPS receiving
nodul e by using the sem conductor device 20 5 with the above-descri bed

waf er | evel CSP structure. These passive elenents cannot be conventionally
nounted inside a chip, and are arranged dutside the chip as discrete
conponents. This makes it difficult to further mcronize the nodule. 10 In
such an RF circuit nodule, the wiring length between conponents influences

frequency characteni $ih¢gr 31¢chd tdiahld Gitlenn@ it SHMIKD-£roli1®
frequency characteristics are, therefore, difficult to inprove further. 15

BRI EF SUMVARY Ehsitigel BVENZHEN The pegtgted RvenhiplRmdas amh &ivaiace

capable of nounting, on a chip, passive elenents such as an antenna
el ement and capaettivemedaensueh aspassilvetooithcmodufier med dersom t hem and

m croni zing the nodule in 20 a sem conduct or device which is obtained by
cutting a wafeecehtvvdénghmpsuaderdblyassanGSPhset seaticoaductwh clevdltep 20and
package sizes are alnbst equal. The present invention can provide a
mount i ngbstrucwiktb sbet abbwet-descanbedewtifem develi CSPhatimgtaire.
sem conduct or device in 25 which an antenna elenent is nounted on a chip.
To achi eve t heThbseeradsaneage emanseniceongdticber conventionally mounted
inside a chip, and are arranged outside the chip as
discrete components. This makes it difficult to
further micronize the module.

10 In such an RF circuit module, the wiring length
between components influences frequency
characteristics, and is difficult to further shorten.
The frequency characteristics are, therefore, difficult
to improve further.

15 BRIEF SUMMARY OF THE INVENTION

The present invention has an advantage capable of
mounting, on a chip, passive elements such as an
antenna element and capacitive element or a passive
circuit formed from them and micronizing the module in

20 a semiconductor device which is obtained by cutting a
wafer into chips and has a CSP structure in which chip
and package sizes are almost equal. The present
invention can provide a mounting structure suitable for
an electronic device having a semiconductor device in

25 which an antenna element is mounted on a chip.

To achieve the above advantage, a semiconductor

device according to the present invention comprises a



"devi te according to the present invention conprises a - 4 first columar

el ectrode which is electrically connected to at | east one first connection
pad anong a plurality of connection pads on a sem conductor substrate on
which a circuit element formng region and 5 the plurality of connection
pads are forned, at |east one first conductive |ayer which is connected to
at |east one second connection pad, arm erfcapsulating film which is forned
at least around the first columar electrode and on the first conductive

| ayer on the 10 sem conductor substrate, and at |east one second

conductive | ayetirsbi eblumnker sedcerotibewbieapsdl allierg rifdalimyso as to face
the first conductive layer. The facing first and second conductive | ayers
can format | eaaheohedpassitelebenephe €igst aoaapatiibnyeael amenly al5 The
sem conductor device further conprises a second columar el ectrode which
is electricall plovahétyedft gonnketsenopddsorneet isemipatdaedors connected to
the second conductive layer, and a third columar electrode which is

el ectrical ly cenhetratet onavhichse eaegcuhitr ¢120cosndecmiioy Fagiand ang
connected to the second_  conductive |layer. By using the second _connection
pad as 2 grouhBepRdUEAALEHeOfhFPANEERALSE PARSpAdCas oFmeroeditndopad, an
antenna elenent, e.g., an inverted _F-shaped antenna can be forned as a
passi ve eIenenPnezngﬁE §8ﬁ98656¥6téPY&évWEéCPuﬂ?h@Pn€§ﬁ§Pﬁsé§ &%lurality

of passive ele and a third conductive |.ayer which
P fgas% one second connectgon pad, yan encapsulatlng film

which is formed at least around the first columnar
electrode and on the first conductive layer on the

10 semiconductor substrate, and at least one second
conductive layer which is formed on the encapsulating
film so as to face the first conductive layer. The
facing first and second conductive layers can form at
least one passive element, e.g., a capacitive element.

15 The semiconductor device further comprises a second
columnar electrode which is electrically connected to
the second connection pad and is connected to the
second conductive layer, and a third columnar electrode
which is electrically connected to at least one third

20 connection pad and is connected to the second
conductive layer. By using the second connection pad
as a ground pad and the third connection pad as a
feeding pad, an antenna element, e.g., an inverted
F-shaped antenna can be formed as a passive element.

25 The semiconductor device further comprises a plurality
of passive elements, and a third conductive layer which

is connected between the passive elements and has a



'i s connected between the passive el ements and has a - 5 thin-film passive
el enent. The passive elenents and thin-film passive elenent can forma
passive circuit, e.g., a filter circuit. A passive elenent or circuit can
be formed on the 5 circuit elenent form ng region of the sem conduct or
substrate and connected to the circuit element of the sem conductor
substrate. A nmodul e constituted using thixs seniconductor device can be

m croni zed. In an el ectronic device conprising a sem conductor 10
substrate on which an antenna elenment is fornmed in the above way, and a

W ring board oRhwhi-€h1ihpasSaRieC @NeRing!. daWeC alss iRRURIIRGheith arjdl Urality
of wring patterns are fornmed, no wiring pattern is forned in a region of
the wiring boattlihhdtlhapesstive sdenrttlTacofduat iav@asayiere afidtdet,

sem conductor device, or the region is an opening. This structure can
suppress degradati,on ifnlietreciacpdrtf.or mance, obtaining a high radiation
efficiency of radio waves. To achi eve the above advantage, according to a
20 semi conductor deW P&@s®eiVef #dtmentg aretticEwit e hsr dsamed mreriion, an
insulating filmis formed in each chip formation region of a senlconductor
waf er  sBbst r aférRikEngleamentr dormingf TeGiiETf OfnmEhicosamegmdictaach havi ng
acircuit element formng region and a 25 plurality of connection pads.
Then, a first &yPgkKatce éP@cFP@@@qt@delt@cttﬁecéillrfué&nmtt ®fattheast one

semiconductor substrate. A module constituted using
this semiconductor device can be micronized.
In an electronic device comprising a semiconductor
10 substrate on which an antenna element is formed in the
above way, and a wiring board on which the
semiconductor device is mounted and a plurality of
wiring patterns are formed, no wiring pattern is formed
in a region of the wiring board that faces the second
15 conductive layer of the semiconductor device, or the
region is an opening. This structure can suppress
degradation in antenna performance, obtaining a high
radiation efficiency of radio waves.
To achieve the above advantage, according to a
20 semiconductor device manufacturing method of the
present invention, an insulating film is formed in each
chip formation region of a semiconductor wafer
substrate having a plurality of chip formation regions
each having a circuit element forming region and a
25 plurality of connection pads. Then, a first columnar
electrode is electrically connected to at least one

first connection pad in each chip formation region, and




'first connection pad in each chip formation region, and 6 a first
conductive layer is forned on the insulating filmso as to be connected to
at | east one second connection pad. After an encapsulating filmis forned
on the insulating filmand first conductive layer, at 5 | east one second
conductive layer facing the first conductive layer is fornmed on the
encapsulating filmin the chip formation @egi on. A passive el ement such as
an antenna el enent or capacitive elenent, or a passive circuit such as a
filter circuit is formed on the 10 circuit elenment form ng region.

Thereafter, the fsestCenddeteiveallayesulist falrtelds odi ea@ iifistillheng
respective chip formation regions. This nethod allows simnmultaneously
formng a plufalint goohssen bendother teel itoeatede sitavineg secbndpassi ve

el ement or circuit on a circuit element formng region. BRI EF DESCRI PTI ON
OF THE SEVERALcYhE®StOBnTHEIDRAMENEr BnGentapsud aseatyi dridim iiseWogtred ng a
structure of a sem conductor device according to a first enbodi nent 20 of
t he present inventheninpuGatings falpl amdyvifdwsshenindgcd ivier dlayexanplte of a
structure on a_surface side of the sem conductor device according to the
first enbodi neAtast PRE prEsart copdastilye, laysrrfecing $he fligstvi ew

showi ng a second exanple of the structure on the surface side of the
sem conduct or conductive layer 1s formed on the encapsulating film in

the chip formation region. A passive element such as
an antenna element or capacitive element, or a passive
circuit such as a filter circuit is formed on the

10 circuit element forming region. Thereafter, the
semiconductor wafer substrate is diced into the
respective chip formation regions.

