*;e3e4>1zz{<6T>"4 w1l 2 3 NOV 200 SEM CONDUCTOR DEVI CE BACKGROUND OF THE
| NVENTI ON The present invention relates to a sem conductor 5 device of a
+CSP (Chip Size Package) structure and a nethod. of nanufacturizﬁ%hﬁgﬂﬁﬁﬂe.
In recent years, a sem conductor device of a CSP structure, i e
chip size is substantially equal to the package size, has conme to be

enpl oyed for 10 increasing the nounting density of the circuit substrate

FIG 40 is a cross sectional view exenplifying the constructi ﬁmwmmlW’m,"m“”m
sem conductor device 10 of a CSP structure, and FIG 41 is a

sectional view along the line V-V_shown in FIG 40 show ng the 154666+
construction of the seniconduct of 1d&%i EQEIEHVﬁ8T§°§onductor | ayer 5. As

shown in the draw , em uctor device 10 conprises a plurality of
connection padsgghggéﬁghggpiagﬁﬁﬁﬁ m el ectrodes or the |ike and forned on
20 the front side (circuit si CB?%CIEH &ﬁ@fgﬂgﬁquMrate 1. A

0 SF}ICOH oxi'de, 'si i

passivation film 3 consisting 1con nitride or the like

is formed on the sidany JitediPemvid S laddle SYbStddh fodndidedhe

connection pads 2 in a nmanner to expose the central 25 portion of each of

the connegtion pagscé ol $0cs? QichGy fs i®lee BRIk MG Uagin 4y i for nmed
on the front surface of the sem conductor substrate 1 except 2 3 NOvV

200 - 2 the fomeithedr oF @AandfacherdoRnedid ameads 2, and circuit el ements
are formed in an integrated manner within the circuit el enment-formng
regi on DA. A protect ilre dfademtd yiearfsnr e ds emnl ddred yatsst vdd v ae Sof i A nCSPin a
manner to forman open portion in the central portion of each connection
pad 2. For for nstguchanerotiscwihiehf ithe 4hithe iew iiree sibdtetionllthe si de of
the circuit of the sem conductor substrate 1 is coated with, for exanple, a
pol yi m de seri e§dp@di FolFheap@ckalge sdldeonddshyraas ity kb erpkaxer r&af n
material. Then, ,a resist patterning and a protective filmpatterning are
appl i ed BY usi ngREHCEEARIIN FRSoMPUNGH LT SAarGddy IRE f8 iTF Gt t he resi st
filmso as to formthe protective film4. 15 Conductive |ayers 5 each
electrically coﬁﬁg’]ét%&tleo t B CeoftfedtS 6 FFS %#%aﬁed’%ﬁ"t he protective
film4, a pluralit f. basts for _cqnnegt.ion to the external circuit
whi oh a6 6ol umRAPTEN &R od iy SOPBATHE 4P T thld TIRRPGGEE T TRV ER® t he
conductor 20 | ayears 5. d [ her_gej er,, a [ 21 nt
O B2 '%%P. Qﬁ:%ru&%@& 2 gﬁl[d;éfl 41f a:lt%ga[ SAOJJ'S g&%”@eééfgﬁgf

such as a solder printing'is applié iIp o SO as to form

oyl ooy LSS SRS 2 il 0 oSl v
15 construction of the semiconductor device excluding a
conductor layer 5.
As shown in the drawings, the semiconductor
device 10 comprises a plurality of connection pads 2
formed of aluminum electrodes or the like and formed on
20 the front side (circuit side) of a semiconductor
substrate 1. A passivation film 3 consisting of
silicon oxide, silicon nitride or the like is formed on
the side of the upper surfaces of the substrate 1 and
the connection pads 2 in a manner to expose the central
25 portion of each of the connection pads 2. Also, a

circuit element-forming region DA is formed on the

front surface of the semiconductor substrate 1 except

AR EERL

*G00002*




“25 is forned straight in a height of at least 50 a mand typically about
100 to 150 ~ mso as to absorb the stress generated by the difference in
.the theriml 2 3 Nov 2004 - 3 expansion coefficient between the
sem conductor substrate 1 and the circuit substrate. A sealing §iNom Zgyade
of aresin material such as a polyimde resin or an epoxy resin is forned
on that 5 portion of the entire circuit surface of the sem conductor
substrate 1 which is positioned betmeen'ihg adj acent posts 6. As descri bed
above, a native oxide filmis renoved fromthe projecting edge surface 6a
of the post 6, | | owed.by appl.ying_a petallizing 10 treatnent such as a
sol der printingL$8 ?ﬂﬁmbPéjEEBFﬁﬁ gégégguFP&€§c§g°§opé§St@'f@Pﬁla t er mi nal
portion for con i t he external circuit. Were the seni conductor
devi ce of the cggg%pggt%gﬁm88§§rP58d%858$8 A0 APuE§ 9E6 B 9 MAgR T
substrate, the.&fEH&Hakhé5ch%EE?”e?%p%g%-@8§higﬁf%r t.ne gannection to the
0 facé the

. 10 .
external circuit 1s arrange termnal® o gthe Clitfcuit substrate

and bonded by, for exappbeecdi%@ 4814 LQ HG Y rémaéémgf d &l{%g O

substrate so as to achieve the nmounting of the sem conductor devic

the circupt subsilate. ihOh hehAERILd ELZRSGRI VRent PoFta@W RRednM th a
wireless I/F function such as Bluetooth, it is absolutely necessary for the

sem conduct or cbepttalbpoegiibpped wath abnREctueat ipadal2 el ewRntforaicly as a
PLL 25 circuit, a VCOcircuit or a filter circuit. For realizing these RF
functional el enbhesprotecsivecésdar ¢,t thar eandeevaurdasepassithe aictent s
such as a 2 3 NOV 2UU~ - 4 capacitance el enent and an i nductance el enent
in the circuit efehbatcisenihgofeghenseaiobnthe toenisubsduetter Isulsstrate 1.
However, the formation of these passive elenents 5 necessitates a

rel atively |argecated, whibn £RE e¥smpleyhat poilyimidee sgadsisvaesiianents are
to be f0£ din the ciicuit el ement-form ng region DA, _the chip area s
unavoi dabl y- i ncPRESEY2 Ly f EPhACWRAPDYr EXTILET; #BFe£98ESAn TERd s R t@FHdICt or

devi ce 10 of the, CSP structure 10 described above, vari,o r.obl ens are
gexgrated. For g&%ﬂpl%,rgflgg PﬁgBEEEBPé FBdiﬁc¥58§é°Fh€%;53&Fing density

on the <1 it SUbSLERLRy 30,pL06RUENEL b U S LA Lo g ot f nec

froma single sem conduc ( _ qyield of
L9, oAt OTbe S SBRBIL G BRRLAE MBS Otin SURPRISAE
elements are  the protective film 4.
15 Conductive layers 5 each electrically connected
to the connection pad 2 are formed on the protective
film 4, a plurality of posts 6 for connection to the
external circuit, which are columnar electrodes are
formed in predetermined positions on the conductor
20 layers 5. As described herein later, a metallizing
treatment such as a solder printing is applied to the
tip of the post 6 so as to form a metallized projecting
edge surface 6a that is to be connected to a terminal
(not shown) on the circuit substrate. Also, the post 6
25 is formed straight in a height of at least 50 uzm and

typically about 100 to 150 um so as to absorb the

stress generated by the difference in the thermal



formed as discrete parts and nounted on the outside of the chip. However,
it is difficult to decrease the 20 size of. the RF nodule with such a
.system BRI EF SUMVARY OF THE | NVENTI ON An object of the present invention
is to provide a seniconductor device capable of nounting passa 3 0¥ Woent s
on a chip without inviting the increase in the 25 chip area and a nethod of
manuf acturing the particul ar seniconduc[pr:geqjce. According to a first
aspect of the present 2 3 NOV 2004 - 5 invention, which is intended to
achi eve the above-noted object, there is provided a sem conductor device

ye. ) ' ) ) it el i )
comprising 2 ScELEGRINEROL BUTLILe JAAL Al Uk B oD
filmformed on EGSSE&E%H'E ghgngﬂ%b%ggghqg %ggg%ﬁig nd at | east one thin

fil m passive el ement 1 ncl udi amar el"ectro ‘or connection to the
external circuil congeglad it 3liiheasinaone fif £ Rldiidldddefa LoNAELAON
pads and at 10 | east one capacitance elenent 'consisting of a plurality of
conductive | ayegspangifiabeebkia BBl @hl abok3dy 8t idNd Ak Jriiie GG £ enment
consisting of a conductive filmpatterned in the shape of generating an
i nduct ance conppeefiont BE ehpaentapeeceéhetErt sandddee gmdind ance 15 el ement
being formed on the insulating filmon the circuit elenent region. It is
possi bl e for theenhconflubropassbeeraktemanivhtiehbd sapoaigadrad Lrytwaen t ypes
on the circuit element-formng region DA so as to be connected to the 20
circuit el enent tbe aHgacentupbstkeent Aodeiseg ibegi @abode t lar oweghi wdhe
connection pads or so as to be connected to the external connection
ternminal s throughidRefédnuifarespreds 6gom the prodegting tedge possiage to
mount the thin filmpassive elenents_in a stacked 25 fashi on without
inviting an i ncP8aS8 FRetREStnfp &Pe&CVAAshHY ARPLYAIS e Matedizingni ch
be, mount ed outsi de t chi p .as .di screte parts, can be

wer e rqu@red-tg be uﬁﬁ Eg (

2 3 NOV ZT1 O- - “EC2HBERE GG t AP 3t RELERED PLI IR o te PFURETRH €
si ze. According a pect _of .the present invention, which is

i ntended to ach?égg Fﬁgggggvggn§§e8%5t8b?85@;atﬁ&ﬁ?ﬁ%§%m33ﬁ?ﬁﬂp et hod of
manuf acturing a ] aductar Vi the, Jd,.cul nghtruction

descri bed above?éﬁﬂbgﬁggﬁaﬁgfgggu?%ﬁsghg}hgéggPafﬁe Sﬁggghﬁj%%vention, a
sem conduct or Wafgk ~BaM1RE0R RbW5idkl by @heChi ] | QNS deyy Prepar ed
first. 10 A ponnect?on pado?s _o%ned ?n egc%O%FEgﬁﬁgﬂ%ﬂ{gg%ornﬁ%%iregions.
After a passivahbefefl iEMnBuRCEHNEO! BEcGRBUAR sRYiraR Ol +FRCR LHANASE T On
pad is formed on the upper surfaces of the connection pads forned in the
chip forning regoeBsonacki tht poeteet ifve thlemMdonnfe@itiRth &b knd he upper
surface of the passivation film Were a capacitance elenent is forned as
the thin film pesseveadl edeotiitaiki astrangedudtio fadeaydre cmmeatad ¢ t he
connection pad is formed on the first protective film and a dielectric

mat eri al | ayer tbefoineditnsubstragepend donged iy ,fifet ecmmpictive filmin
whi ch the capacitance elenment is formed, followed by formng a second
conductive fil nfoRotAerdnel tet the weradinal lofyshesfixsuis rorhatrate so

capaci tance elenent. Alternatively, it is also possible to arrange fhe
first conductiv®sS250 8GBLeVEdfthceRPUNG 1Bgc Rioither sEMiFandiichey elavige

20 to the circuit substrate.

For forming a transceiver chip equipped with a
wireless I/F function such as Bluetooth, it is
absolutely necessary for the semiconductor chip to be
equipped with an RF functional elements such as a PLL

25 circuit, a VCO circuit or a filter circuit. For
realizing these RF functional elements} it is necessary

to arrange various passive elements such as a



“material layer interposed therebetween so as to formthe capacitance

el enent having the dielectric materi al 2 3 NOV 200 | ayer sandw ched
.between the adjacent conductive |ayers, thereby decreasing the nunber of
steps required for forning the capacitance elenent. On the ot2®mNohagg. in
the case of form ng an inductance elenment as 5 ~ the thin fil m passive

el enment, a first conductive | ayer connected to a connection pad is forned
on the first protective layer, and a conducatiwe |ayer patterned in a shape
adapted for generating an inductance conponent such as an angul ar eddy
shape or a | oop shape is fornmed 10 so as to formthe inductance el enent. It
i s al so possi bl eabacigaiice AgmentC anid @O ndue temodu @lienertayier fhoe m ng
the inductance elenment with the protective filminterposed therebetween. In
this case, it isiposditbledementrforasad regimtudrande tha eemifcandudor

i nductance el enent. After these steps, dicing is applied to each chip

form ng regi on sybgtragesdparate the sem conductor water into individual
sem conduct or devices, thereby formng a plurality of semn conductor devices
of the present inventiiev@oh e ifioymatiahaf XheFf RIS |94 ¢ e

element. As a result, it is possible tq callectively forma plurality of
sem condult or d&FCEES HARSSy % HRlGHvaly Jrrds r?qeia%/'m i eqeeﬁfb]n‘%/s

stacked on a chip. Additional objects and advant ages of, the invention 25
wi Il be set fortHaty tife tASSE DAY AR GTETHE GHE GhP FQRad vt LR
obvi ous fromthe .descr.i pt,i on, be Iearnegﬂ§¥ ract.ice of the

inantign. ghebgﬁﬁﬁﬁﬁ§ e%ﬁﬂ@ﬂégT%ﬁégﬂhﬁﬁﬁ%ﬁ% 1 qqﬁﬁﬂﬁﬁ%ﬁ[ﬂ%y_be
barticalarly poteRFidRrlE AR Radd LAY R e G TR AR

VIEWS OF THE DRAW Nged sUPﬂthid&i@é‘Vﬂd"% MY dsprgdqearporated in

and constitute a part of cation, 1llustrate presently

enbodi menps of idee i iHbveand dr9gRiN Y rad iding herHefiada@scri ption

gi ven above and the detail ed description of the enbodi nents given 10 bel ow,
serve to expl ai Pdrhexanipia pligs iof inped kel iton. ifdféade itshe swsising
sectional view showi ng the construction of a sem conductor device according
to a first enbodiemsittyfort htheraisantit e timake 15 Hs@, 2¢heé snumipensat

sectional view along the line I-1 shown in FIG 1 showing a first exanple
of the gist portdhgrpsofthate e mhirinredidfinae;a BiRgDB senicendegtor
sectional view along the line I-1 shown in FIG 1 showi ng a second exanple

of the 20 gist p@fiennsfdedreasad hARt et eher| Y3813 ¢% 10 are cross
sectional views collectively showing a nethod of manufacturing a

senm conddét or dRARYE BRI AN tTP L HTHRAS L iR PRI L 3 C RN G r &% ht

mde of A capaci t ance S EAHATE BT HTE Ohe THS TS ENRoa FRRELEF the
present inventi%ﬁéments for realizing the RF functional elements are
formed aé discrete parts and mounted on the outside of
the chip. However, it is difficult to decrease the.
20 | size of.the RF module with such a system.
BRIEF SUMMARY OF THE INVENTION
An object of the present invention is to provide a
semiconductor device capable of mounting passive
elements on a chip without inviting the increase in the
25 chip area and a method of manufacturing the particular

semiconductor device.

According to a first aspect of the presént



2 9 NOV 2004 _g_ FIG 11B is an equivalent circuit diagram correspondi ng
to the connection node of the capacitance elenent shown in FIG 11A, FIG
.12A is across sectional view showi ng a 5 second connection node of a
capaci tance el ement according to the first enbodi ment of the p&&J@Nt 2004
invention; FIG 12B is an equivalent circuit diagramcorresponding to the
connection node of the capacitance 10 ele t shown in FIG 12A; FIG 13A
is a cross sectional view showing a third connection node of a capacitance
el ement according to the first enbodi nrent of the present invention;

FIG.13B is an Lyalent cincuit, _di.aqr correspondi tq the

connecti on nndegg?b¥ﬁgggép§éﬁggnég ﬁgﬁiﬁ%%gﬁﬁm?q %ﬁ%aggéié%Qﬁ%InQEﬁgis a
cross sectional oKl show faur nnect.l of capaci tance

el enent accordiﬁgbgg%fth%?gs?Se%gghﬁgégt%b%%ﬁ¥§%§a§§§1r Y ention; FIG

14B 15 an equi vabapk igihgUb! sdndeballedcroSRatiAGd Qalin Fanagld g, mode

of the capacitance el enent shown in Cross sectional

view showi ng a &l&hBn25reeRARG! rediBRdanel -2 A3RaqI; SR ordi ng
to the first enbodi nent of thg prggent angn i on; &%%?Q%%EJIS aﬁzggﬁivalent

circuit dbagranpad2 BoMWd2@Berelid; eor iasRARAIING A kN HINES] Ahdrode of
t he capacitance el enent shown in FIG 15A; FIG 16 is a cross sectional

vi ew showi ng t heiconstr ateimenteftozmiani cerndaont;omndewtea eanmOrdiddHin 5 a
second enbodi nent of the present invention; FIG 17A is a cross sectional
vi ew al ong the Eih® pespivehewementFliGeludisigow g lanfmiarste loctmide ofot he
gi st portion of the sem conductor device; FIG 17B is a cross sectional

vi ew al ong t he. FPRBECH1PN- £Pp ShewexterApGE cigcslidwicoqnececbrit etanpl e of

the gist portion of the sem conductor device;
least one of a plurality of connection pads and at

10 least one capacitance element consisting of a plurality
of conductive layers and dielectric material layers and
an inductance element consisting of a conductive film
patterned in the shape of generating an inductance
component, the capacitance element and the inductance

15 element being formed on the insulating film on the
circuit element region.

