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SEMICONDUCTOR DEVICE

Field of the Invention

5 The present invention relates to a semiconductor
device; more specifically, the present invention relates to
a semiconductor device particularly preferable for use in
extremely éhin, inexpensive IC cards with high bending -
toughness, wireless multi-chip modules and mobile

10 communication terminals.

Backgrbund Art
As to IC cards, a card with the cross structure shown
iﬂ Fig.20 is described in “Data Carrier, II”, page 137 to 194,
15 Japan Industrial Press Corporation, issued March 15, 1991.
In the gard,'as apparently shown in Fig.20, thick
condenser chip 411 mounted on board 410 is connected through
bonding wire 416 to printed wiring board 412 and is then molded
with resin 415, and the resulting whole structure is
20 incorporated into center core 413 , of which the top and bottom
are covered with over-sheet 409, 414.
Furthermore, Japanese Patent Laid-open No. Hei 3-
87299 proposes an IC card comprising a thin—thicknesé chip.
In the card of such conventional type having the

25 structure shown in Fig.20, elements such as condenser chip



condenseg chip 411 nounted on board 410 is connected through bonding wre
416 to printed wiring board 412 and is then nolded wth resin 415, and the
resulting wiole structure is 20 incorporated into center core 413, of
which the top and bottom are covered w tsh over-sheet 409, 414. Furthernore,
Japanese Patent Laid-open No. Hei 3- 87299 proposes an IC card conprising a
t hi n-thickness chip. In the card of such conventional type having the 25
structure shown in Fig.20, elenents such as condenser chip 2-411 are so

thick that these elenents are weak to stress of bending and are therefore
readi |y broker, afes&R Iigdedhaty these elements are weak to stress of

bending and are therefore readily broken, disadvantageously.
As to the card_prbposed by the Japanese Patent
Laid-open No. Hei 3-87299, as shown in Fig.8, the surface and
5 back face of the condenser chip 41 bonded to the thick board
42 are stressed by a stretch or'press operation if the board
is bent, so that larger stress is applied to the condenser
chip 41 (of ;1 thickness 6f 200 um). Therefore, theconnection
between metallized pattern 43 and the condenser chip 41
10 connected to the pattern 43 fails; or the condenser chip 41
weak to mechanical stress because of the thin-thickness is
readily broken through the stress. Hence, the reliability
thereof is particularly low.
A card of such co_nventional structure using condenser
15 chip 41 is fabridated by attaching condenser chip 41 onto thin
card 42 readily bendable, followed by wire bonding, and
therefore, the card is at low reliability because condenser
chip 41 is readily broken. Additionally, the number of the
process steps for'mountihg is so large. Accordingly, it has

20 been difficult to reduce the production cost.

Disclosure of the Invention.
It is an object of the present invention to overcome
the problems of the prior art and provide a highly reliable,

25 inexpensive semiconductor device strong to bending,



As tQ tke card proposed by the Japanese Patent Laid-open No. Hei 3-87299,
as shomwn in- Fig.8, the surface and 5 back face of the condenser chip 41
bonded to the thick board 42 are stressed by a stretch or press operation
if the board is bent, so that |arger stgess is applied to the condenser
chip-41 (of a thickness of 200 [err] m. Therefore, the connection between
netallized pattern 43 and the condenser chip 41 10 connected to the
pattern 43 fails; or the condenser chip 41 weak to nechani cal stress

because of the thin-thickness is readily broken through fhe stress. Hence,
the rel i abiRPaEYLHARLH 2 SEMEGANAUFERY ferdqe ot Ea‘?%’-’b‘&%%%ggﬁﬁ'onal

structure using condenser 15 chip 41 is fabricated by attaching _condenser
chip 41 onthaving funetisns aflils e el ti-ghiRde it eide "lﬂ#\‘t}i%g, and

therefore, the card is at low reliability because condenser
communication terminal.

So as to attain the object, in accordance-with the
5§ present invention, a thin-thickness device or integrated
circuit comprising a condenser is mounted on a flexible card
board of the same size as that of a card, and the thickness
of the coﬁaenser, an integrated circuit or a coil and the
thickness of the card provided with the condenser, the
10 iﬁtegrated circuit or the coil ar,e.individually fixed at given
dimensions. |
More specifically, the thickness of the.integrated
circuit, the condenser or the coil is defined as 110 U4 m or
less, provided that the lower limits of the thickness of the
15 card and the condenser are 50 4 m and 0.1 4 m, respectively ..
By fixing the integrated circuit, the condenser or
the coil at such thin thickness, the integrafed circuit, the
condenser or the coil gets strong to stress of bending. When
these are connected to a thin board such as IC card with a
90 flexible adhesive, a highly reliable IC card strong to stress
of bending can be produced.
Preferably, the thickness of a semiconductor device,
namely the card on completion, is- 760 4 m or less when the
thickness of the integrated cifcuif, the condenser or the coil

26 is 110 4 m or less.



chip.,41sis readily broken. Additionally, the nunber of the process steps
for mounting is so large. Accordingly, it has 20 been difficult to reduce
t he production cost. Disclosure of the Invention It is an object of the
present invention to overcone the problgms of the prior art and provide a
hi ghty reliable, 25 inexpensive sem conductor device strong to bending,
3 particularly a sem conductor device of a thin-thickness type, having
functions as IC card, multi-chip nodul e or nobile conmunication term nal.
So as to attain the object, in accordance with the

Preferably, the thickness of a semiconductor device,

namely the card on completion, is 500 4 m or less, when the
thickness of the integrated circuit, the condenser or the coil
is 19 #m or less. Additionally, the thickness of a
5 semiconductor device, namely the card_on completion, is 250
M m or less, when the thickness of the integfated circuit,
the condenser or the coil is 4 U4 m or less.
Because the thin-thickness condenser attached on the
card is thin, the board and the condenser are now possibly
10 wired by means of a conductive paste. Accordingly, compared
with conventional wire bonding by means of gold wire, a flat
IC card of thin thickness can be produced at a low material
cost and at a large scale.
The structure comprising such a thin-thickness
15 condensér can be app;ied to the fabrication of not only IC
card but also other devices of similar shapes and multi-chip
mounting.
On the cross section of the card bent, stretch forces
are induced on the surface of the curved board,.while_shrink
20 forces are induced on the back face. Because no shrinkage
occurs then at the central part of the cross section of the
card under less stress, the stress to be loaded onto a
thin-thickness condenser chip caﬁ be released, if the
condenser chip.is placed on the part.

