TI TLE,OF THE | NVENTI ON *159159* SEM CONDUCTOR DEVI CE | BACKGROUND OF THE

I NVENTI ON *@G00002* The present invention relates to a sem conductor 5
device having a CSP (Chip Size Package) structure, a nanufacturing nethod
therefor, and an el ectronic device having the sen conductor device.

Sem conduct or devices having a CSP structure in which chip and package
sizes are al nost equal to each 10 other afe recently known and used to

i ncrease a nounting density on a circuit board. An exanple m

struct u(rje S sgown in FIG 16. FIG 16 is a sectional vi ew(? ,mm"mm’ﬂ"m,m'm
sem conduct or device 20. The s 'féﬁ\ t N has a so-eghked waf er
| evel CSP 15 structure obtai ned by |g¥ﬁgsﬁintOQ§$I§g, a waf er héving

under gone packaggmiceneverog bRrggi ng a protective filmfor M&@WW@mmWM\a
|

conductive | ayer ormation step, a post formation step, and

encapsul ation step. 20 The sePACKGRQUNOr OHETHECSNZENBIGN f or e

wafer. The surface (circuit surface side) of a sem conductor sub¥Pt&te 1
bearing a circuit el @mnipresent| énerhtibasralates até tyy sEmigondbsttioon pads 2
made from alum num el ectrodes or the |ike, A passivation film 25

(insul atirg fil Wevicead@véngspl C88n (BRiBeS12e | F2OHFRIT tFHIIELUSe/t Be |i ke i s

formed on a circuit side of the _sem conductor subst i i
upper surfaces manufactuf%ng methog theregor, ané‘anrégé%fkdﬂyglagbq%ethe

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



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

pol yi m de-based resin to the entire circuit surface side of the wafer 1,
curing the resin, performng resist patterning and protective film
patterning with 10 an etchi ng sol ution,” arfd renovi ng the resist.
Conductive layers 5 electrically connected to the connection pads 2 are
formed on the protective film4 forned in the above manner. Posts 6 nmade
from col umar @f cthe negtd aropasls 3t spr adeter gxprese pthe iganteom afthe 15
conductive layer 5. An oxide fil n a distal end face 6a of each post 6
whi ch has been $&% r%ﬂqﬂﬁqqﬁQHH?agg ‘renpved and subjected to metallization

i h inti he . i dt t
Perminal on a ci rouit Basrertidt Sint VSR ORErbint 70 A5 I oS (s
least 50 gm anghd V@i fadd Yo AR &9neE@i$ﬁogg@2T{'ﬁ ﬁgﬁ%cp dre th@r med into
by the di

a straight shape to absorb a stress generat e erence in
t her nal egpanSIxqué:peédﬁﬁ@w%\éeg@sbmeaﬁwhcgmhlczi.Or Tréibstrate 1 and

the circuit board. 25 An encapsulating film7 nmade of a resin such as
pol yi mi de or epmxytéctifvey Ednond tilse femmetiebgpréage, sagielying 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. BAn 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.



of the sem conductor substrate 1 between the posts 6. 3 Afilter 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 oytside 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 characteristics, and is difficult to further shorten. The

frequency characteri & £ddt&FeCirRgibrRnd antemia flemant Lo5rede SF0F her. 15

BRI EF SUMVARY OF THE_| NVENTLON_Th ' i
capabl o of  moUREFRETooRANENT D, “FRCEi i i b edaraat, 3 R aRATS

element and capaqyking RLAJFR' st daPae ShMfer St Hidau1@r Bad gbsom them and

m croni zing the nmo eln a sem conductor device which is obtained by

cutting a wvaferrelcBi¢ingi ASAANE p}ﬂs\;@ir@&rsé rdeiidohdue el devibep20and
package sizes are al nost equal . e present invention can provide a

mounti ng $truct wiehstheabbevéedesanilsédotafen dadmili GSkhatirugtare.

sem conduct or device in 25 which an antenna elenent is nounted on a chip.

To achi eve the dhese adsanvagelemesesicambithsy 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



device according to the present invention conprises a 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, an encapsulating film which is forned
at least around the first columar el éctrode and on the first conductive

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

conductive layer which is formed on the encapsulating filmso as to face
the first conduftfste ¢alunnariededtyeidegwhicht iandleetoheakinducti ve | ayers
can format |east one passive .elenent, e. a capacjtive elenent. 15 The

sem conduct or dEYNRECH ttrféra‘bdﬁ?ﬁtsé@eafégégn@nﬁﬁ?E%%rPﬂ ARABH& whi ch
is electricall nnected to the second ,connection,pad,and is connected to
;he secohd coﬁ%§§¥$§2$¥zﬁén9°%ﬂﬁf€§°PhPP85c8Puﬂn3?m EITT which is
electrically co t l.€as AT n i and

connect ed tg th%ﬁig%%%éé;f Ooctgryc]-lulgct%l ée%lrlgfiequ lt %%/grg%lﬁggpfﬁéi@%c%?éo%r?ﬁ’éjcszti on

pad as asgroungh@ash eyl 1te dMiddhneeRieat hQAsPaLe a8ofmed £ NG , an

antenna elenent, e.g., an inverted F-shaped antenna can be forned as a
passi ve- el ementon@5f et syridumtdvet Qayeevivhech Ul § hesntewied as s plurality

of passive elements, and a third conductive |ayer which is connected
bet ween t he pashtast eirehsmacohdomasciion pad, an encapsulating 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