It is possible for the thin film passive element
to be arranged in various types on the circuit
element-forming region DA so as to be connected to the

20 circuit element of the circuit element-forming region
DA through the connection pads or so as to be connected
to the external connection terminals through the
columnar electrodes. As a result, it is possible to
mount the thin film passive elements in a stacked

25 fashion without inviting an increase in the chip area.
Also, the passive elements, which were required to be

mounted outside the chip as discrete parts, can be



"FIGS. 18 and 19 are cross sectional views collectively show ng the

manuf acturing nmethod of a sem conductor device according to the second
.enbodi neht 15 of the present invention; FIG 20A is a cross Eﬁﬁd | view
showi ng a first connection node of a capacitance el enent ac%ér ng&?o t he
second enbodi nent of the present invention; FIG 20B is an equival ent
circuit diagram 20 corresponding to the connection node of the capacitance
el ement shown in FIG 20A; FIG 21A is & cross sectional view show ng a
second connecti on node of a capacitance el enent according to the second
enbodi ment of the present ﬁS invention; FIG 21B is an equivalent circuit
diagran1corresp838ﬁﬁ t §1f éncaﬁﬁeﬁbFanﬁnéé &P drereasscithgn@odule 3 NO v
200 - 11 elene z hown in FIG 21A; FIG 22A is a cross sectional view
showi ng a third connecti on node of a capacitance el enent according to the

second enbodi nent of A{:ggrg&ﬁ etQtO i ngg@%hgnasggﬁlt%)&g%g‘rei %fgenscegbuic;/?;ﬁgg

circuit diagram correspon 0 thé conne

el ement shown i anGLGi33A wEiGh %éAihﬁeadga%% a%g-ie%a'tél\g WY SUIL £

fourth connection node of a capacitance el enent according to the second

enbodi meng of tHBjREEFERhekBVER LOBYiEES a23BthSd20 £ HAN & G L W t
di agram correspondi ng to the connecti on node of the capacitance el’enent

shown in FIG 288midbnBLEto24desiaeChbesEheephirdial 1\bire WonlkaWue ildie
construction of a sem conductor device according to a third enbodi nent of

t he present invéesconbelll EooRBA | Inathrosans€acitairdhngyimewhaldoreE tWhe | i ne
I1T1-111 shown in FIG 24 showi ng a firsp exanpl e of the 20 gist portion of
t he senm conduct predevtcenvehGiofibBai semicpodacsert warfalr \nasviingl ang t he | i ne
[11-111 shown in FIG 24 showing a second exanple of the gist portion of
t he seni conduct BRugakite; of| chipefpsmingr segionst iisngirepiaawds fawisty t he
10 A connection pad is formed in each of the chip forming
regions. After a passivation film exposing the central
portion of each connection pad is formed on the upper
surfaces of the connection pads formed in the chip
forming regions, a first protective film is formed on
15 the upper surface of the passivation film. Where a
capacitance element is formed as the thin f£ilm passive
element, a first conductive layer connected to the
connection pad is formed on the first protective film,
and a dielectric material layer is formed on that
20 portion of the first conductive film in which the
capacitance element is formed, followed by forming a
second conductive film on the dielectric material layer
so as to form the capacitance eiement; Alternatively,
it is also possible to arrange the first conductive
25 layers adjacent to each other with the dielectric

material layer interposed therebetween so as to form

the capacitance element having the dielectric material



25 construction of a sem conductor device according to a fourth enbodi nent
of the present invention; FIG 27A is a cross sectional view along the |line
.- ~Z3NOov200- 12 IV-1V shown in FIG 26 showing a first exanple of the
gi st portion of the sem conductor device; FIG 27Bis a cr§p§,®qc 'pnal
view along the line V-1V showmn in FIG 26 showi ng a second exanp of the
5 gist portion of the sem conductor device;, FIGS. 28 to 32 are cross
sectional views collectively showi ng a nethod of nmanufacturing a

sem conduct or device according to the fourth enbodi ment of the present

invention; 10 F 3A.lSs.a cras ectional view show n first connection
node of an indugggﬁ%eSSP§Wéﬁﬁe§c§8 eRG o REIAGE T S TR of the
present inventi en; G i ival ent circuit diagram correspondi ng
to the connectigﬁyﬁgéé Sﬁggﬁ%§i§%5?%§ﬁ& giéh& IS SEPSFIHEIWRERA F G
34A i ti VA i ' de ,of
“nduct ance. o ensat SebRin EMeo BB A A St O e S Rent

i nvention; 20 F 34B,i n i wal L cuit s or di to
h&na34Bnl $hancage vzl et Qﬁgﬁ%n ;YR A |Gé¥§ﬁéyﬁq%§y

t he connecti on node of the inductance ele shown in 35A

is a cross sectthsakh¥hewi SROWaRE idet BilkhemRNNQCidio dTRde Ric1aRd Ndidance
el ement according to 25 the fourth enbodi nent of the present iInvention,;

FIG 35B is an equheaktedt toi hCtbhndicadbampadr 1eS Fereiddy dro the fGaytect i on
node of the inductance 2 3 NOV 200 - 13 elenent showmn in FIG 35A; FIG
36A is a cross peeteohavevileweshowandg aa condiuich ivennegieropatdarmid amn a
i nductance el enent according to the fourth enbodi nent of the present 5
i nvention; FlG sBapei gdapteduifval generiatdnigt adi dguiamntaocee spmpdinant o t he
connecti on node of the inductance el ement shown in FIG 36A
such as an angular eddy shape or a loop shape is formed
10 so as to form the inductance element. It is also
possible to form a magnetic film on the conductive
layer forming the inductance element with the
protective film interposed therebetween. In this case,
it is possible to increase the inductance value of an
15 inductance element. After these steps, dicing is
applied to each chip forming region so as to separate
the semiconductor water into individual semiconductor
devices, thereby forming a plurality of semiconductor
devices of the present invention each having at least
20 one thin film passive element. As a result, it is
possible to collectively form a plurality of
semiconductor devices having a plurality of thin film
passive elements stacked on a chip.
Additional objects and advantages of the invention
25 will be set forth in the description which follows, and

in part will be obvious from the description, or may

be learned by practice of the invention. The objects



FIG 37 is a cross sectional view showing the 10 construction of a
sem conduct or device according to a fifth enbodi nent of the present
_inventioh; FIG 38 is a cross sectional vi ew showi ng the construction of a
sen conduct or device according to a sixth enbodi nent of the pg a%”
invention; 15 FIG 39 is a cross sectional view showi ng the constr i on of
a sem conduct or device having the passive enents of the various
enbodi nents of the present invention arranged Therein; FIG 40 is a cross
sectional view showi ng the 20 construction of a conventional sem conduct or
device; and FIG gl i,S_a crosso%ecbional vi ew of the conventi onal

c i

sem conduct or d&0fcBIZRBLGIER OFi FEeviDVERGHYT Mo B¢ ApalizesPad ED
DESCRI PTI ON OF L ti d.t f i NG, t hod
of a seniconducgggaégggggbgyégﬁg %&23&%3%P%$3H3@8ﬁ4¥iqﬁgyéﬁgfE%%“_ i -014
now be descri begébﬂﬁggéi”tkc\ﬁ‘lkgf]&fkgﬁgl@%‘a LRl B8, AG¢mayIng draw ngs

showi ng preferred e Inments o resent i nvention. <First Enbodi nent>

5 FIG 1is a cr i I j i t i
BRT FFC Hris@Rp MGV oF SN G ST G\fe)frﬁialk% o Afé;% 1&%@@ A

according to a first enbodi nent of the present 1nv

and 2B shew the gi st Tpar hicedmpahylihe SEEHMLICEH i FEULE i dbd oL 0SS
section along the line I-1 showmm in™10 FIG "1 except a sealing film17. The

seni conduct or dewi ard286nsesendieng parthesf ithet s &Rt g, tiheyywesent
i nvention conprises a plurality of connection pads 12 consisting of, for

exanpl e, al um nuatel peesededyf embed imenser bdurtel 3 n¥editidit,t and

el ement-formng region DA on the front side (circuit side) of a

seni conduct or stbgether withatpesgenatriadndeisimipdiomnsgjistamabeivesidridcon
oxide or silicon nitride and fornmed on the side of the upper surface of the
connection padsthe dataikadndescyiptpose o0 thiee epaidigiergar tgiorernf each of
the connection pads 12, and a protective film 14 formed on the upper
surface b? the P8sSVvaPrERef tPneXBLlaR8r theaPrdncisles: of ttdieas a first
protective film114, |ike the conventional sem conductor device 10 shown in
FIGS. 40 and 4117"%8"A1@Bnductive |ayer 15 (hereinafter referred to as first

conductive | ayer 15) nnected _to the connectiqn pad 12 is, fornmed on the
first protective fi|ﬁ$%4_? 3 3 ﬁ@ﬁsfmﬁeptfgna$h§%§@hF§HﬁHUEi6¥Eﬂevice 200
according to thg.fi ageJele] t . [ nt, Lnvention _al.so conprises a
plurality of contoju%:{t:'?%/cegFgge?gEgo?8{11%%%:6%2??%% rdg’ é;é%egc%c?raé'nsgegcé)nd

conduct i ve | ayes s 20s: Sehgoaedlepboye Lhe brbsbrtondyetivie avers 15 and a

plurality of dielectric material |ayers 18 I nterpose etween the first

conductiyg |ayers 15ragd bACiseq0RdoEANdWE KA Hodhiainsouldl be
noted is that the sem conductor device 200 according to the first
I-I shown in FIG. 1 showing a first example of the gist
portion of the semiconductor device;
FIG. 2B is a cross sectional view along.the line
I-I shown in FIG. 1 showing a second example of the
20 gist portion of the semiconductor device;
FIGS. 3 to 10 are cross sectional views
collectively showing a method of manufacturing a
semiconductor device according to a first embodiment of
the present invention;
25 FIG. 11A is a cross sectional view showing a first

connection mode of a capacitance element according to

the first embodiment of the present invention;



10 enbodi nent of the present invention is featured in that these first and
second conductive layers 15, 20 and the dielectric material |ayers 18
_interposéd between the first and second conductive | ayers 15§%?$960
col lectively form capacitance elenents C providing 15 a plur ABA hi n
filmpassive elenments. The thin film passive el enent represents a passive
el ement forned on the first protective Iayﬁ{ 14 and including at | east one
conductive layer in the formof a thin fil To be nore specific, the thin
filmpassive 20 el enent represents a capacitance elenent in the first
enbodi ment of the present .invention and in the second to third enbodi nents
descri bed herein | at &fCnd t&h iSh@ic gty Bishe it idadiagtame fourth to
si xt h enbodi nen f present _.invention described herein 25 | ater. Wat
shoul d be not edgﬁggfﬁgp%tdﬁggt %lon S GORRES O T AN O ﬁ‘(,eorﬂﬁpr‘?é“dlﬁrlqﬁ f or
exanpl e, a circyk in.sth I r Gyit, el ement-formng region 2 3 Nov
2004 - 16 DA sgu%g%bgnggﬁg?i%hthgtwﬁﬁe’ess | /F function. Also, the thin
filmpassive el ement st hoas el ddMeHAN drfa Y1 dit TS AP 4 hose
exenplified above and includes, for exanple, a't in i mtranstormer, a

thin filnsSAM 5seSuntiaeenfeeysont mbek  id tc%ﬁpac%t@rﬁ‘reo elldnidhd I ne, and an

MM C (M crowave Mnolithic Integrated Crcuit). so, a plurality of

strai ght - shapedapest8ihg @b ¢blUFiaksteleatodddrnt ¥t GHeRtdhd 0 the
external circuit, which are equal to those included in the 10 conventi onal
sem conduct or déwwveeatsbawn in FIGS. 40 and 41, are fornmed in predeterm ned
positions on the conductive |ayers 20. Also, the post 16 is fornmed in a
hei ght of at |east 5FIGumIlRRd itsypirc aduivaticantt M dwitldiagram 15 Furt her,
a protective film19, hereinafter referred to as a second protective film
19, is formed t 6°54uePFeeRdinge toapie convecdliomemode s dhe cagastitrarsed | y
i nsul ate_the capacitance_elenent C fromthe other nenbers of the -

sem condtft or dEVPRENt26NOWE| d8nFAG.y 12fHere the diel ectric material |ayer

18 is not fornmed bet V\ﬁg&n tlge f,irst conductive |ayer 15 and the second
conductive |ayer, 20 ang- tiids 1St Re EQFsciTeG O e iBRY ChWiRA 3 gilvetd t he

ost 16 is for on_the first canductive |layer 15 with the second 25
Eonducti ve | ayg?gEBeF%fLé’PpB‘Sg& f’%ef"eﬁ@ﬁﬂé’é‘r’f.a%‘?ﬁe e?i@g]einﬁ:g aﬂqqﬁd%"/“%oq%i sting
; ) {erial Lvi m : ‘ ' et q

% 5 Nov Dppa - hB! £38E8 BREBARRK ToC (et Har SHRRE AT im0

renmoved fromthe edgergur hage 1163 0fs glaq]% 5 L 2 dﬁoitle# zing

treatment such as a solder printing i ppl1ed to the exp edge surface

16a so as5to fOEBrPedpbBHANGAoP@hll @BnhectGYMNGIIOH THNE M T ce
circuit. The capacitance value of the capacitance elenment C forned by the

resul tant strucellemens gabenninegripy tide;rel ative dielectric constant,
t hi ckness and area of the 10 dielectric material formng the dielectric
material |layer 18. TREGdi ddectiisi @ matoms aedtdronalyg wier dledwirigia materi al
| ayer 18 includes, for exanple, bariumtitanate and tantalumtitanate.
fourth connection mode of a capacitance element
according to the first embodiment of the present
20 invention;

FIG. 14B is an equivalent circuit diagram
corresponding to the connection mode of the capacitance
element shown in FIG. 1l4A;

FIG. 15A is a cross sectional view showing a fifth

25 connection mode of a capacitance element according to

the first embodiment of the present invention;

FIG. 15B is an equivalent circuit diagram



The capacitance elenment C forned in the circuit 15 el enent-form ng region
DA of the sem conductor substrate 11 by the construction descri bed above
.can be drranged in various nodes, as required. For exanple, %@BM? in
FIG 2A it is possible to increase the area of the single diaglae r P30
material |ayer 18 20 so as to formthe capacitance elenment C of a | arge
capaci tance as shown in FIG 2A AlterngtixﬁlyL it is also possible to
arrange a plurality of capacitance elenents C on the sem conductor
substrate 11, as shown in FIG 2B. 25 FIGS. 3 to 10 axe cross sectional
views coll ectivel ' a nethod of nmanyf.acturi t he seni conduct or

Bor £ 2RpEnaled, RIS SRS Bod¥ o S At a e « ne

h
devi ce 200 accor st

pr esent inventigqeggg% gﬁg%%aﬁku@I@g q%%Pod of the sem conductor device 200
e

wi |l now be descri wth reference t6 t'hese drawings. Incidentally, in

the manufacturing meidied afs e b OB LAUAHAAA UG GF ALGOrG) Nghd O Var i ous

enbodi nents of the present invention, a wring [ayer, a capacitance

el enent, an indu@h@m%acQH%ﬁEBE,ae%%mf@d%duwﬁﬂyjdH%*Eé*HEéH%%} Qf vaf er
100, followed by finally dividing the sem conduct orl waf er 10 Ur?ﬁor oeach chip

so as to fSorm 18 kkeondnesmdaduaiedit DHDHNARekbnt! efviiM imNUf act uring the
sem conduct or device 200, as described herein later. In the manufacturing
nmet hod according to FIe.filr7st ienodireyy sfctiwndll asent dTwentiod, 1ene
passivation film15 13 consisting of, for exanple, silicon oxide or silicon
nitride is forméd-filr shown tineFJiGde 18f sthivevimpgper firdtacesmmile qf utled ity of
connection pads 12 consisting of, for exanple, alum num electrodes fornmed
in the chip-forfiLA§ Pegtans ofF the cemdgiondicdemfdedtiadye sem conduct or

waf er 100, as shown in FIG_3. Then, a first protective film14 is forned
on the upper surfaceféf t HdBpdssidy SLAHF fS9Thinaln wlemnnkeng otieorhine
openi ng LQ theniinE&al gortLon of each of the connection pads 12. The first
protective fil mt12ifsSBEWRoAReH Gy, Lhoshowing @ sesanch@Ranplantof eheirf ace
on the side of thtcirCELt of th%FseniQond ctor fer, 100 with a polyi mde
series resin maPerraPCihdCRuPEngngemison OF-devifei 5 10 coated resin

terial, foll db | yi i_st tt i d tecti fil
pat terni ng by using SACErCACNg Sol'dt AT G SRS Y&IT ng of f the
L bating, ot ege1BeEsRLG ERORINLOXNS REnle N FIIO RIS Jr Sglueedee of
I zl'e'tor 1o

a coating. nethod utilizing an ink“ejection froman rmng the

first protectiveehiibBhddet8rSaevibe &e&%&idqlngfftot Q%eorsl%tccgﬁa Véinddd {Md s Not

limted to the polyimde series resin material. Specifi y, an epoxy

series resin maberthe, pPBSehbenagexitdong series), etc. can also be used as
the material of the protective film Then, a first conductive layer 15 is

fornmed on 15 20 25 t F&Geoldfactisom padssletpesad wisew sheping por 1086
formed in the first protective film14 and the first protective filns 14,
as shown in FI GGognefpiohomairgofhe tiapacitemdec telemdrty ercddrdind)BM (under
bump netal) layer (not shown) is deposited by, for exanple, a sputtering
met hod on t he ebRfr eeggpdgembgfliment of the present invention;

