1 15 JUN 2005 TITLE OF THE | NVENTI ON SEM CONDUCTOR DEVI CE BACKGROUND OF
THE.INVENTICNMmmmmmmmﬂWNMlinvention relates to a sem conductor 5 device
having a CSP ckage) structure, a nanufacturing method
therefor, and an e{¢gekroni c device having the sem conductor ﬂ Vi, ce.
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Sem conduct or devices having a CSP structure in which chip a
sizes are al

; i . .
increase a nou i on a circuit board. An exanple of this

structure is sh 16. FIG 16 is a sectional view showi ng a

|
senmi conduct or devi €&%0. The elgi ]?c&ﬁtrﬂqlg dawrEer 28 has a so-call ed wafer
y

| evel CSP 15 structure obtained Icing, 1nto chips, a wafer having
under gone packagevpreessstdr beetoding a protective filmformation step, a
conductive layer formation step, a post formation step, and a resin

encapsul ation step. 20 The seghc@BROUND ofeTHESINXENAION or ned from a
waf er. The surface (circuit surface side) of a

The present invention relates to a semiconductor

ﬁ@JﬁaCh 10 ot her ade recently known and used to

5 device having a CSP (Chip Size Package) structure, a
manufacturing method therefor, 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



sem conductor substrate 1 bearing a circuit elenent or elenents has a
plurality of connection pads 2 nade from alum num el ectrodes or the |ike.
A passivation film25 (insulating film) 3 made of silicon oxide, silicon
nitride, or the like is formed on a circuit side of the seni¢opdughpr
substrate 1 including the upper surfaces 15 JUN 2005 2 of the connection
pads 2 so as to expose the center of each Z2ommection 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

filma4 is formedsbyhet cdnne@Rlod M PP id8 A kagaskd esid dentde entire
circuit surface side of the wafer 1, curing the resin, performng resist
patterni ng and paeheciinnectiion pad er.ning with 10 an etching solution, and
removing the resist. Conductive layers 5 electrically connected to the
connection pads 2 ar @ fporotexdttoinve hiel Jon ot ecttilveopenindgs $oraedtonexpesabove
manner. Posts 6 made from columar electrodes are forned at predeterm ned
portions on theth®e cemtductoifveddyaorBiedioxinkd {3 |8 ofpemel seral tledd face
6a of each post 6 which has been naturally formed is renoved and subjected
to netal | bzati onppescesgifieges wdh thes pasisdieratpramtf gt he Pt 6 is used to
connect a termnal on a circuit board (not shown). The hei ght of 20 the
post 6 is at | eR¥PLEGLIMe dd™ vhildalformasbry 100-9-, applying a
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 is formed on the entire surface side

of the semiconductor substrate 1 between the posts 6.



to 150 gm The post 6 is forned into a straight shape to absorb a stress
generated by the difference in thermal expansion coefficient between the
sem conductor substrate 1 and the circuit board. 25 An encapsulating film
7 made of a resin such as polyimde or epoxy is formed on thelgq%hfggs
surface side of the sem conductor substrate 1 between the posts ©. JUN
2005 3 Afilter circuit and antenna el ement formed from passive el enents
are required to inplenent an RF radio circuit nodule such as a Bl uetooth
nodul e or GPS receiving nodul e by using the sem conductor device 20 5 with

the above-described wakeftbevel reaPtShhdChHEBnnaThesmepds Forteel Erent
cannot be conventionally nounted inside a chip, and are arranged outside

the chip as digsgseteecorpasndssardhirequbkea to dinplemeht ta RFuradéo

m croni ze the nodule. 10 In such an RF circuit nodule, the wiring | ength
bet ween conponeaiscubfl| medaks Snehueacy Bthetaotbrimmstinde, oan&PSs di fficult
to further shorten. The frequency characteristics are, therefore,

difficult to inpceveifgrinbdnlelbyBRsERgSUMVAREMOEOTHECERVENEVORETRE
present invention has an advantage capable of nounting, on a chip, passive
el ements Such asith thetehaveetessnibaddvaipacilevesd Gﬁgnéﬁﬁuéﬁuéepassive

circuit fornmed fromthemand mcroni zing the nodule in
These passive elements cannot be 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



20 a sem conductor device which is obtained by cutting a wafer into chips
and has a CSP structure in which chip and package sizes are al nost equal
The present invention can provide a nounting structure suitable for an

el ectroni c device having a sem conductor device in 25 which an phtJmn2005

el ement is nounted on a chip. To achieve the above advantage, a

sem conduct or device according to the pfesknt-invention conprises a 15 JUN
2005 - 4 first columar electrode which is electrically connected to at

| east one first connection pad anong a plurality of connection pads on a

sem conduct or ﬁ*mr %qu%a%'eq*é&facrecwhh&! anend; S i g 19gi on and 5

the plurality of connection pads are formed, at least one fiTst conductive

layer which is geRRected ke al 1Rt B SAGANEERRACTdPHRRthndy a
encapsulating film which is forned at | east around the first col umar

el ectrode and oplufelfiitksb fcertmeidtien duels onh thesekl c@densiict or
substrate, and at |east one second conductive |layer which is fornmed on the

encapsul ati ng bubstzatas oho whded theifdasitt edredeatt o dtrairey . rddrson faed ng
first and second conductive |ayers can format |east one passive el enent,
e.g., a cépacitihe plaredtitylsfTonentdondpedy adsyifcerdent et tompti ses a
second columar electrode which is electrically connected to the second
connection pad ang ifdrstnconded tiye H@Y@%@dﬁd:fbdrﬂjlmﬁwﬂ%@eﬁo athd a

third columar el ectrode
least one second connection pad, an encapsulating film

which is formed at least around the first cqlumnar'
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 conducfive layer. The
facing first and second conductive layers can form at
least one passive elemént, e.g., a capacitive element.