25 | It is needless to say that the condenser chip of a



5 present invention, a thin-thickness device or integrated circuit
conprissing -a condenser is nounted on a flexible card board of the sane size
as that of a card, and the thickness of the condenser, an integrated
circuit or a coil and the thickness of ghe card provided with the
condenser, the 10 integrated circuit or the coil are individually fixed at
gi ven di mensions. Mre specifically, the thickness of the integrated
circuit, the condenser or the coil is defined as 110 [err] mor |ess,
provided that the lower Iimts of the thickness of the 15 card and the

condenser adEibalicknessais bettprs r [Extrensli @yefanabliy outeong €A
Integrated circuit, the condenser or the coil at such thin thickness, the
i nt egr at ed b rgaiined tilfe thendbhickness iheltdi it ;meoxs kessng Ifother eaxdof
bendi ng. When these are connected to a thin board such as IC card wth a
is thick, however, the stiffness of the card enlarges the
critical curvature ratio. Hence, the card is scarcely bent.
5§ Thus, the condenser chip may satisfactorily be thiék at some
extent. |

If the card is of a thin thickness, on contrast, the
card is readily bent. So.as to release the stress of the”
condenser chip, the condenser chip should be thin. For

10 preparing a condenser of a thin thickness , a thinner th.ickness
‘of the condenser requires more precise apparatuses for
fabricating such condenser. Thus, as to how thin the
condenser should be fabricated, it should be assessed from
both the standpoints of économical efficiency and procurement

15 of reliability.

A given correlation in thickness between the card and
the condenser chip is present; by fixing both the card and
the condenser chip at the aforementioned thickness, varioﬁs
cards strong to bending and highly reliable can be produced

20 at a low cost. It is needless to say that this is the case
with the thickness of the coil and the integrated circuit
placed.internally in the card, other than the thickness of
Ithe condenser.

The lowest thickness limits of the semiconductor

95 device, namely the card on completion, and the condenser, are '



20 flexible adhesive, a highly reliable I1C card strong to stress of
bendi ng can rbe produced. Preferably, the thickness of a sem conductor
device, nanely the card on conpletion, is 760 [err] mor |ess when the

t hi ckness of the integrated circuit, theg condenser or the coil 25 is 110

[err]-mor |ess. 4 Preferably, the thickness of a sem conductor device,
namely the card on conpletion, is 500 [err]mor |ess, when the thickness of
the integrated circuit, the condenser or the coil is 19 [err] mor |ess. _
Additional ly, the thickness of a 5 seniconductor device, namely the card on

conpl eti on, 30s4pWoand 0.1 L m, respectively. 'If the card thickness is
.smaller than 50 4 m, the flexibility of the card is
distinctively reduced which causes difficulty in putting the
card for practical use; and it is also difficult to fabricate

5 a condenser of a thickness of 0.1 4« m.

Brief Description of the Drawinés
Fig.l is a cross sectional view explaining Example
1 of the present invention;
_10 Fig.2 is' a cross sectional view explaining the Example
1 of the present invention;
Fig.3 is across sectional view explaining the Example
1 of the present invention;
Fig.4 is a plane view éxplaining the Example 1 of the
15 present invention;
Fig.5 is a cross sectional view explaining the Example
1 of the present invention;
Fig.6 is a cross sectional view explaining Example
2 of the'present invention;
20 Fig.7 is a plane view explaining Example 3 of the
present invention;
Fig.8 is a cross.sectional view explaining the
problems of conventional cards;
Fig.9 is a cross sectional view explaining the Example

25 3 of the present invention;



[err] -m®r |ess, when the thickness of the integrated circuit, the
condenser or- the coil is 4 [err] mor |ess. Because the thin-thickness
condenser attached on the card is thin, the board and the condenser are now
possibly 10 wired by means of a conductiwe paste. Accordingly, conpared

wi th conventional wire bonding by nmeans of gold wire, a flat I1C card of
thin thickness can be produced at a low material cost and at a | arge scale.
The structure conprising such a thin-thickness 15 condenser can be applied
to the fabrication of, not only 1 C card but, al so other devices of simlar
shapes and mul ti - chifidrdithtish@ ageashSegtdenale tiewh plaining Fheent
stretch forces are induced on the surface of the curved board, while shrink
20 forces &xampieuced®lotheoussantt dowemtdansse no shrinkage

Fig.ll is a cross sectional view explaining Example
4 of the pfesent invention;
5 Fig.12 is a cross sectional view explaining the
Example 4 of the present invention;
Fig.13 is an explanatory view of the Example 4 of the
present invention; ° -
Fig.14 ié an explanatory view of the Example 4 of the
10 present invention;
Fig.15 is an explanatory view of the Example 4 of the
present invention; |
Fig.16 is a plane view explaining Example 5 of the
present invention;
15 Fig.1l7 is a plane view explaining Example 6 nf the
present invention;
'Fig.18 is a cross sectional view explaining Example
7 of the present invention;
Fig.19 is a plane view explaining the Example 7 of
20 the present invention;
Fig.20 is a cross sectional viewdepicting one eXainple
of conventional cards; and
Fig.21 is a cross sectional viewdepicting one example

of conventional cards.