FIG. 20B is an equivalent circuit diagram
20 corresponding to the connection mode of the capacitance
element shown in FIG. 20A;

FIG. 21A is a cross sectional view showing a
second connection mode of a capacitance element
according to the second embodiment of the present

25 invention;
FIG. 21B is an equivalent circuit diagram

corresponding to the connection mode of the capacitance



"the first protective film 14 including the exposed surfaces of the
connection pads 12, followed by coating and curing a photoresist filmfor
_an conddctive layer. Then, the cured photoresist filmis patterned by a
phot ol i t hography technol ogy to form openings of a predetern%quonﬁﬂe,
foll owed by applying an electroplating to the portion opened by theé resist,
thereby formng the first conductive layer_15. It is also possible to
enpl oy an el ectrol ess 2 3 NDV 2001 - 20 1 | aTi ng nethod for formng the
first conductive |ayer 15. The wiring material used for form ng the
conductive | ayer.includes, for exanpl copper, alum num and gol d havi ng
good conductiveeb?gﬁﬁgtF§§WHSanFFﬁe ﬁ&kﬁ step, a dielectric material |ayer
18 is fornmed in a cagg&tt gge.elenent-forninq region on the first

Wwn

conductive. | ayer 15, -as's 0 8FFECSS  SPR& TRt YEYe SREWGRE 1EERY 18
be f db i . @S| t , fall d 10

deposi ting o di pangbrEsiRofe b8 1 BloAciEahst BEERENT. Aot tines Py o

sputtering methede 4888nadeRBEANeREOLECLRYLCpLELELEY i AEHIGL,O0

electrically isolating t ectric materi ayer fromthe ' other |ayers

|s formeds followed bYcpapher AkndnlBohiigasenend eRndicld it yer 19 to form
openings in the portion where a second conductive layer 20 is to be forned

and the portioncsheesepbnding €ot thBgchbahebheodi fbld b 2BR! icRpacdtaze@wn in
FIG 6. The second protective film19 can be forned as in the formation of
20 the first preleméntesheynr idadriGpeeRhizcally, after the entire surface on
the side of the circuit of the sem conductor wafer 100 is coated with, for
exanpl e, a polyim deF§6ri @8Ar ési p cEbesi aecirnidnialie viesi mhoatierg al coati ng
is cured, a resist patterning and 25 a protective filmpatterning are
applied to the éﬁ?éghr@QFﬁeﬁﬁ@@niEpdﬁyoﬁsanga@ncétgnbﬁged@m@mwon and
subsequently peeling off the resist |ayer. 2 3 NOV 200+ - 21 In the next
step, theYsecon@CEBRALRE| te FhgeFeoonfsembpdiness of tdef pr@sentonductive
portion electrically connected to the first conductive |ayer 15 exposed via
t he opening forh® exﬁl?ﬂé second protective 5 film 19 and also electrically

connected to the die tric_material layer 18 faqrned on .the upper surface
of the first conductkgé‘lg§§rlf5a§oe8§l glestmta reStducidgF Ay er porti on

form ng a capac] | nt, as,shown in FIG 7. Th cond _conductive 10
| ayer 20 can beé %?%%%g%§9$%rﬁ?n§hs ?8§P§FtbgPtQPﬁefP%s?%efgﬁﬁﬁﬁi e

appl ying an el g ti Sikn e pation of the first conductive

| ayer 15. Then,égéﬁ u?a ??Vﬁo%hpgg?é %gkbr col umar el ectrodes are forned
in predet®rm ned poskt&ON34l5s0R ERBss0RdEElibHR 1 URNS FHdwigdsy st in FIG
8. The posts 16 can be fornmed as in the conventional nethod. "Specifically,
a photoresist foonébruttyohhefpastemisoagatedri dexithi akaosiioly alowt , for
exanple, at least 50 ,um and typically 100 to 20 150 ~cm and, then, the
coat ed phot or estsirdsenboéiimefitl b6wedebprésenitndnopatiogs exposi ng
predeterm ned positions of the second conductive |ayer 20 and subsequently
appl yi ng an el ectropFa6ing58oishe opesisngecthonallonmied: dltoris tHesdlipussi bl e
to enploy an 25 electroless plating or a stud bunp nethod for forming the
posts 16. The nht&rf&Isshewn inr FIGr nkAgshpwipgses figsitnexaawle o f l e,

copper, solder, gold and, i )
20 gist portion of the semiconductor device;

FIG. 25B is a cross sectional view along the line
III-III shown in FIG. 24 showing 'a second example of
the gist portion of the semiconductor device;
FIG. 26 is a cross sectional view showing the
25 construction of a semiconductor device according to a
fourth embodiment of the present invention;

FIG. 27A is a cross sectional view along the line



2 3 NOV 2pp~ - 22 nickel having good conductive properties. Were a sol der
is used as a material for formng the post 16, it is possible to forma
_sphericdl electrode by applying a reflow treatment after t he 3sQbwegyng
step. 5 Also, in the case of form ng the post 16 by using a sol der
material, it is also possible to enploy a printing nethod in addition to

t he nmet hods poi nted out above. In the next,step, a sealing film17 is
formed on 10 the entire front surface on t%g front side (circuit side) of

t he sem conductor wafer 100 in a manner to cover the posts 16 by, for

exanpl e, a nol dj >t hod_by _usin resin,material such as_a pal yi m de
resrﬁ or an epo§€9¥g§?a?wﬁsxgh%aﬁgi26FFEPW§ngF #%rﬁésﬁﬁéﬂpéelgft orm t he
sealing film17 using.a resip materi.al _substantially equal in the main
conpongnt to th%ngsﬁéPﬁﬁggrPg!QﬁgeﬁerFopapﬁ?ﬂﬁ 9ﬁ¥;?¥ﬁs? protective film
14 and the second prergctbyg Ghl @ $3060 Qe ha1°03uie 3 g Al hidhe
relative to the change in the 20 environnment. [nci entaﬁ]y, i {1°s Al so

possible to enptoyrvf Shodiaihl frca P6i BhbRInBeENedcoRR EFARLILOR fMRHR0d, 2
spin coating nethod and a die coating nethod ™ for formng the sealing film

17. Further, theispppsrsibhase ehet Bemseahinetbil Ae¥{cd% is polished and
cut so as to expose the edge surface 16a of the post 16, followed by
renovi ng an oxi de fiFmehronst Be sar bhaee cebsishegeeddeonsur dessl6a and

appl yi ng 2 3 NOV 200g - 23 a netallizing treatnent such as a sol der
printing treatneoiléctivelpdgkowinfaaemébhodf ofhmapagstctariag shown in FI G
10. Then, a dicing is applied along predeterm ned cut 5 lines CL
correspondi ng teembheonfiuptbor demjceegronsdingasot ehdi Fodethhemberiioemduct or
waf er 100 into the individual chip-formng regions and, thus, to formthe

i ndi vi dual seniebntlietpresanst investion;t hereby forning the seni conductor
device 200 shown in FIG 1. 10 In the sem conductor device 200 of the
construct? on descri bBECandv8, 18n8 6KOSSr SeiiadietaNdeve sdasting & & fitred
inthe circuit elenent:fornia rggion,DA. Thus, ié i S possible to arrange
the capacit anceC®PRRBRLEN| RO gr? U8B BEECEANERe eLPPEREL 285 ORI REN TS or i ng
region DA in ac dance, wi th, t he nodes _of . arrangenent, of the second

conduct or Iayerggé-wf?fﬁg Eﬁbaaﬁm?ﬂ BSS;Eelg?egFgg_1ffﬁn%&°f§A are cross
sectional views show t copnegti . of, . .capaci ce elenents C
in accordance with rﬁgahn §§ g? gg ?gpégggﬁéﬁtcékgﬁﬁ§ g@%ﬁﬁgahonductive

| ayer 20 and t heoppeisod8ihg LBecREMbGARMLEIBh ABULCEr2ARe ARAEkGRCCI1B 1o

15B show t he correspondi ng equivalent circuit diagrans. shows t he
first camecti oglémeer oshdhe 2R pagachsance element in the first enbodi nent
of the present invention, covering the case where the dielectric materi al
layer 18 is forned omIGhe3fiar sk a 2rdsdO¥e2@Qénall4ickorthesiiing d ayer 15
connected to the connection pad 12-2, and the second conductive |ayer 20 is
stacked via thesécosd condective hager of5acoindacednce eiemsmtnecti on pad
12-3 so as to formthe capacitance 5 elenent C, and the post 16 is not
fornmed on the seceoprdinadietthe Faysth2embodiimegtaofaphe paesend enent. The
second conductive layer 20 is formed in direct contact with the first
conductive | ayetIER&PIi nvol ved in the formation of the capacitance

el ement,_and 10 the post 16 _is forned on the second conductive |ayer 20 so
as to be®Connect ed tEIﬁn 8% PerfaPPc SANSVAIIER Y SihRSvEt PLaS M er ni ng t he

equi valent circuit, both.ends_ of hge caﬁacitance | ement .C are connected to

only the 15 ci reofteEPRHEAPI; KOt HBECFPRARFEAPENERES: Siniths riUSFAAILE as

shown in FIG :¥H%ment shown in FIG. 34A;
FIG. 35A is a cross sectional view showing a third
connection mode of an inductance element according to
25 the fourth embodiment of the present invention;
FIG. 35B is an equivalent circuit diagram

corresponding to the connection mode of the inductance



FIG 12A shows a second connection node of the capacitance elenent in the
first enbodi ment of the present invention, covering the case where 20 the
_dielectric material | ayer 18 is forned on each of the first £dmauclove
| ayers 15 connected to the connection pads 12-1 and 12-2 and the second
conductive layer 20 is stacked on each of these dielectric material |ayers
18 so as to formthe capacitance 25 elenenﬁ C, and the post 16 is forned on
each of the second conductive | ayers 20 so 33 fo be connected to each of
t he external connection termnals T1 and T2: 2 3 NOvV 200 - 25

I ncidentally, the second, conductive |ayer 20 is formed in direct contact
with the first 8@ﬁ8§8?i§gow§yép fg%hog%ﬁﬁvolved in the formation of the
capaci tance el enent S onnected . tq .an ternal ,connection 5
termnal T3. Concer ni%ﬁga}t ﬁé%egﬁs‘. \C?alrye}rﬂsscidsrec':&l Ongh VLG OGS B the

capaci tance el e%ﬁ&ihccgﬁn%%g%%t G el € e 141 é%aﬂced“%“fedé]}é he circult
el ement-form ng region DA, and the other ends of these capacitiance el enents
C 10 are connechedokdihle teX AN #ous @M REHRA reftidilthel bab k2, as shown
in FIG 12B. FIG 13A shows a third connection node of the capacitance

el enent i the finvehteshodi nent of the present invention, covering the case
where the 15 dielectric material layers 18 are fornmed in tw points on the
first conductive | ay@IGL5 3s@nriactad douiviel exonneictd it pikhd?am and t he
second conductive layers 20 are stacked on these dielectric |ayers 18 so as
to formtwo capeoitrespendiegerntios tGearconnged iion paydd lof  thndirudtengost 16
is formed on each of the second conductive layers 20 is fornmed so as to be
connected to thelerestnshowoniecFiIGn tB3&ATi nals T2 and T3. Incidentally, the
post 16 is formed on the first conductive |ayer 15 not involved in the
formation of the capddGtadde 135 eloxasn sActidraleciaw showtiey i vkel ayer 20
formed in direct contact with the first conductive |ayer 15 so as to be
connect ed%t o t hECBREEPRALCBoRE @t SEMicONGueHorTHevice aqqardigoy to 26
Concerning the eq Lﬁ% ent. circuit, aone end of each of the two capacitance
elements Cis cBn#ﬁ Ib EBRRLAMETt: O T Ade: BraFante TSN 19Nt he ci rcui t

el ement-form ng regi DA, ,and the other ends of, these capacitance 5
el ements C are conne%?gd £8 ﬁﬁb5%§¥EFﬁhﬁ%§%ﬁﬁﬁﬁ%(%%%%Héﬁ 9 T9"@nd T3, as

. (@]
capaci tance el enent iIn e frrst e prese i v on, and

covers the caseqnlesent BbAiHERkORl TR iR b s formed on the

first conductive layer 15 connected to thé connection pad 12-2 and the

second cogductive | ayet 289 IsSEACKRIELBIAS MLl 8eidd SHBsrgal | ayer 18
so as to formthe capacitance elenent - C, and the post 16 is. Tornmed 15 on

the second conduhti ¢enkayact2dnsefas semieohadreddviddieaxieg nal
connection termnal T2. Incidentally, the posts 16 are fornmed on the first

conductive | ayethelpasstivehedpmenats ofvaheedrarm dure enbothinantofot he

capaci tance elenment, with the second conductive 20 | ayers 20 interposed

t her ebet ween, sthaspresbatcinvecttddnt arreagedt eshesdeiggnnection terminals T1
and T2. Concerning the equivalent circuit, one end of the capacitance

el ement C is connect &46Gt-040hdsciar Gras2Feadtemnnal ofienmeshovingtthe

elenent-ggrning region DA, with the other, end being connected to, the
ext er nal 2RonnecFPBRETBFALRR Cf22 SONVIRHRT IR lFisgmipmnductor JgXASRD

and
FIG. 41 is a cross sectional view of the
conventional semiconductor device along the line V-V
shown in FIG. 40.
25 DETAILED DESCRIPTION OF THE INVENTION
The construction and the manufacturing method of

a semiconductor device of the present invention will



- 27 FIG 15A shows a fifth connection node of the capacitance el enent in
t he fir?t enbodi nent of the present invention, and covers the case where
-the dielectric nmaterial layer 18 is fornmed on the first 5 condygt*dva ‘
material |ayer 15 connected to the connection pad 12-2 and the secona‘JD
conductive | ayer 20, which is connected to the connection pad 12-3 via the
first conductive |ayer 15, is stacked on Eff dielectric material |ayer 18
so as to formthe capacitance elenent 10 C *and the post 16 is formed on
t he second conductive |layer 20 so as to be connected to the external

connection terninal, T3, lncidentall th ost 16 _is forned on the first
conducti ve Iay2%8€5?gmﬁ?iﬁrf € ofniﬁeﬁFﬁidgFﬁ t REEPEPAERI BR &Pt he

capaci tance el e i econd.conductive layer 20 interpgsed

t her ebet ween sogggéT%é%%§%§%ﬁg%%2§ggogﬁﬁglggtBFﬁgFr58ﬂnéggPéﬁmﬁ8Fﬁiﬁgl T1.
Concerni ng the egyli Nabeoht Cihsshtiofne end of the capacitance element Cis
connected to the cirtcuit 20 elenent 1ncluded in the circuit elenment-formng
regi on DA and t4eieibermesdiménthe capacitance elenent Cis al so connected
to the circuit element of the circuit elenment-formng region DA and to the
external Xonnection FEGW DaksT3, ca6s8hewBtiBnklGridaBsndhigedl ess to say,
it is possible to enploy the various connection nodes showmm™in FIGS. 11A to
15A in a singl ea appeieonductoroddviesi D00 acloddNel 2804 £i28t As described
above, according to the first enbodi mnent of the present invention, the
capaci tance el esrprdinést fof nelde i prédenti toveht ebrirenaige) nkFngsr egaon DA so
as to formthe capacitance elenent Cin 5 a three dinensional direction and
to be capabl e ANCHReToWNthe ghet chortionsl effehhe sekiogndticpossi ble to
nmount the capacjtance elenment without inviting an increase in the chip
area. It fol | ofeYIRR 17 tRe pEesp| se¢bionnahdre the thne ArZashbwn in
additio 0 in 1qE&$e case of forninf,a nodul e equi pped with, for exanple,
the wireless |/ FFunctS¥rePE e $23EiR9I B 1Bohdtruction of the present

i nvention contributeﬁ%%o tge ninia%uri ation of the nodul e size because the
capaci tance el enent, L i SHOHRRDFUGEPT edeYCBe2 ABURFERATIENEUES] §BCt he chi p

in the past, cah ithipn the chip. Incidentally, in the first
enbodi rrgnt des?ﬁi%&d%@ﬂn%% ﬁe?%%t??%gﬂ? eJr?‘é?th%)r/cTﬁpFésﬁﬁ a single
| ayer structur ey | el ossi bl e 20 prepare a_stacked

st )r/uct ure by aleat &r hat €l yt%téa%gorl@éc?%fo@x% ?ei,?t?\%ngi'%&e‘&?r?é’l ayers 18
and the second LandUGiiyes | AN Al 501 &5c18ad O P Anbh UL Q! é&%(r?{;l%dpl ural

capaci tance el ements. I'n this case, I'S POSSI 0 connec

capaci tasce el emyiiredit RUchdR - Brothnd e S§LbLSDRYok h@hé’affﬁﬁgss%et he
pl ural second conductive |layers 20 that” are” alternately stacked. So, in
order to suppregssinchelt fildences gisemnidyndudtér NoYb2PPate 11, a

passivation film 13 consisting of silicon oxide or
silicon nitride and formed on the side of the upper
surface of the connection pads 12 in a manner to expose

20 the central portion of each of the connection pads 12,
and a protective film 14 formed on the upper surface of
the passivation film 13, hereinafter referred to as a
first protective film 14, like the conventional
semiconductor device 10 shown in FIGS. 40 and 41.