15 The semiconductor device further coﬁprises 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



which is electrically connected to at | east 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 elenent, e.g., an inverted F-shaped antenna H éﬁgned
as a passive elenent. 25 The sem conductor device further coné?fg E
plurality of passive elenents, and a third conductive |ayer which is
connect ed between the passive elenents and has a 15 JUN 2005 5 thin-film
passi ve el enment. The passive elenents and thin-film passive el enent can

forma passive ghtgUict gy Pagsiv@ fhleh@ntCi I et oA RIS iRl Hndr
circuit can be fornmed on e 5 circuit elenent form ng region of the

h
sem conductor  gHBstFALG %a@s@_%n%qtemén_tto dafte foiriC Wl pag)sareNtc idicuifs
sem conduct or substrate. nodul e constituted using this sem conductor

device can be necgQoni aedilkerariglcedtr.oni c device conprising a
sem conductor 10 substrate on which an antenna elenment is forned in the
above way, and a wir angasednd @leramth drhesienitc areduddeorf alenwed eon sthmunt ed
and a plurality of wring patterns are forned, no wiring pattern is forned
in a regi bn of thecwiti edebeartd fiorati nfgaesyitdne ofe ddred sERicomdlnsttior | ayer
of the sem conductor device, or the region is an opening. This structure
can suppress degbataeiten angd senaeed gsk rtoortien cd, rawtittaisdiemerd Mifghhe
semiconductor substrate. A module constituted usiﬁg
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



radi ati on efficiency of radio waves. To achi eve the above advant age,
according to a 20 sem conductor device manufacturing nmethod of the
present invention, an insulating filmis fornmed in each chip formation
regi on of a sem conductor wafer substrate having a plurality of chip
formati on regions each having a circuit elenent formng regigg gnﬂlﬁMQS
plurality of connection pads. Then, a firsté columar electrode IS

el ectrically connected to at | east one first connection pad in each chip
formation region, and 6 15 JUN 2005 a first conductive layer is formed on

the insulating ,fkkpseocaaahetheeconnest ed rorakd R@astthene rsRaeing
connection pad. After an encapsulating filmis formed on the insulating

filmand first eeongflusbi ¥8 kayBe, cahnBckedstoone Seeend cenduaidne | ayer
facing the first conductive layer is fornmed on the encapsulating filmin

t he chip formattenneegion. pAdpasaifte rebementcapscll add ngarf idmt erma aatnearent  or
capacitive elenent, or a passive circuit such as a filter circuit is
fornmed on the 16nctheuitselemeny fodm agdr &direir. chmgiuedfitver layar, at
sem conductor wafer substrate is diced into the respective chip formation
regions. Fhis miéehst ahkowscongucraduectdvg flev@ingasing dhe ifir <f
sem conduct or devi ces each_having a 15 passive elenent or_ circuit on a
circuit el ement cooduchgver égyen. 1 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 embodiment 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



BRI EF DESCRI PTI ON OF THE SEVERAL VIEWS OF THE DRAWNG FIG 1 is a
sectional view show ng a structure of a sem conductor device according to
a first enmbodinent 20 of the present invention; FIG 2 is a plan view
showing a first exanple of a structure on a surface side of1ghém 2005

sem conductor device according to the first enbodi ment of the present
invention; 25 FIG 3 is a plan view show rlg a second exanple of the
structure on the surface side of the sem conductor device according to the
first embodinment of the present 1 5 JUN 2005 7 invention; FIGS. 4 to 9 are
secti onal V'EWBiEQEnEKBE?i”!”Q manuf acturing steps according to the first
enbodi nent of the present invention; 5 FIG 10 is a sectional view show ng

a first exanple of FHESMOUNLING SlrelGledta oRfall R SAMFN@UFINinidRyi ce
onto a wiring board according to the first enbodinment of the present

invention; FlG pdduFscluseali fabsViaewosdawgngod thec @it sto embaryimemf the
nmounti ng structure of the sem conductor device onto the wiring board

according to theffthst pregkadi Aerenafionhe present invention; FIG 12 is a
sectional view show ng another structure of the sem conductor device
accordings5to the 15FfG.stlOerisodi memat iohalhe imve sémwiinw entfiiorst
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 13Ais a sectional view showng a structure of a sem conductor device
according to a second enbodinent of the present invention; FIG 13Bis a
sectional view showing a nounting 20 formof the sem conductor device onto
a wiring board according to the second embodi ment of the Pr 4Ly 2005
invention; FIG 13Cis a plan view showi ng a connection exangfe of a
passive el ement formed by the second 25 efbodi ment of the present
invention in the mounting formshown in FIG 13B; FIG 14 is a sectional

vi ew showi ng another 1 5 JUN 2005 8 structure of the sem conductor device

according to the . second epabodi negh; Obndler F €860LcbNY8BbEAANGFLE. thBA is a
sectional view showng a nounting formof a nodification of the

sem conduct or dsf‘%é&r?d OsthSo d Bmén M & £ NEnHORFEs@se oL fyegtiont he second
enbodi nent of the present invention; FIG 15B is a plan view showi ng a

