1 h WD 02/09485 PCT/JP01/ 06230 DESCRIPTION FLIP CH P PACKAGE, CIRCU T
BOARD THERECF AND PACKAG NG METHOD THEREOF 5 Technical Fiéld The preSent

i nvention ray8heesgp a flip chip package, a circuit boar dpé'f)ﬁ{owzs‘ﬁnd a
packagi ng met hod thereof, and specifically to a flip chip package having
an electrode 10 structure suitable for a flip chip package,. a circuit
board thereof and a packagi ng net hod thereof. Background Art An el ectronic
circuit has been recently higher in density, 15 and the need for a smaller
area and connecting resistance hasDESEGRIPTIQNNsi fi ed regardi ng a packaged
device. One of neans for attaining a high-density package.-is flip chip
package. Several kinds of packagi ng nethods are available for the flip
chi p package, and i FlddhSHIG PACKRAGHE, EIRCUIEHBPARBNBHEREQR| eadi ng, which
has attracted attention i mnEeatRaAANG MeEBBD #RERRGF (St ud -Bunp Bonding) is
a desiragble technique. The SBB - nethod is a technique for formng
protruding el ectrodes, which are nade of materials such as Au, on-a

sem conduct DechalieaknFiéyda wi re bondi ng method and for connecting t he 25

protruding el ecty el.ectr des on Ci rcu t o.ard VAR nductive
resin. Referring )féj%%%nq,é-_ 4 v}%’ FS&?F%E |h'slp PFF‘E‘W? printed
on a circui @ W@tbmdathethoa andla @@ckagéag methqnd ititenepf ,aandt he
circuit boaggegifiéapf#egoag Ai B '%t o h%f J.§lﬁnta§r 'e'chEPS | ectrode

mat eri al . Thus, circui el ectr CII‘CUI board 11.
On t he 1% heFtrhGhEre Fwttakie doa écﬂ%ﬁiégllmpaﬂkager re¢igeudtshaaednduct or

el enent 13 theres®tind & usliciesgimd and¥Hul Rtherdd.a | ayer of

>

Background Art -
An electronlc circuit has been recently hlgher in dens:l.ty,
15 and the need for a smaller area and connecting resistance has
been intensified regarding a packaged device. One of means
for attaining a high-density package is flip chip package.
Several kinds of packaging methods are available for the flip -
chip package, and in consideration of eaéy repalr and
20 unleading, which has attracted attention in'recent years, SBB _ .
method (Stud Bump Bonding) is a desirable technique. The SBB ' |
method is a technique for forming protruding electrodes,
which are made of materials such as Au, on a semiconductor
element by a wire bonding method and for connecting the
25 protruding electrodes and electrodes c;n a circuit board via
conductive resin. '
" Referring to FIG. 3, a paste electrode material is
] f:r.rstly printedona c::.rqu.t board 11 by a: method such as screen .
prlntlng, ‘and the c:.rcult board 11 is baked at a temperature
30 -of sintering the- electrode material. Thus, circuit
electrodes 12 are formed on the circuit board 11. Onthe other
hand, protruding electrodes 14 are formed on a semiconductor
element 13 by a method such as wire bonding, and a layer of
~ conductive resin 15 is formed on the protruding electrodes
35 14 by transferring and so on. Thereafter, the circuit board



conductive resin 15 is formed on the protruding el ectrodes 35 14 by
transferring and so on. Thereafter, the circuit board WO 02/ 09485

PCT/ JPO1/ 06330 02/0043s11 and the sem conductor el ement 13 ar q,oqﬁﬂ,,t,.jﬁ%ed hi gh
;accurately and a suitable load is applied thereon. Hence, the

sem conductor elenent 13 is packaged omthe circuit board 11. 5 However,

t he above conventi onal packagi ng nethod is disadvantageous as in the
following. First, since the sem conductor elenent 13 has decreased in

el ectrode pifchninthéesentcosdistoreRist ade apiel posdtibhedchighi t board

11 needs to _bhe - | I er ,accordi ngl wever ccording to t
convent i onaPCEEFéigﬁﬁr?ﬂqi%ggW&nga i f‘%ha?%fﬁ%ﬁq%e&%%l' tgggé%’ m and
printing-i stHefdémiddndidtomepemnent 18| bsvpaledagednin theasibrenitf begnént short
circuits and,breaks in a wire. Consequently, the yields are | owered.
Secondl y, eén the semconductor elenent 13 is smal.ler 15 in el ectrode
pitch, i3 is quieweneni diie aboveosoPYENEioRaknPRENAGINY H&e‘&ﬂﬂjl}tﬁ ive resin
1|5 tr anszgr H@gaae_hﬁtlﬁ'aé?uQr&éh r 146l 10 SF SOLSWAIRE 1f'iQ§t1}k hlsiﬁ@m giwaduct or
el enent ' 13. articularly, short_circuits are gore p tg.Qccur. In
order to pré@’@ﬁ?°f’ﬁ cEﬂBreEle&‘}%ilgstfasadﬁﬁﬁﬁ?F?gold’f e ﬁggfédﬁtﬂ#ﬁ%‘t tPe-resin
15 is set sgetent ydms t Anelectirbde phtnieahitireat inctit Hoaedell needse t he
el ectrode erLa n ii : L' cUjs RL' Pgespd2 are each
half-roundn?% %%dégaggg?igﬁcéﬁ%ﬁﬁ.r&%lé%%@ﬁ%g’p?t%ﬁggs &68. pm in the case
wher e f10 p- eAnpephirngl ngcreen puintdng meghods 2 HR1%TH cifi (L 18LELA  BRes 12,
t he Cor\ducttsesas_slm A gy 19A4eR7 Y qeekieh1t Neieh rL Wilecdl BelbndeRe 12 as
shown in Flf. 3t her ef org t he col?drz%:t Ve r.ggl n %?}re\gﬁy ch 'aswig eezed out
of the adj ak#Mitr FFHIANY ErEEPFBRADAL: CHETUAES IRT PEEELTE &0V 155"
Di scl osure Obnieguentdy, the yields are lowered.
Secondly, when the semiconductor element 13 is smaller
15 in electrode pitch, it is gquite difficult to control a
quantity of the conductive resin 15 transferred onto the
protruding electrodes 14 ,of the semiconductor element 13.
Particularly, short circuits are more likely to occur. In
order to prevent the short circuits, a quantity of the
20 conductive resin 15 is set smaller than that of the
conventional art. However, since the electrode material
expands laterally, the circuit electrodes 12 are each
half~round in cross section when an electrode pitch is 100
pm. In the case where flip-chip packaging is carried out on
25 thecircuit electrodes 12, the conductive resin 15 is squeezed
out of the circuit electrodes 12 as shown in FIG. 3. Therefore,
the conductive resin 15, which is squeezed out of the adjacent