This method allows simultaneously forming a
plurality of semiconductor devices each having a

15 passive element or circuit on a circuit element forming
region.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a sectional view showing a structure of
a semiconductor device according to a first embodiment

20 of the present invention;

FIG. 2 is a plan view showing a first example of a
structure on a surface side of the semiconductor device
according to the first embhodiment of the present
invention;

25 FIG. 3 is a plan view showing a second example of
the structure on the surface side of the semiconductor

device according to the first embodiment of the present



devi ce according to the first enbodi nent of the present 7 - invention;
FIGS. 4 to 9 are sectional views for explaining mnufacturing steps
according to the first enbodinent of the present invention; 5 FIG 10 is a
sectional view showing a first exanple of the nounting structure of the
sem conductor device onto a wiring board according to the first

enbodi ment of the present invention; FI'G M1 4s a sectional view show ng a
second 10 exanple of the nounting structure of the sem conductor device
onto the wiring board according to the first enbodi nent of the present

i nvention; FlGin¥2nitsoa;sectional view show ng another structure of the
sem conduct or device according to the 15 first enbodi nent of the present
invention; FIG 13AHISSa dedio Gnalrevisawetsifoos Ing izewst riiot wsplaifning

sem conduct or device according to a second enbodinment of the present

i nvention; Fl Gnah8Bacsuaingctsitepsl aricowdsimgwitiog thendiintstngmi@ ifvemh of t he
sem conduct or device onto a wiring board according to the second

embodi nent of PlietpeepEssentniaveindidonkl G 13C is a plan view showing a
connection exanple of a passive elenent fornmed by the second 25

enbodi meAt of the pfd&enttl dver is@ebiPnaHe Wvhtshayimg m sHowt in FIG 13B;

example of the mounting structure of the semiconductor
device onto a wiring board according to the first
embodiment of the present invention;

FIG. 11 is a sectional view showing a second

10 example of the mounting structure of the semiconductor
device onto the wiring board according to the first
embodiment of the present invention;

FIG. 12 is a sectional view showing another
structure of the semiconductor device according to the

15 first embodiment of the present invention;

FIG. 13A is a sectional view showing a structure
of a semiconductor device according to a second
embodiment of the present invention;

FIG. 13B is a sectional view showing a mounting

20 form of the semiconductor device onto a wiring board
according to the second embodiment of the present
invention;

FIG. 13C is a plan view showing a connection
example of a passive element formed by the second

25 embodiment of the present invention in the mounting
form shown in FIG. 13B;

FIG. 14 is a sectional view showing another



'FIG "14 is a sectional view showing another - 8 structure of the

sem conduct or device according to the second enbodi nent

of the present

invention; FIG 15A is a sectional view showing a nounting formof a
nodi fication of the sem conductor device onto 5 a wiring board according

to the second enbodi rent of the present invention; FIG

15B is a plan view

showi ng a surface side of the sen conductfor device in FIG 15A; FIG 15C
is a plan view showing a structure of a 10 passive circuit fornmed by the
nodi fication shown in FIG 15A; and FIG 16 is a sectional view show ng a

structure of gteqR¥aRki efaknseRemeBdUERE ote &8 RAKICRS raliERP toStthect ur e.

15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON A sem conduct or

devi ce and

manuf act uri ng setbad embetementaetottienpriceprefiareadiempodi ments will be

described in detail below with reference to the severa

views of the

acconpanyi ng drawi n§$G.205&Fiissta Esoddionzit ¥ ilewGshbwinaa asecturdnialg vi ew
showi ng a structure of a sem conductor device 200 according to the first
enbodi ment of €hempp&senmodnfenaicdon BIEGEhe? sand cdnauet oyl alewicewsngioow ng

di fferent exanples of the surface 25 (circuit surface side! of the

sem cond®ct or devitangobocatdoacrwhirding ol d4be saidong i

to
the present invention;

.dfn FIGS. 1

FIG. 15B is a plan view showing a surface side of

the semiconductor device in FIG. 15A;

FIG. 15C is a plan view showing a structure of a

10 passive circuit formed by the modification shown in

FIG. 15A; and

FIG. 16 is a sectional view showing a structure of

a conventional semiconductor device having a CSP

structure.

15 DETAILED DESCRIPTION OF THE INVENTION

A semiconductor device and manufacturing method

therefor according to preferred embodiments will be

described in detail below with reference to the several

views of the accompanying drawings.

20 <First Embodiment>

FIG. 1 is a sectional view showing a structure of

a semiconductor device 200 according to the first

embodiment of the present invention. FIGS.

2 and 3 are

plan views showing different examples of the surface

25 (circuit surface side) of the semiconductor device 200

from which a solder ball B is removed. In FIGS. 1 to

3, the same reference numerals as in the prior art



'3, the same reference nunmerals as in the prior art - 9 shown in FIG 16
denote the sane parts, and a description thereof will be properly omtted.
Simlar to the conventional sem conductor device 20 shown in FIG 16, the
sem conductor device 200 shown 5 in FIGS. 1, 2, and 3 conprises a
plurality of connection pads 2 fornmed on the surface of a sem conductor
substrate 1 bearing a circuit elenment or %®lements formed in an integrated
manner within the circuit element form ng region DA, a passivation film3
10 which is made of silicon oxide, silicon nitride, or the 1like and forned

on the surfacesBbwhhens@ricCondueledbtes thst A bas@ s3S 4nQt @xpose the center
of each connection pad 2, and a protective film4 fornmed on the upper

surface of thedpassipatioanthelrsod. wil 1Sbe paoped iiyhendateent i onal

sem conductor device 20, the sem conductor device 200 according to the
first enbodi ment céipdilses teodec tdone dreyienms 15 semnictorahe-t dordeedicn t he
protective film4 and electrically connected to the connection pads 2
(first connect 2énshowpads) FI&nd 1posthes seovimectdwe tiore deonidec t400e dhaper 5.
The sem conductor device 200 further conprises, of the connection pads 2,
at | eastSone gibuBdGPadl2A2(sesdnd covprdseisor paddiraddriestfed to ground
potential, and at |east one feeding pad 2B (third connection pad) which 25
i s connected t6CRNBFEdETePRPSed &CrREt oandheesdinfesea ofpdedet er m ned

power. The sem conductor device 200 ) , ,
semiconductor substrate 1 bearing a circuit element or

elements formed in an integrated manner within the
circuit element forming region DA, a passivation film 3

10 which is made of silicon oxide, silicon nitride, or the
like and formed on the surface of the semiconductor
substrate 1 so as to expose the center of each
connection pad 2, and a protective film 4 formed on the
upper surface of the passivation film 3.