surface side of thepsem condust orsdevieralnvEe@ shbAingl & mbhBtinga pl an
view show ng a structure of a 10 passive circuit forned by the

nodi fication sheywniér 15 ﬁ&&ifﬂé@ti@mdoflEhe1§em$candectbmndEV¢bewwshomjng
a structure of a conventional sem conductor device having a CSP
5 a wiring board according to the second embodiment of
the present invention;
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 passivé 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



structure. DETAILED DESCRI PTION OF THE | NVENTI ON A seni conduct or device and
manuf acturing method therefor according to preferred enbodiments will be
described in detail belowwth reference to the several views of the
acconpanyi ng draw ngs. 20 <First Enbodiment> FIG 1 is a sectional view
showing a structure of a sem conductor device 200 accordi ngqi0,iN9qfki I St
enbodi ment of the present invention. FIGS. 92 and 3 are plan views gﬁomﬁng
different exanples of the surface 25 (circuit surface side) of the

sem conductor device 200 fromwhich a solder ball Bis renoved. In FIGS. 1

to 3, the same (&lereNcerunpeasngse! EnbneaRe! Boret! and al 5 JUN 2005

shown in FIG f%“ﬁ@ho%e e sane partfs, and a description thereof will be

properly omtte ! t o} than i GOBRLY device 20
Choan 11 FIG 1o HE B On e LT ban BBy BRErRE T T, 2. and

3 conprises a plural ty;0f-ceBNEREI @BnRaHE 13nkr Bediednnetdur bavd cef a
sem conduct or substrate 1 bearing a circuit elenent or elenents forned in

an integrated nmegNghowht bhnrtbe 16| reHet sehegentiutoowi dgviegi @00DAhoan
passivation film3 10 which is nmade of silicon oxide, silicon nitride, or

the |ike and fofnedesn the2suafdcd obmphéssenkcpidueflaty sibstrate 1 so as
to expose the center of each
connection pads 2 formed on the surface of a
semiconductor substrate 1 bearing a circuit element or
elements formed in an integrated manner within the
circuit element forming regidn 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 éonnection 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



connection pad 2, and a protective film4 formed on the upper surface of
the passivation film3. 15 Simlar to the conventional sem conductor device
20, the sem conductor device 200 according to the first enbodi nent

conpri ses conductive layers 5 which are forned on the protq ive film4
and electrically connected to the connection pads 2 (first g%ﬂH@é%&%n 20
pads), and posts 6 formed on the conductivieo | ayer 5. The sem conductor
devi ce 200 further conprises, of the connection pads 2, at |east one
ground pad 2A (second connection pad) connected to ground potential, and

at | east one feedin ad i i i i
to a predetenﬁ%ﬁﬁf%ﬁbé&ﬂ?éﬁﬁéﬁﬁ%i%igggggcgt?gégﬁg%ﬁxﬁggagggé?§ %ﬁg@@§ted

sem conduct or gﬁ{gﬁ?|39° o e LOER E&”Pﬁé5§§o@n&r$&ad2nlaﬁa ERtbanged from

at 1 5 JUN 200 east one conductive Tayer 5-1 (first conductive |ayer)

which i's connecyed, Lond No-gEoupypasi 4 adagyl endseasnt onthappeat ective
film4, and at Teast one upper conductive |ayer 8 (second conductive

| ayer) which iScén&QéHEG'eODag@reB‘C@QéébﬂaiB@nﬂhbﬂi*?eamdyéﬁ)awhangedsas to
face the conductive layer 5-1 through the part of the film7. The

seni condugt or deyired260 ahsenbapsalposhg 6ALLf Vr ahdcebuamarngkdcisode)
which is electrically connected to the ground pad 2A through the
conductive 10 | pyee Bhd asddusttoanteyed bolt hbrappbr tbenpacti & thgyer 8,
and a post 6B (second col umar el ectrode)

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 cilrcuit elements

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

In the first embodiment, the inverted F-shaped



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 coppephe o the
ground pad 2A and the upper conductive |layer 8 electrically c%ﬁﬁ@cﬂ@% to
the ground pad 2A and feeding pad 2B are disposed at positions where they
face each other via the 20 encapsul ating film-<. The conductive |ayer 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 form ng an

i nverted F-shapgd a0t enNa. £o e PRESaRr nebREAT bEahbHt CONABREQE ! Otakr CUI t
elements 25 fornmed Iin circuit elenment formng regions DA on the

seni conduct or siRsi&Rt eindvanthenf L§shoenbegi geat tot bRibpventiedakishaped 1 5
JUN 2005 - 11 "antenna is forned as an antenna el enent. However, the

present inventipnedsnaoéléhshtedstioht Assanandveatedus-shapednanekeament s
such as an inverted L-shaped antenna, patch antenna, and mcrostrip
antenna may be p&fcRdanbehe, ashénmacebetrenp esteonaenagnbehdogaridsonduct or
substrate 1 in FIGS. 1 and 2, but the present invention is not limted to
this. Forsexanple, aopeuaatehpaoblemenénna Eoement Snmineheseaicopeicd®one
chip to constitute a phased array antenna, and a desired 10 directional
characteristic smysbeabét &i hedFIGS. 1 and 2, but the present invention
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
sérving 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