circuit electrodes 12, may be short-circuited. -

30 Disclosure of Invention
The object of the present invention is to make a stable
connection with a circuit board even when a semiconductor
element - has a small electrode pitch.
In oxder to solve the foregoing problem, when protruding
35 electrodes formed on the semiconductor element are connected



The object of the present invention is to nake a stable connection with a
circuit board even when a sem conductor elenent has a snall .el ectrode
pitch. In ewolernedse sol ve the foregoing probl em when propdmfboiéhzse35

el ectrodes fornmed on the sem conductor el ement are connected WO 02/ 09485
PCT/JPOL/ 06230 3 to circuit electrodes on the circuit board via i
conductive resin, the present invention conprises the steps: (a) formng
an electrode material fil'mhaving a "prescribed dry filmthickness by using
a paste eltecteixits eldatiicalesc ont dhei afrenphdbamad wisr icomlduetdeteri al ; (b)

Gevel oped Eree of¥ dibadl SrEhta0s (Bpiidee wud] e&%lkié‘.khggthﬂe

sem conduct or dRInEREMERTt AB elpetrnde éﬂaé‘{,ecrrl@deélﬂ-@r ¥ing ahe above steps.

10 In the ﬁSeﬁP%rf@lQﬁV%hﬁbkﬁEéé E&e&éiﬂf% ﬂb%‘ﬁé‘gsle%i'e&é edges are
formed on the CI rcuit board. Since concave surfaces_of the circuit
el ect r Gde AT IAL Soptaining a P§‘°BBE€4-15‘P%""L*?F1?]}? matgriaddckage the

seni conduct or Qberﬁa{ﬁosmg hﬁﬂﬂe&ﬁﬂepingg:hwélaﬂyrdﬂmﬂutérilﬂ lf&imla
Consequently. 18! hakind SPRL & di0,8ld 10RLEOA SmEEEU IS

ort
circuits, achi'éving a e sen con (5 Perrent
Ceramic is appl(ddaﬂdl@wmmacleagm thgmconﬁgcépr@ememanmtban be

provi ded notrfilyy efddtrddels’ Qﬁkhean%uﬁ'hé“}hb&ié @4epse! ectrodes for nounting
ctor 20 el errent circuit for_nounting

th
corerpgﬁgnte Ssgtm hggngﬁﬁna]?ﬂ‘éess&ﬁ%n&ﬁéf’ﬁf’ee? ‘h’t%‘ ALeHhedes Ra¥ipg it for
maki ng. ooupexsl ieciyes tareaforimed boathle Gloduisn belagdd.r oSkneatthe al i s used

that contg va sur3dtks H?tf’ﬂ% 'c&:’@?: & b%étf&&@sﬁa}@‘és Quc8£ Cu and

gl ass as 2 I nor gani_C conponen a -nononer  a Whi ch also
serve as pit §fmaseibdeste & é-PaﬁﬂlPa?a;ﬁ’Ffé‘HGﬁﬁQ ggpbqaogguq#%ﬁlgment

w:.thout squeezing out any conductive resin. Consequently,
15 it is possible to eliminate the occurrence of short circuits,
achieving a reliable packaging for the semiconductor element.
Ceramic is applicable as the_circuit'board. The circuit
board can be provided not 6n1y_ with a circuit including
circuit electrodes for mounting the above semiconductor
20 element, but also a circuit for mounting components other than
the semiconductor element as well as a circuit for making
connection with another board. .
Such an electrode material is used that contains, at
least, metallic materials such as Au, Ag, or Cu and glass as -
25 inorganic components, and a monome'_r and a polymer which also
sexve as polymeric materials and a photoinitiator as organic
components. Ni or Au plating may be applied to the surface -
of the formed circuit electrodes.
. Such a semiconductor element is used that is formed with
30 the protruding electrodes made of metalln.c materials such as
Au, Al, Cu, and solder. Any method including wire bond:.ng
and plating is applicable for forming the protruding
electrodes. .
The conductive resin is applicable as long as the resin
35 contains conductive components such as Au, Ag, and Cu to



components. N or Au plating. 'may be appl ied to the surface of the forned
circuit electrodes.. Such a senm conductor el ement is used that is forned

with 30 thQV(pﬁmgnggdl ng el ectrodes made of netallic mat er ipthrEpdileiseds AU,
A, Cu, and solder. Any nethod including wire bonding and plating is

appl [ cabl e for formng the protruding-él ectrodes. The conductive resin is
applicable as long as the resin 35 contains conductive conponents such as
Au, Ag, and Cu to WD 02/09485 PCT/JPOL1/ 06230 4 connect the protruding

el ectrodes cnnpeetsthecpndtruding ctlammodesd arh&hel semicontiactendes on the

circuit boap§emba¥ aﬁ&’@ﬁ?Q:fod?ﬁtneiéc L8R tnd 92EdE €300  Whghper it is

therm)settlng or thernpplastic the above step (a),.a fi I'mis formed
by printi nthPepﬁgt Eeﬁ%c{# RRPHR % regriddess; P(;fui"’f’efibﬁFdltTh% el ectrode

mat eri al neeﬁarﬁasbetmgn&gdtmé&moﬂrasa;mckage region for packaging the

sem conduct or el e ot her regions circuit

patternd#n advarﬁg‘;—gﬁ%&vﬁgsﬁgl’t 2 1&5@% Jrfse%q%g%goﬁgéﬂﬁ'gﬁa? net hod.