25



occurss then at the central part of the cross section of the card under |ess
stress: thesstress to be | oaded onto a thin-thickness . .condenser chip can be
rel eased, if the condenser chip is placed on the part. 25 It is
needl ess to say that the condenser chipgof a 5 thin thickness is better.
Extrenely preferable outconme can be gained if the thickness is 110 [err] m
or less. If the card is thick, however, the stiffness of the card enl arges
the critical curvature ratio. Hence, the card is scarcely bent. 5 Thus, the

condenser chip may satisfactorily be thick at some extent.
Best Mode for Carrying out the Invention

Example 1

Fig.l is a cross sectional view explaining Example
1 of the present invention;

5 : As shown in Fig.l, thin-thickness condenser 303 and
coil 305 are bonded onto the surface of cafd board 301 with
conductive material film 302 (Trade name; Anisolm,
manufactured by Hitachi Chemicals, Co.).

Because the thickness of the thin-thickness condenser

10 303 is as thin as about 1 to 10 4 m, the condenser 303 can
readily be bonded to the surface of the board 301 by using
the conductive material film 301 in paste or ink-like liquid
because the difference in level between the surface of the
board 301 and the condenser 303 bonded to the board 301 is

15 so small.

Therefore, the optimum card shape can be formed owing
to such flat connection at an extremely low height. The
conductive material film 302 in paste is as thin as about 10
#m, with higher flexibility, so the film is

20 characteristically strong to bending and resistant to
‘difference in thermal expansion coefficient.

The thin-thickness condenser chip 303 was formed as
follows.

As shown in Fig.2, firstly, lamination film 310

25 comprising an oxide film and a single crystal silicone film



If the card {s'of a thin thickness, on contrast, the card is readily bent.

So as:to release the stress of the condenser chip, the condenser chip
shoul d be thin. For 10 preparing a condenser of a thin thickness, a thinner
t hi ckness of the condenser requires nnrq%preC|se appar atuses for

fabricating such condenser. Thus, as to
fabricated,

ef ficiency and procurenment 15 of reliability. A given correlation in

thi ckness between the card and the condenser chip is present,;

both the caM®saf@rmgd eprifchieone hoardk 3lhe té damiaten80It hsikiesse

various cards strong to bending and highly reliable can be produced 20 at

| ow cost.

10

15

20

25

ow thin the condenser should be
It shoul-d be assessed fromboth the standpoints of econom cal

by fi xing

a

| on dnsaddteyy mafeay that this is the case with the thickness of
the coil and the integrated circuit

As shown in Fig.3, then, condenser 303 comprising
lower electrode 307, isolation film 308 and upper electrode
309 was fabricated on the main surface side of the SOI wafer
by a well-known semiconductive process. As the lower
electrode 307, use was made of thermally resistant titanium
and platinum; as the isolation film 308, use was made of a
film comprising a material with a larger dielectric constant,
such as PZT (solid solution of lead zirconia and lead
titanate).

Subsequently, selective etching by means of an
aqueous .40 % KOH (potassium hydroxide) solution was done to
remove the silicone boérd 311, to subsequently fab.ricate the
structure shown in Fig.3. Because the oxide film formed on
the silicone board 311 then functioned as a stopper of etéhing,
the lamination film 310 comprising the silicone film and the
‘oxide film could be ieft while the silicone board 311 was

selectively removed. Consequently, the condenser 303

comprising the electrode 307, the isolation film 308 and the

electrode 309 was formed on the thin laminationlfilm 310,
structurally. |

By fabricating thin-thickness integrated circuit 312
and printed coil 115 as a conductive pattern by a well-known

process, card 113 of the plane structure shown in Fig.4 was



pl aced internally in the card, other than the thickness of the condenser.
The l.owest trhickness limts of the sem conductor 25 device, nanely the card
ont conpl etion, and the condenser, are 6 50 [err] mand 0.1 [err] m
respectively. If the card thickness is ggaller than 50 [err] m the
flexibility of the card is distinctively reduced which causes difficulty in
putting the card for practical use; and it is also difficult to fabricate 5
a condenser of a thickness of 0.1 [err] m Brief Description of the

Drawings Fig.1l is a cross sectional, vieM/epraining Exanpl e
formed. As the conductive pattern, coil 115 formed by

printing process was used in the present Example, but a coil
formed by processes other than printing process may also be
used satisfactorily.

5 The coil 115 generates a dielectric electromotive
force on receiving electromagnetic wave from outside, to
supply energy to thin-thickness condenser 114. The coil 115
and the thin-thickness condenser 114 adhered highly in packing
derisity to the integrated circuit 310 with a conductive paste

10 or an anisotropic conductive adhesive, so that the coil 115
and the thin-thickness condenser 114 are electrically
connected together. The coil 115 also functions to transmit
| information data supplied from the outside of card 113 to the
thin-thickness condenser 114 and to transform the data from

15 ‘the thin-thickness condenser 114 in electromagnetic-wéve and
transfer the wave outside the card 112. A communication card,
contactless and highly reliable, can be produced by forming
the card 112 of such a structure.

Because electrodes are placed on the surface of cards

20. called as contact type among conventional cards, contact-
miss failure occurs or the cards are weak to electrostatic

- force, disadvantageously. The present invention may
satisfactorily be applicable to conventional contact-type
cards.

25 Then, flexible adhesive 119 for example silicone was



1 of the present invention; 10 Fig.2 is a cross sectional view
expl ai ning the Exanple 1 of the present invention; Fig. 3 is a cross
sectional view explaining the Exanple 1 of the present invention;, Fig.4 is
a plane view explaining the Exanple 1 gf, the 15 present invention; Fig. 5
IS a-cross sectional view explaining the Exanple 1 of the present

I nvention; Fig.6 is a cross sectional view explaining Exanple 2 of the
present invention; 20 Fig.7 is a plane view explaining Exanple 3

of the present invention, Fig.8 is a cross sectional view explaining the
probl ens of £tbhe@dnmntthihecgpadge formed by the thin-thickness condenser

114, the integrated circuit 312 and the coil 115 fabricated

by printing process; additionally, the upper cover sheet 117

and the lower cover sheet 118 were fixed with the adhesive

5 119, to form a card of the cross structure shown in Fig.5.