Alternatively, a plurality of antenna elenments nay be fornmed, and their
directions may be changed to reduce the antenna directivity. FIG 3 shows
an exanple of a device in which two antenna el ements are formed froma 15
first antenna el enent made up of a conductive |ayer 5-1 ser 'E‘QUI@%GE
ground plane GP and a facing upper conductive |ayer 8-1, an! a second
antenna el ement made wup of a conductive | ager-5-2 serving as the ground
pl ane GP and a facing upper conductive |layer 8-2, and 20 the directions of
these antenna el enents are differed by 90. FIGS. 4 to 9 are sectional

views for expla ?% Flrégggﬁ%ﬂghﬂr ggbepg of, ?ggsg%gkqggpqggﬁg;ﬁeV|ce

200 accordlng i ment the "preSent 25 invention. The

manuf act uring Sﬁseé Wel kibgceupbaiped switikoneharence ,t @ k&S 14Ke0i% INn
t he manufacturing steps according to the first 1 5 JUN 2005 - 12

enbodi ment, as ghewRd BnFkfe ﬁppérp@%&ﬁé@bBO@ffb|@I&raﬂﬁd@ @ff silicon
oxide, silicon nitride, or the like is formed on the upper surfaces of a

plurality of ceBRaetit@anppdds2 2Wihdkhakeemadelef rammlalmmimant el ect r odes
or the like, and formed on the surface of a wafer (sem conductor
substrate} 1. Theesthodeat erbeaes 1ikegi moui tfoaimememin ftdrenshirifadeheotia cui t
el ement formng region and has a plurality of chip formation regions. The
passi vation fil wafers (semficomddcasrt subsgasdealhd. The substrate bears
a circuit element formed in the circuit element 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.



10 center of each connection pad 2. The plurality of pads include at |east
one ground pad 2A and at |east 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 film3 5TQ§ ective
film4 is formed by, e.g., applying a polyimde-based resiH t ?ﬁ@agentire
upper surface of the passivation film3-and3the pads 2 on the wafer 1,
curing the resin, performng resist patterning and protective film
patterning with 20 an etching solution, and renoving the resist. Formation

of the protective fiim4,6an adopiga smetbaduet iaBPhyiegsaspakyi Fodarkased
resin by spin coating, a printing nethod using a squeegee, or an

i nk-di scharge coatpds: feidhose dhe porheetive bhlis 25amat eeedlingspads
limted to the polyi mde-based resin, and nmay be an epoxy-based resin, PBO

(benzoxydol - basesl exEséed irdhigh! tke. opbndhlis2B6oméd iAsthbown in FIG 5,

conductive layers 5 are fornmed on portions of the connection pads 2 and

feeding pads ZJR-exposeethidugh ahe ppeningsibor fédmi 8.t h€onguotései ve

film4 and passivation film3. Conductive 5 layers 5-1 corresponding to

ground plsmnes GRapses f o+ hedoroaspbedingund padsndAplIzhescERdacei ormggers 5

and 5-1 are forned as follows. A UBM (Under Bunp Metal) |ayer (not shown)
on the ground pads 2A.

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 surfaée 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



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 I ayer, cured, and then patterned by
phot ol i t hography in correspondence with openings with a predat gypgd
shape. The openings forned by the resist 15 undergo el ectroplating by using
the UBM | ayer as a current path. The condugtive |layers 5 and 5-1 may be
formed by electroless plating. Exanples of the material used for these
conductive |layers are copper, alum num and gold 20 which exhibit good

conduc, I ve, cha EghELkel3o; 30y BLLRALSL Hiem /e gl dn TiGel

posts 6, 6A, an ar ornme col umar el ectro

portions on  thg SRHdHQPLVthagé&%o§m§R% e1bct3plihe iRestry rak@ef or med by,
e.g., applying a post ormati on photorésist to a thickness of about 100 to

150 gm curing thecphet-ar8si she bpeningsORSNURIHgMEheh UBM 1AW 2G5 &+ 14
expose predeterm ned portions of the conductive layers 5 and 5-1, and

perform ng el ectpepkati pather Eheh bbiser maks bef fiditedp®y RIS duralsisyy t he
UBM | ayer as a current path. Each post may be forned by el ectroless 5
plating of a stpdabtinpg et hodtubxdumpemethodhe post material are copper,

sol der, gold, and nickel which exhibit good conductive
Examples of the post material are copper, 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



characteristics. Wen solder is used as a post formation material, a
spherical electrode can also be 10 forned by succeedi ng refl ow processing.
When the post 6 is formed using solder, a printing nethod can al so be
enpl oyed in addition to the above nethods. After the post 6 ig$sf@iNegy an
unnecessary portion of the UBM |ayer is etched away. 15 As shown In gFG.
7, an encapsulating film7 is formed by, ®59.7 nolding the entire surface
side of the wafer 1 with a resin such as polyinde or epoxy so as to
cover the posts, protective filnms, and conductive |ayers. The

encapsul at i ng f%éﬁ%? gﬁr?58&65§b£XenEH@agEu%gtﬁnbe§ﬁﬁnF@nﬁ%i@u&gand

substantially t ane nmaln conponent as that of the above-described

protective fil fiéﬂe&résrekﬁogeséh@ Fakiabigal b WhieCbosares ,Wda) and
envi ronment al changes. The nethod of formng the encapsulating film7 may

be a printing ngghogndac2bddi pping Bat hed, upplet Goatfiatgs @f dihe geattisng in
addition to the above- ment i oned nol di ng nmethod. After the encapsul ating
film7 is fornesglret hemdved,)Ubs288bwh5inupner. Surface of the encapsul ating