In additi onpaaperelqmumﬁlengatatu.aﬂhons:hm1r¢n:elnbedrﬂor The silegtmoder cui t

pattern, pﬁté%ﬂgl”ﬁé!eé’éf § b O Sé?i%l onl o%”tag) ?HgEaES Pbn LB Package
I ng

region. Thus rou nvent créen printing is
sufficientl 9aa}sggmml@ Se!‘&cq’ﬁéuéteét#](ﬁ!@nf*ﬁ&t efhgl othexregdons Maxuit abl e

t enper ?t ur ebéofoﬁiéﬂclieﬁﬁ:hf ae:ﬁaﬁtﬁrad phttes {4 Qﬂlgﬁﬁcé{é@éoﬁiﬂy; kBgth&ovever,
a printjng plate and prin condi ns e set.so as to secure. a
pI‘ESCI’IiOd; 5*’?%3%?%? %?P ’s°";ﬂ9' 1'“«5'}'2'6’ 18 2d "25"‘('?&‘) UPRR I n step
(b), a gl asprm’skngndrhs.ohors art ipdendiednak 6ormihg ac¢ixliit pabternpon which
the el ect roﬂ?;ﬂ@iﬁ&'ﬂy'ﬁe F}Séﬁ&‘fheé‘%éif el enthi®eIbazealBSEs i End Or Med

such that on
package region. Thus, a rough printing such as a

- conventional screen printing is sufficiently applicable.

15 The electrode material is dried at a suitable temperature to
prevent the material from flowing after printing. However,
a printing plate and printing conditions need be set so as
to secure.a prescribed £ilm thickness, which is preferably
10 to 20 (pm).

20 In step (b), a glass mask and so on are positioned on
the circuit board, on which the electrode material is printed
and dried.- The glass mask is formed such that only an
electrode region having the semiconductor element transmits
light. Ultraviolet rays having a wavelength of 320 to 370

25 nm are radiated at 300 to 500 mJ. Thereby, polymeric
materials on an electrode region which transmits ultraviolet
rays are started by a photoinitiator to react and polymerized.
After some appropriate time, the board'is entirely developed
by means of a solution for dissqlving a polymeric material

30 which has not reacted. Thus, the £ilm is removed from other
parts than the electrode regions and remains on the electrode
regions. At this time, by adjusting the film thickness,
polymeric materials receiving less light are left to remain
insufficiently polymerized toward the board. Upon

35 development, erosion is started from non-electrode regions



el ectrode regi on having the sem conductor elenent transmts |ight.
U traviolet. rays having a wavel ength of 320 to 370 25 nntare radi ated. at ~
300 to 500wde2bbmseby, polyneric materials on an el ect raggrrapahsyy Whi ch
transmts ultraviolet rays are started by a photoinitiator to react and
pol ymeri zed. After some appropriate Pime, the board is entirely devel oped
by nmeans of a solution for dissolving a polyneric material 30 which has not
reacted. Thus, the filmis renoved fromother parts than the el ectrode
‘regi ons anfroRrliieh het fkle has: PegR remeieshs fuxtheri ¥o (wider pyeadj usting
the fitm tmﬁmaﬁﬁ lbl&'rﬁflﬁri\s&&;é%{dléﬂ,sgh?ﬁﬁimrl&haé %ss;ﬂabggbdiaatl left Eo
“remain insufficie ol ynmeri z owar e hoard. on evel-opnent,
rosi on | SSEys FEACEPH AN EHE ASEErGR8 Teskicine NEFD SERSBLBkRSPE) /(230 5
from whi chig lsmaflill, rabhhthecpolyrenie dateribheraxe poilgner hzed aridomkr d t he
board. r sy o L. dal kO t he
el ect I’OdSAZ J?segllﬁ@é]aés‘h?&n% g’ Ki :oﬁ}ﬁgﬁl %k%%%g%él)&sﬂgrﬁ Ict,rr%ZJI%ﬁB?' ﬁéipgfé%%%ri C
mat eri al s /eEIAynPherefornd the shoye Fidasthieknessdsademandedm having a
trapezoi dal cr@sSst&§Cid 0N thENeIAEWIE bolahd abpyEetéd Wil ekpesare- i S

evel opmort™d doaekmbnt 11 HaelC it o Weeratiee, 1eF iieebingl Fome -

mat eri al , elttdvelecmaterialk) entriddesincwithalledt nodes ate Hdieedontai t board.
At thig ti A r.ode Giead 4 £ 1 | B}, t Laft hri nk, so
t hat l%th %gi‘gﬁu%%ﬁedﬂfﬁﬁﬁ%ﬁ#ﬁ g%:ltb%&ge ar g%‘%gjﬁl %%Eed (such
war ped parks Fausediq dightlyfhrini,) safhathboth epdsset tihenIeormede circuit
el elc_trgd_e dncaﬂmd éaia.ca:t&baaesh:?1 I%Iﬁltgjmyo&akd'pedfwmd v&fi‘;@ﬂl if_tﬁﬁy_lbe
applied in,ar t 0 _protec rode G r baking. In step
(d), the SE l?&ﬂﬁcf%ﬁeeﬁg%%%tgﬁgvﬁ% ’ﬂoesss%;e&% Eé' i ﬁg%ﬁgc +03eE" f or med

t her eon i ®liddbroste pegameagerc-shaped. Plating of Ni, Au and so on

15 may be applied in order to protect the electrode surifaces

after baking. : _ )
In step (d), the semiconductor element having the
protruding electrodes formed thereon is flip-chip packaged
on the circuit board by using the conductive resin. At this
20 time, the edge curl of the circuit electrode acts as a wall,
thereby preventing the conductive resin from being 'squeezed
out.