1s connected between the passive elements and has a



5 thin-fil mpassive el enent. The passive elenments and thin-film passive
elenment can forma passive circuit, e.g., afilter circuit. A passive

el ement or circuit can be formed on the 5 circuit elenent formng region
of the sem conductor substrate and connected to the circuit elenent of the
sem conductor substrate. A nodule constituted using this sem conductor
device can be mcronized. In an el ectroni cgdevice conprising a

sem conductor 10 substrate on which an antenna elenent is fornmed in the
above way, and a wiring board on which the sem conductor device is nounted

" a T g on of ORI PABRHIS ALERPkes T R AIYRERRLS tyer

In a region of aces e 'secon conductive | ayer

of the semi condygor (e pEssQet BEemERY! Ofh | Foll HRYYINGe Biirguitructure
can suppress degradation 1 n antenna perfornmance, obtaining a high

radi ation eff|0@§%ﬁ¥ Qf fiadie® wayegitJo achi eve the above advant age,
according to a 20 sem conductor device nanufacturing method of the
present invention, am ipasdisie egefiehm bs Ebrowit i cardeh Latngsl fagy FlXs on
region of a semiconductor wafer substrate having a plurality of chip
fornation & egi onsircadch eleweny formivai reelemedf Yhe rAewy Witoand a 25
plurality of connection pads. Then, a first columar el ectrode

gfh chip

el ectrical |y cormwhata@teo and congecsre teikhe chrmith ihenent iof &

formati on region, and

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




6,a first conductive layer is formed on the insulating

connected to at | east one second connection pad. After an encapsul at

filmis forned
| east one seco

on the insulating filmand first conductive |ayer, at
nd conductive layer facing the first conductive |ayer

filmso as to be

ing
5
S

formed on the encapsulating filmin the chip formation region. 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 el enent
. Thereafter, the sem conductor wafer substrate is diced
into the respective chip formation regions. This method all ows
si mul t aneousl y PofhFRE gonduckiye tlawsr denifesmedcesr thevireslating having a

L CEorRAL E e e v RPRCL SRPE, ORe | oGO8 et | onal vi ew
=50 . ; \ PRI

anbod nent 20 SPoaRacel R TRENE S RS TRETRE PRV SR ng o
first exanple opnatngt {HEL LE€LAN £ B! r&pefi%'s@ecehdaéei%nigpgzg,ugg

form ng region

15 passive ele
DESCRI PTI ON OF

according to t

he first enbodi nent o e present | nvention;

devi ce
3is a

pl an vi ewsshow Dgast SeaeNseexddchdiict iiviee 19k/eUC FHEEngNthber e ace side of

t he sem conduct or

10

15

20

25

conductive layer is 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
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
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
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 emhodiment of the present
invention;

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 manufacturing
steps according to the first enbodi nent 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 nent of the present invention;, FIG 11 is a sectional view show ng a
second 10 exanple of the nmounting structure of the sem conductor device
onto the wiring board according to the first enbodi nent of the present
invention; FIG 12 is a sectional view show ng another structure of the
sem conduct or devicet§%%qrding to the 15 first enbodi ment of the present

i nvention: FIG T3YR%¢°4 secti onal view show ng a structure of a

sem conductor devi ce gge@Qr di B9 H0aReSE6LELonSIBREWE Ko 0Te 1R iR AZENT
invention; FIG 13B is a sectional view showing a nounting 20 formof the

sem conduct or dendriFa@RueifgWsteps 8686LdiRg Cs dilg fia dthembecindnt
enbodi nent of the present invention; FIG 13Cis a plan view show ng a

connection examgd ehef prepansi ¥vavehement forned by the second 25
enbodi ment of the present invention in the nounting formshown in FIG 13B;
FIG 14 i$ a sectiondlIGui @R siBow sgcahonhdrview showing a first
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