film7 is cut and polished to expose end faces 6a of the posts 6, 6A and
6B, and oxide filns anmehelufpel swchaees sofcddpempdidisl o d amimateat] ks
showmn in FIG 8. 5 A netal foil such as a copper foil is |lam nated by
sol der printingsotdehepkikeiog bhethiel hike samd the film 7, and
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 is, 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



selectively etched, thereby form ng upper conductive |ayers 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 nay ShdURi208d
wi th a conductive adhesive to the posts 6A and 6B corresponding to the
ground pad 2A and feeding pad 2B. 15 |If nééessary, solder balls B are
arranged on posts 6 not covered with the upper conductive |layer 8, thus
formng termnal portions, as shown in FIG 9. The wafer 1 is diced al ong

predeterm ned cuficbiResal®ly cBhAecehicR for Ml PdstegieANend s ifesul t, the
20 sem conductor device 200 having the structure shown in FIG 1 is

formed. That ispahli€asefiregnductor devi ce 200 having the structure shown
in FIG 1, i.e., an inverted F-shaped antenna constituted by the ground
pl ane GP formed fromriz5s.t 1® eerdudt istew ayemtSrly smohdtheragpperitdniducti ve
layer 8 fornmed on the posts 6A and 6B corresponding to the ground pad 2A
and feedi ng padwBBnsahas seoikcentus tduNdeddsel & 00e wddthy itddld ystomatasieed to
the posts 6A and 6B is manufactured. FIGS. 10 and 11 show nounting
structure$ suitabl mountied bhe aserirdoyd bolead PeAEaPE0 Prede e nd uct ur e
5is nounted on a wiring board bearing a predeterm ned
wiring pattern.
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



wiring pattern. In the structure shown in FIG 10, a wring board 30
bearing a plurality of wiring patterns is set in an electronic device
housi ng 40. The sem conductor device 10 200 is nmounted on theswyyn e5board
30 by being connected to a predeternmined wiring pattern 31 forned on the
wiring board 30 via the solder balls B forned on the posts 6. The upper
conductive layer 8 functioning as the antérna-of the seniconductor 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 radiseurdeesaddd ate@PrddiatdPRsy Conduspeyecdrdest Bve
decreases or the radiation 20 pattern is disturbed, degrading the antenna
performance. Tolprevest. t N sledreasd iing tiad tregdidtsiod cs itk iendheof egi on 32
facing the upper conductive layer 8 of the wiring board 30. Accordingly,
the degradati omaidiocamasmesa aper fdegmsatzs: icam e anippres spelr f@Snamce hean
structure shown in FIG 11, the region 32 facing the upper conductive

| ayer 8 of the wermngllmmedi 304 gand @rafigiguanee t¢an kasattalmedt no
nmenber 15 JUN 2Wb 17 disturbs radio waves radiated by the upper conductive
layer 8. A decrease iAf tdRBIRIdNad iahPeaf ihenktirat emagﬁbm ees and

degradation in antenna performance can be m ni mzed, and good performance
can be attaj nedconstitutes an inverted F-shaped antenna by forming the

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. In this case, after the posts 6,

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



5 As descri bed above, the first enbodinent constitutes an inverted

F- shaped antenna by form ng the conductive |ayer 5-1 as the ground pl ane
GP, and formng the upper conductive |ayer 8 on the posts 6A and 6B

el ectrically connected to the ground pad 2A and 10 feedi ng ppg AR 2ﬁ?e
antenna can be nounted inside a chip, and a nodule with an antenna which
is constituted wusing this chip can be micit8nized. Since the antenna is
nounted inside the chip, the wring length froma circuit on the chip to
the antenna 15 can be greatly shortened in conparison with a structure in

whi ch the antenpaxks @bspasedrouhsi geahke cehi(Ronderd ilviena dyess 3-q)an

el ectrode which constitutes the antenna can be mnimzed. This contributes
to inprovenentwifght aAnadhesioe oltanhel ldhkar.acterenst itte amped0 provides a
hi gh- performance antenna. In the above-descri bed enbodi nent, the
encapsul ati ng f cbmddcitd ventlaypas 8d isetlween oilte tdrrowyth tghleane GP and t he
upper conductive layer 8. Instead, as shown in FIG 12, a high-dielectric
menber 11 may beb2Serneetposed kborapsn laltd ogr ¢ie® .pl ane GP and t he upper
conductive layer 8. In this case, after the posts 6, 6A and 6B are

formed, the diel ectrBy AEHSEPOBLNGs the higipebislectyiq inamben mafde fhund
pl ane GP (conductive layer 5-1) wth an adhesive or the |like, Then, the
upper conduct i Pariafeiigandumaiog she LAKSufetitgen the ground plane GP
and the upper conductive layer 8, the electrical length
of the antenna element can be adjusted. 1In other
words, the resonance frequency of the antenna element
10 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.
15 <Second Embodiment>
FIG. 13A is a sectional view showing a
semiconductor device 200 according to the second
embodiment of the present invention. In FIG. 13A, the
same reference numerals as in the first embodiment
20 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
25 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



above- nenti oned encapsul ation step. 5 By interposing the high-dielectric
menber made of bariumtitaniumor the |ike between the ground plane GP

and the upper conductive |ayer 8, the electrical length of the antenna

el enent can be adjusted. In other words, the resonance frequepgx“mfﬂn?e
antenna elenent 10 can be changed w t hout changing the pattern size of the
upper conductive |layer 8. Wen the resonrand® frequency of the antenna