Brief Description of Drawings _ _
25 . FIG. 1 is a process sectional view explaining a method
of flip-chip packaging a semiconductor element according to
Embodiment 1 of the present invention; _
FIG. 2 is a process sectional view explaining a method
of flip-chip packaging a semiconductor element according to
30 Embodiment 2 of the present invention; and
FIG. 3 is a process sectional view explaining a
conventional method of 'flib.-chip p'ackaging the semiconductor

element.

35 Best Mode for Carrying Out the Invention



on the circuit board by using the conductlve resin. At this 20 tine,. the
edge curl of the circuit electrode acts as a wall, thereby preventing the
conductive RaShdholdsOm being squeezed out. Brief Descr | Pt igeh J?{,mpgﬁvm ngs 25
FIG .1. is a process sectional.view explaining.a method I p-chip
packagi ng a semi conductor elenent accorgli-ng to Enbodi nent 1 of the present
invention;. FIG .2 is.a process sectional view explaining a method of
flip-chip packagl ng a sem:conductor el enent according to 30 Enmbodi nent 2

of the pr esentI Imh@hrﬁﬁéyaanarj_dwléhhema isk@h@f@@eémmtlmwatvmme?pl ai ni ng
a conventiona 0 chj a S con ar enment .

35 Best MbdESFEFORARFIPRy® %ﬁ‘l‘g’[“he T R ‘g}%ﬂ%\@aﬁ%aﬁé’ g8n P%ngﬁﬁ‘ﬂ'gGBO 6
The present bnardnbyous;ngcaacandmtm resimhatthehelemensehavanduct or

el ement is a tive
resin, the é}cemen{i ﬁgw ng protrgg ﬁé&%érterégpeéqf%ir/eé%é&%e?gggggﬁ

el ectrod®e nEPBERANIBICDRELPPP W%ﬂ@ yiariagise igaPEANaPS PB Brinted on
a sem condyehnPEoRUEERSHE: BREKasE 1{&9& e Fedith on Enet caeaﬁdt poghqt hat a

filmis formed_ wih a prescribe Kness,” conca el ectrodes are
for med by bARPRGEBAL B EETRGHS Fommed ﬁm Farca bed, 681 PknERg:
devel opnment caneaperdioowdt éDeckrodes hneatdmed by balkei.ugrﬂrbaeftabtrodé filmto

remai n on! ymgeergsgSfimes;fteéxeg-ﬁ@%@afgeghan&evéngpnga{}gn%;%bg Likhe! ect rode

havi ng edges Irec orn surface,
the prot¢ udFﬁga%lté’cﬁlléavsth%r@i@?tG@dﬁhﬂaﬁém-% fdda &9 %ﬂﬂ@]@htondﬁeobr ought

into contachrekéPibb el HRYg$6A85 Qe EBACAPBAMANIIY 6UbbLEbaE! I 0des,
and the proteudy %%gee'sev%éégé’&Sinaé‘%fr%%t%'oil%‘ Lothe A 24280 % boara
surface, the protruding electrodes formed on the
semiconductor element are brought into contact with the

15 concave sides of the concave circuit electrodes, and the
protruding electrodes and the circuit electrodes are
connected with each other via the conductive resin.

Further, the present invention is characterized by
forming the electrode material film with a dry £ilm thickness

20 of 10 to 20 micrometers by using a flip-chip packaging method.

Moreover, the present invention is characterized in that
the electrode material film remaining after development is
trapezoidai in cross section that is wider as it goes farther
from the circuit board.:

25 *Also, the present invention lS characterlzed in that the-
circuit electrode is arc-shaped in cross section accord:n.ng
to the flip-chip packaging method. :

Besides, according to the present invention, a flip-
chip package, in which the semiconductor element having the

30 protruding electrodes formed thereon is packaged on the
circuit board by using the conductive resin, is characterized
in that the circuit board includes the concave circuit -
elect':rodes. each having edges warped in a direction of going
apart from the board surface, the semiconductor element is

35 disposed such that the endé of the protruding electrodes are



connected with each other via the conductive resin. Further, the present
invention is characterized by formng the electrode material. filmwith a”
dry filmtwaeéwess 20 of 10 to 20 micronmeters by using apéf/irarbdsi

packagi ng net hod. Mreover, the present invention is characterized in that
the el ectrode material filmrenaining after devel opnent is trapezoidal in.
cross section that ' is wwder as it goes farther fromthe circuit board. 25
Al so, the present invention is characterized in that the circuit el ectrode
is arc-shapad ciontacbswi’sbdihamoacwe&wgfaaas plieth¢ igpnciavie pacéait ng

met hod. Besidgs, t %ﬁ&’&i n Kk
I n which tf}ée senﬁ%% %’%ng?thg #regtgﬁg%? ei (?gpragtar Egépc ?%Jél% ;r)ggegge
forned ther@(ﬁ?ﬁ@dﬁ'&cI@é’@eGOBﬁeFﬁéch?c%ﬁ wiher mlaudhrgcepduebktRicti ve

resin, is chegiagterized in that the circuit board i ncl udes the concave

Ci rcwt el ectrgdes, each havi ng edges  war n_a directiaon _of 0| ng apart
fromthé board Elé?:]én,‘mf%’e as“é%‘?&%?%é?o?‘ggl Bﬁ%ﬁ?nF SR 100 K8 uch t hat
‘'t he ends ofcmiwlptr boaudi ﬁgrefkipiﬂohlqs packaying? thed 8BmPEINdRNMG06230 7 in

contact i (h iy COPERUE naU{RE B3 ol AUCRYBARL Fithleq BREELGLACS, and

t he protrudi S an € circul 'ectrodes are connected to each
ot her. vi a t¥euebnddde 9endwé§me -"ESFLEHrt%F%FECt%é%?@thglﬁ%l‘ﬂ@‘br esent

