FOR THE PURPOSES OF INFORMATION ONLY

1
s
w 3

litinhinldin

mmmmnmnumwnnmuumnmwu

|
i

m

W ] M
IR G HE mm

BUESEREnHEl HH-NNNRRERESEE

Dmmth People’s Republic

i
mmmmmwwmmr wmﬁm

nmnnummnuaammummaummnunn«

Codesmedmidenﬂf&Smmm&sPCfmﬂnﬁomwdmmﬂmp@ﬂshhghnmaﬁmﬂ

applications under the PCT.

AM Amenia
Austria




FOR THE PURPOSES OF | NFORVATI ON Y Codes used to identify States
party to the PCT on the front pa qﬁ[@gﬁpﬂmﬁbq;E%Np blishing international

applications under the PCT. AM Angid PRAC _ GB
Uni ted Ki ngdom o — AUSt ri iust Calia
. Xi
gz\l g?:]g:iawo”n”" * INE Ni ger PCTAP96/01348
DESCRIPTI_ON
. | SEMICONDUCTOR ASSEMBLY

~ 5 TECHNICAL FIELD
The present invention relates to a semiconductor assembly which is both
reliable and economical.
BACKGROUND OF THE INVENTION
The recent development in the filed of semiconductor devices has been

10  dramatic, and the areas of application of semiconductor devices have been
continually expanding. Simultaneously with the development in semiconductor
chips which may be considered as the cores of the semiconductor devices,
significant improvements have been made to the packaging of semiconductor
chips.

15 For instance, various proposals have been made to improve the security
and increase the convenience of pre-paid cards such as magnetic cards for public
telephones, personal identification cards such as vehicle operators licenses, and
passes for train services.

Such IC cards may be characterized as consisting of a circuit board

20  having a conductor circuit, a semiconductor chip mounted on the circuit board,
optional electronic components such as capacitors, a device for receiving and
transmitting signal into and out of the circuit board, and a casing for covering the
circuit board as described in "Information Processing Handbook" compiled by
Shadan Hojin Joho Shori Gakkai, published by KK Ohm, first edition, May 30,

25 1990, pages 302 to 304.

'With regard to the structure of the IC card, it is also known, as illustrated
in Flgure 8, to attach a semiconductor chip to a card base board 1 by using a
bonding agent 10, and connect the connecting terminals of the semiconductor
chip and the connecting terminals of the card base board with bonding wire 11 as

80  described in "IC Card" compiled by Shadan Hojin Joho Denshi Joho Tsushin

. .. Gakkai" published by KK Ohm, first edition, May 25, 1990, page 33.
SR The thickness of the semiconductor chip contémplated herein is
. approximately from 200 to 400 um, and the semiconductor chip is not highly
resistant to bending stress so that there is a need to control the stress that is

85  applied to the semiconductor chip. Therefore, the size of the semiconductor ship

has to be limited, and/or the casing has to be made of a material resistant to
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WO 96/ 37917 method to overcome such a problem. According to this technology, as shown in
PCT/ JP96/ 01348 Figure 9, the semiconductor chip 2 is mounted on the printed circuit board 1 with
: 15: .the connecting terminals of the semiconductor chip and the connecting terminals
of the printed circuit board exposed in a common plane, and the connecting
terminals of the semiconductor chip and the connecting terminals of the printed
circuit board are electrically connected with each other by printed
electroconductive paste 12.

20 However, according to the method in which a semiconductor chip is
mounted on a printed circuit board with the connecting terminals of the
semiconductor chip and the connecting terminals of the printed circuit board
exposed in 2 common plane, and the connecting terminals of the semiconductor
chip and the connecting terminals of the printed circuit board are electrically

26  connected with each other by printed electroconductive paste, when the IC card is

- generally subjected to a bending deformation, stress tends to concentrate in the
boundary between the connecting terminals of the semiconductor chip and the
connecting terminals of the printed circuit board, and cracks may generate in the
electroconductive paste with the result that a high risk of electric disconnection

80 exists.

BRIEF SUMMARY OF THE INVENTION

, - In view of such problems of the prior art, a primary obJect of the present

invention is to provide a semiconductor assembly which provides a high level of
..+, relisbility with regard to electric connection, and which is economical to

85" manufacture.

A seeond obJect of the present invention is to provide a selmconductor



DESCRI PTI ON - —SEM-CENDUCTOR ASSEMBLY 5
TECHNI_CAL FI ELD e ipr st HAS BER fon rel ates to a

sénmi conduct or assenbly which is poth REPLACED el i aljl e and econoni cal . .
BACKGROUND OF THE | NVENTI ON fire~Tecent devel opnent in the
filed of sem gﬁﬂ% or devices has been 0 dramatic, and gcippsgiaass of
application o %nduct or devi ces havé Heen continually

expandi ng. Sinultaneously with the devel opment in sem conduct or

chips which nay be COI’ISI dered as the cores of the sem conductor devices,

significant inprov s hav een fmade t of sem conduct or
chips. 15 assem YW ?@#ﬂ%@%@q been made to
i mprove the securi tyAthrdubJeatnfmepmvmonamuEmwmmp@mrd cards
suchs as nagnet pg {::h‘ 'fSruseasanmhones per sonal

SuC

ese

i dentification ca Sétﬁ/e%oi)fegﬁa%qﬁrat Oq.rﬁ | H&gﬁ&hggmqwggsses

for train services.
conststing of providing atseimeunducmﬂasslcmbiy;gpompusmgmmrcuitlboatdmcbldmg a

sem conduct or %Q%S ca%ﬁ#’ﬁg&ﬁ {c‘ﬁi'b'uitlﬂélﬁﬁﬂ ?ﬂu@nai el ectronic

components suc or ,re

Qr s i VI
transmitting sPemicond W%apm}tld ﬁ@%‘?‘?"@ﬂg&r@d’é@g prayjided on. %mg f or
covering the surfaceaheleuf,tanﬂmummomﬂmannchn&oald, Iamasmgmowgnnmtng

Handbook" conpy, b W%@%ﬁ m % Hieldonfib@ingdy KK
OChm first edltlbgl‘ra\ é qu?a E:lor fimd Wth
regard to ffle erminals of thersemicondacios chip s!B  OPROSIg |15t ¢ at ed

in Figure 8, t@elﬁﬁéﬁhip,&nd@fﬂ mddedwlmhothcrbymnrdbdmeendlmvdbgn&pgum ng

e conductor 88  hrpe gl IR Ehichalficis ern$"r?§ g WA R il

board with bon@vqgllmwtahplmcmesmﬂmfﬁﬁem -Card conpi | ed by Shadan
Hojin Joho Denshi Jop &%H@hmelm@iﬂﬁabboﬂﬁhgiﬁm%hﬁsﬁﬁfmpi@t

sem conducibr - SlRcHoCRIABAYE biing S, , The conduckdt crctl iy 5 asimeli By

depositing electroconductive ink on the circuit board, for instance, by screen
printing, or by selectively etching a layer of metallic foil such as copper foil
formed on the circuit board. The conductor circuit may further comprise an
antenna circuit which is formed ‘at least on one surface of the circuit board.