The adhesive 119 had double operation of adhesion and

filling up; and the thin-film condenser 114 and the like were

enclosed and retained Within the soft gummous material, so

any stress was hardly loaded onto the surface of the condenser

10 114 and the like; and additionallly, the resulting card was
strong to bending. |

Even if the card deforms when the card is attacked by shock

pin-point force, the force from outside is released through

the adhesive layer 119, which prevents stress attack on the

15 surface of the condenser 114.

Example 2
In the present Example, an extremely thin-thickness
condenser was placed on the neutral surface of cards. By
20 putting the condenser between the two cards, a practically
satisfactory bending toughness was procured in this Example.
As apparently shown in Fig.6, in the present Example,
thin-thickness element 315 for example condenser chip and coil
is fixed between the upper card board 317 and the lower card

25 board 318 by means of adhesive 314, and by individually



Fig.9 is a cross sectional view explaining the Exanpl-e 25 3 of the present

invention; * 7 Fig.10 is a cross sectional view explaining the Exanple 3
of the present invention; Fig.1l1l is a cross sectional view explaining
Exanpl e 4 of the present invention; 5 13 Fig.12 is a cross sectional

vi ew expl aining the Exanple 4 of the present invention; Fig.13 is an
expl anatory view of the Exanple 4 of the present invention; Fig. 14 is an
expl anatory view of the Exanple 4 of the

arranging thin plates 313, 316 comprising a harder material
than these card boards 317, 318 on these card boards, the
élemenf was reinforced.

The thin-thickness element 315 is at a thickness of

§ 1 to 110 #m, which is far thinner than the thickness of

conventional elements, and therefore, by arranging the
thin-thickness element 315 on the neutral surface, the element
was reinforced by the thin plates 313, 316, whereby -

satisfactory bending toughness was procured and the card

10 surface could be prepared as flat.

Example 3
Using Fig.7 depicting plane placement, another
example of the present invention to produce a card with better
15 bending toughness than conventional ones ﬁill be explained.
As apparently shown in Fig.7, in the present Example,
thin~thickness element 315 for example condenser chip and coil
is placed inside circle 321 with the diameter equal to the
short side's length of card 319 and with the center thereof
20 placed at the center of the card. -It was observed that the
immunity to bending was thereby improved, and it was found
that the resulting card could be used in a far more simple
manner than conventional ones. |
Fig.9 depicts an example wherein a thin-thickness

25 condenser was used as the'thin-thickness_element 315 and the



10 present invention; Fig.15 is an explanatory view of the Exanple 4 of

t he priesent: invention; Fig.16 is a plane view explaining Exanple 5 of the
present invention; 15 Fig.17 is a plane view explaining Exanple 6
of the present invention; Fig.18 is a g§0ss sectional view explaining
‘Exanple 7 of the present invention; Fig.19 is a plane view explaining the
Exanple 7 of 20 the present invention; Fig.20 is a cross sectional view
depi cting one exanple of conventional cards; and Fig.21 is a cross

sectional view depicting one _exanple of conventiognal cards.
thin~-thickness condenser 315 was embedded at the center

position 37 of card board 36.

When the card board 36 was bent, the surface and back face
thereof were both stressed by a stretch or press operation.
5§ Because the thin-thickness condenser 315 was placed at the
center position 37 of the card board 36, the thin-thickness
_condenser 315 was never attacked by such stress. Thus, a
highly reliable card strong to bending was produced. -
So as to form a card of the structure shown in Fig.9,

10 firstly, thin-thickness condenser 315 is attached on the
surface of card board 39, as shown in Fig.10. Then, second
card board 36 of the same thickness as that of the card board
39 is attached onto the thin-thickness condenser 315, whereby
the structure shown in Fig.9 can be formed readily. It is
15 needless to say that the thin-thickness condenser 315 may be
placed at a desirable position:inside the circle 321 shown

in Fig.7, in addition to the center position of the board 39.

Example 4
20 Fig.1ll is a view explaining another example of the
present invention, depicting the state of a card with a |
curvature due to bending stress.
Because thin-thickness condenser chip 104 is put
between lower card board 103 and upper card board 101 along

25 the center line 102a of the cross sections of the two boards,



25 .8 Best Mode for Carrying out the Invention Exanple 1 Fig.1 is a cross
secti onal

shhown in Fig.1, thin-thickness condenser 303 and coi
the surface of card board 301 with condugtive materi al

vi ew expl ai ning Exanple 1 of the present invention; 5

nane; - Ani sol m manufactured by Hitachi em cals, Co.). Because the

.thickness of the thin-thi ckness condenser
m the condenser 303 can

10 [err]

10

15

20

25

such structure is the last to be influenced by bending. Thus,
the thin-thickness condenser chip 104 is not stressed. When
the card is bent, the thin-thickness condenser chip 104 is
.also bent, but the stress then is extremely small because the
thin-thickness condenser chip 104 is extremely thin.

Fig.12showsthecasethatcondenserchip104isbent. When
the condenFer chip 104 is bent, the surface stress o of the
condenser chip 104 is represented, as follows, according to
Navier’s theorem; o= EXt/R. As shdwn in Fig.12, herein, E
represents Young’s modulus of the condenser; R represents
radius of curvature; and t represents 1/2 of the thickness
of the condenser chip 104.

Because the surface of the condenser chip 104
comprises silicone oxide, E is equivalently equal to the
Young’s modulus of the silicone oxide. The above formula
indicates that the surface stress of the condenser chip i04
is in proportion to the thickness of the condenser chip 104
but in reverse proportion to the radius of curvature R. When
the surface stress of the condenser chip 104 is larger than
the mechanical toughness of the condenéer chip 104, the chié
is broken through bending. Because the radius of curvature
R is infinite in the absence of any bending, the surface stress
0 is zero; when R gets smaller foildwing the progress of
bending, the stress L)gets.larger, until the condenser chip

104 is broken finally.