el enent is kept constant, the areas of the ground plane GP and upper
conductive |layer 8 can be decreased by assenbling the high-dielectric

menber. 15 <SecepdqGrkediemantaFlsGy L34 v S Urianal i vd e pdow 1a e
sem conduct or device 200 according to the second enbodi nent” of the present

invention. In FEermédAatt positadis ahRireNahdWnRicd eash idtide Fi4sd
enbodi mrent 20 denote the sane parts, and a description thereof will be

properly om ttegarthefsekieC endagiswl addvicc € 200 7acc® daldd ldwger sBtohsl
enbodi nent conprises a conductive layer 5-2 (first conductive |ayer)
connected to a (ivedetiebyl medall izarnhiect iporoqessts 121G (sedoreks conbhdet i on pad)
and an upper conductive |ayer 12 (second conductive layer) formed on an
encapsul abi ng f plcanZings smhowhe mpple® c@wjuathierel myHIN D05 19 conductive
| ayer 5-2 and upper conductive layer 12 are forned at positions where they
face each other via &IG. 13B is a sectional view showing a state in
which the semiconductor device 200 shown in FIG. 13A is
mounted on a wiring board 30. In 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



part of the encapsulating film7. A solder layer B is formed by

nmetal lization processing such as solder 5 printing, on the upper conductive
| ayer 12. FIG 13B is a sectional view showing a state in which the

sem conduct or device 200 shown in FIG 13Ais nounted on a Wi¥iWHY %ar d
30. In this case, the upper conductive layer 12 is connected to a pad 33
formed on 10 a wiring board 30 via the sol2ler +ayer B . The upper
conductive |ayer 12, encapsulating film7, and conductive |ayer 5-2 forma
capacitive elenent Cp. A post 6 electrically connected to a connection pad

2.via a conductiyg,d ayeinn | e LOOBEEL St gndchl £hB0cabBcRRIVEr B1dkehE he

wiring board 30" via a e capacitive elenent Cp can be

formed between i%h@ff&ﬁbé@ SRcsh@eWhéngnbpard 30 and the conductive |ayer
5-2 inside the chip, and an equivalent circuit as shown in FIG 13C can be

constituted. In FlIG 1436he28bb0beneneeipeaeeaboddfandenahes a circuit part
formed on a seniconductor substrate 1 of the sem conductor device 200 in

advance, as showicapsil & id@AfiTher capaghteyposetiebentve€n the bertondect ed
to the circuit part 200a. According to the second enbodinent, the
capacitive 25 ghemempeandontiupttea bayent gr anddthehenndusbduke laya¥i ng a
capacitive elenent is constituted using this chip, the nodule can be

m croni zed in corpatdsbormi ahcapacstIvk 2008220 cénsEredonals shewet dbe in
whi ch the capacitive el enent
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



is arranged outside the chip. In the above-descri bed enbodi nent, the
encapsul ating film?7 is interposed between the part of 5 the upper
conductive layer 12 and the conductive layer 5-2 to forma capacitive
elenent. Instead, as shown in FIG 14, a dielectric layer 13 may he

i nterposed between the upper conductive layer 12 and the 1%04Wﬁ@m5ve | ayer
5-2 to forma capacitive elenent Cp. 161X his structure, the capacitance
of the capacitive elenment is determned by the relative dielectric
constant, thickness, and area of the dielectric layer 13 interposed

bet ween the up nductj ye hayed 3@. apggt hesgondust pyanl ayew 5-2. The
use of a 15 higﬁgpg?ative-d?electric-constant dieIectch gan i ncrease the

capaci tance val e, Adoute CHAPEh OO dhethar eagiebntibetoppaeveerdachi ve | ayer
12 and conductive [|ayer 5-2. Wen the capacitance value is kept constant,

the area of eacfy&RNAYCER VEnt ayREapenlHEIRG detmedased. ofiieted.
hi gh-rel ative-dielectric-constant dielectric material which fornms the

dielectric layer 13 akSshoWhghndFeGeclbh¢ theembdlificelias lsampurhsest @i um
or tanta!unltltaniunl FIGS. 15A to 15C show a nodification of the second
25 enbodisrent . &bfhedbionspadsent i seebndi eonshowiing phd) sdeictardadtlor
device 200 of the nodification and a state in which the sem conduct or

devi ce 200 i s noomtedtdds5tgusbrdastpye layers 5-3 and 10 (first

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 Cl
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.



on the wiring board 30. FIG 15B is a plan view show ng the surface of the
sem conduct or device 200 fromwhich the encapsulating film7 is omtted.
As shown in FIG 15A, the nodification conprises a 5 connetdidiN f08§ 2D
(second connection pad) electrically connected to conductive |ayers 5-3
and 10 (first conductive layer). Further, the nodification conprises

upper conductive layers 12-1 and 12-2 (secdhd -conductive |ayer) fornmed at
positions where they face 10 the conductive layers 5-3 and 10 t hought
dielectric layers 13. A columar electrode 6 is formed on the conductive

layer 10, and a sol dgg RablnBihs Frer. M@ pON thize RIdiFalve el ade & The
columar electrode 6 is electrically 15 connected via the solder ball Bto

a pad 36 fornedpaBtethedwihicBgabeand rd0co$al danpeayer £dim are ifnafuted ven

t he upper conductive layers 12-1 and 12-2 by netallization processing such
as sol der printéengmefbel..upper conductive |layers 12-1 and 12-2 are
connected via 20 the solder layers B to pads 35 fornmed on the wiring

board 30. Wth this dardogempatss itveo cdapadits o= re [bemernirss tQ t utaartl bg2
identical in structure as the capacitive element Cp are respectively
formed bebween thebippeg tbedgepaedti®® ledpments Clapdd K& coedddid ve | ayer

5-3 and between the upper conductive |ayer 12-2 and the conductive | ayer
10. 15 JUN 205 inductive element L. For example, a m 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.