20 According to the present invention, because the connecting terminals of

" the semiconductor chip and the conductor circuit of the circuit board are placed
opposite to each other, the thickness of the connecting parts can be reduced, and
the step of electric connection can be simplified as opposed to the conventional
method based on the process of wire bonding or the method based on the

.25 application of electroconductive ink. :

By attaching a plurality of layers of plastic film, plastic sheets or plastic
sheets coated with a bonding agent to the upper and lower surfaces of the circuit
board so as to place the semiconductor chip in a mid point of the thickness of the

_ assembly, it is possible to minimize the concentration of stress in electric
80 connection when the assembly is subjected to a bending stress.
Furthermore, by using electroconductive ink for conductor circuit of the
" circuit board, it is possible to produce more economical and smoother IC cards
. than was possible heretofore.
A spacer, typically consisting of film coated with a bonding agent, is
856 preférably attached to a surface of the circuit board, the film being with provided
| with a cut-out for recelvmg the semiconductor chip therein. This provides a
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approximately from 200 to 400 pm and the sem conductor chip is not highly
resistant to bending stress so that there is a need to control the stress
is 35 applied to the sem conductor chip. Therefore, the size of the
conduct or shi p ' has to be Iimted, and/or the casing has to be
of a mater stant to WO 96/ 37917 :

Wwdbes 511 PCT/ JP96/ 01348 - 4 * bending stress. FCTAPS601348
i scl osed in Japanese patent |aid-open (kokai) publication No. 3-

87299, it is also known to nake an IC card by preparing an | C nodul e

I ncQudi ng . n_extrenel hi which_is prepared by grinding the LSI
to 4 reduced 5& ﬁ@ggﬁ/svéq 9|‘FF§S§FR§”H$‘PW dafing & semicpnductor chip)
mouffting this Itbemmﬂloumusmgmyumdmtmsduaﬂpeironmmﬂmofhﬁ
pacfage. An |nt§gseﬁb prm s tr thin
LSI gnount ed on ﬁf §le ée‘f‘ﬁ t.hi c egooaﬁgblﬁs ﬁW@EQ}uﬁé §$ lity
dueflto the fact R chip e the memwmmmépmm@ﬂhe
and Jconpr esdi vecut+outdn e spacer within sipppresciitied radge, ratige, itrio possitiletc Eihinaty dmces of

LSl 10 chigsbbfes wiieh ﬁﬁs,chm &?’hg H{]ﬁ.@ g@ endi n%}f@forgai 8
7Stgrgf)g§§dﬁ@ﬁan e t%?@ Oprélll'faﬂgt he?ﬁ?ﬁ%ness of the IC card
met hod to d?hememmnduﬂhrdnpméﬂhﬂheﬁﬁ&éﬂtdh%ﬁbﬁléW%BE%OQV’ -

as 4hown in nou on the
prirted cirgui tﬂn ﬁb& a&&‘%g? %tgl I?gg'gg #Eﬁé}él B’éﬁﬂ#ﬁﬂysm%f‘cg
senilconduct® chip a renit oard may,consist of commen ci r cui t
boartd exposed |pla&llccﬁlmmn mheamhch h@pﬁl?ﬁﬂbﬁhﬂteﬂilm, polyt ?Eh@ﬁlﬁ, of the
semjconduct or - Glgetiylend ffephfiiié filh pdifintiul #is, £id PUC i, or 8% plastic sheet
reinforced by glass fibers. In particular, polyethylene terephthalate film is
highly desirable in terms of mechanical strength and cost. Commercially
15  available materials include Diafoil (tradename, Diafoil Hoekist KK), Teijin
Tetron film (tradename, Teijin KK), and Toyobo Ester film (tradename, Toyobo

It is possible form an circuit conductor pattern on the surface of the film
by depositing etching resist on a film laminated with a copper layer by usinga
20  bonding agent, and removing unnecessary part of the copper layer by etching, or,
.altemanvely, by applying electroconductive paste on the surface of the film by
screen printing, and curing the paste.
The electroconductive bonding agent used in the present invention may
consist of polyester resin, phenol resin or epoxy resin mixed with
25  electroconductive particles such as silver particles and copper particles.
Commercially available materials include LS-3015HV, LS-1048, and ACP-105
(tradenames, made by KK Asahi Kagaku Kenkyusho), and FA-705A, XA~220,
XA-412, D-723S, and XA~256M (tradenames, made by Fujikura Kasei KK).
It is also possible to use anisotropic electroconductive bonding film
80 instead of such bonding agents, and Anisolm (tradename, Hitachi Kasei Kogyo
KK) may be selected from those commercially available.
- The bonding agent that can be used for the present invention may consist
of polyester resin, cpoxy resin or acrylonitrile resin.
.. The plastic film, plastic sheet or plastic sheet reinforced by glass ﬂbers
8 on Wh_.lCh the bonding agent is applied, may be provided with cut-outs in parts
. thereof corresponding to the locations where semiconductor chips and electronic




circuit board are electrically connected with each other by printed

el ectroconductive paste 12. 20 However, according to the nethod
i n which a sem conductor chip is nounted on a printed circuit board .
with the connecting termnals of the sem conductor chip and the

connecting tegm of the printed circuig board expos ' nmon
pl ane, and th cmgti ng term nal s of theé sem conduct or segiﬁ?ggﬁzlin t he

connecting termnals of the printed circuit board are electrically 25
connected with each other by printed el ectroconductive paste, when the IC

card is general ly subjected . to a bending deformation, stress tends to
concentrate in&f’ﬂ@“myp%ﬁm%‘gt ween the connecting termnals of the

seni conduct or chi p akhe sizeof each of therauttoutymay beiselscted atcordingdoithe ed circui t
board, and cr amidkns®ofdRe SérRicBndittdr thip or the®l farRasfsy Wi th the

result that a high risk l.ectric.di sconnection 80 'Ehtt/ °F BRI EF

u | | . i | | *XI ..