25 A conductive layer 15 (hereinafter referred to as first
conductive layer 15) connected to the connection pad 12

is formed on the first protective film 14.



"- 29 the capacitance elenment to the other conductive |ayers, i.e., the

i nfl uences such as the crosstal k caused by the stray capacitance and the
_parasitdc capacitance, it is desirable to arrange a ground |ayer made of
the 5 material equal to that of the first conductive |ayer 152 8rNovhgiBéecond
conductive layer 20 in a position in the vicinity of the plane flush with
the first conductive |layer 15 or the secon? conductive | ayer 20. Further,
inthe first enbodi nent of the present 10 'ﬁveﬁtion, the dielectric
material layer 18 is fornmed on the first conductive layer 15 for form ng

th it | t. At tively, it i i bl . 1 X t _
diel ectric mterial RS PERLERARBFEOT HEVGEoRd SoRECERAS 159 R o al l ow
th d t ' ilm 15 19 I f t he f.uncti f th
el octric mater tEPl ayepdti8nt atoRloERERaPEnt BV ARG 6 418 cr oss

ti | vi Ik ' deyi ' t d 20
mbodi ment of |t K8 BF 6280 &\ RVAART e BRaCEPRBt A ARYe e Croce

sect i onal Viewﬁhékgﬂgakhérlkg@gkkéblt%gg@nsE@ogtho%@u%@TMéuiéﬂg%éﬁiﬁ

portions of the sem conductor device excluding the sealing m™17. On

the othershand, £&tkSd dBoqadth8 aieser eshddetige! 1aRaksViieWansh@wi ng the
construction and the manufacturing process of the sém conductor device 200

accordi ng to thelseabhdyeobodistettefict hatpresentayezs3 180Y osed)
invention. In these drawi ngs, the nenbers of the sem conductor device
common with t hosetwéenhtheefiicshduohducddviec @ ageear disngnido thiee sfdacid
enbodi nent of the present invention described above are denoted by 5 the
sanme reference apondvativeolaygers 200i dWhhae shenlldpbengodesicdisptilat Hhe t he
second enbodi nent of the present invention, the conductive |ayers 15 are
arranged a predetBi@EPREUCHPSt dAvécapaP? Peoprdioly dohdheofitsd fir st
protective 10 |ayer 14, and _the dielectric material layer 18 is formed in
the cl eatlnce befReENNERFaEntheongaseNte InyPatdOns iisn toatumes ino Wk
agai nst the edge surfgces of the conductive lﬁé 15, as shown in FIG 16.

As a result, the'¢8Patifahcand SRERPACCPRINGE gr @YRTES Wnattd pd

o5 el ect rodes. orhe et BLRrATe, B AR ERL T d80eRS HRoR bt a0 b0, BnER  ance
The conduct i ve [ I cELPpE Eh8)BEERN LOHGAELRY. TRORBSTLS BRI, O™ "
connection tern&afiécgivéPYT§05§2§?pgggﬁgbﬁacgl&ﬁ%ﬂ%soE.%£§w§$ﬂ?§Ltance

elenent C of the constructfon ove i s determ relative

di el ectrig consiaptiurkDicfngsscand ax he 1dheheetr i il
form ng the_dielggt?fc ma eriaF Iayg?§%8?B§§§¥% Fﬁgh%P&%t eﬁg%%ﬁ%%ﬁ? of the

present inventiphldepassbed pLemeAdsk¥prébendsebedlabisive 212ndad 2004 - 31
materials formng the dielectric material |ayer 18 include, for exanple,
bariumtitanat ef@ammied aotathen fitranapeotébeivapaayieandd arneirdnicl@diorgred in
a planar 5 direction in the circuit elenent-formng region DA can be
arranged in var@&buseaptiesne Fopnduahpive, layeghdwnthe form of a thin
film. To be more specific, the thin film passive
20 element represents a capacitance element in the first
embodiment of the present invention and in the second
to third embodiments described herein later and an
inductance element in each of the fourth to sixth
embodiments of the present invention described herein
25 later. What should be noted is that the thin film

passive element is combined with, for example, a

circuit element in the circuit element-forming region



FIG 17A, it is possible to increase the areas of the edge surfaces of the
conductive layer 15 and the dielectric material layer 18 so as to formthe
.10 capatitance el ement having a |l arge capacitance. It is also possible to
arrange side by side a plurality of capacitance elenents C as thN@VBHMF'G
17B. The manufacturing process of the sem conductor device 200 according to
the second enbodi nent of the 15 present invention will now be described
with reference to FIGS. 18 and 19. The Trant acturing process according to
t he second enbodi nent differs fromthe manufacturing process according to
the first enbod#gent in that, in,the second inbodigent of the present 20
i nvention, after>aplafalPtGORPELbntticti VerraFERsI1E SPBCALPRNged &% racent

to each ot her ogh%hg first.protective iiln1%4. the dielectri¢ mater,i al

|l ayer 18 is forhe |%l?h§l%$e8?§ﬁ%geb8 GBERt0AB Eﬁﬁ BFeERBLCORYGELAPE | ayer
15 dth th . dj 25 d I, I 15,, f.ol | db
forming the socund dsohihfEeB 8 ERbee o RoRR1TE LS RBP, ARy, 1 Rpn RS,

manuf act uri ng pf&feé§am%fe3 ng?gﬁDfilmsgraﬁggggﬂggg %ﬁF&g%iggﬁ%P%éﬁ first

enbodi ment of the present [nvention, a passivation fi

on the upper sui§@sea@é AbsuseLReRLiEN Padsel2 Qngﬁéfosgg}fip“%ﬁw a9 er

100 in a manner to expose the 5 central portion of each he “corinecti on
pads 12, fol |l owed My1¢o(miogowleef oablPERIECERYBgERLBULA19BYERE .Upper
surface of the passivation film13 in a manner to expose the central
portion of each of thesopnaepluealpagsof2sasaighkl-Shapeldn polaesf il6Stor
enbodi nent, as shown 10 in FIG 18. Then, the conductive tilm15 is forned
on the connect i ©odlyanar 1€lexposdds bfor heonpeokiiga tor vhd ertklaaflir st
protective film 14. For form ng the conductive |ayer 15, a UBM | ayer (not
shown) is deposfie@ubl, whickxanpl equal UsM thoseeinadutliedatinmethel5 on t he
entire surface of the first protective film 14, followed by coating of a
phot or est&t f orcenventieral esenjeendnatenr dayichesbounednpRdt6r e$i0sndThen,
a patterning hayjng openings of a predeterm ned shape is applied by a

phot ol i t hogr aph¥* t e¥¥fiof =df 51| Bfigde bgreonapfpPoFhgiansePacthEpl ating to
the portion opened,by the resist,_there formng the_conductive | gyer. 15.
In this case, aﬁ%?%%ggﬁ%% ¥%¥e¥%r hg %ﬁ%odiEFéchFE ﬁété?iéprmsﬁe& 18 i s

1] oo e 4 A SELAPORBHEL 47, L L WSgBle AT Thagly PRy OB e

cl earance betmefgbtnghconductive | ayers 15. The dielectric material |ayer
18 is forned by formng 2 3 NOvV 2004 - 33 a pattern of, for exanple, a
resist, fol| owed by feposbiing aroLELECVE! &iTR! 9bi ahell ifaRkeget er m ned

t hi ckness by a sputtering nethod. In the next step, the second protective
film19 5 servirgféored eedrasahl yetosd! piecbbeigdeekethr 19, Mmiekbzmelqayer 18
fromthe other layers is forned as in G 6 in the first enbodi nent, as
shown in FIG 1% duttrowed byefospragtiheepotencit el sot ascabl y connected
to the conductive layers 15 via the opening formed in 10 the second
protective fil miectsic¢ally Gn8ulatet tieef capacéttbndenehtmenhen, firlom seal i ng
film17 is formed in a manner to cover the posts 16 as in FIGS. 9 and 10
for the first eFRPHESX mempensedf byheusenhgonducpori davigethe upper edge
surface of the sealing film1l7 15 so as to expose the edge surfaces 1l6a of
the postd 16. FurthefRcifdenkprdeysi Vhere FbRoddqleesmichaateriade lyathe

edge surface 16a, followed b ppl yi ng a tallizing treatnment such as a
sol der printirm;%Fﬁﬁt?ﬁﬁ,ﬁ%ﬁ%?%gg?gwﬁgﬁlFgg LL5RG F%EdEGFlVﬁnééyéE Yt
correspondi ng t he.chip form ng.regions.,so as,to_divi t he _sem conduct or
wafer 100 into %?% fm%i%ééﬁﬁt h %u? +H$nba¥$5i8hs?n9heggﬂﬁ’f5iﬁing t he
i ndi vi dual sem u S t bi shign, it.is.pQssible to
obtain the sen1%§§§ﬁ%&%ﬁ?%e€?%@gé Oco%Stﬁgtngg%%gfrtggiBﬁgghgﬁn?%n FI G
16, As descri beghahoy Gon | thd Nes 56£ 000y SHDLGL P RL, B 1B RERSERE RN ON.
the capacitance elenent or elenents are fTorned In a planar
25 conductive layer 20 interposed therebetween.
The sealing film 17 consisting of a resin material

such as a polyimide resin or an epoxy resin is formed



2 3 NOV 200 - 34 configuration, making it possible to decrease the nunber
of process steps, conpared with the first enbodi nent in which the
.capacithnce elenent is formed in a three dinensional direction. It follows

that it 5 is possible to | ower the manufacturing cost of th%higgiconductor
device. In the sem conductor device 200 of the construction Vi 84
above, the capacitance elenent Cis fornmed in a planar configuration such
that the 10 dielectric layer 18 is sandﬁjc%Zd bet ween t he adj acent pieces
of the conductive layer 15. As a result, the capacitance elenment C can be
connected to thgegiécui% el enent iﬁ t he cirguit glenent:forntﬂ% regi on DA
in various mode2etHCERcEPAaRte2GPRR PREtRDABs BRI18RaPKAAGerent df t he

conductive | aye d ts.16. FIGS, 20A_to_.2 are crqQss sectiona
vi ews showi ng t%%&%%%@eg%gﬁngﬁ%dégg%fSPﬁgggﬁpgéPtgﬁcgﬁglBRE%tq% PH%
accordance withyt : N n e.c [ . rs.l5 and
the posts 16 inatﬁgt%%gggﬁﬁ oﬁ%%%?%g e%?gé égo? gﬁg#%% é? é%xﬁgn % FI GS
20B to 23B shovwappei 68T £6SEREJeREo8EY! ¥aLENEuEkLEHI i 6di 88" AW ¢ oFleGyrn20A
shows the first connection node of the capacitance elenent 1 n the second
enbodi merg of 25 tdemprebepbriWENELBNcoRA¥EEEBE thetaasaxwaenalt he
dielectric material layer 18 is forned in the clearance between the
adj acent pi ecescofctire. conductive | ayer 15 23 Nov 2~0~ - 35 so as to
formthe capacitance elenment C, and the post 16 is forned in each piece of
t he conductive | ayerThé sapasitanper wafluehefcahduchipaeitanee Bldmeie C
connected to the external connection termnals T1 and T2. 5 Incidentally,
the post 16 is formed by the pesebtahtt heruohduet ivedeapemihdd blyi ¢he s not
involved in the formation of the capacitance elenent, so as to be connected
to the external rebihbeei dheleeht hal cosstanheekhialnere endi wakenpicitheuit,
the both ends 10, of the, capacitance elenment C are connected to only the
~ext er naltConnec1oket bF #F MBpkeriahnforpingespecdioérytras sRsRriad FI G
20B. FI G 21A shows Lﬂﬁ se gnd cognectton node,of the capacitance el ement
in the second enbddf meht of "¢ hEte5ePFESEnTaFRYLALI ERTMABFetPRg t he case

wh t he di el j ' | 18 i . i,n the cl ~ bet
the pi eces of TR KEREEE bateatE 1470k th PR uBRRectol £5oTHY Sconnect | on
pads 12-1 and bgasuffidi {282 P0kndOrL e %hn PIEA,LR Lhe piece of the
conductive 20 layer 15 Vol ved 1 F e formation or the capacitance el enent

C_Incidentally, therpestagbeleahfsBlefBntne BhEFEAOLA! RhcCRAML Ve | ayer

15, which is not involved Tn the formation o e capaci tance €l enent,
as to baxonnecd Bshddt L FSr @I Sr @Y1 6ANPRCHEORhEeEBRabnddcté? Concer ning
t he equivalent circuit, both the ends of the capacitance element C are
connected to ordybgtwaté rtlilby etleeestnotribeionr aekbrebeaeaboler Fafdbe 2 3
NOV 2004 - 36 region DA, as shown in FIG 21B. FIG 22A shows the third
connecti on nodeawfanded capacatboee mbdernt asnréfeisedondremrbesiampile ,of t he
present invention, covering the case where the 5 dielectric material |ayer
18 is arranged 35 $hewe| barBHee Bkt webnishpeespbdeetoofincheasej acent
conductive layers 15 which are connected to the connection pads 12-1 and
12-2 so as to fdiendFR2 @bakhe apteobe ediplectrangmaterpadt dayeraldsd f or ned
on 10 those pieces of the conductive |ayers 15 which are involved in the
formati @ of t P GHak? tEreR E@%n%ﬁ?aﬁ?gﬁnﬁg ebdepengohneét 8d leg Iehe
external connection termnals T1 and, T2, énc&denta

rs

. , the ports ,or,post 16
is also formed GHPIHAIHR FBNRRYRVER| BY Br 18 Féﬁ@?tig,‘ﬁ%i &t i%$ not
[ | ved in the f ' f th it | enent t.o b t ed
Lo the. ext or nal “EonmBeiT BRLT cF i AT L0 aF nfnB LSS BE L TH. OEoRERRRIRG e
i val ent ci ' : i I t
cannected to { ALY Gron P e ghiLBRACBERE LABEErELETRT, (ko on
in FIG. 2B.

25 FIGS. 3 to 10 are cross sectional views
collectively showing a method of manufacturing the

semiconductor device 200 according to the first



"DA and to the external connection terminals Tl and T2, as shown in FIG
22B. FIG 23A shows the fourth connection node of the capacitance el enent
.in the becond enbodi nent of the 25 present invention, covering the case
where the dielectric material layer 18 is formed in the cl eadahdV @emeen
t hose pieces of the conductive |ayers 15 which 2 3 NOV 2004 - 37 are
connected to the connection pad 12-1 and t connection pad 12-2,
respectively, so as to formthe capacitance elenent C, and the post 16 is
formed on one of these pieces of the conductive |ayers 15 which are 5
connected to the cqgnec%%on pggs 12-1 and,12-2 so as tg be connected to the
external connecTTRRBTNF naf ¥ PHePaRht LPVENLLAB - polPe1B2PELaFEY TS ed
on that piece copd i | I whi,ch.is inyolved in the
formati on of tﬁﬁeégﬁ%6$€éﬁ§% %?%ﬁgﬁﬁd%&ggrageY6c8e9§h H&xﬁeBPBdeo t he
ext er nal conneq&éggE%ggg1@gépjgefgpgﬁg%ngggthgﬁeeggg%ghggt circuit, one end
ed to the

of the capacitance el enent i's connec circurt"élement in the

cirouit el ement-formigsaggtan P sii the! Aanflrietueadobeletadtontedied to

both the circuit 15 elenent in circuit elenent m ng regi on DA and

the extermal cof@rLédRMudcesH davide ad80289MY tB ThEiod3BembBadhentst 0 say,
it is possible for the various connecti on nodes shown in FIGS. 20A to 23A

to be 20 presemsfithea present ashventids, deswirbag ahgee, aceapdciganeet he
second enbodi nent of the present invention, a planar capacitance elenent is
fornmed in the célenént gl amehhdiotanog ekgmentpPAeto.aatrbr €erdiedens anal
direction so 25 as to be connected to the circuit elenent. The particul ar
construction mekemsi¢ongecsdbleafer nb0di fodlowpdcbyafideadlendil iviitnigout
increasing the chip ) 2 3 NOV 2pp~ - 38 area. As aresult, it is
possi bl e to di n¥e stenieordnptar caafenal 08hbardeatbochépnsbedsi ot farm
since the capacitance el ement, which was required to be nounted outside the
chip in the prithesemicopdpetopupnbatsatipt hlm therehvpmanufhetixdadof
constructing a nodul e equi pped with, ,for_exanple, the wireless I/F
function, the p ?i%%W%EOQSH%F?EC??thﬁfZPHe pEedBREriRGEntPER 180Nt ri but es
to the mniaturjzation of the nodule size. Also, in order to suppress the

i nfl uences give a%?rlo t he capacitance el enent to the other conductive

layers, In the manufacturing method according to the first

embodiment of the present invention, a passivétion film
15 13 consisting of, for example, silicon oxide or silicon
nitride is formed first on the side of the upper

surfaces of a plurality of connection pads 12
consisting of, for example, aluminum electrodes formed
in the chip-forming regions on the circuit side of

20 the semiconductor wafer 100, as shown in FIG. 3.