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 C1L and C2 and
the inductive elenent L. For exanple, a 7c |owpass filter shoyg hﬂ{?ﬂ?
15C can be fornmed and connected to the circuit part 200a formed on e
sem conductor substrate 1. Afilter ci+cu2d fernmed froma passive el enent
can 10 be nounted inside the chip, and a nodule with a filter circuit
which is constituted using this chip can be mcronized. In this

modi fication, the filheg,Gireit i $ariBRLeRRILedebY dtAR Raki gk of two
capacitive el enents 5 and one inductive elenent. The present invention is
not limted 0 fbhireantny8aboHfiePaRthY il SHbl foMaYe BengeNTLird ed by
conbining pluralities of capacitive el enents, inductive el enents, and
conductive |ayepgin§urhigr BREE, chhebpr aserbniavant i gompareat tlo @ ted 20 to
the capacitive elenent and inductive el enent, and conductive |ayers forned
on the sem condgsh9ensubshlaserudtiry far whiahi ahesehpasfilve aiveowiitts

el ements such as a resistor, thin-filmtransfornmer, thin-film SAW (Surface
Acoustic §ave) hirbkterrangedosttspdei hbe ahdp, 25hEMivCrikloc lenard Mywal id hi c
Integrated Circuit). Alternatively, these conponents nay be conbined to
constitute variomiscpassbuetber chipsto each passive circuit can be

greatly shortened. Antenna loss can be suppressed to
improve frequency characteristics particularly in an RF

circuit.



1 5 JUN 2005 23 In this case, various passive circuits can be nounted

i nside the chip, and the nodul e constituted wusing this chip cag e

m croni zed. Conpared to a conventional structure in which th =EWs§m&e
circuits 5 are arranged outside the chip, the wiring length froma circuit
on the chip to each passive circuit can bg greatly shortened. Antenna |oss
can be suppressed to inprove frequency c aracteristics particularly in an
RF circuit. 15 JUN 2005 24 WHAT | S CLAIMED | S 1. A sem conductor device
conprising: a sem conductor substMQ%%TH§&Hﬁghgﬂ3&%per surface on which a
circuit elenment and a plurality of connection pads which are connected to
an external Hedisemicgnduoigridsmics comprisidg: at | east one first connection pad
and at | east one second connection pad are forned; a first insulating film

formed on t hesemigenditorfsaberacs havivey ruppeonaface on whiddsd ¢iedut dlémerxpdae a
central portion of each of the connection pads, the first insulating film

having the ﬁl%@ltﬁb?@orﬁécﬁd?ﬁﬁadg?fwhldl‘learé’Wect%&'i(f &F S ibhnal RS icRemuGARdCt or
substrate; to a first col urmar el ectrode which is forned on the first

connection p he first connection
pad and cgc:nn%g lﬁg a? ics)ea%[r? nggltmt g‘? dglg/?lld Xn&%%qga%fl st eEondIt cor?'ﬂ%lcuoglpélétaf;eode
havi ng an upper gnd surface externally exposed; at |east one first
conductive I§§€? which is forned on the first insulating |ayer so as to be
electrically connected to the second connection pad; 15 a second insulating

filmwhich iafirsinslatiag filmfemesd onthe uppes sprfpesofdhe sammigendacior sybstrete ton

expose a central portion of each of the connection pads, the first insulating film having
the same area as that of the upper surface of the semiconductor substrate;

10  a first columnar electrode which is formed on the first connection pad so as to be
electrically connected to the first connection pad and connected to an external device,
the first columnar electrode having an upper end surface externally exposed,
at least one first conductive layer which is formed on the first insulating layer so as to
be electrically connected to the second connection pad,;

15 asecond insulating film which is formed at least around the first columnar electrode, on
the first insulating film and on the first conductive layer, the second insulating film
having the same area as that of the surface of the semiconductor substrate;

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

20  at least one passive element which is formed to include 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



the first insulating filmand on the first conductive |ayer, the second
insulating film having the sane area as that of the surface of the

sem conductor substrate; a second conductive |ayer which is fornmed on the
second insulating filmso as to face the first conductive I1d/dbN 28 20 at
| east one passive elenment which is fornedy¢o include the first and second
conductive layers. 2. A device according to claim1, wherein the plurality
of connection pads include at |east one third connection pad, and 1 5 JUN
2005 25 which further conprises a second columar el ectrode which is
electrically connected to the second connection pad and is connected to

t he second cwhighdither dompeises asedord edlimuarcdéctnede whadhds electdiealiphcainected to

el ectrically connected to the third connection pad 5 and is connected to
the second ctirdaaindwenhayien padandisdeuneceedaocliy steog] ¢andattilernyer, ader ei n t he
second connection pad constitutes a groundpad, the third connection pad

constitutes aufiRPdliEndatbcatde whith!i§SleP@igsily CorBb&BEM tht Rild RS eAlbnaalienna
el enent. 4. A device according to claim3, wherein the antenna el enment

includes an 5&¥ﬁ%%ﬁﬂwfﬂ%@%ﬁﬁ$c&ﬂf&%ﬂﬁmﬁ%qa . A device according to claim1

wherei n: the passive elensnt I ncl Udes. & capaci tive el ement, and which
further conprises, on the second conductive |ayer, a connection section to
be connected to a wiring board having a plurality of wiring patterns
electrically connected to the sem conductor device through the first
col umar el eétA dgeice aepopling\taglgincdwhiersdt ding to claim 1, further
conprising: a plurality of passive elenents; and

the second connection pad constitutes a groundpad,

the third connection pad constitutes a feeding pad,and

10 the passive element includes an antenna element.