SUMMARY OF THEumq?m ficiehd G the SERIFORGREPT chir pr ﬁ}eo%?%waf the prior
art, =a pri rfar ycompponent part isifeomp 14940260 pm, theigapbétwren theiautenprofitbecofthe

sem conduct o @fesititN e ortheVickind Shipbuk (kt A the innef proffBof ey i 1
regard to el ectric conneciion, and,wni¢ch IS _ecogom to manyt act ure.
A second obj ecwta?“kfﬁ@ﬁf@égﬁﬁpmmm@mlxm @L“E"S?ﬁ’i‘@&ﬁ ¢ 28p
REPLACED Vi péieabiyi from 50 to 1,000 pm when the thickness 8f the semiconductor chip

PCT/ JP96/ 0134 i - bHendi
dg /o‘r] m?t? { 8 3 “or the elmﬂﬁ%%@ﬁrﬁﬁo 1&‘2?3%’?0 tkfei(ﬁg'gl% %ﬁ‘tp ﬁlﬁtrg% nltg %ME{ 0
provi de a i FemAP-to 2,000 pm when the ess of the semiconductor chip or the
electronic component part is from 0.5 to 50 pm. '
If the gap is greater than the prescribed range, the surface of the finished
card may be provided with large irregularities. If the gap is smaller than the
. prescribed range, positioning becomes unduly difficult.
15 BRIEF DESCRIPTION OF THE DRAWINGS
‘Now the present invention is described in the following with reference to
the appended drawings, in which:
_ Figure 1 is a sectional view showing an embodiment of the present
invention;
20 Figure 2 is a plan view of a part of the assembly of Figure 1;
Figure 3 is a plan view of the spacer shown in Figures 1 and 2;
Figure 4 is a view similar to Figure 1 showing another embodiment of the
present invention; '
Figure 5 is a view similar to Figure 1 showing yet another embodiment of
~ 25  the present invention; - .
Figure 6 is a plan view of the front surface the circuit board of Figure 5;
Figure 7 is a plan view of the reverse surface of the circuit board of
Figure 5;
' Figure 8 is a sectional view showing a prior art example;
30 Figure 9 is a sectional view showing another prior art example; and
Figure 10 is a graph showing the relationship between minimum tolerable
radius of curvature and the thickness of the semiconductor chip.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
"~ Embodiment 1 ‘
85 . As shown in Figures 1 and 2, semiconductor and other electronic chips 2
" (IC and capacitors) which are 30 pm in thickness were attached to a surface of a



assenbly which suitable for use an-C card These and ot her
obj ects of the present invention TS %ﬁmEEjed by 5 providing a

sem conduct or assenbly, conprisijng: aREPLASHED boafd including a
conductor circuit, the conductor crrTurt—trmettet connecting pads; a

sem conduct or yehbdiambya0Vvi ded with connecting term nals provided on a first
surface thereof, an mounted on the circuit board; a casing b”?he
circuit board wherein the connecting pads of the conductor circuit

and the connecting 10 termnals of the sem conductor chip are disposed in
nut.ual I'y opposid@uit board’ ﬂ;!onsh and connect ed W|th each other by
an el ect rocond%gs@@lg#ng mwﬁm mgl elecirogonductive

sem conduct or | Kngaku 8). Reyike!
plane of the spossiblede forat thagrined dircuit 4 by

el ect roconduct %@pﬁﬁﬁﬁgent onséﬁ] ?el%cr?ve‘:ctsb%n E'? ééoftoogperfoﬂ

el ectroconductiv on 9 thegiramit by
deposi ting 8l e@PF@c]encﬁlgtlleﬁashMthnspmrim aplm\haw dThé Giit-obBISWER DY
screen pr idithénxioned sola¥ 1 8b Fﬁé I of | | o foil
such as copper "o e CI rcw@%@?%&%ﬁ%*‘%ﬁdﬁ% S-circuit

may furt her co%ﬁl’%@ngﬂd’menﬂgﬁ £t e mmpm@ﬁumthlgkmemylmast on

one surface of 'deltbﬂla%tﬁlm‘lﬁ)eualbd@ﬁhaﬁ umthxckﬁﬁﬁglagéhﬂl ayeéra, REPEGN!
i nventi on, bec Jﬂs{i@\%ﬁ {c'il %aﬂduct oL chip
and the cogﬁiucé% Gl kCcuU géugf R@cg | oar a‘t‘f% to
each other, th G mtmphtbalmﬁlneszmmmm

the step of el Bmm&hmdmxgmhlaywsImdsem 4s #icy r&i\&?%

based on tne 20t B2 e Bﬁ‘%@““‘?‘%éﬁﬁ%% aBoh probges as gy
ased on the i y
attaching a pl & %@Iﬁqlhggﬁéygre@la asthe@ennalplme@he&cmmns plléstic

sheets coated wntin thickmess, nmamenmtds ihb%eﬂi&ﬁﬂuét&fjcﬂl f,j‘ 2B&gs of the
circuit 15 gmg{agnm, fzﬁ’drﬂ t m d poi nt of
the thickness of the, ﬁ:sa L tﬁ@%% glﬁgﬂ& usg the, o
concentrati on GTRRFsSiNean é@fommonofaheiéwatd y is
subjected to a!nmsrlgleaﬂymmmpropomontothedldﬁﬁdefmfm ﬁﬁh wthe