305 are bonded onto
film302 (Trade

10 303 is as thin as about 1 to

As



readi|y ;be bonded to the surface of the board 301 by using the conductive
materital film 301 in paste or ink-like liquid because the difference in
| evel between the surface of the board 301 and the condenser 303 bonded to
the board 301 is 15 so small. Therefore, the optinumcard shape can be
formed owing to such flat connection at an extrenely | ow height. The
conductive material film302 in paste is as thin as about 10 [err]m wth
hi gher flexibility, so the filmis 20 characteristically strong to bendi ng
and resistant to difference in thermal expansion coefficient. The
t hi n-t hi ckness conddiexaverhi pf 30@ cendengerdhip ¥ Lowdinjshehsuntaaer g. 2,
firstly, lamnation film 310 25 conprising an oxide filmand a single
crystal silistresd jd is reduced, even through bending with the same radius
of curvature R, and therefore, the condenser chip 104 can get
sufficiently strong to bending if the condenser chip 104 is
5 made thinner within a range not exceeding the limit against
mechanical break. |
If the condenser chip 104 is made so thin, however,
the chip is difficult to be handled. As shown in Fig.11, thus,
the thin-thickness condenser 104 is put between two card boards
10 102, 103 comprising plastics, metal and the like, whereby the
condenser is readily handled, involving the increase of the
toughness. Then, most preferably, the thin-thickness
condenser chip 104 is placed on neutral surface 102a of card
101. By such placement, the neutral surface of the thin-
15 thickness condenser 104 agrees with the neutral surface 102a
of the card 101 with zero stress even when the card ié bent,
so that the thin-thickness condenser chip 104 is possibly never
broken even if the card 101 is bent, as in the case that only
the thin-thickness condenser chip 104 is singly bent.
20 Fig.13 shows the results of the determination of the
dependency of the surface stress of LSI on the ratio of the
LSI thickness to the card thickness, using as the parameter
the card thickness. After piacing the thin-thickness

condenser on the neutral surface of the card board, the surface

26 stress of the thin-thickness condenser was determined,



9 was.forned on silicone board 311, to fabricate SO (silicone on

I nsul.ator) wafer. As shown in Fig.3, then, condenser 303 conprising | ower
electrode 307, isolation film 308 and upper electrode 5 309 was fabricated
on the main surface side of the SO wafgg by a well-known sen conductive
process. As the |ower el ectrode 307, use was made of thermally resistant
titaniumand platinunm as the isolation film 308, use was nmade of a film
conprising a material with a larger dielectric constant, 10 such as PZT

(solid solution of lead zirconia and | ead titanate).
correspondingly to the ratio of the thickness of the

thin-thickness condenser to the card thickness.
The LSI surface stress has a significant relationwith -
the degree of the curvature of the card; the degree of the

§ curvature of the card varies largely, depeﬁding on the
thickness and materials of the card, and the fofce loaded onto
the card, and the position of the card. In the present Example,
an LSI chip was placed at the center position of the plane
face of the card; as the card material, vinyl chloride commonly

.10 used for general magnetic cards and credit cards was used.
Because PET material is characteristically harder and is more
scarcely bent than vinyl chloride, the results recovered by
using vinyl chloride are applicable to any card comprising
other materials including PET.

15 The radius of curvature defining the degrée of bending
varies depending on the bending moment loaded on the card.
The bend;'.ng moment was loaded onto the card, up to a limit

- above which the card is bent and folded over. The radius of
curvature at the center of a vinyl chloride card of a thickness

20 of 0.76 mm was 50 mm. Provided that the thickness of the LSI
chip is the same as the thickness of the card, herein, the
surface stress of the LSI chip is calculai:ed by the formula
8E12X0.38/50 (Pa), according to the aforementioned fonhula
of stress, which is 600 MPa. The Young'’s modulus of glass

25 cited from the Japanese Scientific Table was used. Because



Subsequentl;;, sel ective etching by neans of an aqueous 40 % KOH (potassi um
hydr oxi-de) sol ution was done to renove the silicone board 311, to
subsequently fabricate the 15 structure shown in Fig.3. Because the oxide
filmformed on the silicone board 311 then functioned as a stopper of
etching, the lamnation film 310 conprising the silicone filmand the oxide
filmcould be left while the silicone board 311 was sel ectively renoved.
Consequently, the condenser 303 20 conprising the electrode 307, the
isolation film308 and the el ectrode 309 was formed on the thin |am nation
film 310, sthesunfgadeof phefh$r ichdp by prineipaldyreeposedgiaiddatne it
312 and printed coil 115 as a conductive pattern by a well-known 25
process, caorided3fiim fllayex,ant &% asstumesl thetnthe stinfatevhas the same
physical properties as those of glass.
The moment of inertia of the card is involved in the
§ relation between the radius of curvature and the thickness
of the card. The radius of curvature R is represented by E:
XI /M, wherein E represents the Young’s modulus of the card;
I represents the moment of inertia; and M represents bending
moment. Because the moment of inertia of the card.is in
10 proportion to the cube of the thickness of the card, the profile
curve of the radius of curvature, as shown in Fig.1l5, is
prepared. Fig.l5 shows that the surface stress of the LSI
chip is 2.5 GPa and 5.4 GPa at card thickness of 0.5 mm and
0.25mm, respectively, provided that the ratio of the thickness
15 of the LSI chip to the card thickness is 1.0. At that state,
the LSI chip is readily broken, but in accordance with the
present invention, the LSI chip fabricated thin is put between
the neutral surfaces of the cards. Therefore, such break can
be prevented.
20 Using the ratio of the thickness of the LSI chip to
the card thickness as a parameter, the surface stress of the
resulting condenser of thin thickness was measured. The
results are shown in Fig.13. An enlarged view of a part of

Fig.13 is shown in Fig.14, wherein the ratio of the thickness

25 of the LSI chip to the card thickness is 0 to 0.16.