"Then, a first protective film 14 is formed on the upper
surface of the passivation film 13 in a manner to form
an opening in the central portion of each of the
connection pads 12. The first protective film 14 is

25 formed by, for example, coating the entire surface on
the side of the circuit of the semiconductor wafer 100

with a polyimide series resin material and curing the



“i.e., the influences such as the crosstal k caused by the stray capacitance

and the parasitic capacitance, it is desirable to arrange a ground | ayer

.made of)the material equal to that of the conductive layer 15 in 15 a
position in the vicinity of the plane flush with the conduzt'xﬁ uﬁyer 15.

<Third Enbodinment> FIG 24 is a cross sectional view show g'; ¥ 2004

sem conduct or device 200 according to a third 20 enbodi nent of the present

invention, with FIGS. 25A and 25B show Tg }ée gi st portion of the

sem conduct or device 200 excluding the sealing layer 17 in the cross

SRR I e AR ISR T
Cemconcuctor eLegsALGR 1hass! gk BBl iRl SRl el Sl BSRRL, _ o
R A e e
e conduct v tayess, 1orarLangedoniagetl ooty gk ARt |1 EL

conductive | ayenetddd MBahgshoyhdeBgeBObedal 8ohahqt Retdba! BELAEG (MRt eri al
| ayer 18 is forned in the cl earanceS between the opposite sides of the 10
adj acent conducénveénkageestibnandoheb\WashztBe rad] a6RinBOshe +8kstl n ot her
words, the dielectric material layer 18 formng the thin fil m passive

el enent i s sandwrcohedtheeweeihmt he.adpasent thhemaoadiali v€ kagers 15 and
bet ween the adjacent posts 16b so as to form 15 a pl anar capacitance

el ement C. In threteatéyveetithmoist hetpbsmitéBbthathrgpbhygitideeskries
material |ayer 18 sandw ched therebetween is preferably fornmed in the shape
of a colum haVvFfgla Fateanglt ar Seresficadivonanr eppxyheeshaperesia pl at e.
The partL@ular 20 construction nmakes it EossibLe to increase the area of
the diel®ttric RateFial | BpRr (enzapgkparés GRLRCEhe StEongaBnBIgoMdSt
descri bed previously, so as to increase the capacitance value of the
capaci tance el ehefd &5 FRei BRREELAY, of the BESSEBLéVRofidRe 25 diel ectric
material |ayer 18 to Ee sandﬁLched bet ween thi glate-ILke posts 16b al one.
The pl anar capacit antBSBy efeAt T8t ARRARGEARE daNer 3531ROFOrHE@RE oMo be

d i j th hip i d ith th hap f th
Conaveti ve | ayer s aRASERECR RS 140 RRIPAGS: RASEEFCEBPRC DRALSPFR | ayor

18 sandw ched tf@g@@gtfgeghegfgfgéaggég?ckgvgsfggﬁshglgng EgFf%&g%éhe posts

16b in the shape of slender 0 arrange thé capacitance enment C

on the ¥ p in §H6rEwdey8neing N1F] Cas28Rouh! 1hSrdES04POSRER! @chfidly ange,

for exanple, the plate-Ii1ke posts in a manner to surround the periphery

of the chip andthe #0retresggutbeveapagetanse gl 8BRN(ukdb® BumbowRdaihe
peri phery of the chip, as shown in FIG 25B. Were the capacitance el ement

C is arranged akapdéowmot Fh&wnP5hsodedbBitetl by,possi bkampoef,urt her
increase the area of the dielectric material layer 18 so as to nmake it
a sputtering method on the entire surface of
the first protective film 14 including the exposed
20 surfaces of the connection pads 12, followed by coating
and curing a photoresist film for an conductive layer.
.Then, the cured photoresist film is patterned by
a photolithography technology to form openings of
a predetermined shape, followed by applying an
25 electroplating to the portion opened by the resist,

thereby forming the first conductive layer 15.

It is also possible to employ an electroless



15 possible to formthe capacitance element C having a | arge capacitance.
In the sem conductor device 200 of the construction described above, it is
.possiblk to connect the capacitance element Cto the circuit el enent of 20
the circuit elenent-formng region DA in various nodes, as in the second
enbodi nent of the present invention described previously. NeelBed¥ 200 say,
it is possible to connect the capacitance éenent Cin a mxed fashion of

t hese various connecting nodes. 25 As descffbed above, according to the
third enbodi nent of the present invention, the dielectric material |ayer 18

i s sandw ched be en t he, adj,acent 2.3 NOV Q04 - 41 the conductive
| ayers 15 and b@i&géﬂgtﬂﬁtaaéaggﬁtf85§9§g155e5515§ttSOPGPHF&VEIanar

it I i I t i it ible t t
capact tance o efEpky T2 PRLL) RLSLaCRAZREURL! QR ARAES hupasl e (o moun
f.ol | ows that '%bx?d@@ﬁﬂr@l £a 8rf%&'ﬂ8§i E‘,”‘fgﬁ:%&éﬁ he ‘&%h;gae%r ea. It is
al so possible to further mnfaturize Re’mbdul & & ve Sirn f Cdse of

constructing a spgkiRuRINhAPEL1 W BQviﬁgr g8%8BbRaulRe vW ??clogﬁﬁ‘tli/e%
G 26 onal

function. 10 <Fourth Enbodi nént> F IS a Cross sect vi ew 'showi ng

the seni conductor deyhcendOHeaéCaEdbnyat @id1bekrdil arhediinaNt Kot he
present invention, with FIGS. 27A and 27B show ng the gist portion of the

seni conduct or 16s devimed 20 exchpdtngahbe é@@héﬁ@-&@!ﬁﬁn§7rb@ibm€cﬁ{OSS
section along the line V-1V shown in FIG 26. In these drawi ngs, the
menbers of the skel £onstictonddevive. tagepnldit bst Basenofint Fgcsemsi.conduct or
devi ce according to the first enbodi nent of the present 20 invention are
denot ed by the Bkeedielesbnie materakd 3eyaer 18 awoi theafoawed &ypi ng
description. The sem conductor device 200 according to the fourth

embodi nent of tFer pp¥aBple; nferNiBE 8oEpFissspatseronddoililowedaypsr s 15
connecteq%to the conpection 2 ads 12 and a conductive |layer 21 patterned

? : .
to generdl e an FRREIRARS %oﬁt%gﬁﬂFFlGa@ﬁtﬁFlﬁﬁeéé¥€6nd@c@ive | ayers 15 and
21 being formed_on t@e firs% Eﬂotective 2 3 NOV 200 - 42 |ayer 14, as
shown in FI G 2RFeHRTPLReH ChirknRascPEnteSBPERERENg Bethed-as a thin
fil mpassive el enent hs formed indthe genicondgchﬁ{ %evice,zoo. In the case
of the construction Shokn FnSRPERdoBIOseGheVENGIdM e SOTTIART el enent L

5 Connect <0 { ol EERRREEY 00AL,A¢ X0 BUB GAOMNR! UG LS algse a5 Lo
the ot her 10" hare, Hae (O o AYEPE, FE, BEhPe, "2 TEBYHE, kY ptRirmih
15 the second conductive layer 19 to form openings in the
portion where a second conductive layer 20 is to be
formed and the portion where to the cutting for the
dicing is applied, as shown in FIG. 6. The second
protective film 19 can be formed as in the formation of
20 the first protective layer 14. Specifically, after the
entire surface on the side of the circuit of the
semiconductor wafer 100 is coated with, for example,
a polyimide series resin material and the resin
material coating is cured, a resist patterning and
25 a protective film patterning are applied to the cured

resin material by using an etching solution and

subsequently peeling off the resist layer.



end of the inductance elenent L. The conductive |ayer 21 formng the

i nductance elenent is shaped to generate the inductance conponent. For
.exanpl e} the conductive layer 21 is shaped like, 15 for exagil gov 2myangul ar
eddy form a rectangular wave formor a loop form The inductance elenent L
of the particular construction, which is fornmed in the circuit

el enment-formng regi on DA of the senlcondq?for 20 substrate 11, can be
arranged in various nodes, as required.” Fof~exanple, it is possible to
arrange the inductance elenent L, which is patterned in an angul ar eddy

f d formed | h |
o o tahebBh B b E5S, 2hA B TR AT gt vel Y
| t ' t h FI G
27502 3 oy sbotoPist "Ry el 5] FRfod. PehaRbEivaY Bk EReR" ona"s
CO"ECt'Ve!y ShQﬁéﬁgriéglyﬁtéﬁgng tQB”EBaELﬁrk9QsEhSOEEHEEQOQ“§%9$ﬁd%%'Ce

200 according to t our nent of the present ITnvention

manuf act uri ng nekhegead Har‘QH\ébSpQﬁ:?ﬁé' bedmslit inr eher 8BEBnkOpkBEEeLive
drawi ngs. In the manufacturing nethod of the sem conductor 8 15 20 25

device acgzordingil® 1Heah@UalBoeabDedtEaL10y EBAnBEEEANEGI RYENtion, a
passivation film 13 consisting of, for exanple, silicon oxide or silicon
nitride is fornﬁﬂeie¢srlonmaherﬂapelayarfaeefefmadpburahetup@érconnectlon
pads 12 consisting of, for exanple, alum numelectrodes formed in each
chip-form ng regoface af nbheefitstecpondectheecéayeal 1posbi as ab €acim of
the connection pads 12, followed by form ng the first protective |ayer 14
on the upper A feerdegtivie bazgrva@rbnon|fqrmsngnaacnannetan@eforn1an
opening in the central portion of each connection pad 12, as shown in FIG
28. The first pPbeBeRtyved$ishewn iB FEEred- byTbgaﬁﬁﬁQn@héoéﬁﬂpﬁéV§urface on
the circujt side of the sem conductor wafer 100 with a _polyimde series
resin nak%rlal ﬁ rt%%ncaﬁu??n§°¥%%dcﬁﬁtEﬁrmé§9nanﬁﬁéﬁﬁﬁlPaFGPFéwed by
rotective fil

I ff th t tt d
Patterning ar e Shirt odtoh eedPEnaapLitng aB BLPERToRORLRBBRy PhE A ¢ s
t ect I 4 bI ol t t hod
D Cecgee any Eotfaritn'GackES BEFRE rRnaScE e RtageBag "L San tni
ej ection froma nozzﬁﬁ%nAlgo 15?21§E eBEaE°QEFtH§ &o%%ﬁhh%%rflln1ls not
peci

limted to the polyim sertes resi rra ically, it is also

possible to USGeE@c@ﬁQ&ésS&féeEofﬁéHnlﬂaéﬁéHéEe9hlﬁg@ BokRengagxi dol e
series) as a material of the protective In the next step, the first

conductimve | ayess oiiel cygdudeivadispersopdychsvenbaneis etrcl.ager 21 form ng
at | east one inductance elenent L are forned on the 10 connection pads 12

exposed throughrhdéepopes portannsef oormadi ast ha thestopkenedbned fil m 14,
as shown in FIG 29. For form ng the conductive |layer 15 and the conductive

| ayer 21, a UBMhéelyed. (nSpeshbiwally, dapphotedeststhéoentforeisgr f ace of the
first the posts is coated in a thickness of about,
for example, at least 50 ugm, and typically 100 to
20 150 pm and, then, the coated photoresist is cured,
followed by forming openings exposing predetermined
positions of the second conductive layer 20 and
subsequently applying an electroplating to the openings
thus formed. It is also possible to employ an
25 electroless plating or a stud bump method for forﬁing

the posts 16. The materials used for forming the posts

16 include, for example, copper, solder, gold and



"15 protective film14 by, for exanple, a UBM sputtering nmethod, followed by
coating and curing a photoresist for each of the conductive |ayer 15 and
_the conbuctive layer 21 for fornming the inductance el enent. Then, a
patterning of a predetermined shape is applied by 20 the phqt é&ﬁﬂﬁgraphy
technol ogy, followed by applying an electroplating to the portfo opened
by the resist. It is also possible to enpl an electroless plating for
form ng the conductive layer 15 and the conductive layer 21 for formng the
i nductance elenent L. The 25 wiring material used for formng the

ducti | ! . I | um, I d h
having good condhetevelarspar ppas. CBngustRBRIbsoRs T RS | ANEE doxt ot ep.
th ts 16 [ t ' ‘ A th duct i |
15 and  he condietive 1oy orB01a5,E BREER: BT Ebl 23shlal ShEr RORG (e post

16, a photoresi st {grpbbeinget 3 EGLAALI gRnks1€a3! 83 ekl Adkhickness of , for
0 0 m follo

exanple, at least 50 ,umand, typically 100 t , U d by curing

the coated photappsyshg dhesrieneBrpatinkbfBSaexBoSikAg BHEHRLELY ReGp.
positions of the conductive layer 15 and the inductance elenent L are
formed 106in thelsoyeiinphbéocasesbf Fokmongdthy paaltyimgb?nugli@@trolol ating
to the open portions noted above so as to formthe posts 16. It is also
possi bl e to enphoyoldler eheterphbssipl ati agsoepbedibid tbeespudybunp net hod
for formng the post 16. The material of the post 16 15 includes, for
exanpl e, copper2 Rriptdey, mgbhddahd addkeliopath haei ngthodd peddied ve
characteristics. Were a solder is used as a material for formng the post
16, it is possi®Pfe #8°Y®rm a spherical electrode by applying a refl ow
treatnment to the solder, Also, in 20 the case of form ng the post 16 by
using a solder, it is"aF88 PB¥ELi BEEPro2efpRyng Sl ildg isetfiesanech axddi ti on
to the qﬁfhod deicribed abfve. I n t?e next shep, the sealing film17 is
formed by, for exanprelffoftPhh PHELRAEI PB ERRchrpnsupidee (Firsyitne

red b ' Frob PR Eh & he

manner 1o cover t48) pott Eh oo Snt SBRBNIEDR 1ReeT 5100 im0 R BRRAE oRRN ¢ t ho
liabilit OV, 200, 4 ] Lth.th h in_th

envi ronment, 1 (095 Gegr? R8T of S RE” <BRF REEPPLRY 17 DB BE"PoPRRAH! o

st protective T md i dEeery pea e kg, sacfoab Ty, BotRUfiaeCabnth ot | v

Lop \ ove. For for e sealring film
17, it is possidkead CoS8RY O¥esiR] £328RbGn 2nPEFLALI 59 MeLhod, 43 (di-BRi1RY
nmet hod, a spin coating nmethod or a die coating nethod. In the next step,

the uppers surf ape £érh hensegbanngi fﬂlxﬂl?sbguhsiﬂ BOke8hAdNae 29 all0
expose the edge 10 surface 16a of the post 16, followed by renoving the
oxide filmfromulbetanriatky aeghal hén, thephyingcomponent to the
resin material used for forming the first protective
film 14 and the second protective film 19 in order to
ensure a reliability relative to the change in the
20 environment. Incidentally, it is also possible to
employ, for example, a printing method, an immersion
method, a spin coating method and a die coating method
for forming the sealing film 17.
Eurther, the upper surface of the sealing film 17
25 is polished and cut so as to expose the edge surface

léa of the post 16, followed by removing an oxide film

from the surface of the edge surface 1l6a and applying



“a netallizing treatnment such as a solder plating to the edge surface 16a,
as shown in FIG 32. Further, dicing is applied along the cut lines CL
.confornming 15 with the chip fornmng regions so as to divide the

sem conductor wafer 100 into the individual chip formng reg?pnﬁvgﬁﬁereby
form ng the individual sem conductor substrates 11. In this fashiaon, the
sem conduct or device 200 of the constructi as 20 shown in FIG 26 is
obt ai ned. In the sem conductor device 200 %? the constructi on described
above, the inductance elenent L is fornmed in the circuit el enent-formng

regi on DA and, thus Lge L nduct ance el enent L can bﬁ arranged ,on the 25
circuit el enent2fBFhYL? L8P ohr PACPANGaFPEls 2RoReSOLACECPEAAEARE with t he

a2, TSERERlSle B ERAUUSE SuLteG Ththd, 108, BEBLe B, o6 O 594

connecti on nndeg f t induct ance elenent L in accordance with the npdes
of arrangenent 0?8?%e5§0%g€ét?€é | ayer 21 and the posts 16 in the

sem conductor devi cerg@Q, @d&EQngt her apphaad, aE'oﬁ§ g?z%%ett%x%ﬁﬁe%h%é he

correspondi ng equivalent circuit diagrans. FIG 33 hows the first

connecti o nodel phes her i depe&apeRdehgnest the theplevkiingmRedigrat sof the
present invention, covering the case where 10 the inductance elenent L is

formed on the casmdustdieidiayehe2dendsondathedotrowhlierceouechicentpad 12-2, and
the posts 16 are fornmed on both edges of the conductor 21 so as to be
connected to thenékvedwnal cbipefbrminyereygthehs ARdandhhs., The fpewst the i s
al so forned on the 15 conductor 15, which is not involved in the formation
of the induct antediyiedeal  seniasndocbercenhettretieso lilhe thetrebyalf oxorimect i on
term nal T1. Concerning the equivalent circuit, one end of the inductance
element L is cobpectedi¢ondneterrdavice028Pefbawni ant E&Gei doui t
element-formng region DA and to the external connection termnal T3. The
other entf of the ind&RtkR€eSEMEARRAULLPE Fr¥dCcorNOOLd the t he ext er nal
~connection termnal T2. FIG .34A s oasaghe second connection ngde of the 25
0