C oar it

I roconduct
,esef,ﬁ,ss ible t %@%ﬂg:%e 8 %e%ﬁ%@n{ cﬁlhaﬁagggs %’8{ %m%“a@m o Sres3eEn vias
possi bl e heret eﬁP%’ﬁH ragﬂpp}gtmlngutmlplammthélﬂ I'm
coated wi t3). a esohassamblgissubstantially undfonhpby lay baldfRel Bomithe Bedubfieaf Of the
circuit board el plandififitr8s ¥y dyRiMHERT about the geometrical neutral plane in
the structure of the IC card as well known in the field of mechanics.
Embodiment 2
As shown in Figure 4, an additional layer of 75 um thick polyethylene
25  tercphthalate film 52 coated with a 20 pm thick bonding agent layer 51 was
laminated over the upper and lower surfaces of the IC card of Embodiment 1to
produce an IC card which was 516 pm in thickness. Thus, the casing 5, in this
case, comprises a pair of upper layers 52 and a single lower layer 52
Embodiment 3
80 ‘Similarly to Embodiment 2, an additional layer of 188 um thick
. polyethylene terephthalate film 52 coated with a 20 um thick bonding agent layer
51 was laminated over the upper and lower surfaces of the IC card of
Embodiment 1 to produce an IC card which was 742 um in thickness.
o Embodlment 4 :
85 - 30 um tluek chlps 2 wete used in place of the 50 pm thick chlps of "
S Embodxment 1, and as50 um tluck spacer 7 made of polyethylene terephthalate
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with a cut-out for receiving the sem conductor chip therein. This provides

‘ WD 96/ 37917 - 4 -
PCT/ JP96/ 01348 conveni ent nmeans for defining a recess for
acconmodat i ng a sem conductor chip therein w thout causing any

irregularitie ar on the external sygrfaces of the Ly. In
Wo Sarpe y poripafiibis

partlcul ar, by setting the gap defined between the outer pro
thé sem conductor chi p of the electronic conponent and the outer periphery
of the S cut-out in the spacer within the prescribed range, it is

possible to eI ubbl whi c ot evmsetrapped in the
gap, and to pI’OVI ge aﬁ%‘&?r%(ﬂg q""h g“gg‘\ﬁ} #¥- provided with a

smoot h sur f aceEmbodiment 5 The semi conductor chi p used in the present
invention is desi redAhfadHﬂm%%l layer of 173/ ﬁ‘maﬁldkoﬁél&éih?cg

gener al type Jn ng ma erial
for the ci rcw 6@%}1&@“’%‘1‘%%1”“51 » WES, I‘WFF) BRCESt i c
sheet” such & eas ofi theC sard eff Embediment Witp produce apdiCyeird whisick

Lerephthal at o WB%Pﬁiiﬁm&ﬁeés'ds%hoﬁﬂ‘i‘nF}@réu' m or a plastic sheet
ggeﬁrs In particular,” polyethylene terephthalate film

rei nforced by gg
S hi ghl 9"’3’ In terns of nechanical strength and cost.
Comrercially 15 avRimilagydo Embodiment 5, acoverfilh,afhaidditicnablhy eﬁﬂﬂsamj oi |

Hoeki st KK) Tehigk polyeth lena- %réﬁﬁ?hﬁlhierﬁlﬂffﬂf'd@%thgeld %ﬂbmfbgirﬂnﬂl a(%gpcw t

pos

EﬁESLcI elr pat t@%{% Pg@g%fﬂlemgeqqqﬂpwersu thedGeasd oft chi ng
resi st on_ a fi Embpdiseniddd mdﬂwemdﬁmadwhibhewammw thicRsessbondi ng
agent, and r enpbbgimenigcessary part of the copper layer by etching, or,
100 um thick semiconductor chips 2 were used in place of the chips of
Embodiment 1, and a 100 um thick spacer 7 made of polyethylene terephthalate
16 film 72 was used to produce an IC card which was 346 um in thickness. The
cut—outs 8 were provided such that a gap of 50 to 1,000 pm was defined around
each of the chips 2 which may consist of ICs and other electronic components.
Embodiment 8
An additional layer of 75 pm thick polyethylene terephthalate film 52
20 coated with a 20 um thick bonding agent layer 51 was laminated over the upper
and lower surfaces of the IC card of Embodiment 7 to produoe an IC card which
was 586 um in thickness as shown in Figure 4.
Embodiment 9
Similarly to Embodiment 8, an additional layer of 188 pm thick
25  polyethylene terephthalate film 52 coated with a 20 pum thick bonding agent layer
51 was laminated over the upper and lower surfaces of the IC card of
Embodiment 7 to produce an IC card which was 812 um in thickness.
Embodiment 10
' 200 pm thick chips 2 were used in place of the chip of Embodiment 1,
80 anda 188 um thick spacer 7 made of polyethylene terephthalate film 72 was used
to produce an IC card which was 496 um in thickness. The cut—outs 8 were

provided such that a gap of 50 to 500 um was defined arourid each of the chips 2.
. Embodlment 11

An additional layer of 75 pm thick polyethylene terephthalate film 52
86  coated with a 20.um thick bonding agent layer 51, was laminated over the upper
and lower surfaces of the IC card of Embodiment 10 to produce an IC card which



alternatively, by applying el ectroconductive.paste on the surface of the
film by screen printing, and o4 isng. thaop@&hb . The

el ectroconductive bondi ng agent ysed |Rtpm@ggr esen{ invention nay
consi st of polyester resin, phenglres+r~et—epoxy—tesin mxed with 25

el ectroconduc kticles such as si I vergparticles and co lcl es.
Comrercially g‘\'/a %l e materials include LS-3015HvV, LS-1048, ‘5’8%8105

(tradenanmes, made by KK Asahi Kagaku Kenkyusho), and FA-705A, XA-220,
XA- 4212, D 723S, and XA- 256M (tradenanes, made by Fuji kura Kasei KK).