8 structure of the sem conductor device according to the second enbodi nent
of the present invention; FIG 15A is a sectional view showi ng a nounting
formof a nodification of the sem conductor device onto 5 a wiring board
according to the second enbodi nent of the present invention; FIG 15Bis a
pl an vi ew showi ng a surface side of the sem conductor device in FIG 15A;
FIG 15Cis a plan view showing a structure of a 10 passive circuit forned
by the nodification shown in FIG 15A;-arl FIG 16 is a sectional view
showi ng a structure of a conventional sem conductor device having a CSP
structure. 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON A sem conduct or device
and manuf act uri sgroethod of heiefosmiamnatuditey devicef actedd engoeh neng s Wi | |
be described in detail belowwith reference to the several views of the
acconpanyi ng dr 8&FaQd. embodimentt Ehitdw maesenkE| Gnvéntson; sectional vi ew
showi ng a structure of a_seni conductor device 200 according to the first
enmbodi nent of the prESEnt 1PAvERLT IECHIQWRL ighd sBoying pl BAUDEERE showi ng

e conduct or GESTBe 500 T HHYAN (9 Slkorifer el ARt PEOf AR T as. 1
to 3, thg same,r gl g{RHCE MBI Srdhd td RheP5bBbnd" bmbodiment 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 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 DETATILED 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. 1In FIGS. 1 to

3, the same reference numerals as in the prior art



\
9,shown in FIG 16 denote the sane parts, and a description thereof wll
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 elenent or elenents fornmed in
an integrated manner within the circuit ebenent formng region DA a
passivation film3 10 which is nade of silicon oxide, silicon nitride, or
the like and forned on the surface of the sem conductor substrate 1 so as

to expose the center of h o] J, O éﬁﬁt ctive film4
formed on the 5&8@? g&rﬁggé %. @%ggégsg?ggg%@ﬁl | §?3%h' %Sinilar to the
conventi onal Seraefs@}q;m% dRKkESs w0111He SRIPOONAusiidtedrYi ce 200

according to the firs enbodi ment conprises conductive |ayers 5 which are

formed on the protectgiwd i ot thedceheehtiondl ysemrvranictb:t aeviiee
connection pads 2 (first connection 20 pads), and posts 6 forned on the

conducti ve | ayer206.shokie ineFIGONUB¢t bhe dsenieoictar tdeariceo@®0i sdewnof t he
connection pads 2, at |east one ground pad 2A (second connection pad)
connected % o gr didFIGSt.edti &, andd3acomprises oher¥wadiity fd 2B (third
connection pad) which 25 is connected to a predeterm ned circuit and
receives a predaeation pader 2 FREMeEPRoMRIIMIE}RRiI%e 200 furt her

conprises a ground pl an f
P 9 semﬂ%a%d%c%gr %Egggrgggnlagearing 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



- 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 |layer 8 (second conductive |ayer) which is 5
formed on an encapsulating film7 and so arranged as to face the '
conductive layer 5-1 through the part of the film7. The sem conduct or

devi ce 200 al so has a post 6A (first columar el ectrode) which is

el ectrically connected to the ground ﬁadlﬁA Through the conductive 10

| ayer 5-1 and is connected to the upper conductive |layer 8, and a post 6B
(second columar electrode) which is electrically connected to the feeding
pad 2B throughleast comelueenductiseerlairer dnd i(§icehnechddct ve tlwyayper
conductive layer, 8.. 15 As shown in FIG 2, the conductive |ayer 5-1

electrically coRRLER et tPIMRERD R thed 9ZRUAAJPEACZA Lppdrextrirct i ve | ayer
i sposed ot boSiTD cFAS hAh e B 4hoAnd nEr Lor&F e 2R apaut at i ng
film?7. Th i h's u Gk at_the
or ound pot ent | of SHAdELEVEISE b SEetEha BnhlE 8081 N8V AR Xe s

feeding el ectrpgfimed ois dr0IdHdUpsUL ALANG ¥SEnF7SHARCEL a0 S aH1§ JPads
are electrically connected to%ﬁé%nﬂt eﬁénents 25 formed I n C|réh|t el enent

form ng regi onsf&¥e othéd heondigtdiv@Ndugleer 5subsheatgh the therd idBtthe
enbodi ment, the inverted F-shaped
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



-, 11 antenna

s formed as an antenna el enent. However, the present

invention is not limted to this, and various antenna elenents such as an

i nverted L-shaped ant enna,

pat ch antenna, and mcrostrip antenna nay be

formed. 5 One antenna element is formed on the sem conductor substrate 1

in FIGS. 1 and
exanple, a plur
constitute a ph
characteristic
el ements may be
antenna directi
ant enna el enent
conductive | aye

2, but the present invention is not limted to this.