15 Similar to the conventional semiconductor device
20, the semiconductor device 200 according to the first
embodiment comprises conductive layers 5 which are
formed on the protective film 4 and electrically
connected to the connection pads 2 (first connection

20 pads), and posts 6 formed on the conductive layer 5.
The semiconductor device 200 further comprises, of the
connection pads 2, at least one ground pad 2A (second
connection pad) connected to ground potential, and at
least one feeding pad 2B (third connection pad) which

25 is connected to a predetermined circuit and receives a
predetermined power. The semiconductor device 200

further comprises a ground plane GP formed from at



further conprises a ground plane GP formed fromat 10 |east one conductive
| ayer 5-1 (first conductive layer) which is connected to the ground pad 2A
and extends onto the protective film4, and at |east one upper conductive
| ayer 8 (second conductive layer) which is 5 formed on an encapsul ati ng
film?7 and so arranged as to face the conductive |ayer 5-1 through the
part of the film7. The sem conductor—de¥Pce~200 al so has a post 6A
(first columar electrode) which is electrically connected to the ground
pad 2A through the conductive 10 layer 5-1 and is connected to the upper
conductive |ayeas8, oasdcanpasti®B (ageend-qol(fmat ebeciicedel luRiedh is
electrically connected to the feeding pad 2B through the conductive |ayer
5-1 and i s conwkitbdisocohhectpgdetoctheugirouad aper 28 ahbl Axtemasn in FI G
2, the conductive layer 5-1 electrically connected to the ground pad 2A
and the upperonbadtubei peoktageive élidot di cahnky atodrestednto upper gr ound pad
2A and feeding pad 2B are disposed at positions where they face each other
via the 20 encepsdnating Layer78 THecesddgenduetizgedayer)sehied iss the
ground plane GP at the ground potential, and the facing upper conductive
layer 8 3ervesf@asmgdf eBdpRgeNERRELABFANTt Bdd 1Y dr BNAY S&n ArAeEgESsd - $9aped
antenna. The Egds are electricall{ connected to circuit elenments 25 forned
in circuit el ef@fit FBEnFRBIPESLERsLIBKEEN X He thEORITIEOAAGC PG ts Pstthst e.

film 7. The semiconductor device 200 also has a post
6A (first columnar electrode) which is electrically
connected to the ground pad 2A through the conductive

10 layer 5-1 and is connected to the upper conductive
layer 8, and a post 6B (second columnar electrode)
which is electrically connected to the feeding pad 2B
through the conductive layer 5-1 and is connected to
the upper conductive layer 8.

15 As shown in FIG. 2, the conductive layer 5-1
electrically connected to the ground pad 2A and the
upper conductive layer 8 electrically connected to the
ground pad 2A and feeding pad 2B are disposed at
positions where they face each other via the

20 encapsulating film 7. The conductive layer 5-1 serves
as the ground plane GP at the ground potential, and the
facing upper conductive layer 8 serves as a feeding
electrode, thus forming an inverted F-shaped antenna.
The pads are electrically connected to circuit elements

25 formed in circuit element forming regions DA on the
semiconductor substrate.

In the first embodiment, the inverted F-shaped



'I'n the first embodi nent, the inverted F-shaped - 11 antenna is formed as
an antenna el enent. However, the present inventionis not |limted to this,
and various antenna elenents such as an inverted L-shaped antenna, patch
antenna, and microstrip antenna nay be fornmed. 5 One antenna el enent is
formed on the sem conductor substrate 1 in FIGS. 1 and 2, but the present
invention is not limted to this. For-exadple, a plurality of antenna

el enents may be arrayed on one chip to constitute a phased array antenna,
and a desired 10 directional characteristic may be obtai ned.

Al ternatively, aatghugaliist ¥o@heanbennad lne@i=s it . f tordednddeir
directions may be changed to reduce the antenna directivity. FIG 3 shows

an exanpl e of predewitcaniventhiogh ilswpoantldmia el e s3r enfdorvmd duspm a 15
first antenna el enent made up of a conductive layer 5-1 serving as a
ground pl ane CGBnardna kdemegtupperch aenduc tinwe dtaygel-Shbhpeandraeseegnd
antenna el enent nmade up of a conductive |ayer 5-2 serving as the ground
pl ane GP and apf&chngniippar, canduoticoresitayier agt2nnanhal0 beheé cdimeslet | ons  of
these antenna elements are differed by 90. FIGS. 4 to 9 are sectional
views foP expl ai ni n@net rateamaf gdameanty isy dpyrmsd tdre e ssordiwidirctdsyi ce
200 according to the first enbodi ment of the present 25 invention. The
manuf act uri ng SPRFSTRERI lodneXBC&i-ndd and t?h Pettetdige ®res sptcgnvertd ag
is not limited to this. For example, a plurality of
antenna elements may be arrayed on one chip to
constitute a phased array antenna, and a desired
10 directional characteristic may be obtained.
Alternatively, a plurality of antenna elements may be
formed, and their directions may be changed to reduce
the antenna directivity. FIG. 3 shows an example of a
device in which two antenna elements are formed from a
15 first antenna element made up of a conductive layer 5-1
serving as a ground plane GP and a facing upper
conductive layer 8-1, and a second antenna element made
up of a conductive layer 5-2 serving as the ground
plane GP and a facing upper conductive layer 8-2, and
20 the directions of these antenna elements are differed
by 90°.
FIGS. 4 to 9 are sectional views for explaining
the manufacturing steps of the semiconductor device 200
according to the first embodiment of the present
25 invention. The manufacturing steps will be explained

with reference to FIGS. 4 to 9.

In the manufacturing steps according to the first



‘I'n the manufacturi ng steps according to the first - 12 enbodi nent, as
showmn in FIG 4, a passivation film3 nmade of silicon oxide, silicon
nitride, or the like is formed on the upper surfaces of a plurality of
connection pads 2 which are made fromalum num5 el ectrodes or the |ike,
and formed on the surface of a wafer (sem conductor substrate) 1. The
substrate bears a circuit elenent formed®n the circuit el enent form ng
region and has a plurality of chip formation regions. The passivation film
3 is so forned as to expose the 10 center of each connection pad 2. The
plurality of peadbodimehntdeast sheast ionaIg.ound ppachsA wtd @t fidast3 one
feeding pad 2B. Then, a protective film4 with openings each so as to
expose the cenmedeobft lse licomnectiiden mdd iZdrs rfidrmietk o1t hheudpidte sim f ace
of the 15 passivation film3. The protective film4 is formed by, e.g.,
appl yi ng a pol ferngd- baséder eppent sutfacesntaofr @ wdperalsinf ade of the
passivation film3 and the pads 2 on the wafer 1, curing the resin,
performng reSPENeFALOar RRAG Zndhdicdt eédtd wads |fggataleHinvg wi th 20 an
etching solution, and renovi n%gt he resist. Formation of the protective
film4 can adofte&trREeBo@ToftNEpgiikeng byt endded seiare e n
coating, a printing 3Eth0d usi ng a squeegee, or. an _ink-discharge coating
met hod. The pr8REEEI VESFICANIS SIRte SPRS Tt Ui miThed P sH&ete bears
ol yi m de- based resin,, and may he an epoxy-based resin, PBO ,
?be%zoxydol-bageﬁerUEt eqemeﬁ¥ %ormed %n he circuit €lement forming
region and has a plurality of chip formation regions.
The passivation film 3 is so formed as to expose the
10 center of each connection pad 2. The plurality of pads
include at least one ground pad 2A and at least one
feeding pad 2B. Then, a protective film 4 with
openings each so as to expose the center of the
connection pad 2 is formed on the upper surface of the
15 passivation film 3. The protective film 4 is formed
by, e.g., applying a polyimide-based resin to the
entire upper surface of the passivation film 3 and the
pads 2 on the wafer 1, curing the resin, performing
resist patterning and protective film patterning with
20 an etching solution, and removing the resist.

Formation of the protective film 4 can adopt a
method of applying a polyimide-based resin by spin
coating, a printing method using a squeegee, or an
ink-discharge coating method. The protective film

25 material is not limited to the polyimide-based resin,

and may be an epoxy-based resin, PBO (benzoxydol-based

resin) or the like.