1 0 forned. As the conductive pattern, coil 115 fornmed by printing process
was used in:the present Exanple, but a coil formed by processes other than
printing process may also be used satisfactorily. 5 The coil 115
generates a dielectric electronotive forge on receiving el ectromagnetic
wave from outside, to supply energy to thin-thickness condenser 114. The
coil 115 and the thin-thickness condenser 114 adhered highly in packing
density to the integrated circuit 310 with a conhductive paste 10 or an

ani sotropi ¢ conductive adhesive, so that the coil 115 and the _
t hi n-t hi ckness condefBefiqgik4 arthe| stressaof ythe Rt tehlip chetdisle dhe coil

115 al so functions to transmt
bending is 90 MPa, and the value is cited from the Japanese

Scientific Table, provided that the break strength of the LSI
chip is assumed to be equal to the break strength of glass.
5§ Thus, the necessary thickness of the LSI chip and the lowest
thickness limit of the LSI chip a1;_ various dimensions of card
thickness can be determined in Fig.14. More specifically,
any break of the LSI'chip due to card bending absolutely never
occurs, provided that the thickness of the LSI chip is 110
10 MUmor less at the card thickness of 0.76 mm; thaf the thickness
of the LSI chip is 19 #m or less at the card thickness of
0.5 mm; and that the thickness of the LSI chip is 4 um or
less at the card thickness of 0.25 mm.
It is needless to say that the reliability of the LSI
15 chip is so much improved when the thickness of the LSI chip
is as thin as the lowest limit, but the limit of the thickness
of the chip to be'possibly fabricated is almost 0.1 M m. The
fabrication of any LSI chip thinner than the limit is
difficult. |
20 The LSI chip and the thin-thickness condenser are most
preferably placed in such.a.manner'that the neutral surfaces
of the LSI chip and the thin-thickness condenser might agreé
with the neutral surface of the card. However, the upper or
lower faces of the LSI chip and the thin-thickness condenser

25 are satisfactorily placed within the upper or lower faces of



I nf ormat i on aata supplied fromthe outside of card 113 to the
thi n-fhi ckness condenser 114 and to transformthe data from15 the
thin-thi ckness condenser 114 in el ectromagnetic wave and transfer the wave
out side the card 112. A communi cation capd, contactless and highly
reliable, can be produced by formng the card 112 of such a structure.
Because el ectrodes are placed on the surface of cards 20 called as contact
type anong conventional cards, contact- miss failure occurs or the cards
are weak to electrostatic force, disadvantageously. The present invention
may sati sf a®fobfEychhi apdl a Fiinethickoessncondensenitedaiy Lpdividnasly 25
Then, flexible adhesive 119 for exanple silicone was
of the lowest thickness limits defined by the card thickness
and being placed on the neutral surface of the card.
More specifically, the upper or lower face of the
5 thin-thickness integrated circuit, the thin-thickness
condenser or the coil is satisfactorily positioned within 55
L m above or below the neutral surface of the card provided
that the thickness of the card on completion is 760 4 m or
less, or within 9.5 &4 m above or below the neutral surface of
10 the card provided that the thickness of the card on completiop
~ is 500 4 m or less, or within 2 um above or below the neutral

surface of the card provided that the thickness of the card

on completion is 250 4 m or less. .

15 Example 5
Fig.16 shows another éxample of the present
invention.
Thin-thickﬁess condenser may possibly be provided with
various control functions. More specifically, as described
20 above, SOI wafer and the well-known semiconductive process
are used to fabricate circuit device part 323 and condenser
part 324 in an adjacent fashion to each other, in thin-
thickness condenser 322, whereby various controls can be
included in one chip and high performance and low cost can

25 be established. For example, the circuit device part 323 can



filled Lnto'the-space f or med by the thin-thickness condenser 114, the
integrated circuit-312 and the coil 115 fabricated by printing process;
additionally, the upper cover sheet 117 and the | ower cover sheet 118 were
fixed wth the adhesive 5 119, to form,g, card of the cross structure shown
in Fig.5. The adhesive 119 had doubl e operation of adhesion and filling up;
and the thin-filmcondenser 114 and the |ike were encl osed and retai ned
within the soft gummus naterial, so any stress was hardly | oaded onto the
surface of the condenser 10 114 and the like; and additionally, the
resul ti ng chedubatisedofigrtdabanstogagévin wirehessacardef or ns when t he
card is attacked by shock pin-point force, the force fromoutside is
rel eased through the adhesive |ayer 119, which prevents stress attack on
t he
Example 6
Fig.17 depicts another example of the present
5 invention. In accordance with the present invention,
thin-thickness elements such as condenser chip are put between
two card boards to fabricate a card, and therefore, the card
surface is very flat. A card comprising conventional thick
elements is weak to bending, on the surface of which difference
10 in level up to 156 M m may be formed, so that it is difficult
to make the card flat until the difference is reduced to 30
4 m, which is essential for pressure-sensitive printing
process. So as tomake the surface flat, the structure should
be so highly precise that the cost therefor is eventdally
15 escalated.
In accordance with the present invention, however,
various elements such as condenser chip are extremely thin
and the surface is flat, as described above. As shown in
Fig.17, therefore, thin-thickness element 326 can be placed

20 below picture 327, in the present Example, whereby the degree

of freedom is improved.

Example 7
Fig.18 shows the cross structure of a card, on the

25 surface of which printing is effected; printing material 328



15 surface of the condenser 114. Exanple 2 In the present Exanple, an
extrenmel y 't Rin-thi ckness condenser was placed on the neutral surface of
cards. By 20 putting the condenser between the two cards, a practically
satisfactory bendi ng toughness was procHPeq in this Exanple. As apparently
shown"in Fig.6, in the present Exanple, thin-thickness element 315 for
exanpl e condenser chip and coil is fixed between the upper card board 317
and the |l ower card 25 board 318 by neans of adhesive 314, and by

i ndi vidual ly 12 arran%i ng.thin plates 313, 316 conprising a harder
mat eri al is placed so that the material might be hung or held over

thin-thickness element 332. In the structure, the thin-
thickness element 332 is so thin and embedded in adhesive 331,
and the upper cover sheet 329 and lower cover sheet 330 are
5 Dbonded together with the adhesive 331. Thus, the surface
turns flat. |
- Therefore, even when a printing roll reaches the top
- of the edge of the thin-thickness element 332, the pressure
is dispersed, with no occurrence of break of the thin-thickness
10 element 332. Those to be printed on the surface of the upper
cover sheet 329 or lower cover sheet 330 include for example
a photograph of the face of a card holder. In this case, the
part of the photograph is handled géntly, so the thin—thickhess
element 332 can be placed at a desirable position, taking
16 account of the use.