i nvention, tmféecoﬁbaealélmam d1dctidddesCBash NGk RAgeBewsepegomluct or

el enen thlc rotrudin % troq%&% mﬁdth reon, by usi ng the
conductive & ﬁ’c gncﬁ r%f"éﬁ’li Nl ytc g2 EhE" E Re&ve circuit

el ectrodes eachRéfesming dpesiramipgs i hhe temballimentisopfothgapregepart from
the board ?L‘ﬁ’irfei‘&‘iogl wBﬁeﬁé'&ﬂsé@s@éé‘vlrpgzs’spfebif%bﬂghfi@ft5 of the present

i nvention wl scussed 1R a specific_nmapne
FIG. 1 is a process sectional view explaim.ng a method

of packaging a semiconductor element according to Embodiment
15 1 of the present invention.
As shown in FIG. 1(a), a paste electrode material 2
containing photopolymerizablematerials is printedonan area.
for placing a semiconductor element on a circuit .board 1.
‘After printing, the electrode material 2 is dried at a
20 suitable temperature without flowing. At this moment, the
electrode material 2 is printed while a printing type and
conditions are determined so as to have a film thickness of
10 to 20 pm after drying. ' : .
Then, as shown in FIG. 1(b), a glass mask 3 is disposed
25 onthe film of the electrode material 2 while being positioned
on the circuit board 1. Openings 3a are formed on the glass
mask 3 to transmit light through a desired circuit pattern.
To be specific, the 50 um-width openings 3a corresponding to
electrode regions are formed with a 100 pm-pitch. Then, UV
30 (ultraviolet ray) having a wavelength of 320 to 370 nm is
radiated at 300 to 500 mJ from the above of the glass mask
3‘ .
As shown in FIG. 1(c), due to UV passing through the
openings 3a, photopolymerizable materials of the electrode
35 material 2 onthe electrode regions 2a, i.e., aphotoinitiator,



FIG 1 is a process sectional V|em1expla|n|ng a nethod of packaging a
sem conduct or el:enent according to Enbodi nent 15 1 of the present

i nventi on. ﬁ%ﬁ in FIG 1(a), a paste el ectrode materiglypode2dpt @i Ni ng
phot opol yneri zabl'e materials is printed on an area. for placing a

sem conductor element on a circuit baargl 1. After. printing, the el ectrode
material2 is dried at a 20 suitable tenperature without flow ng. ‘At this.
nonment, the electrode material 2 is printed while a printing type and

condi tions grgodemner! aﬁd §opa§y1ﬁ@r have Feddtded Wittkoass apbthéd t6 20 m
after drying. Then, | ass nagk 3 is disposed 25

on the fil mPSPCERE BPiEF‘FBEIEaFﬁ?%Tl  ha %szrrlaégbe?:ﬁgaﬁ $P¥ioned on the
circuit boapdoizopolgmelﬁu.lgbléanaarea:ﬁammeﬂ ire Elecgirade makekidl Roonr ansmi t

l'i ght thr ou%&51r g%%%% eck %Ité?%'rwxmeﬁzg 3pe IollsC Eh8c§9 mwi dt h

openi ngs 3a egi-ons e orne a 100
m pi t ch. 5 Th&dpce\uBds (nﬂ‘ct lalwltﬂ &0 entier vaw hedghbonbherd oft the£igonito 370 nm

is radiat e?m%%d:g@o Eﬂe599e8€r$&@rﬁ${@rﬂ2@’ 2 Qfrd RhRtohake1iBEl b8. As shown

in FIG 1(c passing through the openings 3a, phot-opolymeriz’
able naterl@PéYHFrFHSdePECFFSﬂ% regiolferial 2 on the el ectrode regions 2a,

. | , @ photoi ni tsﬂgﬁgumm Qﬁé%l@&ﬁfd&@&da%&daal 8 is qaveloped hyd a
pol yner are reacte one ee y a

contrast, r&§aPdi . g\ik'%'olf%e S ri%ttﬁ' P2a ﬁd sﬁ%g’g‘rl fSBQ_l; 173 %’bg?

materi al02 & dngﬁoéVecanddeem@g$omhﬁ:ﬁieqﬁﬁqﬂ@emaigﬁuéﬂ éoég ﬁb? occur. 5,

Si nce W 'Sneat-eheleewdteoréeisﬁstm mg@qm%qyafeﬁlaatﬁbhcurt board 1,
t he el ectrode rlaszi\rent j kely B poly rlzg h.ese
regi ons. Su t t eri d Fo

SoedaEicient, RelEReE Fekot; &F Shovn, LaybiGr obbdlp

.operation removes the electrode material 2 on the non-
electrode regions 2b. In the vicinity of the surface of the’

15 electrode material 2 on the electrode regions 2a,
polymerization is proceeded completely. Hence, the
electrode material 2 remains without any erosion so as to
correspond in shape .to the openings 3a of the glass mask 3.
Meanwhile, regarding the electrode material 2 around the

20 circuit board 1, polymerization is not completed over a wide
region as compared with the neighborhood of the surface,
-resulting in erosion larger than the'openings 3a.
Consequently, the electrode 'material 2 on the electrode
region 2a is trapezoidal in cross section.

25 Thereafter, since the circuit board 1 is baked at a
temperaturé of sintering the electrode material 2, as shown
in FIG. 1(e), the electrode material 2 on the circuit board
1 is baked as circuit electrodes 4. According to FIG. l(e),
since the electrode material 2 contracts upon baking, the

30 edges of the circuit electrodes 4 are warped in a direction
of going apart from the circuit board 1 ( edge curl), and the
circuit electrodes 4 are arc-shap.ed depressions in cross
section.