It is also posg conductive bonding film 30
e S BRSO R 2 Peaeh b

radename, Hitachi Kasei Kogyo

I nst ead of. suc al ernglﬁgents an
KK) may be sel Slon s those commercial ly avail abl e. The
bondi ng agent that - &mhﬂym%ﬁodh&ﬂtﬂlpms@iﬁonﬂmibﬁmsmmlhilﬂ@' st

f |
ol astic film ;ﬁ‘ﬁﬁgﬁé‘%@ Batehe Bl c&%"ﬁ@@{%‘?ﬁ’ﬁ@ﬁé@&w iR geRt Igyst. 35
on which tHe iamigated WQ’@BNPP@'CPB wepsurfaces oftbe IGicard ofit - outs in

parts theEmbbdmmeeme\o ge 371¢wmws1Mmmmewduct50r chi ps

and el ectronic
PCT/JP96/01348Emb°dme@6?fgonent parts.are nounted. The size of
each of the cut-out ssoﬂﬂ&mlblﬂdsmgwrauMMMdthmdupsofEmmimmﬂi of the

sem conduct or gt H500 pin Whickl spacer TrhsdC SN PAVARRY h hlﬁmlatue I C’lZ\?ﬁ%«g&ﬂonem
|
part is frih ﬁﬁﬁﬁd@%@@ W&g%‘é%ﬁ éﬁtﬁﬁm& or profile of the
sem conduct or # el ectronic conponent part and the inner profile
of the An addltlonal layer of 75 pm thick polyethylene terephthalate film 52 -
coated with a 20 um thick bonding agent layer 51 was laminated over the upper
and lower surfaces of the IC card of Embodiment 13 to produce an IC card which
16 was 986.um in thickness as shown in Figure 4.
" Embodiment 15 -
Similarly to Embodiment 14, an additional layer of 188 um thick _
polyethylene terephthalate film 52 coated with a 20 um thick bonding agent layer
51 was laminated over the upper and lower surfaces of the IC card of
20 Embodiment 10 fo produce an IC card which was 1,212 um in thickness.
Embodiment 16 .
Referring to Figures 5 to 7 in which the parts corresponding to the
previous embodiments arc denoted with like numerals, a printed circuit board 1
was formed by placing an antenna circuit 41, consisting of a 18 .um thick
26  clectroconductive layer, over the both surfaces of a 75 um thick polyethylene
tercphthalate film layer, and semiconductor chips and capacitor chips 4a and 4b
which are 50 um in thickness were mounted on this printed circuit board 1 by
using an anisotropic electroconductive film marketed under the trade name of
* Anisolm so as to form a functional part of an IC card.
30 An antenna coil 41 and 42 was formed op each side of the 75 um thick
. polyethylme tercphthalate film, and the two coils on the upper and lower surfaces
of the film' ‘were connected with each other via through holes 43 and 44 provided
: m prescnbed parts of the circuit board 1 in advance.
. ... .  Threelayers of spacer film 71 were placed over this functional part,and a
'85 ..palr of oover film layers 52, consnstmg of 188 pm and 75 um thick polyethylene
o _ terephthalatc coated thh a 24 pum thick bondmg agent, were lammated over the
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cut-out formed in the spacer is preferably from50 to 500 pm Further, the
gap Is preferably from50 to 1,000 pm when the thickness of the

sem conductor chip or the electronic conmponent part is from50 to 110
pm and the gap is preferably 10 from50 to 2,000 pm when the thickness of
the sem conductor chip or the el ectromi ¢ corrponent part pciypbéiisds S t O
50 pm WO 96/37 the gap is greater than the prescribed range, t he
surface of the finished card may be provided with |arge
irregularities. If the gap is snal I er than the . prescri bed range,.

posi tioni ng becones undul y. diffi c Rl EF TGN CF TEH GS
Now t he presentupPaYens logyer surfagces lﬂaﬂ' P%F[ﬁ%ﬁ me o

t he appended drta\fbmanICrcandmhichwas 474|methlclﬂieg£| ¢hmn§mpm¢&$5 -Vi ew
show pg an enbqggl 4he present i nventi on; Figure 2

is a plan view ol a art of the enbl y_ of Fj ure 3
is a BI an vi ew of th&ﬁﬁ&@@@%ﬁﬂiﬁgﬁ $x fapsis g“&ﬂfjiszoumandus“mthﬂklggure
4 is a viewgsi rpd]yéthylen&@eplnha:;? b, woremsedtin plaenbﬁthqf: poyfthickaipper
present invent |?%&8 fi the 7 1 rbc?vei’ﬁﬁh%fﬁhw Enttfﬁ ély,

7 fils and the 75 pp thik especey

showi ng yet ano I nen resent .i.nvention;
Figure 6 is a ploss tojobigin ﬂng@:Gﬂerh'FhéYﬁsf S i hickness.c poard of Fi gure 5;
Figure 7 is a mﬁaodihfamqg the reverse surface of the circuit board of

Figure 5; YR rt
exanpl e; 80 - 853“1!%@15‘2‘%?&8%@ alé i lgng% ﬁ’ﬁte?l or
art exanpl e}0 andrcmtboard msteadpq ggmil‘?gml‘ﬁg i onshi p
bet ween m ni MiNjnigibeé prédsibms Aﬂdiﬁa uwelayaisﬁhefcdmrlﬁinss of the

SE%og?gggtCt TBE’Q‘ 188 aghmDES?%pg&% éﬁﬁ& sem conduct erg/ESITS

ot her el ectroninpp!:hcp\serzfllm,@ndllaﬁuuntﬁm W}Mﬂ@ﬂﬂ@ﬁ@ $he g iRk ckness
vere attached t e hvérdfith & asto obtain an IC card which was 720 pmmthlclmess

15 Embodiment 19 |
- In Embodiments 10 and 13 surface irregularities exceeding 100 pum were
produced on the surfaces of the IC cards under the condition of L ~ K > 500 pm
where K is the dimension of the chip, and L is the dimension of the cut—out 8 in
the spacer. ' These irregularities may be attributed to the excessive sizeofthe
20 internal gaps, and were reduced to 80 um or less by adjusting so that L-X<500
pm. _
Embodiment 20
In Embodiment 7, surface irregularities exceeding 100 um were produced
on the surfaces of the IC cards under the condition of L ~ K > 1,000 . These
95 imegularities may be attributed to the excessive size of the internal gaps, and were
‘ reduced to 80 um or less by adjusting so that L — K < 1,000 pm.
Embodiment 21 _
Tn Embodiment 4, surface irregularities exceeding 100 pm were produced
on the surfaces of the IC cards under the condition of L = K> 2,000 um. These
- 80  irregularities may be attributed to the excessive size of the internal gaps, and were
reduced to 80 pum or less by adjusting so that L - K < 2,000 pum.