Fig.19 is a view depicting the plane structure of the
card shown in Fig.18, wherein printing material 332 effects
predetermined printing over the thin-thickness element 332
placed on the card 333. Conventionally, the thin-thickness

20 element 332 has been broken frequently in such structure. In
the present Eka'mple, however, the thin-thickness element 332
is so egtremely thin as described above that predetermined
printing could be effected with no concern of break. A card
of not a complex structure but a simple structure at high

25 reliability could be produced.



than these card boards 317, 318 on these card boards, the el enent was

rei nforcced. -The thin-thickness element 315 is at a thickness of 5 1 to 110
[err] m which is far thinner than the thickness of conventional elenents,
and therefore, by arranging the thin-thigkness el enent 315 on the neutral
surfacte, the elenment was reinforced by ghe thin plates 313, 316, whereby
sati sfactory bendi ng toughness was procured and the card 10 surface could

be prepared as flat. Exanple 3 Using Fig.7 depicting plane placenent,
anot her exanple of the present invention to produce a card with better 15

bendi ng toughness t Hh apRarant dnathendesouipt ben alpiwe nehe folippangnt |y
shown in Fig. 7, in the present Exanple, thin-thickness elenent 315 for
exanpl e conddvantagescandebirbught about in accordance with the present
invention.
1. High reliability because of no concern of.break due to
5 bending.
2. Ready production at low cost because of fhg simple
structure.
3. Because the condenser is extremely thin, the board and
the condenser can be wired with a conductive paste, with the
10 resulting lower cost and additionglly with the resulting flat
surface.
4. An extremely thin-thickness condenser can be produced by
the uée of SOI wafer, with lesser concern against break due

to bending.

16



Is placed inside circle 321 with the dianeter equal to the short side's

| ength -of- card 319 and with the center thereof 20 placed at the center of
the card. It was observed that the imunity to bending was th _

i mproved, and it was found that the resylting card could be used in a far

. 3 > )
nore sinple manner than conventional ones. Fig.9 depi (m m “ ere| n
a thin-thickness 25 condenser was used as the thin-th l\lﬁﬁ\lﬁm E
and the 13 thin-thickness condenser 315 was enbedded at the ¢ ent er
position 37 of card board 36. Wien the card board 36 was bent, the surface

and back fadthat is claimed is;

1. A semlconductor device at least comprising a
flexible first card board and a flexible second card board,
the two boards being placed to face to each other at a given

§ interval, an integrated circuit formed between the first card
board and the second card board, a condenser or a coil  wherein
the thickness of the integrated circuit, the condenser or the

coil is 110 M4 m or less.

10 2. A semiconductor device according to claim 1,

~wherein the thickness of the device is 760 4 m or less.

3. A semiconductor device according to claim 1,
wherein the thickness of the integrated circuit, the condenser
15 or the coil is 19 #m or less and the thickness of the

semiconductor device is 500 4 m or less.

4. A semiconductor device according to claim 1,
wherein the thickness of the integrated circuit, the condenser
20 or the coil is 4 #m or less and the thickness of the

semiconductor device is 150 4 m or less.

5. A semiconductor device according to claim 1,

wherein the thickness of the semiconductor device is 50 y7A

25 m or more. \
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t hereof were both stressed by a stretch or press operation. 5 Because the
t hi n-t hi ckness condenser 315 was placed at the center position 37 of the
card board 36, the thin-thickness condenser 315 was never attacked by such
stress. Thus, a highly reliable card stpgng to bendi ng was produced. So as
to forma card of the structure showmn in Fig.9, 10 f:l"mgmalm ml kness
condenser 315 is attached on the surface of card bo " Hlﬂ Irn
Fig. 10. Then, second card board 36 of the sane thickntss as$ tMatsof*the
card board 39 is attached onto the thin-thickness condenser 315, whereby
the structure shown in Fig.9 can be fornmed readily. It is 15 needless to
say that the thin-thickness condenser 315 may be placed at a desirable
posi tion inside the6ci Aclsendzprsiushor demige7 adaersdaig iton clla@imhd ,cent er

position of the board 39. Exanple 4
wherein the thickness of the integrated circuit, the condenser

or the coil is 0.1 4 m or more.

7. A semiconductar device accordiﬁg to claim 1,
wherein the integrated circuit, the condenser or the coil is
placed at a positionwithin 55 & m above and belov} the neutral
surfaces of the first coil board and the second coil board.

10 |

8. A semiconductor device according to claim 7,
wherein the integrated circuit, the condenser or the coil is
placed on the neutral surféces of the first card board and
the second card board.

15

9. A semiconductor device according to claim 1,

wherein the integrated cifcuit, the condenser or the coil is

electrically connected together through a conductive

substance.
20
10. A semiconductor device according to claim 9,
wherein the conductive substance is a conductiﬁe pasté or an
anisotropic conductive adhesive.
25 11. A semiconductor device according to claim 16,
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20 .- Fi g.11 is a view expl ai ni ng anot her exarrpl e of the preseﬁt

i nventi-onm,r depicting the state of a card with a curvature due ue to b

stress. Because thin-thickness condenser chip 104 is card
board 103 and upper card board 101 al ongz25 the cent ﬁm

cross-sections of the two boards, 14 such structu e" ast to be

I nfl uenced ‘by bendi ng. Thus, the thin-thickness condenser Chlp 104 is not
stressed. Wen the card is bent, the thin-thickness condenser chip 104 is

al so bent, but the stress then is extrenely small because the 5
t hi n-t hi ckné‘g?@ﬁdéﬂ@erflcmtpcm boagyt eadelthet Begond card board are

bonded together through an adhesive layer with no conductivity
and wherein the integrated circuit, the condenser or the coil
is individually fixed on a predetermined position through the

5 anisotropic conductive adhesive layer.