Finally, as'shown in FIG. 1(f), the semiconductor element

35 7, on which conductive resin 6 is transferred to protruding



using an al kaline solution and so on. Thus, it is possible 10 to dissolve
and renove the electrode material 2 on the non-el ectrode regi.ons 2b havi ng

no pol ynmer mapd2ioeqzsor i nsufficient polynerization. As sheswyrofedzddc 1(d),
this operation renoves the electrode material 2 on the non- el ectrode
regions 2b. In the vicinity of the suPface of the 15 el ectrode material 2
on the el ectrode regions 2a, polynerlzatlon I s proceeded conpletely.
Hence, the electrode material 2 remains w thout any erosion so as to
corr espondelect¥edsrs to tise ansanwiatgdy3nrositiored| testhmgidiuitveanwhi | e,

regardi ng LHgs€ 86 rodadiplgatdlkhe E:QHP\S'diﬁG ele&irsdid P th

polymerizatjon i s not conp Ieted over a wde “region as corrparea:vmth t he
nei ghbor ho®Hr it r?é-es"d’lrf’é@é ?’&W?Pﬁ@dlwm 8%hEEr g aUEAPARe openi ngs
3a. Consenewdiika ﬁlﬁedet@ehémlmhanbabr%wmetdw ﬁlthétﬂzfviﬁudri(ﬁgl on 2a is

trapez daI Ss sect.i 25 Th sin eth ogard 1 is
baked 1?%?’??«4%?{ L']is@ng'f 1C")B'Fni”e"rcf eﬂ. CS‘FS((}FFO S%‘? %8 shown in
FIG 1(e) qontaacmtvethremm nnheri,edmﬂtba qclmdlmtrlm tedim6dis turedbaked as
circuit elggldod b de

mat eri al Zﬁg%ntrgzlts %%B%L?’ggkggg Ofutglgege%%aﬁe cﬁ%&?ﬁ%chtrodes 4
are war ped’ i¥f aFQ!}Pr]&?tq n of going apart fromthe circuit board 1 (edge

curl), and thexnaﬂfecmipehe tﬂdﬁh@e%a&ﬁtfa@t@ﬁh&ﬂedhd@ﬂo%&l@ﬁﬁer n cross
sectl

Ll o
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el ectrodes_ 4 are opposed to each _ot her suitable load is apglled to the
seni conduct oMt @rdf0-pr elechrede uitgh, the conductive resin

expanding laterally does not cause any short circuits between

15 the adjacent electrodes. ' '

Now, the circuit electrodes 4 will be further discussed.

As shown in FIG. 1(e), amaximumdistance from the surface
of the circuit board 1 to the edge-curled circuit electrodes
4 is defined as an edge curl amount L (see FIG. l(e)). An

20 edge curl amount I is considerably dependent upon a dry film
thickness of the electrode material 2 shown in FIG. 1(a).
When a dry £ilm thickness is 10 to 20 um, an edge curl amount _'
L is 2 to 10 um. Thus, the circuit electrodes 4 can act as
saucers. ‘ )

25 Meanwhile, when 'a dry film thickness is larger than 20
um, parts not being polymerized on the circuit board 1 are
larger in thickness, and the electrode material 2 to be
developed and removed on the circuit board 1 remains,
resulting in short circuits. In contrast, when a dry film

30 thickness is 10 pm or less, an edge curl amount L is 2 um ox
less and the circuit electrodes 4 cannot sufficiently act as
eaucers. |

FIG. 2 is a process sectlonal view explaining a method
of packag:l.ng a semiconductor element according to Embodiment

35 2 of the present invention.



5 el ectrodes 5 and the circuit eI ectrodes 4 are brought into contact with
each other, and.the conductive. resin 6 is cured. Hence, the flip chip
packagi ng of_v¥65|ﬁ09§5%m conductor elenent 7 is conpleted. In, Q@ouﬂdﬁ chip
package manutactured in the above manner, 10 the edge- curl ed circuit

el ectrodes 4 prevent the conductive .regin 6 from being squeezed out of the
circuit electrodes 4. Therefore, at the time of -packaging the

sen conductor el enment. 7 w th a-100-m el ectrode pitch, the conductive resin

60I expatndl In@l Itatzsgsr %'ho)hndgﬂsﬁft@t. ORHFP BiWe sﬂwdddlcmfwultsSag%meemeaS the
adj acent el ectrodes teC|rC|teectroes.vv| e fuyr

di scussed. C‘éﬁ’é\ﬁrjrqcﬁrl@ldés 4ary o va ﬁlﬁﬁ’fﬁ‘&%ﬁl}% FF%F&?EH gﬁ‘flface of
the circuitthearalmbsko(hde siobya)c hairﬂeﬂgmpenﬂﬁgseberrespmdlmg ito tkéi ned as

an edge cur, g&ﬁ? Ptot, ééf&‘dgéci fé]?éc%ﬂﬁ’ann?e%%%% gig}?‘d% Lis

consi derabl y SRdent upon-a dr ness o ectrode materi al
2 shown & n sl&:tm@ges 4 vmc@nduytfimemqsm:ﬁn@s@ppqucbtpctlmcgm?ua‘ﬁ edge

curl amount g1betfoded @ AQ ma.wJ fmsf-:céhq (&) 5y ids i9lg°4 (5 9RAS ofy A@BnS&t as-
saucers. 25 Meanwhi | e, mthICk‘neSS I's -I"ar ge n 20 pm

parts not béPﬂ&%%?ynﬁh%f%r?rt'h%séPP@Bﬁn Eﬁﬁr&'(f)ar%sgpéf’ﬁgg ughor

thi ckness, ebeméhe 2lieoiimglermatrediag alectb@desleyeﬁmfsd sheéreenoysd on the

Circult bodpdedy FEMRINE LhESWLILNG WbaPT, SHOCY' biyakigORLEgSLs VoD

dry film3 neSS| m or édecr m or
| ess arkd t héppll%@uq!n@ ézher mwr@mm §l|¢!1¢%1= eht | )Heti@P:a§hesﬁhéEr s. FIG