‘resin) or the like. 13 As shown in FIG 5, conductive |layers 5 are formed
on portions of the connection pads 2 and feeding pads 2B exposed through

t he openings formed in the protective film4 and passivation film 3.
Conductive 5 layers 5-1 corresponding to ground planes GP are formed on

t he ground pads 2A. The conductive layers 5 and 5-1 are forned as follows.
A UBM (Under Bunp Metal) l|ayer (not shown}3 nmade of copper (Cu), titanium
(Ti), or the like is 10 deposited on the entire surface of the protective
film 4 by sputtering or the like. A photoresist is applied onto the UBM

| ayer, cured, and tRhenspawherinedIky s5phIcldddtagianydrs GOrARS [FYHRRCe
with openings with a predeterm ned shape. The openi ngs fornmed by the
resi st 15 undeogopekedbnhepbdt thg kynueictdonh@ad8M2l ayer fagddngCwadent pat h.
The conductive layers 5 and 5-1 nay be fornmed by electroless plating.
Exanpl es of thgBnekpprball bbedufbr thehependogdudoirmed dyerthear e copper,
al um num and gold 20 which exhibit good conductive characteristics, and an
al l oy of them pastehtwmei HIEMGE endppessigatdan £Adm6B .ar €ohoueed vef r om
col umar _el ectrodes at Eredeternineq portions on the conductive |layers 5
and 5-1.925 ThéapesEsoadeCPsrarEROPGiNg. 0, 9xpyng pdanesoSP afrer rerines
photoresist to a thickness of about 100 to

on the ground pads

The conductive layers 5 and 5-1 are formed as
follows. A UBM (Under Bump Metal) layer (not shown)
made of copper (Cu), titanium (Ti), or the like is

10 deposited on the entire surface of the protective film
4 by sputtering or the like. A photoresist is applied
onto the UBM layer, cured, and then patterned by
photolithography in correspondence with openings with a
predetermined shape. The openings formed by the resist

15 undergo electroplating by using the UBM layer as a
current path.

The conductive layers 5 and 5-1 may be formed by
electroless plating. Examples of the material used for
these conductive layers are copper, aluminum, and gold

20 which exhibit good conductive characteristics, and an
alloy of them.

As shown in FIG. 6, posts 6, 6A, and 6B are formed
from columnar electrodes at predetermined portions on
the conductive layers 5 and 5-1.

25 The posts are formed by, e.g., applying a post

formation photoresist to a thickness of about 100 to

150 um, curing the photoresist, forming openings which



150 um curing the photoresist, formng openings which 14 expose
predeterm ned portions of the conductive layers 5 and 5-1, and perform ng
el ectroplating for the interiors of the openings by using the UBM | ayer as
a current path. Each post nay be fornmed by electroless 5 plating or a stud
bunmp net hod. Exanples of the post material are copper, solder, gold, and
ni ckel which exhibit good conductive thatécteristics. Wen solder is used
as a post formation material, a spherical electrode can also be 10 forned
by succeeding refl ow processing. Wien the post 6 is forned using solder, a

printing nethodxpaseapsedbeerpimbaypdricioaddolfi @Ret @ohkitcdioee 1a§heds.
After the post 6 is fornmed, an unnecessary portion of the UBM [ayer is
etched away. 15 Asdsheim andFpbé&rfdrmangeptepsubaliandnti fer7the fornmed by,
e.g., nolding the entire surface side of the wafer 1 with a resin such as
pol yi m de or epokgrsorasoftbheovpentihgspbyt ssipgoteet UBY flalyes, aand
conductive layers. The encapsulating film7 is preferably nade of 20 a
resi n containi pgrsepttpathal | Fachepsatemani be forpedeby adechablefsst he
above-described protective film4 in order to ensure reliability which
copes with enRirbhRenPal achhHdebumphaebpded of forming the encapsul ating
film7 may be a printing_nethod, a 25 dipping nmethod, spin coating, or die
coating in additi oh*eBPLRE QbotBenBREtoRSdSHiRdI FFemsORpgr, solder,

gold, and nickel which exhibit good conductive
characteristics. When solder is used as a post
formation material, a spherical electrode can also be

10 formed by succeeding reflow processing. When the post
6 is formed using solder, a printing method can also be
employed in addition to the above methods. After the
post 6 is formed, an unnecessary portion of the UBM
layer is etched away.

15 As shown in FIG. 7, an encapsulating film 7 is
formed by, e.g., molding the entire surface side of the
wafer 1 with a resin such as polyimide or epoxy so as
to cover the posts, protective films, and conductive
layers. The encapsulating film 7 is preferably made of

20 a resin containing substantially the same main
component as that of the above-described protective
film 4 in order to ensure reliability which copes with
environmental changes. The method of forming the
encapsulating film 7 may be a printing method, a

25 dipping method, spin coating, or die coating in
addition to the above-mentioned molding method.

After the encapsulating film 7 is formed, the



‘After the encapsulating film7 is forned, the 15 upper surface of the
encapsulating film7 is cut and polished to expose end faces 6a of the
posts 6, 6A, and 6B, and oxide filnms on the upper surfaces of the parts
are renoved, as showmn in FIG 8. 5 A netal foil such as a copper foil is
| am nated by solder printing or the like on the film7, and selectively
et ched, thereby form ng upper conductivVve 15ayérs 8 which are electrically
connected to the post 6A corresponding to the ground pad 2A and the post
6B 10 corresponding to the feeding pad 2B. Alternatively, conductive
pl at es servi ngupsethsunppee obndhet bvieapkayeating faymbe fisxedtwankd a
conductive adhesive to the posts 6A and 6B corresponding to the ground pad
2A and feedi ngopadhe®. téSekponecendafpcesobdepfbahlespBsase 6ar Gangeaddon
posts 6 not covered with the upper conductive |layer 8, thus formng
term nal porti®Rs, 288 ekbda fhlEECOnothghapmetesutfpsedi oédthkongrts
predetermned cut lines CL into chip formation regions. As a result, the
20 semi conduct dFedEgmeEegdooapashaynt A8 §LFucBure shown in FIG 1 is
formed. That is, the seniﬁonductor devi ce 200 havi ng the _structure_ shown
e

in FIG 2, i.e., an® RGER goFlsﬁHEQQasaﬁt@ﬁﬁ@eéo§§ﬂ#t&Fe&aﬂ¢n@ﬁ@db?bhnd_
Do G o e LI o250k IRgSORCRLL XS oYl oL 0 P pper conductive
selectively etched, thereby forming upper conductive
layers 8 which are electrically connected to the post
6A corresponding to the ground pad 2A and the post 6B

10 corresponding to the feeding pad 2B. Alternatively,
conductive plates serving as the upper conductive
layers 8 may be fixed with a conductive adhesive to the
posts 6A and 6B corresponding to the ground pad 2A and
feeding pad 2B.

15 If necessary, solder balls B are arranged on posts
6 not covered with the upper conductive layer 8, thus
forming terminal portions, as shown in FIG. 9.

The wafer 1 is diced along predetermined cut lines
CL into chip formation regions. As a result, the

20 semiconductor device 200 having the structure shown in
FIG. 1 is formed.

That i1s, the semiconductor device 200 having the
structure shown in FIG. 1, i.e., an inverted F-shaped
antenna constituted by the ground plane GP formed from

25 the conductive layer 5-1, and the upper conductive

layer 8 formed on the posts 6A and 6B corresponding to

the ground pad 2A and feeding pad 2B so as to be



‘'the ground pad 2A and feeding pad 2B so as to be 16 electrically connected
to the posts 6A and 6B is manufactured. FIGS. 10 and 11 show nounti ng
structures suitable when the sem conductor device 200 with this structure
5 is nmounted on a wiring board bearing a predetermned wring pattern. In
the structure shown in FIG 10, a wiring board 30 bearing a plurality of
wiring patterns is set in an electronirc dévi ee housing 40. The

sem conductor device 10 200 is nounted on the wiring board 30 by being
connected to a predetermined wiring pattern 31 formed on the wiring board

30 via the sol deechallba1Byf ebhBdcead the thesipdshs Bre apen Genductive
| ayer 8 functioning as tKe antenna of the sem conductor device 200 faces

15 the wiring haau#ad@urkfi.a wiring pattern exists in a region 32 facing

t he upper conductive |ayer 8 of the wiring board 30, the radiation
efficiency of radi or#@ges l0adnat éd howheouwnppery candiusthunes |ayierall e
decreases or the radiation 20 pattern is disturbed, degrading the antenna
per f or mance. Tehpnetkrt sehispndacwori dgviatt @00 ws thf duhiied sitmudteineegi on 32
facing the upper conductive layer 8 of the wiring board 30. Accordingly,
the degbadati ds inpuatednpa pewfiyimgnbdbeagan bise rimgpree predie tzxnimeche
structure shown in FIG 11, the region 32 facing the upper conductive

| ayer 8 of theWwriRAgPB&&LEN.