i nduct ance el engntS SEeoFHPRgIE8CT HRe PHeenBBai RENPOSE CREAS

i nvention, covej| e case_where the _both.ends, of .the conduct.ive |ayer 21
f or ni ng 2 3 hé*é%%éék aneg formeg in tge circuilt elemen%-%ormlng

region DA. Thus, it is possible to arrange the
'capacitance elements in various modes on the circuit
15 element-forming region DA in accordance with the modes
of arrangement of the second conductor layer re-wiring
20 and the posts 16. FIGS. 1l1A to 15A are cross
sectional views showing the connection modes of the
capacitance elements C in accordance with the modes of
20 arrangement of the second conductive layer 20 and the
posts 16 in the semiconductor device 200, and FIGS. 11B
to 15B show the corresponding equivalent circuit
diagrams.
FIG. 11A shows the first connection mode of the
25 capacitance element in the first embodiment of the

present invention, covering the case where the

dielectric material layer 18 is formed on the first



t he inductance elenent L are connected to the connection pad 12-2 and to
the connection pad 12-3, respectively, and the posts 16 are nounted to the
.both edges of the inductance elenent L forned by the 5 conductive |ayer 21
so as to be connected to the external connection term nals 2T N0V 3004
Incidentally, the post 1'6 is also nounted to the conductive |ayer 15,
which is not involved in the formation of #%e i nduct ance el enent L, so as
to be connected to the 10 external connectfon Terninal T1. Concerning the
equi valent circuit, both ends of the inductance elenent L are connected to

the circuit elenené in.the circu'% eleneE¥-forning regi on DA and al so
connected to th&° ?%Pﬁg? éaﬁﬁﬁch'oﬁoPB? fid| LoT5 TSCgHBe?§}ORSP§aown in
FIG 34B. ~'1G 5 i i, d t he induct
el enent accordi%g_?bsgﬁésFég?F%Qéhgoggﬁéﬁﬁg%ggtﬂgygFgégn%gihggﬁgﬁ 2%§a

i th t .end t i | 21 f i
e e otfie (PEEEL BnBOLDI GRS 00! 18 ERNAMELEUC LOKRE 21 100 N

the connection gafinddrJonapdal 19-§Osb 46 L8 FBUA! ele! Babligsganguctive | ayer

‘15, which is not involved Tn the formation o e 1 nductance el enent, so as

to be comnect edeléméhe @%tshaahhéogagﬁth@n185nb%rﬁbBﬁdeén ChacekRbhg t he
equi valent circuit, both ends of the inductance elenent L are connected to

only - ~ 2 3 dNd260fve #QyethgocEbenihgehedBphciBahbBe elkfent.

el ement-form ng region DA. FIG 36A shows the fourth connection node of the
i nduct ance el enBné secondi agntiactheef bayeh 2obadi fepimed oh theeptesent

i nvention, covering the case where the posts 16 are nounted to both ends of
the conductive ¢eyeacRiwibhnthg fhestndovdantével dagar L5sooas ihvoieed
connected to the external connection termnals T2, T3, and the conductive

| ayer 21 is notiRokPecfeamebiepecfothennaperdtapad. elasesasnt abdy, the post
16 is nn%?ted to the conductive |layer 15, which is not involved in the
formati of of theN¢nRREtahbeldl ERERED QB hBet sependoRRBENESIVE dRY¥e&X 2 nal
connection term nal T%. Cbncerning t he equi val ent iircuit, one end and the
15 other end ofS?hd®| FAuREaRRBRNEFERENECL 28y 8XEBRREL: EANPECEAPY the ext er nal
connection tern%$a%§ T? ggd T3, .as shown in FIG 36B. Needless to say, it
is possible for he*04ri bt connection modes shown in FIGS. 33A to 36A to

be, 20, orployed |0 contlagtion. BhelSEitATa,SPRYG ScoLlR dd i Tour

enbodi ment of the présent inv ed on
LTS o ot SuefESlolBLaedeeck anbhcee, B! SoHEGELBISEEThg Li ol roul
15 circuit element in the circuit element-forming region
DA, as shown in FIG. 11B.
FIG. 12A shows a second connection mode of
the capacitance element in the first embodiment of
the present invention, covering the case where
20 the dielectric material layer 18 is formed on each of
the first conductive layers 15 connected to the
connection pads 12-1 and 12-2 and the second conductive
layer 20 is stacked on each of these dielectric
material layers 18 so as to form the capacitance
25 element C, and the post 16 is formed on each of the

second conductive layers 20 so as to be connected to

each of the external connection terminals T1 and T2.



W thout inviting an increase in the chip area. As a result, it is possible
to dimnish the chip area. 2 3 NOV 204 - 50 In addition, the inductance
el enent}, which was required to be nounted outside the chip in the prior
art, can be nounted within the chip so as to contribute to pliengy 2004
m niaturization of the nodule size in the case of 5 constructing a nodul e
equi pped with, for exanple, a wireless I/F,function. In the fourth
embodi ment descri bed above, the inductance“@lenent L is formed of the
singl e conductive layer 21. However, it is also possible to forma 10

I i foi by f ' .acked . Wi [
b opared’ by al {BHRAREIS St REKPRG ANCPROLPRNANG HhFmIde ™ HD Condaiisrh
I 21. Also, ;] he i nfl [ by the i
el ement 1o the BnerreahabarEdE®] BYEn. Mg B e BR oA i 2 The

crosstal k causeqobyshhg16Lact LOURANELEAAkINCLONnd kb desidabl e to

arrange a ground | ayer na e material equal tot conducti ve

layer 21 in a peséhbAR 5B hBet¥ pbNcb¥inebtlle tbl ane dulterhad bR tion
conductive 20 layer 21. <Fifth Enbodinment> FIG 37 is a cross sectional

vi ew shows ng t heeseimgdndect or devi ce 200 according to a fifth enbodi ment
of the present invention. In FIG 37, 25 the nenbers of the sem conduct or
devi ce common with tboseerhihhe thenmequitiadieort dewcea BCeigligidl tef tdwch
fourth enbodi nent of the present invention are denoted ~ 2 3 NOvVv 200 - 51
by the sane refefehbe anapecatsnse aletmenawoiCd ian consicdcamal g ddscri pti on.
In the fifth enbodinent, a third protective film22 is fornmed on the
conductive | ayegipguibrealagenheis thductiznud teledemen tl- fagmdndinedidm

passi ve el enment _and on the conductive |ayer 15, as shown in FIG 37.
Accordi ng to t hBRpapRdctihar otbast endsi of shewe icapRicdtagre reHenanhsctGnce
el enent t%is sandwi ched between the first protective film114 and the third

protective 10 ffFf 99nBBCHED: FonkRE PERLEEESIHCONIECHICH Fetimad s Tluct ance
Fo§ formn

characteristics t he.thi prqtective film22, the conductive
| ayer 15 and th%n%on%UC?FVEHPE9anZE&gOrﬁ?hg

FIG. 13A shows a third connection mode of the
capacitance element in the first embodiment of the
present invention, covering the case where the

15 dielectric material layers 18 are formed in two points
on the first conductive layer 15 connected to the
connection pad 12-3 and the second conductive layers 20
are stacked on these dielectric layers 18 so as to form
twq capacitance elements C arranged in parallel, and

20 the post 16 is formed on each of the second conductive
layers 20 is formed so as to be connected to the
external connection terminals T2 and T3. Incidentally,
the post 16 is formed on the first conductive layer 15
not involved in the formation of the capacitance

25 element via the second conductive layer 20 formed in
direct contact with £he first conductive layer 15 so as

to be connected to the external connection terminal T1.



t he i nductance element L are formed first. Then, the 15 entire surface on
the circuit side of the sem conductor wafer is coated with a polyimde
"series tesin material, followed by curing the coated resin material |ike

the first protective film 14 described previously. Further, 28 (®pi
patterning and a protective film20 patterning are applied % u5|ggﬁan
etching solution, followed by peeling offnége resist, thereby formng the
third protective film22. <Sixth Enbodime FTG 38 is a cross sectiona
vi ew showi ng the 25 sem conductor device 200 according to a sixth

enbodi nent of the prgsent inven%kon. In FLG 38, the nmenbers of the
sem conduct or devi ce-2BhTbATRPL HREhEGBLIVa eBt\Greyats SRe gpd pE each

i duct deyi i tp . the f th di t of th t
Thvent | on are dZhords B0t AuPSahEapEF oF SHRENEE ey APoCounaR Yo CaRBRT SAE
CueT LoD deces | ehdcar Syl Lhenshy! InopRedhIRRL .o TRARELL SIS |

g a rn Tl mpassivé elréengnt with

the third prot egdyysnibAm 22! Bhergoner LRALCLE! YREDe LAo3AdLLLAR to the

construction of the sem conductor device according

enbodi nerg of tdbeeesent hryeabhRBctdBetOBIRLt bitbih12306aBcRehor med of
a ferromagnetic material. Alternatively, the magnetic film 23 can be forned
by mixing a fertemimnelscThesedi BY, oasassekh FAIREt,L c1pBterial in, for
exanple, a resin. 15 By form ng the magnetic film 23 on the inductance
element L with the thiGd pantsebdbwseaf Ebor2R tohaepesed mbaecbhet ween, it is
possible to markedly increase the inductance value of the inductance

el enent L so ascapa¢hprive ehementrintehésficrstasembbdimedticobdntaeel enent .
20 As a result, it is possible to dimnish the size of the conductive |ayer
21 required forPEdieRhi Hyvenrelermeaddeevangethal casel wvheseakbe possible to
i mprove the inductance characteristics. As described above, according to
each enﬁé%inent HBLTtiie Precehtli hoXeri b8, 1pt fpEmpdsenpkbet §irftegral |y
stack the capacjta el enent or%ghe inductgnce el ement form ng a passive

el enent on the‘%??éﬁﬁ%lve RO 1P Kerregsedtenthie- FORAPRGLIPBgPEA DA of

th i duct I 0] | t Lo Lt i b th
Capaci tance o et 2 WS s oo LFRMalPLRBY: 1akebr AP et ! 8t 8ekRenbodi rrent
apac & . . e . e
ol ermont for g e Plefec b8 BLESEN L Pafoll K6 080 88 BB D CCibl

to formthe ca 'ng%% ShEat di t h LT I t of the
pr esent invent?%%% t he d§%a0|té%%%m§?€ﬂ%ht9§§ g%%o?%%%gigoggﬁgg%gggecond
enbodi M of die HESEbondVEMARP PPE 1 Aget ndlycignge ELefBNEohheREERM di NG
to the fourth enbodi nent of the present invention, in the circult
el ement - f or m nto egi@retfetmal heosest €oom et oni AgYi 92, 200ntndvhiah 19,
plurality of posts 16 are forned on the 15 circuit elenent-form ng region
DA as shown in tHHe&Gp@ks | 16 tdrs Lasmed i dni sSheossrbt ecobndataditet hayers
capaci tance el enents and the inductance el enent w thout inviting an
i ncrease of thelThivfhighaare tndplinvelvedtintthe pfossabient off urt her
decrease the chip area and to mount 20 the capacitance el enent and the
i nduct ance el et GaRpfiaRI@relerent r svbtk the semendomontuptavehe chip
in the 3se of constructing a nodul e equi pped with, for exanple, the
wirel es€V/F fRMSTh <D LEEePe3Rd Hehearhehivesn heonddute BPze. 25
Addi ti onal advacnc'gnanqaecsi__ea&ndt nodi fi ca{g'i ons, wi | | ) .

0 the external connection terminals T1

and T2,
Concerning the equivalent circuit, one end of
the capacitance element C is connected to the circuit
25 element of the circuit element-forming region DA, with
the other end being connected to the external

connection terminal T2, as shown in FIG. 14B.



“readily occur to those skilled in the art. Therefore, the inventioninits
broader aspects is not limted to © ~ 2 3 NOV 2004 - 54 the specific
_details)and representative enbodi nents shown and described herein.

Accordi ngly, various nodifications my be nmade w t hout departing fromthe
spirit or scope of the general inventive concept as 5 defined3bN0O\ R4
appended clains and their equival ents. %2 NOV 2004 ss WHAT IS CLAI MED
IS: 1. A semiconductor device, conprising:“a sen conductor substrate
including a circuit elenent-formng region in s which an integrated circuit

is f d, d I it f ti ds_f d [ f

urface of the oi feuf el FRBnEEPBRnfinb LPER: AT 4R CKREURSEERBT i | m for nbd 1 o
th id. ¢ pt.el < f ' ' d at | t

one part of "¢ ne et bhead e FhhEE iR AR EL bR Mo ERRREL PRy T o

connect ed {0 athgastooBee ofn5ahe; Bh U Bha~80588ECEREOBBAIS,LRe COI umar

el ectrode bei ng arrange e connetted to an éxternal circait; and at

Least one (hin {id rapapecye: el RAEOELADCLUILR01A! 1L CR8ENERCORORAUCEL KE ] ayer

formed on said insulating film T conductor device according to

claim1, swhereidgosdbdleivé matsrisl M pgssi Y6 8L8ABARLSLAt theast one
capaci tance elenent. 3. The sem conductor device according to claim 2,

wherein said capaméaniten ebeden? -2 nghddebet ¥oc6nadyehivethanensyandaa,
dielectric material |ayer, said two conductive |ayers stacked one upon the
ot her on said ivsidatisgénhectaddtsatiedcehrettionnphédriak-32¢ibayae is

i nterposed between the conductive |ayers. 4. The sem conductor device
according to clBifeR copduetivealayenpitit aaceteckaednoni hbkudéslempric
conductive layers and a dielectric material |ayers, said two conductive

| ayers positiofeRtepkdt 13ver eb@hsot agrtenferndthasopperiganceneannessi d zs
dielectric layer is $or din the clearance _between the two 2 a Nov ~p~ -
56 adj dcent cdndERG v gﬁ%y@9$t516Tﬁ% Serrednaictbe 8egped aerdrdatayeto

claim 2, wherein sai apaci tance el enent ing¢ludes, two
fgyer(56;§£ as to be connecteg to the external

connection terminal T3. 1Incidentally, the post 16 is
formed on the first conductive layer 15, which is not
involved in the formation of the capacitance element C,
15 with the second conductive layer 20 interposed
therebetween so as to be connected to the external
connection terminal T1.
Concerning the equivalent circuit, one end of
the capacitance element C is connected to the circuit
20 element included in the circuit element-forming region
DA and the other end of the capacitance element C is
also connected to the circuit element of the circuit
element-forming region DA and to the external
connection terminal T3, as shown in FIG. 15B.
25 Needless to say, it is possible to employ the
various connection modes shown in FIGS. 11A to 15A in

a single apparatus in combination.



“conductive layers and a dielectric material layer, said 5 two conductive

| ayers positioned adjacent to and apart from each other on said insulating

_filmandl plate-like electrodes positioned on the conductor |ayers, and said
dielectric material layer is forned in the cl earance betmef$H@ﬂﬁzﬁPd t he

opposite ends of the adjacent 10 plate-like el ectrodes. 6.

sem conduct or device according to claiml,2 erein said thin fil mpassive

element is at |east one inductance el enent?”7.” The sem conductor device

according to claim6, 15 wherein said inductance el enment includes one

ducti | , [, d d [ is f dinth f f
angul a1 oddy Shape. S BECRRGRPE 2hRVE <RASETARE 49 GOF SHARE 5. The
' duct devj ce. ' laim 7, 20 i id_indyct
ol amont T ur ther SHERRHRSHE SEnEphopFeletrinbRabatn 4t CEBRRIEITE | ayer.
el ement furt her | PSPl Tt P d EBRREAVE | a
passive ol cront ST RATACE Lo PERRinal Shecrrenbet ALSRERE 2abind Lol d tuo

terninal 25 el egdy0deSnRls8ald LB Bolhl FhBARSPYE. RLANENG RS & g rical Iy

connected to said columar electro 10. The“sem conduct or devi ce

accordingsto clai ghlee d@mén&@BﬁgiDdifeEQQBEi?nﬁaEQ bl R aalTePesi ve

el ement includes two term nal el ectrodes, at |east one of "said two term nal

el ectrodes of sabfinéBtiohi £& pRE&StYecakienenkmbaitnImakeslyr ii¢aldossamirect ed
to said connection pad. 11. The sem conductor device according to claim1,

wherei n sai d thta sofintnmtpassapecetanent eilembudewitthoutteimvialing et r odes,
each of said termnal electrodes of said thin film passive el enent being

el ectrically cobpereaset bnatheeabiponzeef sditdfoddpest ithatpdd dmd said
columar el ectrode. 12. The sem conductor device according to claiml1,
wherein the perPpheihlefteadéminiahf the ghépi eseal.emdmt addiddweredniith a
protective film_ ~0 13. The sem conductor device according to claim1,

whi ch futQher iHReuedsSeach tpaming af medudet pRHiPPRMA pasdivdod ements. 14.
A nmet hod of manufacturing a sem conductor device conprising: preparing a
seni conduct or w%?%?pgﬁbs?Pﬁt@lFﬁ P88i h¢FafPPGiaPrhry the Eﬁ%%HQﬁﬁﬁqm)regions

h havi I s t_f ' ion i ich ~.,S int ted
Cirouit 1t or rgdts BUERERR LB FES BPoEBAfoerroR pate ORI & do of

an_upper surf acg, o niReaelhEghLL; heaRNLpLORILNG of 89180 o kol NG, AN

insulating filmto cover e upper sur e form ng

region and at !@Qﬁécf?@gngérélﬁﬁaﬁpe %ﬁ@?ﬁcybgnr@ﬁgi'retiogg R Z&cldn%% one

thin filmpassive elenent inc I'ng at [east one *20 conductiv ayer on

tsgi gt i széfs at ic)zgo%{;c:é%ef fh81 BHip ¢R! UHBAbagkeCLAAIB L RtnteP Wt N Nard ed
chip.