2 isa pr Oceéﬁlﬁ%d]@'gﬁ.né’ oV RE N8 Sh {H diflivetHR B2EmefiE ﬁi“ské%@ﬂetéd
sem conduct or ‘el enent; accor di gﬁ to En?:o%oggnérelf 12j.ke . Q_Irngg‘e:ni
i nvention. WD 0RCSOFSINECEP IBRER %
- the edge-curled circuit electrodes 4 act as saucers to prevent
the conductive resin 6 from being squeezed out, thereby
15 eliminating the occurrence of short circuits.
(Experimeritali Example) .
A semiconductor element is packaged according to the
above manufacturing stéps and the performance is evaluated.
Used members and materials are: ° ' '
20 circuit board: '1pw—temperaturé baked ceramic
multilayered board (test pattern)
board size: 30 x 30 x 0.65 (mm)
electrode pitch: 100 (pm)
number of electrodes: 360 pins
25 The electrode material 2 contains Ag as a metallic
component with a dry £ilm thickness of about 15 um. And then,
the electrode material film is e:iposed and developed using
a glass mask having openings formed thereon. The openings
are each about 50 um in width. The electrode material 2 on
30 the non-electrode regions 2b having no or insufficient
polymerization is dissolved and removed. The circuit board
1, on which the electrode material 2 on the non-electrode
regions 2b is dissolved and removed, is baked at about 800
to 1000°C. Hence, the electrode material 2 on the circuit
35 ‘board 1 is baked as circuit electrodes 4. At this moment,’



As shown in FIG 2(a), |ike Enbodinment 1, edge-curled circuit electrodes 4
are forned on a circuit substrate 1. And then a mask (not shown) haVing °
openi ngs cwommpasding to the circuit electrodes 4 is. posjrei/ensd onto the
circuit 5 electrodes 4, and conductive resin 6 is applied to the circuit

el ectrodes 4 as shown in FIG 2(b) byllustng a.printing nmethod and so on.
Thereafter, as shown in FIG 2 (c) , a seniconductor, elenment 7 having
protruding electrodes 5 forned thereon is positioned to the circuit board
1, and a santexdygeechpidameutiDL bp@l pmd dﬁplaiuénge&rid:uobmamtngahesent 7.

Hence, thegf écped% PpRAGAIIhS 8hrkRBesem conductor elenment 7 is

conpl et ed. cording to such a nmethod as well, |ike Enbodinent 1, the
edge-curl ed ci &G QuBR¥cELfodes 4 act as saucers to prevent the conductive
resin 6 from bei g %qwquxoyb,xt@q y 15 elimnating the occurrence of
short cjrcuits. r| rre tal em conductor elenent is packaged
accordihg to the® etrg ﬁfaﬁ uP (d’ﬁﬁ the performance is

eval uat ed. Usedl\lmnlvbe'rgfapalnﬁat%¢ a}msare 20 circuit board:

| ow tenper at ur gy Qaéf‘éjtﬁ%ﬁ{g Fjé%ﬁ%édééx%ﬁé’ fBQ@é? cf% 1503 eﬁ%ﬁ:@&?é boar d

size: 30 x 30 x de el ectrodes:
36.0 pins 25 tﬂfﬂa"“@l"ﬁ@t Fedw mgdeg meta %%ﬁlt"ﬁ‘irrﬁ'Aanﬁs“&s perdretive component

¥m It h a drYrésifothdC;i Ctli:ﬁﬁﬁij eQﬁ:'gabﬁiﬂo iﬁemozﬁmi p6trudiie e2keetbads ][raterld al
ilmi expos an el oped us enkn orne

t her eolz) glﬂign‘fo%éi‘? a’i‘vg’ég%hng sﬁ?ﬁ HFEgﬁr‘Hg cgﬁggf‘?'gge mat eri al
2 on 30 th@dmpcuneas @daesdyi gnmpenen’aw rﬁtmd%nnpﬂ»gdingctMt

pol yneri Zaédrﬁihdt%.xﬂé §§Qhﬂ@1§%aﬁ%¥x@ﬁ oﬂ'ﬂ? tﬁbr&i&éulhp%ﬂrd]l afd@ Which t he
. electrode mate non- e ectrg : reg ogs 2b is di ssgived and
Cemoved, 18 WE3ALH of SEHGERL #Fgns 15 applied to Sadh of the protia

electrodes so as to complete packaging. And then, after
15 curing the conductive resin 6 by heating, evaluation is made
on short/open. FIG. 1 shows the result. '

Table 1 :
Method of Present Open 0/5 Package’
Invention Short 0/5 Package
Conventional Method Open - . 0/5 Package
' Short 4/5 Package
20 As understood from Table 1, the method of the present

invention does not cause any opens or short circuits at all.
Meanwhile, the conventional method causes short circuits on
a 4/5 package. Thus, the effectiverdess of the present
1nventlon can be confirmed.

25 As described above, according to the present invention,
the edge-curled circuit electrodes are formed on the circuit
board, and the protruding electrodes of the semiconductor
element are connécted to the circuit electrodes by using the
conductive resin. _Hence, it is possible to prevent the

30 conductive resin from being squeezed out while the circuit
electrodes act as saucers, achieving a reliable packaging for



to 1000C. Hence, the electrode material 2 on the circuit 35 board 1 is
baked as circuit el'ectrodes 4. At this noment,' WO 02/09485 PCT/ JPOL/ 06230
an edge curlygmneMs Lis 4 m N plating and Au plating ar gcTipiiessh t 0
protect the surface. IC dumy ICIC size 10 x 10 x 0.5 (mm 5 Ic el ectrode
pad pitch: 100 (pm) Nunber of pins: -3@2 pins The protruding el ectrodes 5
are fornmed on the electrodes of the above IC by using netallic wires, and
the conductive resin 6 is transferred onto the f.orned protrudi ng