In the structure shown in FIG. 10, a wiring board

30 bearing a plurality of wiring patterns is set in an
electronic device housing 40. The semiconductor device

10 200 is mounted on the wiring board 30 by being
connected to a predetermined wiring pattern 31 formed
on the wiring board 30 via the solder balls B formed on
the posts 6. The upper conductive layer 8 functioning
as the antenna of the semiconductor device 200 faces

15 the wiring board 30.

If a wiring pattern exists in a region 32 facing

the upper conductive layer 8 of the wiring board 30,
the radiation efficiency of radio waves radiated by the
upper conductive layer 8 decreases or the radiation

20 pattern is disturbed, degrading the antenna
performance. To prevent this, no wiring pattern is
formed in the region 32 facing the upper conductive
layer 8 of the wiring board 30. Accordingly, the
degradation in antenna performance can be suppressed.

25 In the structure shown in FIG. 11, the region 32
facing the upper conductive layer 8 of the wiring board

30 is an opening. In this case, almost no member



30 is an opening. In this case, alnost no nember - 17 disturbs radi o waves
radi ated by the upper conductive |layer 8. A decrease in the radiation
efficiency of radio waves and degradation in antenna perfornmance can be

m ni m zed, and good performance can be attained. 5 As described above, the
first enbodi ment constitutes an inverted F-shaped antenna by form ng the
conductive layer 5-1 as the ground plane &, and forming the upper
conductive layer 8 on the posts 6A and 6B electrically connected to the
ground pad 2A and 10 feeding pad 2B. The antenna can be nounted inside a
chip, and a nodilkeusbshradianwvenes whaiddhties GyNIhel wippedr Windidtiive chi p
can be mcronized. Since the antenna is nounted inside the chip, the

wiring |length fLagara8ci r dudecoraske iahithet aratdiatdnnerffici®nean dfe greatly
shortened in conparison with a structure in which the antenna is disposed
out si de the chipdiPewdvesnendodsgtradan iehnedty @dd entmiac peadiositianaeesarhe
antenna can be mnimzed. This contributes to inprovenent in transm ssion
channel characberménindzadd 20dpgeeddesraonrgnogeceor bencd tairedha. In the
above-descri bed enbodi ment, the encapsulating film7 is interposed between
the groudd plane GBSaf@SCHdbgspeboysndids Vd isty @n®dimedttead, as  shown
in FIG 12, a high-dielectric nmenber 11 nay be 25 interposed between the

ground pl ane GpoaﬁﬁlFHEeﬁpBErlnESﬁBGétFVéhPQﬁQ'@@tQWQQJHXSﬂﬂﬁﬂéngaFFE? t he

posts 6, conductive layer 5-1 as the ground plane GP, and

forming the upper conductive layer 8 on the posts 6A
and 6B electrically connected to the ground pad 2A and

10 feeding pad 2B. The antenna can be mounted inside a
chip, and a module with an antenna which is constituted
using this chip can be micronized.

Since the antenna is mounted inside the chip, the
wiring length from a circuit on the chip to the antenna

15 can be greatly shortened in comparison with a structure
in which the antenna is disposed outside the chip.
Feed line loss to an electrode which constitutes the
antenna can be minimized. This contributes to
improvement in transmission channel characteristics and
20 provides a high-performance antenna.

In the above-described embodiment, the
encapsulating film 7 is interposed between the ground
plane GP and the upper conductive layer 8. Instead, as
shown in FIG. 12, a high~dielectric member 11 may be

25 interposed between the ground plane GP and the upper
conductive layer 8. 1In this case, after the posts 6,

6A, and 6B are formed, the dielectric member 11 is



'6A, and 6B are formed, the dielectric member 11 is 18 fixed to the ground
pl ane GP (conductive layer 5-1) wth an adhesive or the |like. Then,
upper conductive layer 8 is laid out through the above-nentioned
encapsul ation step. 5 By interposing the high-dielectric nenber nade
bariumtitaniumor the |ike between the ground pl ane GP and the upper
conductive layer 8, the electrical length 18of -t he antenna el enent can be

adj ust ed.

I n other words,

10 can be changed wi thout changing the pattern size of the upper
conductive | ayféix8d Whenhthegrpeadnateeef GEQUenayucafi vichd agmrirerdad el enent
kept constant, the areas of the ground plane GP and upper conductive |ayer

8 can be

t he

of

t he resonance frequency of the antenna el enent

decreatbdahyadbsenbki ng the hidk-di Ehectr ithenmplperr. 15 <Second

Enbodi ment> FIG 13A is a sectional view showing a sem conductor device

200 accordi ng conghetiweohdyeenBodisndatidobuthéhgoagbntthienventi on.

13A, the
sanme parts,

andbavacBentpened eneppsilaition s&eproperly onitted. The

In FI G
sane reference nunerals as in the first enbodi nent 20 denote the

sem conduct or device 200 according to the secqond enbodi nent conprises a
conductive |ayer 5-BY 6P¢P§P°§éﬁﬁuéﬂev@llgéy@rl)el@€ﬁr¥é& é%f”tt@ra &fer mi ned
25 connection pad,2C (second connecti on pagﬁt and an upper qguctlve

| ayer 12 (secoRBfiBRdhEERPEUMAPEr FRROLAES

10

15

20

25

ween the round ane

and the upper conductive layer 8, the electrical length

of the antenna element can be adjusted. In other

words, the resonance frequency of the antenna element

can be changed without changing the pattern size of the

upper conductive layer 8. When the resonance frequency

of the antenna element is kept constant, the areas of

the ground plane GP and upper conductive layer 8 can be

decreased by assembling the high-dielectric member.
<Second Embodiment>

FIG. 13A is a sectional view showing a
semiconductor device 200 according to the second
embodiment of the present invention. In FIG. 133, the
same reference numerals as in the first embodiment
denote the same parts, and a description thereof will
be properly omitted.

The semiconductor device 200 according to the
second embodiment comprises a conductive layer 5-2

(first conductive layer) connected to a predetermined

connection pad 2C (second connection pad), and an upper

conductive layer 12 (second conductive layer) formed on

an encapsulating film 7. As shown in FIG. 13A, the

is



‘an encapsulating film7. As shown in FIG 13A, the - 19 conductive |ayer
5-2 and upper conductive layer 12 are fornmed at positions where they face
each other via a part of the encapsulating film7. A solder layer B is
formed by netallization processing such as solder 5 printing, on the upper
conductive layer 12. FIG 13B is a sectional view showng a state in which
t he sem conductor device 200 shown in FIG913A is nmounted on a wiring
board 30. In this case, the upper conductive layer 12 is connected to a
pad 33 fornmed on 10 a wiring board 30 via the solder |ayer B . The upper

conductive | aygbnddctedeapsykat bng hhdMippeandoncRRrdUsls YR veayan are forma
capacitive elenent Cp. A post 6 electrlcaFIy connected to a connection pad