' - The reliability of electric connection in the thus prepared IC cards when
subjected to bending deformation was tested. Physical damages have been
observed in some cases, but no electric disconnection occurred for the 50 um

85  thick IC chips when the radius of curvature is from 2.5 to 5 mm, for the 100 pm
thick IC chips when the radius of curvature is from 10 to 15 mm, and for the 200
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PCT/ JP96/ 01348 circuit board 1 having a circuit 4 printed
t hereon, by using an el ectroconductive paste 3 (FA-320, tradenane, -
made by KK Asahi Kagaku Kenkyusho). It is also possible to formthe

printed ci rcui_ﬁ% l7sel ectively etching g dayer of copper fg¢faposmizas A
spacer sheet aving cut-outs 8 was placed over the surface of the circuit

5 -board 1. Figure 3 shows the spacer 7 in a plan view. The cut-outs 8 were
di nensi oned so as to defl ne a gap of 50 to 2,000 pm around each of the

C'h:'psih | “Hlimhdfﬂmm’gi m?a ﬁzgqml i 2k bmhijpk

pol'yet hyl ene , at.e coat e« ck bondi ng

agent |ayer 7118 %mpésimemgr}g “'B WW‘[ @W@ﬁf%{%gt shown in

t he draw ng. Awwmtmuandghe thicknessof thelmiconduator chiprwhich wae expenimentally

pol yet hyl ene tg mﬁblﬂaﬁ%ﬁ&ﬁt&gﬂdﬂn@nﬁo pm t hi ck bondi ng
sgrvin

agent Iayer 5I cover l@({ﬁn&@g ! ofver t he

spacer 7 by® u3|ng a
conpl et ed, thequnnpsepﬁeﬁlmﬂaopntpubltbmnﬁul?—eﬂ%ﬂbyenmfnﬁnga | C card whi ch

is 516 arh,fehﬁ%ﬂsa é@xgieeagg the 2 .
wer e pl aced 1 B tantlaﬁl a.rt o? ckness of the | C
card. Because P?E‘wnﬁ ctor.chip gl}e\;:png F‘“Béﬁ&‘f‘%‘ ﬁ P8 bendi ng

def or mati on of ekpesed Gn@rcotamon plane, wxicconaccting rtheselopnmdtingtunnnalpmth on to

tsngs?:afl: ?gﬁﬁyf %&ﬂg W@%#Mﬂu%%”m | e st r%%ggg%%mﬂhﬁégngxral

pl ane as def i ndkpsgased indgmbedimegt band, al thigkness wasmatchecbyiththosec 20
card asserrPl Y iaBcordingite e present meﬁﬁém Amoiﬁnghetheﬁé 3C caifds dor ¢dmparison,
Jeonet 11 ca ne&wgﬁﬁwﬂwﬂ%ﬂﬂ%ﬁ@ﬁ%ﬁ%ﬂ e sk e O
known in the fibendinggdefosmation,hich proves phighieyel rﬂ reliability of electric A5 shown
in Figure 45 aomsibtioha e ICvueds chyinventiGi Thus,
{repthal i€ |y eehof SN s o Wb G AT At o1 2

connection, and economical to manufacture.

Although the present invention has been described in terms of specific
embodiments thereof, it is possible to modify and alter details thereof without
20 departing from the spirit of the present invention.



| C card of Enmbodi ment 1

| am nated o | ower surfaces
( Hmmal m'lmﬁml HH| whi ch S r__-gpmﬁi;rBEENi ckness. Thus, the casing

to pr [
5 inthis * ¢ gase, eonprises piod aBpper | ayers 52 and a single

| ower | ayer 52. Enbodi ment o rmlarly to Enbodi nent 2;
an addi ti onal way@hemf 188 pmthic pql yet hyl ene terephthalate film 52
coated with a 20 pmthick bondi ng agent tayer 51 was | aRCHIRICH1dS er
the upper and |ower surfaces of the |IC card of Enbodi ment 1 to produce
an | C card which was 742 pmin thickness. Enbodi ment 4 35 30

p.mthick chips 2 were used in place of_the 50 p.m thick chips of
Enbodi nent 1, and a 50 pmthick spacer CLABMS of pol yet hyl ene terephthal ate

WO 96/ 37917 . -7 -
PCT/ P96/ 01349. A se n 1 C card which was 346 pmin
enfieSnditfi abdinitif Lot

t hi ckness. Enbodi nen . . ditional layer of 75 pm
t hi ck pol yet hyl ene gL %Fﬂ%&lmmmmndﬂmrmaﬂ ¢dndactdd chruit hi ck
bondi ng agfnt ﬂ@?@ﬂgmmemingpads';nat ed over the upper 5 and |ower surfaces
of the IC card of Exb&fi L C card, whi ch, was 536 pm
in thickness iﬁt;b i ﬁ?ﬁ?ﬁ#e% @)%U&Eﬁ%mm terminals providesl o ar | y
to Enbodi nent 3 uthice d.moupted o said circuitdoard; ad pm t hi ck
pol yet hyl ene t er epha basing €5) coverig’saidoicasit Mo 2 20 pm t hi ck bondi ng agent
10 layer 51 was | aghéeiféi er, | gwer surfaces of the 1C card
of Egpodi rent ﬁh&o pr&@@@%&%ﬁ&%&ﬁ“ﬁ%%‘%ﬁmt hi ckness.

°0nne?tmg~ rminals of said semiconductor chip are disposed in mutually

oppostng relationship, and are connected with each other by an electroconductive

bo-ndl.ng agexft, a neutral plane of said semiconductor chip substantially

coinciding with an overall neutral plane of said semiconductor assembly.

16 2. - A semiconductor assembly according to claim 1, wherein said
- electroconductive bonding agent consists of anisotropic electroconductive
bonding film.

3: N A semiconductor assembly according to claim 1, wherein said conductor _
20  circuit is formed by depositing electroconductive ink on said circuit board.

4 A semiconductor assembly according to claim 1, wherein said conductor
circuit is formed by selectively etching a layer of metallic foil formed on said
circuit board.

25 .
5: . A semiconductor assembly according to claim 1, wherein said conductor
circuit further comprises an antenna circuit (41, 42) which is formed at least on
one surface of said circuit board.

30 | 6 o A semiconductor assembly according to claim 1, wherein a spacer (7)
consisting of film coated with a bonding agent is attached to a surface of said
circuit board, said film being with provided with a cut~out (8) for receiving said
semiconductor chip therein.