For

ality of antenna el enents jqay-be arrayed on one chip to

ased array antenna, and a desired 10 directional

may be obt ai ned. Alternatively, a plurality of antenna

f or ned

FrEgnig, 1s RO chaR fe A AL o5 chagggd Lo 1 eruce

n exanpl e Of evice I n

%r%%%n&oﬁﬁggnEEBH‘fslﬁoE'IfﬁiEHH‘HH“%H@@GWEBH VBQQOHE Of a

serving as a ground plane GP and a facing upper

t he

conductive | ayepnBehnadtdefefit§08GcRNESNAR Bl iFidd TRéhaped ahtannapductive
| ayer 5-2 serving as the ground plane GP and a facing upper conductive

layer 8-2, and 2Qtiche aditeaaki oafdohitheser iptanrenre ergnbe foemddifered 0

by 90 FIGS. 4 t

0 9 are sectional views for explaining the manufacturing

steps of tshe sen1condumi@mteamacelementab@onwm@FtQﬁtqhﬁfﬂqmépq@ﬁHSGPﬁent of
i nvention. The nanufacturlng st%Ps wi | | n%xplaln%d wth

the present 25
reference to FI

10

15

20

25

&gbstra§egl in FIGS and the prese 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
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
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
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
invention. The manufacturing steps will be explained

with reference to FIGS. 4 to 9.

In the manufacturing steps according to the first



In the manufacturing steps according to the first 12 enbpdinent,_as_shomn
in FIG 4, a passivation film3 nade of silicon oxide, silicon nitride, or
the like is formed on the upper surfaces of a plurality of connection
pads 2 which are made from alum num5 el ectrodes or the |like, and forned on
the surface of a wafer (sem conductor substrate) 1. The substrate bears a
circuit element formed in the circuit elenmgnt formng region and has a
plurality of chip formation regions. Thquhs§ivation film3 is so forned
as to expose the 10 center of each cognect:on pad 2. IhedpluralhthOfTEags
I ncl ude at | east round pad 2A and at | east one eedi ng pa e

a protective fiﬁﬁ% d%%@ﬁtloﬁénﬁh@%ne%%hFE% & t20 Pegsdyatibe féhme? of $hF
assivation film

[ th face of, the 15
3 "The protecti 0848 PR 35490, FEAED AL Elter S iipig o8 5Bfayamei@asedd
intoth e uppe u vahi and the pads
rZezlnnt h(ca) vva?er ?tolrfzns‘rjl %g it:' e 6%@&}? széfr ce(;er%%rs]fz %telélrgtl 5¥t ?grni ng and

protective fil nbaahbetmbﬂgpa\aéhz%féh &f i eS ¢ ' QR umAty," €MOVi ng the
resist. Formation of the protective film4 can adopt a nethod of applying

a pol yi mi de- basedecesbdebyosptie Iikﬁ)thdEfd%ﬁdaﬂoﬂgtﬂﬁtEQQfHéé”&faa
squeegee, or an ink-discharge coating nethod. The protective film?25
material is notwhfatt édembcomaduqudy i snkketrtztedd Ir.esThe sabdtﬂayebﬁeﬁfb
epoxy-based resgnCligﬁlébg{gﬁz%%kgogxggﬂin 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,.



resin), or the like. 13 As shown in FIG 5, conductive |ayers 5 are forned
on portions of the connection pads 2 and feeding pads 2B exposed through
the 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) layer (not shewnp3 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

| ayer, cured, and thgg Qﬁéaﬁrpngﬂg'séymgéﬂ. VAR el3 §OLL-8SPRRMEACE

Wi th openings with a" “predeterm ned ape. e openings forned by the

resist 15 undergn sLectipapl 8% fite Yokt A d'padEM2 aner fagd@ngCpadent path.
The conductive Paygrs E and@E-l nayobe forneg)by electrolesggpFating.p

Exanpl es of thezﬁab§8b9é¢U§Eﬂoﬁgm thdagserminiyidorved dyethear e copper,

al um num and gold 20 which exhibit good conductive characteristics, and an
al loy of them AsoskowhvenfFl@ 4 6angasassiateion HidmeB .ar Eondpabévef r om
columar el ectrodes at predeterm ned portions on the conductive |ayers 5
and 5-1. 35 Thelpysrs &rd correspeyding gto PINA RjaresoSE aFSrﬁﬁF?éﬁ

hotoresist to a thickness of about_ 100
P on the ground pads ZA. to

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 gm curing the photoresist, form ng openings which 14 expose _
predeterm ned portions of the conductive layers 5 and 5-1, and perform ng
electroplating for the interiors of the openings by using the UBM I ayer as
a current path. Each post nay be fornmed by electroless 5 plating or a stud
bunp nethod. Exanples of the post material are copper, solder, gold, and
ni ckel which exhibit good conductive characteristics. Wen solder is used
as a post formation material, a spherrbaﬂ4eléctrode can al so be 10 forned
by succeeding reflow processing. Wen the post 6 is formed using solder, a
printing nethod can al so be enahgxed in addition to the above methods.
After the posteBPPEetPFedetermi antdans p(flr tth.snco?fitl;lhe%vjsl\ﬂ.a_w{:@ymrdl E
etched away. 15 h in FIG 7, an encapsulating film7 is or e Y,
e.g., nnld?ng tﬁgggﬁtggg’siﬁ RE I trﬂ&ﬂéFlﬂgmﬁ9ﬁ_?h$esindsuch as
olyimde or e i ts, .protect Il ns, an
(F:)onéuct ive | asgéggfg%gge%%ca\:prg%o ?é\i&%fslr):%% ;silggp%gf’epéﬁl ga%’aea%fa 20 a