Incidentally, in the first embodiment described
above, the dielectric material layer 18 is of a single
layer structure. However, it is also possible to

20 prepare a stacked structure by alternately stacking,
for example, the dielectric layers 18 and the second
conductive layers 20 so as to form a plurality of
capacitance elements. In this case, it is possible to
connect the plural capacitance elements in parallel or

25 in series by the pattefns of the plural second

conductive layers 20 that are alternately stacked.

Also, in order to suppress the influences given by



“said plural connecti'on pads, the columar el ectrode being arranged to be
connected to an external circuit; and 2 3 NOV 2(104 ss dividing said

. sem condluct or wafer substrate into individual chip formng regions so as to
forma plurality of sem conductor devices each having at | eadtNo¥nel0k hi n
filmpassive elenment. 15. The nmethod of manufacturing a sem conductor

devi ce according s to claim 14, wherei n_saé'éj formng of said thin film
passive el ement conprises formng at | east®“0one of form ng a capacitance

el ement. 16. The nethod of manufacturing a sem conductor device according

t l'aim 15, wh [ id f ' f it I t [ :

forming a firstCRonUBREFYE2RaGer LoHePRe el FOfi PLOFENERPSHGFAYAg IS of

i id ' t b t iLth i ti filmint

Lner obet ween: 15 o hotACdt BF SEPPEECnBREP AP FaeP PoRcSRnY PRFEB Bauct i ve
her ebet veen; 1 e BRSANE FPYSt csMduct

| ayer. 17 The Fafnaa el WaRGracrarPnaa ok PArARLTSR SaBRbR<RdlELON (o

claim 15, wherein gabdrhoidipg 8k bAGeCaPaELhalCeagbeMhllicc8iPhees: ~
form ng two pieces of conductive |ayér poSitione J acent to each other a

predeterns ned dhstaneglapgubhlfeemaaehoet hae enrsai dohRsekatiend afermisand

. AYN. AF. AY. As . Ar. AY_. Al L. A3r. A&L. A&sr. A&Y_. AYr. AYr. AYL. A9

_-A3_. AL. A&L. ALoALtAR&9seéohd. A8hBudgIva&Yahkr. AOr iA99. ABsiAdon in the
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distance apart from each other on the first protective
10 layer 14, and the dielectric material layer 18 is
formed in the clearance between adjacent conductive
layers 15 in a manner to abut against the edge surfaces
of thé conductive layer 15, as shown in FIG. 16.
As a result, the capacitance element C is formed such
15 that the dielectric material layer 18 is sandwiched
between the edge surfaces acting as electrodes of the
conductive layer 15. In other words, the capacitance
element C is formed in a planar configuration.
The posts 16 are formed on the conductive layers 15'so
20 as to be connected to the external connection terminals
Tl to T3.

The capacitance value of the capacitance element C
of the construction described above is determined by
the relative dielectric constant, thickness and area of

25 the dielectric material forming the dielectric material

layer 18, as in the first embodiment of the present

invention described previously. The dielectric
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materials forming the dielectric material layer 18
include, for example, ba;ium titanate and tantalum
titanate.

The capacitance element C formed in a planar
direction in the circuit element-forming region DA can
be arranged in various modes. For example, as shown in
FIG. 17A, it is possible to increase the areas of the
edge surfaces of the conductive layer 15 and the
dielectric material layer 18 so as to form the
capacitance element having a large capacitance. It is
also possible to arrange side by side a plurality of
capacitance elements C as shown in FIG. 17B.

The manufacturing process of the semiconductor
device 200 according to the second embodiment of the
present invention will now be described with reference
to FIGS. 18 and 19. The manufacturing process
according to the second embodiment differs from the
manufacturing process according to the first embodiment
in that, in the second embodiment of the present
invention, after a plurality of conductive layers 15
are arranged adjacent to each other on the first
protective film 14, the dielectric material layer 18 is
formed in the clearance between one end of the
conductive layer 15 and the other end of the adjacent
conductive layer 15, followed by forming the second
conductive film 19.

To be more specific, in the manufacturing process

(- Y, 10%& ()-F z10% ()- 10% ()-#
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the upper surface of the connection pads 12 on the
semiconductor wafer 100 in a manner to expose the
5 central portion of each of the connection pads 12,
followed by forming the first protective film 14 on the
upper surface of the passivation film 13 in a manner to
expose the central portion of each of the connection
pads 12 as in FIG. 3 in the first embodiment, as shown
10 in FIG. 18. Then, the conductive film 15 is formed on
the connection pads 12 exposed by the openings formed
in the first protective film 14. For forming the
conductive layer 15, a UBM layer (not shown) is
deposited by, for example, a UBM sputtering treatment
15 on the entire surface of the first protective film 14,
followed by coating of a photoresist for a conductive
layer and curing the coated photoresist. Then, a
patterning having openings of a predetermined shape is
applied by a photolithography technology, followed by
20 applying an electroplating to the portion opened by
the resist, thereby forming the conductive layer 15.
In this case, a cléarance for forming the dielectric
material layer 18 is formed between the adjacent
conductive layers 15 on the first protective £ilm 14.
25 Then, the dielectric material layer 18 is formed in the
clearance between the conductive layers 15. The

dielectric material layer 18 is formed by forming
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In the next step, the second protective £film 19
5 serving to electrically insulate the dielectric
material layer 18 from the other layers is fdrmed as in
FIG. 6 in the first embodiment, as shown in FIG. 19,
followed by forming the posts 16 electrically conﬁected
to the conductive layers 15 via the opening formed in
iO the second protective film 19 as in FIG. 8 for the
first embodiment. Then, the sealing film 17 is formed
in a manner to cover the posts 16 as in FIGS. 9 and 10
for the first embédiment, followed by cutting and
polishing the upper edge surface of the sealing f£ilm 17
15 so as to expose the edge surfaces l6a of the posts 16.
Further, an oxide film is removed from the surface of
the edge surface l6a, followed by applying a | |
metallizing treatment such as a solder printing.
Further, dicing is applied along the cut lines CL
20 corresponding to the chip forming regions so as to
divide the semiconductor wafer 100 into the individual
chip forming regions, thereby forming the individual
semiconductor substrates 11. 1In this fashion, it is
possible to obtain the semiconductor device 200 of the
25 construction shown in FIG. 16. As described above, in
the second embodiment of the present invention, the

capacitance element or elements are formed in a planar
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embodiment in which the capacitance element is formed
in a three dimensional direction. It follows that it
is possible to lower the manufacturing cost of the
semiconductor device.

In the semiconductor device 200 of the
construction described above, the capacitance element C
is formed in a planar configuration such that the
dielectric layer 18 is sandwiched between the adjacent
pieces of the conductive layer 15. As a result, the
capacitance element C can be connected to the circuit
element in the circuit element-forming region DA in
various modes in accordance with the modes of
arrangement of the conductive layer 15 and the
posts 16. FIGS. 20A to 23A are cross sectional views
showing the connection modes of the capacitance element
C in accordance with the modes of arrangement of
the conductive layers 15 and the posts 16 in the
semiconductor device 200. On the other hand, FIGS. 20B
to 23B show the corresponding equivalent circuit
diagrams.

FIG. 20A shows the first connection mode of

the capacitance element in the second embodiment of

25

the present invention, covering the case where the
dielectric material layer 18 is formed in the clearance

between the adjacent pieces of the conductive layer 15
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SO as to permit the conductive layer 15 to be connected
to the external connection terminals T1 and T2.

5 Incidentally, the post 16 is formed on the piece of the
conductive layer 15, which is not involved in the
formation of the capacitance element, so as to be
connected to the external connection terminal T3.

Concerning the equivalent circuit, the both ends
10 of the capacitance element C are connected to only the
external connection terminals T1 and T2, respectively,
as shown in FIG. 20B.
FIG. 21A shows the second connection mode of the
capacitance element in the second embodiment of the
15 present invention, covering the case where the
dielectric material layer 18 is formed in the clearance
between the pieces of the conductive layer 15_which are
connected to the connection pads 12-1 and 12-2, and the
post 16 is not formed on the piece of the conductive
20 layer 15 involved in the formation of the capacitance
element C. Incidentally, the post 16. is formed on the
piece of the conductive layer 15, which is not involved
in the fbrmation of the capacitance element, so as to
be connected to the external connection terminal T3.
25 Concerning the equivalent circuit, both the ends
of the capacitance element C are connected to only

the circuit element of the circuit element-forming
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capacitance element in the second embodiment of the
present invention, covering the case where the

5 dielectric material layer 18 is arranged in the
clearance between those pieces of the adjacent
conductive layers 15 which are connected to the
connection pads 12-1 and 12-2 so as to form the
capacitance element C, and the posts 16 are formed on

10 those pieces of the conductive layers 15 which are
involved in the formation of the capacitance element C
so as to be connected to the external connection
terminals T1 and T2. Incidentally, the ports or ,post
16 is also formed on that the conductive layers or
15 layer 15, which is not involved in the formation of the
capacitance element, so as to be connected to the
external connection terminal terminals or T3.
Concerning the equivalent ciréuit, the both ends
of the capacitance element C are connected to the
20 circuit element in the circuit element-forming region
DA and to the external connection terminals Tl and T2,
as shown in FIG. 22B.
FIG. 23A shows the fourth connection mode of the
capacitance element in the second embodiment of the
25 present invention, covering the case where the
dielectric material layer 18 is formed in the clearance

between those pieces of the conductive layers 15 which
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connection pad 12-2, respectively, so as to form the
capacitance element C, and the post 16 is formed on one
of these pieces of the conductive layers 15 which are
connected to the connection pads 12-1 and 12-2 so aslto
be connected to the external connection terminal T2.

Incidentally, the post 16 is also formed on that piece

of the conductive layer 15 which is not involved in the

formation of the capacitance element C so as to be
connected to the external connection terminal T3.

Concerning the equivalent circuit, one end of the
capacitance element C is connected to the circuit
element in the circuit element-forming region DA, with
the other end being connected to both the circuit
element in the circuit element-forming region DA and
the external connection terminal T2, as shown in
FIG. 23B.

Needless to say, it is possible for the various
connection modes shown in FIGS. 20A to 23A to be
present in a mixed fashion.

As described above, according to the second
embodiment of the present invention, a planar
capacitance element is formed in the circuit element-
forming region DA in a three dimensional direction so
as to be connected to the circuit element. The
particular construction makes it possible to mount

the capacitance element without increasing the chip
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area. What should also be noted is that, since the
capacitance element, which was required to be mounted
outside the chip in the prior art, can be mounted

5 within the chip in the case of constructing a module
equipped with, for example, the wireless I/F function,
the particular construction of the present invention
contributes to the miniaturization of the module size.

Also, in order to suppress the influences given by

10 the capacitance element to the other conductive layers,
i.e., the influences such as the crosstalk caused by
the stray capacitance and the parasitic capacitance, it
is desirable to arrange a ground layer made of the
material equal to that of the conductive layer 15 in

15 a position in the vicinity of the plane flush with
the conductive layer 15.
<Third Embodiment>

FIG; 24 is a cross sectional view showing

the semiconductor device 200 according to a third

20 embodiment of the present invention, with FIGS. 25A
and 25B showing the gist portion of the semicdndudtor
device 200 excluding the sealing layer 17 in the créss
section along the line III-III shown in FIG. 24.
In these drawings, the members of the semiconductor

25 device common with those of the semiconductor device
according to the first embodiment of the present

invention are denoted by the same reference numerals so
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embodiment of the present invention comprises a
plurality of the conductive layers 15 arranged adjacent
5 to each other on the first protective layer 14 and
posté 16b arranged adjacent to each other on the
conductive layers 15. What should be noted is that
the dielectric material iayer 18 is formed in
the clearances between the opposite sides of the
10 adjacent conductive layers 15 and between the adjacent.
posts 16b. In other words, the dielectric material
layer 18 forming the thin film passive element is
sandwiched between the adjacent the conductive layers
15 and between the adjacent posts 16b so as to form
15 a planar capacitance eiement C. In this case, each of
the posts 16b having the dielectric material layer 18
sandwiched therebetween is preferably formed in
the shape of a column having a rectangular cross
section or in the shape of a plate. The particular
20 construction makes it possible to increase the area of
the dielectric material layer 18, compared with
the second embodiment described previously, so as to
increase the capacitance value of the capacitance
element C. Incidentally, it is possible for the
25 dielectric material layer 18 to be sandwiched between

the plate-like posts 16b alone.

The planar capacitance element C thus formed can
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010 posts 1l6b having the dielectric material layer 18
sandwiched therebetween. For example, it is possible
5 to form the posts 16b in the shape of slender plates
and to arrange the capacitance element C on the.chip in
the mode shown in FIG. 25A. It is also possible to
arrange, for example, the plate-like posts 16b in
a manner to surround the periphery of the chip and to
10 arrange the capacitance element C to surround the
periphery of the chip, as shown in FIG. 25B. Where .the
capacitance element C is arranged as shown in FIG. 25A
or 25B, it is possible to further increase the area of
the dielectric material layer 18 so as to make it
15 possible to form the capacitance element C having
a large capacitance.

In the semiconductor device 200 of the
construction described above, it is possible to connect
the capacitance element C to the circuit element of

20 the circuit element-forming region DA in various modes,
as in the second embodiment of the present invention
described previously. Needless to say, it is possible
to connect the capacitance element C in a mixed fashion
of these various connecting modes.

25 As described above, according to the third

embodiment of the present invention, the dielectric

material layer 18 is sandwiched between the adjacent
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16b so as to form a planar capacitance element.
The particular construction makes it possible to mount
a capacitance element larger than that in the second
5 embodiment. It follows that it is possible to further
miniaturize the éhip area. It is also possible to
further miniaturize the module size in the case of
constructing a module equipped with, for example,
the wireless I/F function.
10 <Fourth Embodiment>

FIG. 26 is a cross sectional view showing thé
semiconductor device 200 according to. a fourth
embodiment of the present invention, with FIGS. 27A
and 27B showing the gist portion of the semiconductor

15 device 200 excluding the sealing layer 17 in the
cross section along the line IV-IV shown in FIG. 26.
In these drawings, the members of the semiconductor
device common with those of the semiconductor device
according to the first embodiment of the present

20 invention are denoted by the same reference numerals so
as to avoid an overlapping description.

The semiconductor device 200 according to the
fourth embodiment of the present invention comprises
the conductive layers 15 connected to the connection

25 pads 12 and a conductive layer 21 patterned to gengrate

an inductance component, each of these conductive

layers 15 and 21 being formed on the first protective
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inductance element L acting as a thin film passive
element is formed in the semiconductor device 200.
In the case of the ¢onstruction shown in FIG. 26,
5 one end of the inductance element L is connected to the
connection pad 12 via the conductive layer 21 so as to
be connected to the circuit element in the circuit
element-fofming region DA, and the post 16 is formed in
contact with the conductive layer 21. On the other
10 hand, the post 16 is formed on the side of the other
end of the inductance element L.

The conductive layer 21 forming the inductance:
element is shaped to generate the inductance component.
For example, the conductive layer 21 is shaped like,

15 for example, an angular eddy form, a rectangular wave
form or a loop form.

The inductance element L of the particular
construction, which is formed in the circuit
element-forming region DA of the semiconductor

20 substrate 11, can be arranged in various modes, as
required. For example, it is possible to arrange the
inductance element L, which is patterned in an angular
eddy form and formed in a relatively large size in
a manner to have a relatively large inductance

25 component, as shown in FIG. 27A. It is also possible
to arrange a plurality of inductance elements L side by

side as shown in FIG. 27B.



" 10 10! 963"10%& ()-3 4109%&' ()-!9)-#109& ()-F !9)-#10%& ()-F ! (' @GdE"PL !
1098 109& ()-3 10% ()-3  10%&' ()- @10% ()-3 310%&' ()- mO% ()- dErPL !

_ 1098 %0%& ()-L$ 109& ()- Fl0% & ()- F109%& ()-L10%& ()-3 109&' ()- +5hdErPL
| 1098 4Y10% ()-3 310%& ()- 3110%& ()-3 S/ 10%& ()-9s- @GL0%&2AI Nav ao
%409%&' ()-DstuvbC ! 109% 10% & ()-Y"Y10% & ()- 10 10 10F : 109& ()-F
8109%& ()-96SH10%& ()-' -}[9bC | 9#10%&' () - =, | O#10%F& ()-= .