2 via a conductbyretayer pbsisicasnebbeed they fatlken@achb opdlererviiadh of the
wiring board 30 via a solder ball B. The capacitive el enent Cp can be
formed bet weenpatheofiadhg@3eanapbalwetingg fhdar @.30 Aasdlidesr dayducB'ves | ayer
5-2 inside the chip, and an equivalent circuit as shown in FIG 13C can be
constituted. | AoEh&l BgCneRBliefzeténcepmoresalin20Gacherst eelaex rcuit part
formed on a sem conductor substrate 1 of the sem conductor device 200 in
advance,5as shpwantangl, Gonl8Ae Thpecapaviduictd veellayent 1@p can be connect ed
to the circuit part 200a. According to the second enbodi nent, the
capacitive 25 el emERE-addBchispacsschd anatle jrigieghoMiary @ mid@fe ithaving a
capacitive elenment is_constituted usin% this , ,
which the semiconductor device 200 shown in FIG. 13A is
mounted on a wiring board 30. 1In this case, the upper
conductive layer 12 is connected to a pad 33 formed on
10 a wiring board 30 via the solder layer B'. The upper
conductive layer 12, encapsulating film 7, and
conductive layer 5-2 form a capacitive element Cp.
A post 6 electrically connected to a connection
pad 2 via a conductive layer 5 is connected to a wiring
15 pattern 31 of the wiring board 30 via a solder ball B.
The capacitive element Cp can be formed between
the pad 33 on the wiring board 30 and the conductive
layer 5-2 inside the chip, and an equivalent circuit as
shown in FIG. 13C can be constituted. In FIG. 13C,
20 reference numeral 200a denotes a circuit part formed on
a semiconductor substrate 1 of the semiconductor device
200 in advance, as shown in FIG. 13A. The capacitive
element Cp can be connected to the circuit part 200a.
According to the second embodiment, the capacitive
25 element and chip can be integrated. When a module

having a capacitive element is constituted using this

chip, the module can be micronized in comparison with a



‘chip, the nodule can be nicronized in conparison with a - 20 conventi onal
structure in which the capacitive elenment 1is arranged outside the chip. In
t he above-descri bed enbodi nent, the encapsulating film7 is interposed
between the part of 5 the upper conductive |ayer 12 and the conductive

| ayer 5-2 to forma capacitive elenent. Instead, as showmn in FIG 14, a
dielectric layer 13 may be interposed ~beZQeen the upper conductive | ayer
12 and the conductive layer 5-2 to forma capacitive elenment Cp. 10 In
this structure, the capacitance of the capacitive elenent is determ ned by

the relative deeh¢ehtienatoBgtaBturkhiekpBseh apd awpacatitie edielepdt ric

| ayer 13 interposed between the upper conductive layer 12 and the
conductive | ayes arPandbd uvaesobieathb bhdp-rel ative-diel ectric-constant
dielectric can increase the capacitance value w thout changing the areas
of the upper conducfinv&hkeapbove2dasdribeduembodimeatar the2. When t he

capaci tance value is kept constant, the area of each conductive | ayer can
be 20 decreaseeéncheuhpghngefalmyé- dselinterposednbesmeenditdiee paritc ofat eri al
which forms the dielectric layer 13 is a high-dielectric material such as
bari um t$t ani ukheorrpPant ePOARELLHAI LAverl &8 andathe £ooduiedwve dddiem cation
of the second _25 enbodinent. FIG 15A is a sectional view show ng the

seni conduct or 88¥i E@ 506Mof ERBARDBELVRCSLEBRNANd 4nstead, as shown in

FIG. 14, a dielectric layer 13 may be interposed
between the upper conductive layer 12 and the
conductive layer 5-2 to form a capacitive element Cp.
10 In this structure, the capacitance of the capacitive
element is determined by the relative dielectric
constant, thickness, and area of the dielectric layer
13 interposed between the upper conductive layer 12
and the conductive layer 5-2. The use of a
15 high-relative-dielectric-constant dielectric can
increase the capacitance value without changing the
areas of the upper conductive layer 12 and conductive
layer 5-2. When the capacitance value is kept
constant, the area of each conductive layer can be
20 decreased. The high-relative-dielectric-constant
dielectric material which forms the dielectric layer 13
is a high-dielectric material such as barium titanium
or tantalum titanium.
FIGS. 15A to 15C show a modification of the second
25 embodiment. FIG. 15A is a sectional view showing the
semiconductor device 200 of the modification and a

state in which the semiconductor device 200 is mounted



'state in which the seniconductor device 200 is nounted - 21 on the wiring
board 30. FIG 15B is a plan view showi ng the surface of the sem conductor
device 200 fromwhich the encapsulating film7 is omtted. As shown in
FIG 15A, the nodification conprises a 5 connection pad 2D (second
connection pad) electrically connected to conductive layers 5-3 and 10
(first conductive layer). Further, the nddification conprises upper
conductive layers 12-1 and 12-2 (second conductive layer) forned at
positions where they face 10 the conductive layers 5-3 and 10 t hought
dielectric |agarshé3wihingl boaad elect rade @ 5Bs ifsolanpd a@n wikay conducti ve

| ayer 10, and a solder ball Bis forned on the columar electrode 6. The
col umar el ect shdeifigi $hel eatrifiacal by thecesemdcoedudtart ieviaede0bal | B to
a pad 36 forned on the wiring board 30. Solder layers B are forned on

t he upper cond@coinvehliahetbel2ntapsdla2ingbyilmetfialils oatiitadredpr ocessi ng such
as solder printing. The upper conductive |layers 12-1 and 12-2 are
connected via 20 théssehgen liaydls.Bl5% pdegs mesliffgaadd an admwomiiss @
board 30. Wth this arrangenent, two capacitive elenents G and C2

i denticaP in sFPO@?GﬁéoésPﬁﬁe2@a¢§@ﬁPP¢eC@P@ﬁ@ﬁﬂonCW%ﬂ%aQLﬁﬂ&Qﬁqakﬂxl
formed between the upper conductive 25 layer 12-1 and the conductive |ayer
5-3 and betmeeﬁoﬂﬁécﬁﬁﬁeFOCGHBQEPFQEeIé?§ﬁrf2523aﬁﬂm¥ﬁé)déﬁdﬁﬂ%lve

conductive layer). Further, the modification comprises
upper conductive layers 12-1 and 12-2 (second
conductive layer) formed at positions where they face

10 the conductive layers 5-3 and 10 thought dielectric
layers 13.

A columnar electrode 6 is formed on the conductive
layer 10, and a solder ball B is formed on the columnar
electrode 6. The columnar electrode 6 is electrically

15 connected via the solder ball B to a pad 36 formed on
the wiring board 30. Solder layers B' are formed on
the upper conductive layers 12-1 and 12-2 by
metallization processing such as solder printing. The
upper conductive layers 12-1 and 12-2 are connected via

20 the solder layers B' to pads 35 formed on the wiring
board 30.

With this arrangement, two capacitive elements Cl1
and C2 identical in structure as the capacitive element
Cp are respectively formed between the upper conductive

25 layer 12-1 and the conductive layer 5-3 and between
the upper conductive layer 12-2 and the conductive

layer 10.