resin containi nguspdst il | Yeddie A | Be %gmgaeg§e§\I %%?ﬁ][%‘%rgh

above-described protective film47in ordér to ensure _
copes Wth envplati®gtst £hagEoumPreeiocded of formng the encapsul ating

film7 may be a printing nethod, a 25 di pping nethod, spin coating, or die
coating in additionExamphes abbvwhergristoned erkdi BgeMmebPpPEr, 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 formed, 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 conductive jkayers 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 ates serving as the%b'?ﬁ%ée cgy%&ai&%ecaés%é%q: nd FaYnPe fLxedeWatd a

conducti ve adheSrP&~t posts an corresponding to the ground pad

2A and feedi ng,padsKBy do dipdeL EaRArshce0lgdeiofbahkSpBsasesar 6aNgMtd on
posts 6 not co€ered W th the upper conductive layer 8, thus form ng

term nal portiops, afdsbeideifimG o thhaippairesutfasedi ofdtheoparts
predetermned cut lines CL into chip formation regions. As a result, the
20 sem conduct oardevemeve@d) davshmupr hien HIGuct8ure shown in FIG 1 is
formed. That is, the sem conductor device 200 having_ the _structure shown
in FIG 15 i.e., an AnmetpddfFiknopell auif RRPOFSL dfedaPynehedgP¥und

pl ane GP formed from 25 the, conductive | ayer 5-1, d the_upper conductive
| ayer 8 formed SALERE PBLIRELIBA hdhB Hdis &phdhd ﬁgqf“os’ 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



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
wWring patterns is set in an electronic device housing 40. The

sem conductor device 10 200 is mounted od6the 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

| ayer 8 functiosilegtrisathy econmegkedita Hhesgmistenddcand @Bvise 200 faces
15 the wiring board 30, If a wiring pattern exists in a region 32 facing
the upper condufgPry&ariyeeds of the wiring board 30, the radiation

ffici of radio S di ated, by the upper conductive | ayer 8
geclgggggyor t he :ad¥§¥§0ni§0a% tﬁ%r ?%;WﬁQﬂgiﬂGe&%r§€§Pég?nﬁu E%b%%tennasz
f . T % i i L] tlenn | ned_jin the region
Pacing the upperPefin B, bohfeoiidbdl BT 208, b e BhEE ot g e nat .

the degradati ongi RoBAEEANEN PE W OF IR G AN b%%_rauep%eaﬁéet@éni d he

structure shown in FIG 11, the region 32 facing'the upper conductive
| ayer 8 of the wiking 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



30 is .an opening. In this case, alnost no nenber 17 disturbs radi o waves
- radi ated by the upper conductive |ayer 8. A decrease in the radiation
efficiency of radio waves and degradation in antenna perfornmance can be
m'nim 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 @3, and form ng 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 ”Dd‘dggtg&iag i‘Qﬂi‘Qt@Q@é‘s WU §fh it GRNIHS Whpdr B8hAActDYE chip

can be m cronized. nce the antenna 1s nountéd I nside the chip, the

wiring length fnageg @i.rCHi e@hedb€ LA thd rddiatArinerIEicibnegnobe greatly
shortened in conparison with a structure in which the antenna is disposed

out si de the chi padiec#akieseahdsdevadart bbrecin e anniac pecdogmangeesanhe
antenna can be mnimzed. This contributes to inprovenent in transm ssion
channel charact dei siindmiand, 2angr 99od epe Bl ArmANGse CBdy PEnéEtaARBANA. I n the
above-descri bed enbodi nent, the encapsulating film?7 is interposed between
the ground plane GPAsndlesrsibppeprbeBRduth® VLTS gMapdimentoay as  shown

in FIG 12, a high-dielectric npenbe 1 be, 25 i nterposed betwe t he
ground pl ane GPSHRFLEA¥tESpaR lEBﬁHéﬁ%i Egﬁgﬁﬁﬁ %?tﬁq?at%Wé%eﬁg ?gaﬁﬁgr 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. In this case, after the posts 6,

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



6A, and 6B are formed, the dielectric nenber 11 is 18 fixed to the ground
pl ane GP (conductive layer 5-1) wth an adhesive or the |like. Then, the
upper conductive layer 8 is laid out through the above-nentioned

encapsul ation step. 5 By interposing the high-dielectric nmenber nmade of
bariumtitaniumor the |like between the ground plane GP and the upper
conductive layer 8, the electrical length_ _of the antenna el enent can be
adjusted. In other words, the resonance fﬁgquéncy of the antenna el enent