4. A device according to claim 3, wherein the antenna element includes an inverted

F-shaped antenna.

15 5. A device according to claim 1, wherein:
the passive element includes a capacitive element, and
which further comprises, on the second conductive layer, a connection section to be
connected to a wiring board having a plurality of wiring patterns electrically connected
to the semiconductor device through the first columnar electrode.

20
6. A device according to claim 1, further comprising;
a plurality of passive elements; and

a third conductive layer connecting the passive elements,



a third conductive | ayer connecting the passive elenents. 15 JUN 2005 26 7.
A devi ce according to claim6, wherein: the third conductive |ayer
constitutes at least one thin-film passive elenent, and the plurality of
passive elenments and the thin-filmpassive elenent forma p:‘l?s‘ijly,e 2005i rcui t.
5 8. A device according to claim?7, wherein: the plurality of passive
el ements include at |east two capacitive €elenents, the thin-film passive
el enent inclydes an i nductive el enment which is formed by patterning the
third conducti4d&eyisyascosdinglo ¢laim 6guleEedn i nduct ance conponent, and 10 the
passive circuit includes a filter circuit. 9. A device according to claim
1, wherein t the thind agruiuctive lagerfdonstithtzs atleakit ohe ttin-fibm passiveoslerpedi andoned
between the first and second conductive |ayers. 15 10. An el ectronic device
conprising: theyphmaligrdpaisive clenternte aibuhie Niginefilaepissiop eleicnr fosid bSfakave
i ncluding an upper surface on which a circuit elenent and a plurality of
connecti on pggs;itvhi ch are connected to an external device, and include at
| east one first connection pad, and at | east one second connection pad are
fornmed; 20 a first insulating filmfornmed on the upper surface of the
sem conductor substrate to expose a central portion of each of the
connection p d@?’ the first inslu.l ag,iunlg filmhaving the sanme area as that of
sai d upper sbrfSE¥CHACORENG Ehslgh b ¥RSFINs ubst rate: 1 5 JUN 2005 27 a
columar el ectrode which is electrically connected to the first connection
pad and confedwalitypfpassiva dements inslude @t lepsidwe shpaeifitie aldreents,ode havi ng an
upper end surface externally exposed;

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

10  the passive circuit includes a filter circuit.

9. A device according to claim 1, wherein the encapsulating film has a dielectric portion

positioned between the first and second conductive layers,

15 10. An electronic device comprising;
a semiconductor device having a semiconductor substrate including an upper surface on
which a circuit element and a plurality of connection pads which are connected to an
external device, and include at least one first connection pad, and at least one second
connection pad are formed,;

20  afirst insulating film formed on the upper surface of the semiconductor substrate to
expose a central portion of each of the connection pads, the first insulating film having

the same area as that of said upper surface of the semiconductor substrate;



a first conductive layer which is fornmed on the first insulating layer; 5 a
second insulating filmwhich is formed at |east around the first columar

el ectrode, on the first conductive |ayer, the second insul ati *’QP s

havi ng the sane area as that of said surface of said sem con uct
substrate, a second conductive |ayer whick, is formed on the second
insulating filmso as to face the first conductive |ayer, and 10 an
antenna el enent, which is formed. from.the flrs second conducti v
| ayers; and aﬁob&’nmr“iaﬁgeﬁtf)%f{e {Rrpleice |cap%qce1d$ g? St $9Rgeq mr@#@gﬁ
formed, the wiring patterns be| ng el ectronically connected to the
sem conduct oPOYH@G‘ieé & ampoergal devicee desaivarnar glegise ingtapeuppenensonaiaes or
device having a structure in which the sem conductor device is 15

el ectrical | yextemaby expbseds t he wing patterns on the wiring board via the
columar el ectrode, wherein no wiring pattern is forned in a region of the

Wi ring boardafir@tcohd€ive ldyer WRcANdformeMdn eld et ihdllBingthydrhe sem conduct or
device. 20 11. A device according to claim 10, wherein the region of the

W ring board,thahqf I?S%?d%m% hEmSAGONE fﬁﬂfi’é&’ﬁtléa\é?arbﬁ%?{he‘?frsttcgﬁln%famefegﬂg&p, bR'

devi ce includes an openi

are

the first conductive layer, the second insulating film having the same area as that of said
surface of said semiconductor substrate,
a second conductive layer which is formed on the second insulating film so as to face
the first conductive layer, and

10 an antenna element which is formed from the first and second conductive layers; and
a wiring board on which a plurality of wiring patterns are formed, the wiring patterns
being electronically connected to the semiconductor device through the columnar
electrode,
the semiconductor device having a structure in which the semiconductor device is

15 electrically connected to the wring patterns on the wiring board via the columnar
electrode,
wherein no wiring pattern is formed in a region of the wiring board that faces the second

conductive layer of the semiconductor device.

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

the second conductive layer of the semiconductor device includes an opening.