% 7. . * A semiconductor assembly according to claim 6, wherein a gap between
a peripheral part qf said semiconductor chip and a surrounding edge of said cut-
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Enbodi ne 100 pmthick sem conduetpr chips 2 were used in
IOI ace Of [l“ﬁlH“‘“;“l“cuI““‘“l Enbodl TIE LerahSBED| pm t hi ck spacer 7 nmade
ene it emepht hral at e Lﬁ(m usedito produce an I C card
vvh| ch was 346 pmin thickness. Th ' 3 were provided such t hat
a gap of 50 t pm was defined aroun each of the ich
may consi st o™ e ef%gglﬂd ot her electronic cgrrponents %"%ﬁﬁ%
An:additional |ayer of 75 pmthick polyethyl ene terepht haI at e filmb52 20
coated with a 20 pmthick bondi ng agent |ayer 51 was | ani nated over the

upper and i ot uce an
| C'card which A“?wg“fﬁ%@g@ﬂ% #‘R’? éﬁé@%ﬁﬁéﬂg&g In g'l‘}rg‘é‘h%‘ﬂ{’

Enbodi ment 9  developing in saidiagsemablyy t o Enbodi nent 8, an addl tional |ayer of
188 pmthick 25 pol yet hyl ene terephthalate film52 coated with a 20 pm

Surf aces of | Thabi o teiiponductotaadbiiy BoRBhg o @%ﬁt&ﬁg&ﬁ"&sﬁﬁmh
was 812 pm ibn tapesipheeal part of said semiconduatorichip and a surroundingedgeofiseid @t-chi ps
2 werre gsrergd:an dit cqutficichtly %ﬁhns?gtaagrmm . ﬂ&w%mﬁ?&smam
;ngﬁce an I C é?%%@?iﬁ&"%@%@t%‘ﬁﬂ#@ gtgalamgng vvere

provi ded such that a gap of 50 to 500 pm was defi ned around each of the

chips 2. Egrbodi @svm;éénductorassembl adéordifig td Clafti 1, WhtRin SHid éasimgn ¢ hi ck

pol yet hyl eng terephthal ate 52 35 t.e th, a 20. pmt hi ck bondi ng
agent Iayer wtﬁ’é“t‘%ﬁ?%ﬁﬁ ﬂ@?ﬂ?"“t\y nd | oner surfaces of the
| C card of Errbodl ment 10 to produce an | C card which WO

96/ 37917 10. A semiconductor assentbly according to claim 1, wherein sdi T/ JP96/ 01348

semiconductor chip has a thickness no more than 200 pm.
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was 686 pmin thickness as shown in Figure 4. Enbodi nent 12
Simlarly to Enbodi nent 11, an additional |ayer of 188 pmthick
pol yet hyl ene terephthalate film52 coated with a 20 pmthick bondi ng agent
| ayer 51 was | am nated over the upper and | ower surfaces of the IC card of

Enbodi ment lowbgﬁ%g.puce an I C card which was 912 pmin thi ?i%ﬁgi‘émo he

Enbodi nent 13 500 pmthick chips 2 were used i

chi-ps of Enbodi ment 1, and a 500 pypst hi ck spacer 7 made of .
pol yet hyl ene terephthalate film 72 was used 10 to produce an |IC card which
was 796 pmin thickness. Enbodi ment 14 An addi ti onal

| ayer of 75 pmthick gr%/ft hyl ene terephthalate film 52 - coated with a
20 pmt hi ck bondi ng 53 | ayer 51 was | am nated over the upper and

| onen surfaces of the | C card of Enbodinment 43 to groduce an I C card which
16 was 986.pmin thickness as shown in Figuje 4. Enbodi nent 15
Simlarly to Enbodi 747 tE.l;

pol yet hyl ene terepht C ﬁﬁdi ng agent
| ayer 51 was | . aecriddenic: f the IC
card of 20 Enbodi e QU ®12 pmin

t hi ckness. Enb 77/ g qures 5 to 7 in
whi ch the parts corr G dggents are denot ed
with |ike nunerals, TCurt po was 1 ormed by placing an
antenna circuit 41, conststi Of 72 }18 pm Thidck 25 el ectroconducti ve

| ayer, over the both surfaces 176 pmthick polyethyl ene

terephthalate filmlayer, and sem conductor chips and capacitor chips 4a
and 4b whi ch are 50 pmin thickness were nmounted on this printed
circuit board 1 by usi ng an ani sotropic el ectroconductive film

mar ket ed under the t|::§§21ame of Ani sol mso as to forma functional
part of an IC card. 3 An antenna coil 41 and 42 was fornmed op

each side of the 75 pmthick p};uyet.hyl ene t¥rephthalate film and the
two coils on the upjper—ere—tower—si+aeces 5’

—4b

FIG.3




of the filmwere connected with each other via through holes 43 and 44
provi ded I n prescribed parts of the circuit board 1 in advance.

Three | ayers of spacer film 71 were placed over this functional part, and a
35 pair of cover filmlayers 52, consisting of 188 pmand 75 pmthick

pol yet hyl ene epht hal ate coated with a 24 pmthick b ' t,
3"’0’(?@%&% e PSR

were | am nate WO 96/ 37917 -O-
PCT/ JP96/ 01348 upper and | ower spysfaces of the assenbly,
respectively, by using a | am nator so as to forman I C card which was
474 pmin thickness after the | am nation process. Enbodi nent 17

A pair of cover filmlayers 51, consisting of 250 pmand 125 pmthick 5
pol yet hyl ene terephthalate film were used in place of the 188 pmthick

uppet cover fiInFqgg ghe 75 pmthick | ower cover filmof Enbodi nent

16, respectively, y as to obtain an IC card which was 574 pmin

t hi ckness. Enbodi nent 18 125 pmthick pol yet hyl ene
terephthalate fil mwasgysed for the tged 10 circuit board 1 instead of
the 75 pmthick film oPfEModi ment /16 ther@y 8 inprove the printing
preci sion. Additional | measuring 188 pm
and 100 pm respecti upper cover
film and 125 pmthi Z t hi ck | ower
cover filmso as to 0 2, hi ckness, 15

\I‘

Enbodi nent 19
exceedi ng 100 pm wer
the condition of L -

e irregularities
Iqsfards under

1 52 51 71}7 4
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where K is the dinension of the chip, and L is the dinension of the cut-out