10 can be changed wi thout changing the pattern size of the upper _
conductive | aye he resonance frequency of the antenna elenent is

8. Wen t )
kept constant, %ﬁéegrﬁasth? gf?ﬁ?iﬁRﬁﬁﬂf[ﬁ%aﬁ€°0§u8ﬁﬂvﬁpbéyeéo%dhbtive Igyer
Enbodi nent > b1 L E8A0NB3TETYe Ot 1oHR dikGnouhERa tEenTBBRGuct or device
200 di t ngly &P di t: of. th ng,.Lnvention. In FIG
13A,afﬁgr ggge ?8?§§gﬁgg8ngﬂ%ralsqégqgﬁifﬁ%&f?Pgéggﬁb%%%nent 20 denote the

sane parts, andaBo¢es@éhPibmed tdiiffulWtlilon Beeproperly onitted. The
sem conduct or device 200 according to the secohd enbodi nent conprises a

conductivé |ayer 5-2By(ihtetpeshiyiciiie/ ignyrerieleereet A6mbor anLdst er ni ned
25 connection pad 2C (second connection pad), and an upper conductive
| ayer 12 (seconbBacbdutiutitariymyasn )theoliikg between the ground plane GP

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
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. 133, 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 layef 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



an encapsulating film7. As shown in FIG 13A, the 19 conductive |ayer 5-2
-~ and upper conductive layer 12 are formed at positions where they face each
other via a part of the encapsulating film?7. A solder layer B is forned
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
the sem conductor device 200 shown in ) Gygl3A is nounted 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 |layer 1 nca | ati filmy7 ' z
capacitive e|enéﬁpééﬁilxe23§¥gélg?%c%?4iﬂﬁﬁfgféﬂﬁﬁﬁgﬁﬁygi§%X%?g§%e§f§oaorggg
2 via a conductiye |.avet 0?EBS?FQEﬁﬂﬁiéfégingdéénbaC%5OQ%%Ee%maB& of the

wiring board 30°via a sol de citive elenment Cp can be

formed between ,he BadtB3 eAchPSuYafing PPAE 7 .30 ansblides depeucBi'ves | ayer
5-2 inside the chip, and an equivalent circuit as shown in FIG 13C can be

constituted. In fohfredlBG méBaleicaeies proessdip)Guateret @dldei rcuit part
formed on a sem conductor substrate 1 of the sem conductor device 200 in

advance, & showrintifbG oh3heThppenpaendusisl veel lawan 1¢p can be connected
to the circuit part 200a. According to the second enbodinent, the
capacitive 25 el eneIGand3Bhils eafepbipnadgyeeBhaMide & ftdH® *Thaving a

capacitive elenment is constituted usin hj
P which the semiconductorgdévige 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 clrcuit 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 mcronized in conparison with a 20 conventi onal
structure in which the capacitive elenent is 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 between the upper conductive | ayer
12 and the conductive layer 5-2 to form &%9capacitive elenent Cp. 10 In
this structure, the capacitance of the capacitive elenent is determ ned by
the relative dielectric constant, thickness, and area of the dielectric

| ayer 13 int er poseenbionek st hetuppeincehdabt ke bapacifiPve asleridre:
conductive |ayer 5-2. The use of a 15 hi%h-relative-dielectric-constant

di el ectric can 1fndFear@ed reutsisieithensdipal ue without changing the areas

Of e Upper Conduct e, 8YGlo g2 B SONCLL Y L BYe (L2 e Lhe e
0, 20 oot cnsen bl 800 Sk % Jo LSRR b on L BLEA T o o1
bar i um t1 ani UMknerubgdt MBI UBlyel! 3 ahaiche dSfusbiored TR cation
of the second 25 enbodinent. FIG 15A is a sectional view showng the
sem conduct or dev2 ceo 2£8rmwfa tdpatidiifvieCallePBndNd @nstead, 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 jn which the sem conductor 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 nodifi-cation conprises upper
conductive layers 12-1 and 12-2 (second conductive |ayer) fornmed at
positions where they face 10 the conductive layers 5-3 and 10 t hought

dielectric |ayers dd ArGAbUBBALACLECtIPHe. O1ds fOITRA o vileg conductive

| ayer 10, and a sol BIrs fornmed on the columar electrode 6. The

col umar el ect r qiewAnigs takeshtiEsat ! ¥ 16h6 suterdatiudtdort Rrevieedeoobal | B to
a pad 36 forned on the wiring board 30. Solder layers B are forned on

t he upper condu@riore whdydr shé2ehcapsdulft PndpyEilmetralild zatiitdredpr ocessi ng such
as solder printing. The upper conductive |layers 12-1 and 12-2 are
connected via 20 the olsiewnl dpeF3GB' 153, ptie B&diHieatdlam aompniiseisng

board 30. Wth this arrangenent, two capacitive elements G and C2

i dentical §n strasnecsies pad @Rpiererne ePrireliongpagle alegtadcadely

formed between the upper conductive, 25 | ayer -1 a he..conductive | ayer
5-3 and bet ween QREaFSSE, t@oﬁ&&éPF%éV?a}/%Ygﬁ%-é'z%rﬁP‘{ﬁé} c rc{'ﬂ ve g

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 electrcde 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.