9409 & ()-"1096 & ()-f!["10965& ()-f!s" T0%bM& ()-f, 1i 72X9. C 10"
109 & ()-!9S/ @10%b& ()- !9S/ @10%"& ()- &S @10%& ()-!8&S
@10%"& ()-1&S @109 f& ()-nN g{' 1096& ()-  109B&' () -, 1096& ()-
10968 ()-1109%& ()-1Fi695828) 0102 3BCJRANPSLFCEHIEESA1 YIS ) -

,/10%5&f()-L-!Jé§ éé%ivg/99§§$&lﬁ§# '%Oggghgé_of manufacturing

the semiconductor device 200 according to the fourth
embodiment of the present invention. The manufacturing

5 - method will now be described with reference to these
drawings.

In the manufacturing method of the semiconductor
device according to the fourth embodiment of the
present invention, a passivation film 13 consisting of,

10 for example, silicon oxide or silicon nitridé is formed
first on the upper surface of a plurality of connection
pads 12 consisting of, for example, aluminum electrodes
formed in each chip-forming region in a manner to |
expose the central portion of each of thelconnection

15 pads 12, followed by forming the first protective layer
14 on the upper surface of the passivation film 13 in
a manner to form an opening in the central portion of
each connection pad 12, as shown in FIG. 28. The first '
protective film 14 is formed by coating the entire

20 surface on the circuit side of the semiconductor wafer
100 with a polyimide series resin material and,
then, curing the coated resin material, followed by
peeling off the resist after a resist patterning énd
a protective film patterning are applied by using |

25 an etching solution. For forming the first protective
layer 14, it is also possible to employ a printing

method using a squeegee and a coating method utilizing
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series resin material. Specifically, it is also
possible to use an epoxy series resin material or PBO

5 (benzaoxidole series) as a material of the protective
film.,

In the next step, the first conductive layers or
layer 15 and the conductive layers or layer 21 forming
at least one inductance element L are formed on the

10 connection pads 12 exposed through the open portions
formed in the first protectiﬁe film 14, as shown in
FIG. 29. For forming the conductive layer 15 and
the conductive layer 21, a UBM layer (not shown)
is deposited on the entire surface of the first

15 protective film 14 by, for example, a UBM sputtering
method, followed by coating and curing a photoresist
for each of the conductive layer 15 and the conductive
layer 21 for forming the inductance element. Then,
a patterning of a predetermined shape is applied by

20 the photolithography technology, followed by applying
an electroplating to the portions opened by the resist.
It is also possible to employ an electroless plating
for forming the conductive layer 15 and the conductive
layer 21 for forming the inductance element L. The

25 wiring material used for forming the conductive layer

| includes, for example, copper, aluminum and gold each

having good conductive properties.
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In the next step, the posts 16 are formed in-

predetermined positions on the conductive layer 15
and the conductive layer 21, as shown in FIG. 30.
For forming the posts 16, a photoresist for the post
5 formation is coated in a thickness of, for example,
at least 50 um and, typically 100 to 150 um, followed
by curing the coated photoresist. Then, open portions
exposing predetermined positions of the condﬁctive
layer 15 and the inductance element L are formed
10 in the cured photoresist, followed by applying an
electroplating to the open portions noted above so as
to form the posts 16. It is also possible to employ
'the electroless plating method and the stud bump method
for formin§ the post 16. The material of the post 16
15 includes, for example, copper, a solder, gold and
nickel each having good conductive characteristics.
Where a solder is used as a material for forming the
post 16, it is possible to form a spherical electrode
by applying a reflow treatment to the solder. Also, in
20 the case of forming the post 16 by using a solder, it
is also possible to employ a printing method in |
addition to the method described above.
In the next step, the sealing film 17 is formed
by, for example, molding the entire circuit surface of
25 the semiconductor wafer 100 with a resin material such
as an epoxy resin in a manner to cover the posts 16, as

shown in FIG. 31. 1In order to ensure the reliability



48109 ()-F 2109%& ()-tx"aBYNC !'! 10%' () - @ 109%&' () -
310%&' ()-109%& ()-!'I"F9 "10%&! & & ()-F9 '10% & ()-8k{dEYNC !!19%g 10%& () -
S Y109 () - 9#109%& () - 109&' ()- 109 ()- 10%& ()-9pdEYNC !!F
@10%& ()-9s-!10%& ()-3 +10%& ()- )SLO%& ()-3 '3 109& ()-2 IOy 2004
109 ()-BzxnbC !'!', #310%%& ()- 10 10 10Y :Z109%& ()-F 8MLO%& ()-L6!10%& ()-F
@10%& ()-"RaBnbC !'! @0%& ()- 310%& ()-!'Y 109G5& () -
1%6&(%1%6&(%fm0%&()iwamc!!ﬁﬂ@%&1%$ﬂﬂ%&(%
109%& ()-"10%& ()- 109 ()- 10%& ()-Z(dEnbC !! 8yl0%& ()-&6 "10%& () -
S/I10%& ()- S/I10% & ()-s-"10%& ()- %0%& ()-1JKLY 1h~ @!!f 109%& ()-
109%& ()-110%& (§Jenfganiingogith gehe _change 168 the enyipoBRepf-hipcleE~ @!! 3
&-10%&'()-9&$10°&T(g- , .
esirable for the sealing film 17 to be formed of a
resin material having a main component substantially
equal to that of the first protective film 14 described
5 above. For forming the sealing film 17, it is possible
to employ, for example, a printing method, a dipping
method, a spin coating method or a die coating method.
In the next step, the upper surface of the sealing
film 17 is cut and polished so as to expose the edge
10 surface l6a of the post 16, followed by removing the
- oxide film from the surface and, then, applying
a metallizing treatment such as a solder plating to
the edge surface 1l6a, as shown in FIG. 32. Further,
dicing is applied along the cut lines CL conforming
15 with the chip forming regions so as to divide the
semiconductor wafer 100 into the individual chip
forming regions, thereby forming the individual
semiconductor substrates 11. In this fashion,
the semiconductor device 200 of the construction as
20 shown in FIG. 26 is obtained.
In the semiconductor device 200 of the
construction described above, the inductance element L
is formed in the circuit element-forming region DA and,
thus, the inductance element L can be arranged on the
25 circuit element-forming region DA in various modes in

accordance with the modes of arrangement of the

conductive layer 21 and the posts 16. FIGS. 33A to 36A
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are cross sectional views showing the connection modes
of the inductance element L in accordance with the
modes of arrangement of the conductive layer 21 and the
posts 16 in the semiconductor device 200. On the other
5 hand, FIGS. 33B to 36B show the corresponding
equivalent circuit diagrams.
FIG. 33A shows the first connection mode of
the inductance element in the fourth embodiment of
the present invention, covering the case where
10 the inductance element L is formed on the conductive
layer 21 connected to the connection pad 12-2, and
the posts 16 are formed on both edges of the conductor
21 so as to be connected to the external connection
terminals T2 and T3. The post 16 is also formed on the
15 conductor 15, which is not involved in the formation of
| the inductance element, so as to be connected to the
external connection terminal T1.
Concerning the equivalent circuit, one end of
the inductance element L is connected to the circuit
20 element in the circuit element-forming region DA and to
the external connection terminal T3. The other end of
the inductance element L is also connected to the
external connection terminal T2.
FIG. 34A shows the second connection mode of the
25 inductance element according to the fourth embodiment

of the present invention, covering the case where

the both ends of the conductive layer 21 forming
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the inductance element L are connected to the
connection pad 12-2 and to the connection pad 12-3,
respectively, and the posts 16 are mounted to the both
edges of the inductance element L formed by the
‘5 conductive layer 21 so as to be connected to the
external connection terminals T2, T3. Incidentally}
the post 16 is also mounted to the conductive layer 15,
which is not involved in the formation of the
inductance element L, so as to be connected to the
10 external connection terminal T1.

Concerning the equivalent circuit, both ends of
the inductance element L are connected to the circuit
element in the circuit element-forming region.DA and
also connected to the external connection terminals T2

15 and T3, as shown in FIG. 34B.

FIG. 35A shows the third connection mode of the
inductance element according to the fourth embodiment
of the present invention, covering the case where
the both ends of the conductive layer 21 forming the

20 inductance element L are connected to the connection
pad 12-2 and the connection pad 12-3, and the post 16
is mounted to the conductive layef 15, which is not
involved in the formation of the inductance element,
so as to be connected to the.external connection

25 terminal T1.

Concerning the equivalent circuit, both ends of

the inductance element L are connected to only
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the circuit element in the circuit element-forming
region DA.

FIG. 36A shows the fourth connection mode of the
inductance element according to the fourth embodiment

5 of the present invention, covering the case where the
posts 16 are mounted to both ends of the conductive
layer 21 forming the inductance element L so as to be
connected to the external connection terminals T2, T3,
and the conductive layer 21 is not connected to the

10 connection pad. Incidentally, the post 16 is mounted
to the conductive layer 15, which is not involved in
the formation of the inductance element, so as to be
connected to the external connection terminal T1.

Concerning the equivalent circuit, one end and the

15 other end of the inductance element L are connected to
only the external connection terminals T2 and T3, as
shown in FIG. 36B.

Needless to say, it is possible for the various
connection modes shown in FIGS. 33A to 36A to be

20 employed in combination.

As described above, according to the fourth
embodiment of the present invention, the inductance
element is stacked on the circuit elemeht—forming
region DA so as to be connected to the circuit element,

25 making it possible to mount the inductance element
without inviting an increase in the chip area.

As a result, it is possible to diminish the chip area.
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In addition, the inductance element, which was required
to be mounted outside the chip in the prior art, can be
mounted within the chip so as to contribute to the
miniaturization of the module size in the case of
5 constructing a module equipped with, for example,
a wireless I/F function.
In the fourth embodiment described above, the
inductance element L is formed of the single conductive
layer 21. However, it is also possible to form a
10 plurality of inductance elements by forming a stacked
structure, which is prepared by alternately stacking
an insulating film and the conductive layer 21.
Also, in order to suppress the influences given by'
the inductance element to the other conductive layers,
15 i.e., the influences such as the crosstalk caused by
the electromagnetic induction, it is desirable to
arrange a ground layer made of the material equal to
that of the conductive layer 21 in a position in
the vicinity of the plane flush with the conductive
20 layer 21.
<Fifth Embodimént>
FIG. 37 is a cross sectional view showing the
semiconductor device 200 according to a fifth
embodiment of the present invention. In FIG. 37,
25 the members of the semiconductor device common with
those of the semiconductor device according to the

fourth embodiment of the present invention are denoted
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by the same reference numerals so as to avoid

an overlapping description.

In the fifth embodiment, a third protective film
22 is formed on the conductive layer 21 forming the

5 inductance element L as a thin film passive element and
on the conductive layer 15, as shown in FIG. 37.

According to the particular construction shown in
FIG. 37, the inductance element L is sandwiched between
the first protective film 14 and the third protective

10 ﬁilm 22 so as to make it possible to obtain stable
inductance characteristics.

For fbrming the third protective film 22, the
conductive layer 15 and the conductive layer 21 forming
the inductance element L are formed first. Then, the

15 entire surface on the circuit side of the semiconductor
wafer is coated with a polyimide series resin material,
followed by curing the coated resin material like the
first protective film 14 described previously.

Further, a resist patterning and a protective film

20 patterning are applied by using an etching solution,
followed by peeling off the resist, thereby forming
the third protective film 22.
<Sixth Embodiment>

FIG. 38 is a cross sectional view showing the

25 semiconductor device 200 according to a sixth
embodiment of the present invention. In FIG. 38,'the

members of the semiconductor device common with those
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of the semiconductor device according to the fourth
embodiment of the present invention are denoted by the
same reference numerals so as to avoid an overlapping
description.

5 In the sixth embodiment, a magnetic film 23 is
formed on the inductance element L forming a thin film
passive element with the third protective film 22
interposed therebetween, in addition to the
construction of the semiconductor device aécording

10 to the fifth embodiment of the present invention.

The magnepic film 23 can be formed of a ferromagnetic
material. Alternatively, the magnetic film 23 can be
formed by mixing a ferromagnetic material or a soft
magnetic material in, for example, a resin.

15 By forming the magnetic f£ilm 23 on the inductance
element L with the third protective film 22 interposed
therebetween, it is possible to markedly increase the
inductance value of the inductance element L so as to
improve the characteristics as the inductance element.

20 As a result, it is possible to diminish the size of the
conductive layer 21 required for obtaining the same
inductance value. It is also possible to improve the

~inductance characteristics.
As described above, according to each embodiment

25 of the present invention, it is possible to integrally
stack the capacitance element or the inductance

element forming a passive element on the circuit
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element-forming region DA of the semiconductor
device 200. Needless to say, it is possible for the
capacitance element and the inductance element
according to each embodiment of the present invention
5 to be present in a mixed fashion on the circuit
element-forming region DA. For example, as shown in
FIG. 39, it is possible to form the capacitance eiement
Cl according to the first embodiment of the present
invention, the capacitance element C2 according to the
10 second embodiment of the present invention and the
inductance element L1 according to the fourth
embodiment of the present invention, in the circuit
element-forming region DA in the semiconductor device
200 in which a plurality of posts 16 are formed on the
15 circuit element-forming region DA as shown in FIG. 39.
In this case, it is possible to stack the capacitance
elements and the inductance element without inviting an
increase of the chip area. It follows that it is.
possible to further decrease the chip area and to mount
20 the capacitance element and the inductance element
required for the wireless I/F function within the chip
in the case of constructing a module equipped wiﬁh, for
example, the wireless I/F function so as to further
diminish the module size.
25 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,

the invention in its broader aspects is not limited to
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the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

5 defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:
1. A semiconductor device, comprising:
a semiconductor substrate including a circuit element-forming region in
s which an integrated circuit is formed, and a plurality of connection pads formed
on a side of an upper surface of the circuit element-forming region;
an insulating film formed to cover the upper surface of said circuit
element-forming region and at least one part of the connection pads;
a columnar electrode electrically connected to at least one of said plural
10  connection pads, the columnar electrode being arranged to be connected to an
external circuit; and
at least one thin film passive element including at least one conductive
layer formed on said insulating film.
2. The semiconductor device according to claim 1, wherein said thin
15 film passive element is at least one capacitance element.
3. The semiconductor device according to claim 2, wherein said
capacitance element includes
two conductive layers and a dielectric material layer, said two conductive layers
stacked one upon the other on said insulating film, and said dielectric material
20 layer is interposed between the conductive layers.
4, The semiconductor device according to claim 2, wherein said
capacitance element includes
two conductive layers and a dielectric material layers, said two conductive

layers positioned apart from each other on said insulating film and said

25 dielectric layer is formed in the clearance between the two
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5. The semiconductor device according to claim 2,
wherein said capacitance element includes two
conductive layers and a dielectric material layer, said

5 two conductive layers positioned adjacent to and apart
from each other on said insulating f£ilm and plate—like
electrodes positioned on the conductor layers, and said
dielectric material layer is formed in the clearance
between one end the opposite ends of the adjacent

10 plate-like electrodes.

6. The semiconductor device according to claim 1,
wherein said thin film passive element is at least one
inductance element.

7. The semiconductor device according to claim 6,

15 wherein said inductance element includes one conductive
layer, said conductive layer is formed in the shape of
any of an angular eddy shape, a rectangular wave shape,
and a loop shape. |

8. The semiconductor device according to claim 7,

20 wherein said inductance element further comprises a
magnetic film formed on said conductive layer.

9. The semiconductor device according to claim 1,
wherein said thin film passive element includes two
terminal electrodes, at least one of said two terminal

25 electrodes of said thin film passive element being
electrically connected to said columnar electrode.

10. The semiconductor device according to claim 1,
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one of said two terminal electrodes of said thin film passive element being
electrically connected to said connection pad.
11.  The semiconductor device according to claim 1, wherein said thin
5  film passive element includes two terminal electrodes, each of said terminal
electrodes of said thin film passive element being electrically connected to at
least one of said connection pad and said columnar electrode.
12.  The semiconductor device according to claim 1, wherein the
periphery of said thin film passive element is covered with a protective film.
10 13.  The semiconductor device according to claim 1, which further
includes a plurality of said thin film passive elements.
14. A method of manufacturing a semiconductor device comprising:
preparing a semiconductor wafer substrate including a plurality of chip
forming regions each having a circuit element-forming region in which an
15 integrated circuit is formed, and a plurality of connection pads formed on a side
of an upper surface of the circuit element-forming region ;
forming an insulating film to cover the upper surface of the circuit
element-forming region and at least one part of the connection pads;
forming at least one thin film passive element including at least one
20  conductive layer on said insulating film;
forming a columnar electrode electrically connected to at least one of
said plural connection pads, the columnar electrode being arranged to be

connected to an external circuit; and
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forming at least one of forming a capacitance element.
16. The method of manufacturing a semiconductor device according
to claim 15, wherein said forming of a capacitance element comprises:
forming a first conductive layer on the circuit element-forming region of
10 said semiconductor substrate with an insulating film interposed therebetween;
forming a dielectric material layer on said first conductive layer; and
forming a second conductive layer on said dielectric material layer.
17.  The method of manufacturing a semiconductor device according
to claim 15, wherein said forming of the capacitance element comprises:
15 forming two pieces of conductive layer positioned adjacent to each other

a predetermined distance apart from each other on said insulating film; and