'l ayer 10. 22 As shown in FIG 15B, the conductive layer 10 is patterned
into a square coil shape to forman inductive elenent L. Various passive
circuits can be constituted by 5 conbining the capacitive elenments O and
C2 and the inductive elenent L. For exanple, a n |lowpass filter shown in
FIG 15C can be formed and connected to the circuit part 200a forned on
the sem conductor substrate 1. A filter €frcuit forned froma passive

el enent can 10 be nmounted inside the chip, and a nodule with a filter
circuit which is constituted using this chip can be mcronized. In this

nodi fication, the finlst @hdin G tFTics 19| ementehdyed woniyat 1100 of two
capacitive elenents 15 and one inductive elenent. The present invention is
not limted topkhiternadd iviab ausqRase \w@idi stiapkes tayf o dire agpnsiduatiiad by
conbining pluralities of capacitive elenents, inductive elenents, and
conducti ve | ayelsmeRtr Thernore, the present invention is not limted 20 to
the capacitive el enment and inductive element, and conductive |ayers forned
on the sem conduct oVasilestsr @ s iVenmyi rfasrirhsy ardirodps tdvinstfitutied i t
el ements such as a resistor, thin-filmtransformer, thin-filmSAW (Surface
Acoust i cO\Wave) cPmbiaingnitdeosepiegiltiiye, edements W @ndver @l &hbnol it hi ¢
Integrated Crcuit). Alternatively, these conponents nay be conbined to
inductive element L. For example, a ©n low-pass filter
shown in FIG. 15C can be formed and connected to the
circuit part 200a formed on the semiconductor substrate
1. A filter circuit formed from a passive element can
10 be mounted inside the chip, and a module with a filter
circuit which is constituted using this chip can be
micronized.
In this modification, the filter circuit is
implemented by a combination of two capacitive elements
15 and one inductive element. The present invention is
not limited to this, and various passive circuits may
be constituted by combining pluralities of capacitive
elements, inductive elements, and conductive layers.
Furthermore, the present invention is not limited
20 to the capacitive element and inductive element, and
conductive layers formed on the semiconductor substrate
1 may form various thin-film circuit elements such as
a resistor, thin-film transformer, thin-film SAW
(Surface Acoustic Wave) filter, microstrip line, and
25 MMIC (Microwave Monolithic Integrated Circuit).

Alternatively, these components may be combined to

constitute various passive circuits.



‘constitute various passive circuits. - 23 In this case, various passive
circuits can be nounted inside the chip, and the nodul e constituted using
this chip can be mcronized. Conpared to a conventional structure in which
t hese passive circuits 5 are arranged outside the chip, the wiring | ength
froma circuit on the chip to each passive circuit can be greatly
shortened. Antenna | oss can be suppressed28o -i nprove frequency
characteristics particularly in an RF circuit. 24 - WHAT IS CLAIMED IS: 1.
A sem conduct or device conprising: a sem conductor substrate on which a
circuit elenment fomm ke ilePad,artrd dsURlddiyeofcicinias ih bepads
including at | east one first connection pad and at | east one second
connecti on padmauattdr ied;de thestchdel, uamar téleeaiodude windt itaitfear med on
the first connection pad so as to be electrically connected to the first
connecti on padpsifigathlisashipneahi bet miordndtziede | @pmpadeidchta 2 fornmed on
the second connection pad so as to be electrically connected to the second
connecti on padcoanesndapadl stiragtiireminhiwhhchs thesee asts ilveasti rcaridind t he
first columar electrode, on the 15 sem conductor substrate and on the
first coBducti @&e pyyapged outside the chip, the wiring length from a

circuit on the chip to each passive circuit can be
greatly shortened. Antenna loss can be suppressed to
improve frequency characteristics particularly in an RF

circuit.



‘a sec¢ond conductive layer which is formed on the encapsulating filmso as
to face the first conductive |layer; and 20 at | east one passive el enent
which is formed from the first and second conductive | ayers. 2. A device
according to claiml1l, wherein the plurality of connection pads include at
| east one third connection pad, and 25 which further conprises a second
columar el ectrode which is electrically2éonnected to the second
connection pad and is connected to the second 25 - conductive layer, and a
third columar electrode which is electrically connected to"-tt-i& -tiiird
connection pad and is connected wHat hes sagomMkorglucti ve layer. 5 3. A
devi ce according to claim 2, wherein the second connection pad constitutes
a ground pad, the third cemechdurtoad deonsdd tasmgse iss ifrepdi Nng  pad, and 10
t he passive elenent includes an antenna elenent. 4. A device according to
claim 3, wherein the samicondudteresubstolaigdeomwhimrera edi fewsitaped
antenna. 5. A device according to claiml, wherein the passive el enent
i ncl udes a capaéemeng &bgming, reysoandnghiacpliuwmatlidy cdnmangestion t he
second conductive

pads including at least one first connection pad and at

least one second connection pad are formed;

a first columnar electrode which is formed on the
first connection pad so as to be electrically connected
to the first connection pad;

10 at least one first conductive layer which is
formed on the second connection pad so as to be
electrically connected to the second connection pad;

an encapsulating film which is formed at least
around the first columnar electrode, on the

15 semiconductor substrate and on the first conductive
layer;

a second conductive layer which is formed on the
encapsulating film so as to face the first conductive
layer; and

20 at least one passive element which is formed from
the first and second conductive layers.

2. A device according to claim 1, wherein the
plurality of connection pads include at least one third
connection pad, and

25 which further comprises a second columnar

electrode which is electrically connected to the second

connection pad and is connected to the second



| ayer, a connection section to be connected to a wiring board. 6. A device
according to claiml1, further 20 conprising: a plurality of passive

el enents; and a third conductive |ayer connecting the passive elenents. 7.
A device according to claim6, wherein 25 the third conductive |ayer
constitutes at least one thin-filmpassive elenment, and the plurality of
passive elenents and the - 26 thin-film padSsive elenent forma passive
circuit. 8. A device according to claim7, wherein the plurality of
passive elenments include at |least two capacitive elenents, 5 the thin-film
passi ve el ement “Pherglt¥eahayenductive el enent which is fornmed by
patterning the third conductive |layer so as to induce an inductance
conponent, and the pa8di getbirducolumabudesedtibhbefn¢Lpcyit. 10 9. A
device according, to cJaim1, wherein the encapsulating fiPm has a

diel ectric port ?F?ﬁﬁﬁ%%%ﬁmﬁpnmﬁmbeﬁntmheté+t§1r@ng0§ﬁg89 osondyctive

| ayers. 10. An.%!ectronic devi ce conprising: a sem conductor Ravi eR havi ng
15 a semi conduc cncgﬁﬂﬁﬁFQH(iQNﬁW?H%¢C@n¢i¢@ndmct£$@nﬁﬁ§ef9r”1ng region and

a pluralisty of connegti

(H]dev1ce according to claim 2, wherein

the second connection pad constitutes a ground

pad,

the third connection pad constitutes a feeding

pad, and

10 i
the passive element includes an antenna element

4. A device according to claim 3, wherein the

antenna element includes an inverted F-shaped antenna

5. A device according to claim 1, wherein

the passive element includes a Capacitive element
15 and |

which further comprises, on the second conductive

la i i
yer, a connection section to be connected to a wiring

board.

6. A device according to claim 1, further

20 comprising:

a plurality of passive elements; and

a third conductive layer connecting the passive

elements.

7. A device according to claim 6, wherein

25 i i
the third conductive layer constitutes at least

one thin-film passive element, and

the plurality of passive elements and the



‘pads i ncluding at |east one first connection pad and at |east one second
connection pad are forned, a columar electrode which is electrically 20
connected to the first connection pad, a first conductive |ayer which is
connected to the second connection pad, an encapsulating filmwhich is
formed at | east around the columar el ectrode, on the sem conductor 25
substrate and on the first conductive taye6, a second conductive | ayer
which is formed on the encapsulating filmso as to face the first
conductive - 27 - layer, and an antenna el enent which is forned fromthe

first and secpRdnCeREHCHhkeikayensmedtd ra i i BGsRAEd Qniich a _
plurality of wiring 5 patterns are formed, the sem conductor device having

a structure in whigh thed@@,mc%o%@&jtrqin?e\tioc%liaqn{elﬁcu}j&@ilny connect ed
to the wing patterns on the wiring board via the columar el ectrode, 10

wherein no wiring pahkeepnuralfiernmed pasyivegicdrmntd ied¥ddenghaaadt hat
faces the second conductive |layer of the sem conductor device. 11. A
devi ce accordi ngot caphaimie, edkeawaits,t he region of the wiring board that
faces the second 15 conductive |layer of the sem conductor device includes
an openi bg. the thin-film passive element includes an

inductive element which is formed by patterning the

third conductive layer so as to induce an inductance

component, and

the passive circuit includes a filter circuit.