el ectrodes tBeSsehliconandudti gtemest nvbtlmnt ams-otguaseaceedbdl Bhoxrtonponent
and epoxy as.a resin conponent.. The IC including the conductive resin 6
i's positiongérgﬁf Sthe circuit board 1 and awei ght of several grans. is
applied to each of the protruding electrodes so as to conplete packagi ng.
And then, after 15 curing the conductive resin 6 by heating, evaluation is
made on short/open. FIG 1 shows the result. Table 1 Method of Present
open 0/5 Package Invention Short 0/5 Package Conventional Method Open
0/ 5 Package Short 4/5 Package 20 As understood from Table 1,,the nethod of
the present invention does not cause any opens or short circuits at all.
Meanwhi | e, the conventional nethod causes short circuits on a 4/5 package.
Thus; the effectiveness of the' present invention can be confirnmed. 25 As
descri bed above, according to the present invention, the edge-curled
circuit electrodes are fornmed on the circuit board, and the protruding

el ectrodes of the sem conductor elenent are connected to the circuit

el ectrodes by using the ‘



conductive resin. Hence, it is possible to prevent the 30 conductive resip
from being squeezed out while the circuit el ectrodes act* ‘as- saucers,

achi evi ng vip hfdogb! € packagi ng for WO 02/ 09495 PCT/ JPO1pepaeioc2de t he

sem conductor el enment w thout any occurrence-of short ~circuits. WO

02/ 09485 PCT/JP01/06230 13 CLAIMs 13.-A flip-chip packagi ng nethod,
wherein in flip-chip packaging a sem conductor elenment on a 5 circuit
board by using conductive resin, said elenment having protruding el ectrodes
formed thereon, "the method conpriscngiMsprinting an el ectrode materi al
cont-ai ni ng phot opol yneri zable materials on a sem conductor elenment package
region on said circuit board such that a filmis formed 10 with a

prescri bed-.t hi &kfibiscleind packiagd ngomeshed civikegein| ect rodes by baking said

electrode mat ep) ahy il ldAf g,%ﬂ(aga&.gomaﬁlm& andrdgieloapaent of said
el ectrode- nateria electrodeﬁﬁgrlal filmto renmain

only of p@é@ﬂ#ﬁe@ﬂ%é’fr%? EQPRERSEIV ARSI 1 &7 SMGAERRAVIRT i rcuit
el ect r odegrdavhadngddas tiRdRedE o e dheeebn prhefmediodcomprisifgom t he

circuit board surfa.c and. br i,Ng o) ectrodes formed on
said seni condREYrE réq&?eﬁ ecﬁfg SbﬂSﬁeg%ﬂ CH;R gdolglga e faces of said
concave C|prlmdno1;_:oéymermaﬂek¢ makexialeomn agssemigopdupkor r alemeRt | ect r odes

?_Ed sai d g}r%‘é' {‘é 8&'%% Wéﬁc@ﬁ%o&weﬁcﬂﬂa&@fi@ﬂ&@fm@ed esin. 2.
e flip- agl ng F’i

accord to cl.a re
el ect £8de Pl FeFFFﬁlP‘Fé ‘Fl&ﬂ“ﬂﬁbeﬁ% r?é\%e 3%‘?99 E%H'F?Y?n ?H%‘kﬁglss of 10 to
20 m cr ongiRkictrodes The Bakmg;mamq)a‘]lea:g:mgenmabedlalcﬂlﬁmngft@_r claim1 or

performing exposure and development of said electrode
material film to allow said electrode material £ilm to remain
only on prescribed electrode regions, thereby forming concave
15 circuit electrodes having edges warped in a directionof going
apart from the circuit board surface; and
bringing said protruding electrodes formed on said
semiconductor element into abutment with concave faces of
said concave circuit electrodes, and connecting said
20 protruding electrodes and said circuit electrodes with each
other via the conductive resin.

2. The flip-chip packaging method according to claim 1,
wherein said electrode material f£ilm is formed to have a dry
25 ° film thickness of 10 to 20 micrometers.

3. The flip-chip packaging method according to claim 1 or

2, wherein said electrode material film remaining after

development is trapezoidal in cross section that is wider as
30 it goes farther away from said circuit board. '

4. The flip-chip packaging method according to claim 1 or
2, wherein said circuit electrode is arc-shaped in cross

section.
T

) B



2, wherein said electrode material fi | m r emai ni ng after devel opnent is
trapezoidal in cross section that is wider as 30 it goes farther away from

sai d circui kydesjosss 4. The flip-chip packagi ng nmet hod accqicdipgidessc! ai m 1
or 2, wherein said circuit electrode is arc-shaped in cross section. |

tree™e e e~ rr et 11t Cle \M@ 862109485 PCT/JP01106230 14 5. A
flip-chip package in which a sem conductor el enent having protruding

el ectrodes fornmed thereon is packaged on a circuit. board by using
conductive sBesi i filEi-aitips Patkdge din whdzhdal sehideaductonvel enerxtui t

el ectrodes .5 _each_haying. ed [ i i ] | t from
the circuit hgg&pg RGP ﬁ%g%n%gﬁe(\é%#{%nﬁgﬁgrg éﬁ%%r%ﬁ{;‘ ‘?gs F%?sp seggg{sluch t hat
ends of saiedcprenitdbngréd| bytnsing cordestivomedinamberein with concave
surfaces of saidgg %_&.L\f%u%rﬁphk?eizg&ﬂﬁae%onéa%l@i%@m @1@%&%5@9

el ectrodes and sallgdjm rcuirt electrodes are caonnected t{o each other via the

conduct i ¥e eashnhaging edges,wanpes dnfd diyeqhion gL gekRgidRprs from

sem conduct ghe eliedBit b¥adai 8gr£eedyctive resin, said el enent having 15

protrudi ng el ectrodes forned, thereon, conptising concave.circuit electrodes
i 3 thend

each having edget V@A IondRaRore &LEBRItofS (B TRPETRATH S Prcuit
board surfaoé. saidllptotiruding eleckirodes|theraof chmel il @utment with

concave surfaces of said concave circuit electrodes, and
10 said protruding electrodes and said circuit electrodes
are connected to each other via the conduct_ive resin.

6. A circuit board for flip-chip packaging a semiconductor
element by using conductive resin, said element having

15 protruding electrodes formed thereon, comprising concave
circuit electrodes each having edges warped in a direction
of going apart from the circuit board surface.
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