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

el enent can 10 be nounted inside the cﬁip?zand a nodule with a filter
circuit which is constituted using this chip can be mcronized. In this
nodi fication, the filter circuit is inplenented by a conbination of two
capacitive el enents Ag5shadnobe FHeuctiRe WeemonducThzeplegent 10nvention is

not limted to this, and various passive circuits na¥ be constituted by
Py

combi ni ng pl ur aPPEFBENGE £AHACE tFIHAT &SN BRaPRNEAcEPTR ehehditatived

conductive Iayeg emgHJétﬂerm)re, the present inventionis not limted 20 to
the capacitive erénment and inductive el enent, and conductive |ayers forned

on the seniconductorngpgggaﬁ%%ﬁ€x§ﬁ?&gégﬂp§v%%505§ E?h?%ﬁ%#?%§i ui t

el enents such as a resistor, _ iT'mtransforner, (Surface
Acoustic Wave) bbhbehing €h@Sédpdritiiig eARthen?d MM EnbM ST SH@VE dNOl i thic

Integrated Circuit). Alternatively, these conponents nay be conbined to
inductive element L. For example, a ® 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 suppressed 230 - nprove frequency
characteristics particularly in an RF circuit. 24 WHAT IS CLAIMED I S: 1.
A sem conduct or device conprising: a sem conductor substrate on which a

circuit elenent forq&thﬁggEggeang?gighyrgéggybéﬁcf#guyygidy% $ehads

including at |east one first conhection pad and at east one second

connection pad Rft@dBAsidel thal cAPhUMRY AL HIAAR WonFtitatkar med on
the first connection pad so as to be electrically connected to the first

connection pad; yHindt theasthapechhrbé wOctbcizemd. | Quampadddcio & forned on
the second connection pad so as to be electrically connected to the second
connection pad; aamventdpaalasiimgetiuken hiehicls fresedasiveastircadssnd t he
first columar electrode, on the 15 sem conductor substrate and on the
first conducti vearsg @y@ﬁpged 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 second conductive layer which is forned 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 electrically connected to the second
connection pad and is connected to the-se&énd-25 conductive |ayer, and a
third columar electrode which is electrically connected to the third
connection pad and is connected to the second conductive layer. 5 3. A
device according to claim?2, wherHar IheIgaemmnd ISennecti on pad constitutes
a ground pad,, the third connection pad constitutes a feeding pad, and 10
the passive el enent inclideenigrngduatinr devdgencompgisingevi ce according to
claim 3, wherein the antfnna el enent includes an inverteg F- shaped

antenna. 5. A devi ce®at¥Br P TPT ISRt EatghePehiEhed patEFYE el enent
Lneluces a capagi Ly SSMRINg by WY SN pLUERDELy COFPELSESee £8h LN
5 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 FL;;P?tybg?rgasSivé devi ce
di i ising: ap
according to claim1, further 20 conpr . ( ssive o
; i nnecting the passive
el enents; and a third conductive |ayer co ( \ el en
i i i 25 the third conductive |ayer
A device according to claim®6, wherein 2t I o of
i - e elenment, and the plurality
constitutes at least one thin-film passive and the plurailt
i he 26 thin-film passigve _el enen p
e, oA dent e, i im7, wherein the plurality of
i it. 8. A device according to claim7, whe o
ELQE?LL el enents include at |l east two capacitive elenents, 5 the thin-film

i k i i | ement which is formed by
ve el enent cBabudesvanaj@fuctive e _ _
Bgff;rning the third conduct%ve | ayer so as to induce an inductance

' ' ido] filter circuit. 10 9. A
t, and the passdve €hifdidolitdatdes &didder, _
ggcrggegccording topclainll, wherein the encapsu atpﬁﬁ f-Pm has a

e P e oy s e otratotRn St &8 8oL R * i ng
tronic device ¢ - . )
1573 Sem conduct bf  SUBRTEA twh s Gecand RoHHct b EMBRpaLOr M NG T ogi on anG

i i o
a plurality of connecy i n, device according to claim 2. wherein

the second connection pad constitutes a ground

pad,
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.
5. A device according to claim 1, wherein
the passive element includes a capacitive element,
15 and
which further comprises, on the second conductive
layer, a connection section to be connected to a wiring
board.
6. A device according to claim 1, further
20 comprising:
a8 plurality of passive elements; and
a third conductive layer connecting the passive
elements.
7. A device according to claim 6, wherein
25 the third conductive layer constitutes at least
one thin~film passive element, and