10 9. A device according to claim 1, wherein the
encapsulating film has a dielectric portion positioned
between the first and second conductive layers.

10. An electronic device comprising:
a semiconductor device having

15 a semiconductor substrate on which a circuit
element forming region and a plurality of connection
pads including at least one first connection pad and at
least one second connection pad are formed,

a columnar electrode which is electrically

20 connected to the first connection pad,

a first conductive layer which is connected to the
second connection pad,

an encapsulating film which is formed at least
around the columnar electrode, on the semiconductor

25 substrate and on the first conductive layer,

a second conductive layer which is formed on the

encapsulating film so as to face the first conductive



'12. A seniconductor device manufacturing nethod conprising: preparing a
sem conduct or substrate on an upper 20 surface of which a circuit el enent
formng region and a plurality of connection pads are formed; electrically
connecting a first columar electrode to at |east one first connection pad
anong the plurality of connection pads; 25 connecting at |east one first
conductive layer to at |east one secord @dnnection pad anong the plurality
of connection pads; 28 formng an encapsulating filmat |east around the
first columar el ectrode, on the sem conductor substrate and on the first
conductive | ayggyeandfof mng at |east one second conductive layer on 5

t he encapsulatlng fi'lmso as to face the first conductive layer. 13. A

met hod accordi ng to ] &infckhha fdlrdiait RN 135 NEB rified NF A A 19€ CONEL
columar el ectrode which is 10 electrically connected to the second

connecti on padaadd secdnebeched ive tihg aecorthdonductive | ayer; and
formng a third columar electrode which is electrically connected to at

| east one third conreatiirdmgasbeaarngh twiei gl w adidna it g oheed 1 ig pads and
is 15 connected to the second conductive layer. 14. A method according to
claim 135 wher pattterns are formed,
the semiconductor device having a structure in
which the semiconductor device is electrically
connected to the wring patterns on the wiring board via
the columnar electrode,

10 wherein no wiring pattern is formed in a region of
the wiring board that faces the second conductive layer
of the semiconductor device.

11. A device according to claim 10, wherein the
region of the wiring board that faces the second

15 conductive layer of the semiconductor device includes
an opening.

12. A semiconductor device manufacturing method
comprising:
preparing a semiconductor substrate on an upper

20 surface of which a circuit element forming region and a

plurality of connection pads are formed;

electrically connecting a first columnar electrode
to at least one first connection pad among the
plurality of connection pads;

25 connecting at least one first conductive layer to

at least one second connection pad among the plurality

of connection pads;



't he second connection pad constitutes a ground pad, the third connection
pad constitutes a feeding 20 pad, and the first and second conductive

| ayers forman antenna elenent. 15. A method according to claim 12,
further conmprising: 25 formng a capacitive element fromthe first and
second conductive layers; and form ng on the second conductive | ayer a 29
connection structure to be connected te a2@i ring board. 16. A nethod
according to claim15, further <conprising: formng a plurality of
capacitive elenents; and 5 forming a third conductive |ayer which is

connect ed bet veen aledisasy WP ARARL O R GBI & AKLade St laroed as

to induce an i nductance conponent, formng an 1 nductive elenent.

17. A method aggeidi %mw%alemele%rd‘dért f&ﬁ{ tHe GRIMBIdcHMERSF angi ng a
dielectric material between the first and second conductive | ayers. 18. A

sem conduct or deyis¢e afenunaCion ithe MaiMad comYtiSiA:aRIBPAHNg a
sem conduct or wafer which has a 15 plurality of chip formation regions
each having a circuidrmglreyent st nthd eddashdnsbradydiigd i Tayef on
5 the encapsulating film so as to face the first
conductive layer.
13. A method according to claim 12, further
comprising:
forming a second columnar electrode which is
10 electrically connected to the second connection pad and
is connected to the second conductive layer; and
forming a third columnar electrode which is
electrically connected to at least one third connection
pad among the plurality of connection pads and is
15 connected to the second conductive layer.
14. A method according to claim 13, wherein
the second connection pad constitutes a ground
pad,
the third connection pad constitutes a feeding
20 pad, and
the first and second conductive layers form an
antenna element.
15. A method according to claim 12, further
comprising:
25 forming a capacitive element from the first and
second conductive layers; and

forming on the second conductive layer a



‘connection pads; forming an insulating filmin each chip formation region;
20 electrically connecting a first columar electrode to at |east one
first connection pad anong the plurality of connection pads in the chip
formation region; formng at | east one first conductive |layer on the 25
insulating filmand connecting the first conductive |ayer to at |east one
second connection pad anong the plurakitg9of -connection pads in the chip
formation 30 - region; form ng an encapsulating filmat |east around the
first columar el ectrode and on the first conductive |ayer on the

insulating fil@gbnAek@idhngtdudteds tNe S 2RO V6 il AYRS Hurd.he
encapsulating filmin the chip formation region so as to face the first

conductive |ayer; agd diaCmeghode azureanduelocreier s, nta At f especti ve
chip formati on regions, thereby formng a plurality of 10 sem conduct or

devi ces. 19. Acomphadiagecording to claim 18, further conprising: formng a
second columar el ectrode which is electrically connected to the second
connection pad in ¥ortdiegchi pliraidttyor ff egipat ianidrd = leameraci echrid t he
second conductive | ayer; and
5 forming a third conductive layer which is
connected between at least two capacitive elements and
is so patterned as to induce an inductance component,
thereby forming an inductive element.
17. A method according to claim 12, further
10 comprising arranging a dielectric material between the
first and second conductive layers.
18. A semiconductor device manufacturing method
comprising:
preparing a semiconductor wafer which has a
15 plurality of chip formation regions each having a
circuit element forming region and a plurality of
connection pads;
forming an insulating film in each chip formation
region;
20 electrically connecting a first columnar electrode
to at least one first connection pad among the
plurality of connection pads in the chip formation
region;
forming at least one first conductive layer on the
25 insulating film and connecting the first conductive

layer to at least one second connection pad among the

plurality of connection pads in the chip formation



forming a third columar electrode which is connected to at |east one
third connection pad anong the plurality of connection pads in the ch
formation 20 region and is connected to the second conductive |ayer.

met hod according to claim 19, wherein the first connection pad constitutes
a ground pad,

the first and second conductive | ayers—-foBft ar antenna el enent.

t he second connection pad constitutes a feeding pad, a

nmet hod according to claim 18, further 31 conprising= fromthe first a
formng a capacitive elenent |ayers; and second conductive |ayer a for
on the second gRdéel;i ve wiring board. connection structure to be

connected to a 5to claim?21, further 22. p, nethod according conpris

el enent s;

and

of capRAGiitig/&rf @B}l 4 IHA! 11 GANAUCd v e bAWRE WM C

I p
20. A

nd 25

21. A

nd
m ng

i ng
his

formng a third capacitive el enents and connected between at |east two 10
i nduct ance congarefit columnar electrode and on the first conductive

10

15

20

25

layer on the insulating film;

forming at least one second conductive layer on
the encapsulating film in the chip formation region so
as to face the first conductive layer; and

dicing the semiconductor wafer into the respective
chip formation regions, thereby forming a plurality of
semiconductor devices.

19. A method according to claim 18, further

comprising:

forming a second columnar electrode which is
electrically connected to the second connection pad in
the chip formation region and is connected to the
second conductive layer; and

forming a third columnar electrode which is
connected to at least one third connection pad among
the plurality of connection pads in the chip formation
region and is connected to the second conductive layer.

20. A method according to claim 19, wherein

the first connection pad constitutes a ground pad,

the second connection pad constitutes a feeding
pad, and .

the first and second conductive layers form an
antenna element.

21. A method according to claim 18, further
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