8 in the spacer. These irregularities may be attributed to the
excessive size of the 20 internal gaps, and were reduced to 80 pmor |ess
by adjusting so that L - K < 500 Enbodi ment 20 In

Embodi ment 7, surface irregularities exceeding 100 pm were E&ﬁﬁg@@gus
on the surfad¥@%¥¥he | C cards under the condition of L - K> 1,000 pm
These 25 irregularities may be attributed to the excessive size of the

internal gaps, and were reduced ¥8 80 pmor Iess by adjusting so that
L- K< 1,000 pm Enbodi nent 21 I n Enbodi nent 4, surface
irregularities exceeding 100 pm were produced on the surfaces of the

| C cards under the condition of L - K> 2,000 pm These 30 irregularities
may pe attributed to the excessive size of the internal gaps, and were
reduced to 80 pmor |ess Eﬁ adiusting so that L - K< 2,000 pm ' _
The reliability of electr nection in the thus prepared I C cards when
subj ected to bending defornmati on was tested. Physical damages have been
observed in some cases, but no electric disconnection occurred for the 50
pm 35 thick I C chips when th&fradi us of curvagpgre is from2.5to 5 mm for
the 100 pm thick 1C_ch the radfus of curvature is from10 to
15 mm and for the 200 ——————--—-:-——-- - -1
0 - . PCT/ JPPHH t he radius
of curvature is from25 t i gl isfa graph show ng the

rel ati onshi p between m ni jrj i
t hi ckness of the sem cond




obt ai ned by using the arrangenent of Enbodinent 1. 5 For
conparison, |1C cards were prepared according to the teaching of

Japanese patent | aid-open publication No. 7-99267 by nounting a

sem conductor chip on a circuit base board with the connecting termninals of
t he sem conductor chip and the connecting term nals of Sap t
base board WO%BMZed on a conmon plane, and connecting these connecting
termnals with 10 each other by using electroconductive paste. The
materials were identical to those #€%d in Enbodiment 1, and the final
t hi ckness was matched with those according to the present I nvention.
Acecording to these I C cards for conpari son, el ectric disconnections
occurred in 20 to 40% of the cases for the sane range of bendi ng

def or,mati on, which proves a high level of reliability of electric 15
connéction in the IC cards prepared according to the present invention.
Thus, the device of the present invention is highly reliable with
regand to electric co t&n, and econonical to manufacture.

Al t hough the present invention has been described in ternms of specific
enbodi ments thereof, it is possible to nodify and alter details thereof

w t hout 20 departlng fromthe spirit of rﬂb pres?nﬁ |nvent|on

WO 96/ 37917 T
PCT/ JP96/ 01348 _ / /// Al VB
1. A semni conduct or asse : igcuit board

(1) including-a conductor d
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5 includi ng connecting pads; a sem conductor chip (2)
provided with connecting term nals provided on a first surface

t hereof, and nmounted on said circuit board; and a casing (5)
covering said circuit -board; wher ei n sai d connecting pads of

sai d conduct ornygbggmist and said 10 connecting-termnals of said
sem conductor chip are disposed in nutually opposi ng éﬂﬁﬂﬁgﬁlp
and” are connected with each other by an el ectroconductive bondi ng
agent, a neutral plane of said sem condud¥®r chip substantially
coi.nciding wth an overall neutral plane of said sem conductor assenbly.
15 2. A sem conductor assenbly according to claim1, wherein said

el ectroconductive bondi ng agent consists of anisotropic el ectroconductive
bondithg film 3. . A sem conductor assenbly according to claim1l
wherein said conductor 20 circuit is formed by depositing
el ectroconductive ink on said circuit board. 4,
assenbly according to claim1l1, wherein said conductor circuit is

formed by selectively etchlng a @#ﬁ f metallic foil forned on said
circuit board. 25 . ductor assenbly according to claim

1, wherein said conductor CIrCUIt further conprises an antenna
one surface of said

A sem conduct or

circuit (41, 42) which is fofned at | east on
circuit board. 80 6. A se qonduqtor asgenpl accorg ﬁg*rUﬂd1mﬂT 1
wherein a spacer (7) consi ptiing: off film1doa1ed with bonpldg eNt i S
attached to a surface of said i c|rdu1& board saild filkmibe Q\& L
provided with a cut-out (8) fof necE|Q|nQ $ahd senlc@ncuc th)
therein. 35 7. A sem cond cror aésanbty,aoco“dlng,to cIa nn6: -wher ei n
a gap between . a perip gagt 4t Qa!d'qPWI“QFdUCtOL"Qﬂ 0tAnd B
surroundi ng edge of saidqut- H 5 ! : é ; ! § LA
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PCT/ JP96/ 01348 out is sufficiently small to avoid any ung’l_c%’e@tggg\ D
strface irregularities from devel oping in said assenbly. P

sem conduct or assenbly according to claim1, wherein a gap bet L ‘é\'

peri pheral part of said sem conductor chip and a surroundi ng 4 2P f i"d

cut- ° out i SF@Ti ci ent | ywoRikieLIBCruklwRbpERTY-ORKANEZATIOND 00 pmM VIR
di mensi on of sai cut-out and K ‘emapmlBemasnondi ng di mensi on of said
seni conduc INGERNATIONAL APPLIGATION PUBLISHER SIVDERTHE RAJENKIGOPPERATON TREATY BCRi m

"1, wher mmmmmummonprl ses Pl %) fatednbtloiil RbREBE NGRS Sai AWO 96837917

board. HolﬂQSMQ rq;ﬁﬁg >§Qrbl y according to claim1, "wheretn
sai d sem conduct or . chi p has i ck@W@%MO@EﬂWl%mllﬁ)
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(57) Abstract

Provided is a semiconductor assembly, comprising a circuit board (1) including a conductor circuit (4), the conductor circuit including

. connecting pads, a semiconductor chip (2) provided with connecting terminals provided on a first swface thereof, and mounted on the

" circuit board, a casing (5) covering the circuit board, wherein the connecting pads of the conductor circuit and the connecting terminals of

the semiconductor chip are disposed in mutually opposing relationship, and are connected with each other by an electroconductive bonding
agent, a neutral plane of the semiconductor chip substantially coinciding with an overall neutral plane of the semiconductor assembly.
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