the plurality of passive elements and the



pads including at |east one first connection pad and at |east one second
connection pad are fornmed, 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 |ayer, a second conductive | ayer
which is formed on the encapsulating Fil#&6so~as to face the first
conductive 27 layer, and an antenna el enment which is formed fromthe first
and second conductive layers; and a wiring board on which a plurality of
wiring 5 pattethsnaf£lm gaedve A SaRMitC FodChopadeyvéechpmiing, a structure
in which the sem conductor device is electrically connected to the wing
patterns on the wiri8g bbadevide addeerdimigutneaclelinc?y odkerdin wherein no
wring pattern is formed in a region of the wiring board that faces the
second conductive | atke Phirahit¥E«af casdideoelanents. inglude dlvilsast
according to claim 10, wherein the region of the wiring board that faces

the second 15 cb¥RucdRetHiKferelsmenté seni conduct or devi ce includes an

opening. g 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 sem conductor device manufacturing nmethod 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 second nection 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 layer; and formng at | east one second conductive |layer on 5

t he encapsulaﬂlﬁfﬁqun as to face the first conductive layer. 13. A

met hod according to claim./1 ferlt Q}%th_t %ﬁggf]i fgngc',,f,,{‘e%&{’f}o{'%é\;ﬁee% t

e
columar el ectrode which'I's ectrica connéec e secon

connection pad dexdr e EE: qqetﬁgxgggpngn&onductive | ayer; and
e which |

formng a third columar electro Is electrically connected to at
| east one third connegtwion mMAGcATNSnt RBiphuaapltyabitgosnesiti pads and

is 15 connected to the second conductive layer. 14. A method according to
claim 13, Svhereipatterns 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
reglon 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 connecticon 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 to a wiring board. 16. A nethod
according to claim15, further conprising8 fermng a plurality of
capacitive elenents; and 5 formng a third conductive |ayer which is

connected between at |east two capacitive elenents and is so patterned as

to i nduce an induct afeemingpanesicapdlarahyy ffanm 89 d8abbdaedbhne teenent .

17. A method according to claim 12, further 10 conprising arranging a
diel ectric mat efibst beelwenar reledtinosie, avt tbeoadmioconduttior | ayers. 18.
sem conduct or device manufacturing nmethod conprising: preparing a

seni conduct or watRFtYHRFe RMALCR thes frgtacengugtivei baye¥ nedhdn regi ons

each having a circuit el enment form ng regi on and luraljty of
9 %ormlng at least one Q%cond congugtgve ia}gr 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

A



connection pads; formng 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 |ayer on the 25
insulating filmand connecting the first conductive |layer to at |east one
second connection pad anong the plurality,pf connection pads in the chip
formation 30 region; formng an encapsuﬁgfing filmat |east around the
first columar el ectrode and on the first conductive |ayer on the
insulating film 5 formng at | east one second conductive |ayer on the

encapsul ati ng fi9FASFHRE ShFPCFYrfatPoRer eRRerRy R & §Fitddy Prérdir st

conductive | ayer; arl%.di ?\Ihglgthggf 38%98998;‘}%:%\’?{@&&” ttr&%r_r espective

chip formation regions, ere ormng-a sem conduct or
devices. 19. A sa¢eerding to claim18, further conprising: formng a
second columar el ectrode which is electrically connected to the second

connection pad in 1¥driEnehiab pllrEatt 9ok eshpic Bittve Se LM eGrido the
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



formng a third columar electrode which is connected to at | east one
third connection pad anong the plurality of connection pads in the chip
formation 20 region and is connected to the second conductive layer. 20. A
met hod according to claim 19, wherein the first connection pad constitutes
a ground pad, the second connection pad constitutes a feeding pad, and 25
the first and second conductive |ayers forman antenna elenent. 21. A

met hod according to claim18, further = 330 conprising: tive element from
the first and formng a capacity second conductive |ayers; and form ng on
t he second conductive layer a connected to a wiring board. 5 connection
structure to berégishai m 21, further 22. A nethod accordi ng conprising: f
capacitive elenents; and formng a plurality of capacitative |ayer which
is forming a third céaumingean snganswl addpgcifilneat| daeat sanerhd itthe
connected between at |east conponent, is 50 patterned as to induce an

i nduct ance ther§§93f09%4¥mPQﬁ1Q¥ﬁﬁkﬁqd@ea@ﬁeﬁénfhefﬁi%ﬁ%r?qgﬁu9¥3ﬁﬁ:hod .
mat or i al 151 rLEVERGR SR G I S er o, o o o o & delectrie
5 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
10 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
15 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
20 region and 1s 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 .
25 the first and second conductive layers form an
antenna element.

21. A method according to claim 18, further
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