12. A semiconductor device according to claim 1,
wherein a reinforcing film comprising a material harder than
the first card board and the second card board is placed on

10 the first card board and the second card board.

13. A semiconductor device according to claim 12,
wherein no substantial difference in level is present between
the surface of the reinforcing film and the surfaces of the

15 first card board and the second card board.

14. A semiconductor device according to claim 1,
wherein the coil has a function to generate a dielectric
electromotive force on receiving electromagnetic wave from

20 outside to supply energy to the condenser.

15. A semiconductor device according to claim 1,
wherein the coil has a function to transmit information data

supplied from outside to the condenser.

25
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Fig. 12 shows the case that condenser chi p 104 is bent. Wen the condenser

chip 104-is-bent, the surface stress p of the condm
represented, as follows, according to Navier's theore

shown in Fig.12, herein, E 10 represenkg Young' s no ﬁ“ m\ nser;
R represents radi us of curvature and t represents 1/ hickness of
t he condenser chip 104. Because the surface of the condenser chip 104

conprises silicone oxide, E is equivalently equal .to the 15 Young's
nmodul us of the silicone oxide. The above fornula indicates that the
surface stress of tﬂét&ﬁwwcﬁ%AiQ‘@-Q% aacrsindo o ¢ledd thi ckness
of the condenser chip 104 but in reverse proportion to the radius of

curvat ure RWhRRsin fde; Gqidc hag @e fingtt iione teotidansdierciihe data frioar ger

than 20 the nechani cal toughness of the condenser chip 104, the chip
outside in the form of electromagnetic wave from the condenser

outside.

17. A semiconductor device according to claim 1,

wherein the coil is formed by printing process.

18. A semiconductor device according to claim 1,
10 wherein the integrated circuit, the condenser or the coil is
placed in a circle of which the center lies at the center point
of the plane faces. of the first card board and the second.card
board, the circlebeing of adiameter of the short side’s length
of the first card board and the second card board.
18 | |
19. A semiconductor device according to claim 1,

wherein a desirable image is printed on the surface of the

card board.

20 20. A semiconductor device according to claim 1, which

is a card of contactless type.

21. A semiconductor device according to claim 1, which

is a card of contact type. '
\
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i s broken through bendi ng. Because the radius of curvature Ris infinite in
t he absemce-of any bending, the surface stress [err}—+s—ifw1x‘1vﬁﬁTTT§Ets
smal l er followi.ng the progress of bending, the stress “ntil
the condenser chip 25 104 is broken figally. 15 Ht@ﬂﬁmi““i“mm
condenser chip 104 is thin, the surface stress pisr , L ewen st hifough
bending with the sane radius of curvature R, and therefore, the condenser
chip 104 can get sufficiently strong to bending if the condenser chip 104
is 5 made thinner within a range not exceeding the [imt against nechani cal

br eak. 22. A semiconductor device according to claim 1,

wherein the integrated circuit and the condenser are formed

in one chip.
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| f the condenser chip 104 is nmade so thin, however, thechipisdifficult

t obehandled.© As shown inFig.11, thus, the thin-thickness condenser 104 is
put between two card boards 10 102, 103 conprising plastics, netal and the
| i ke, whereby the condenser is readlly phgndl ed, involving the increase of

t he toughness Then, nost preferably, the thln-thickness condenser chip
104 is placed on neutral surface 102a of card 101. By such placenent, the
neutral surface of the thin- 15 thickness condenser 104 agrees-with the
neutral surface 102a of the card 101 with zero stress even when the card is
bent, so that the thin-thi cRREE5agbnaénsbe PAEBLEBUIES possi bly never
broken even if the card 101 is bent, as in the case that only the

t hi n-t hi ckness cond§ﬁ@éﬁn§ﬁﬁp(1@4)usC@ﬂﬂgKﬂlbénﬁndZGhln-thlcknBSg 13 shows

the results of the determ nation of the dependency of the surface stress of
LSl on the datiegratedheircuit (312) are placed between the upper cover

sheet(117)andthelowercoversheet(118),andadhesive(llS)
5 is filled into the space among them, whereby a card is
fabricated.
Because condenser (114), coil (115) and thin-
thickness integrated circuit (312) are extremely thin, the
resulting semiconductor device is strong to bending and highly |

10 reliable at a low cost.

_—
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LSI thickness to the card thickness, using as the paraneter the card

thi ckpness. After placing the thin-thickness condenser on the neutral
sufface of the card board, the surface 25 stress of -the thin-thickness
condenser was determ ned, 16 correspondingly to the ratio of the

t hi ckness of the thin-thickness condenser to the card thickness. The LSI
surface stress has a significant relat1pd8with the degree of the curvature
of the card; the degree of the 5 curvature of the card varies largely,
depending on the thickness and materials of the card, and the force |oaded
onto the card, and the position of the card. In the present Exanple,

FIG. 1

2



an LSl chip was placed at the center position of the plane face of the
card;—as the card material, vinyl chloride commonly 10 used for genera
‘magnetic cards and credit cards was used. Because PET material is
characteristically harder and is nore scarcely bent than vinyl chloride,
the results recovered by using vinyl chloride are applicable to any card
conprising other materials including PEf{815 The radi us of
curvature defining the degree of bending varles dependi ng on the bendi ng
nonent | oaded on the card. The bendi ng nonment was | oaded onto the card, up
toalimt above which the card is bent and fol ded over. The radius of
curvature at the center of a vinyl chloride card of a thickness 20 of 0.76
mm was 50 mm Provided that the thickness of the LSI chip is the sane as

t he thickness of the card, herein, the surface stress of the LSl chip is
cal cul ated by the fornul a

FIG. 2
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8E12XQ. 38/50 (Pa), according to the aforenentioned fornmula of stress, which
is 600 MPa. The Young's nodul us of glass 25 cited fromthe Japanese
Scientific Table was used. Because 17 the surface of the LSI chipis
principally conposed of silicone oxide filmlayer, it is assumed that the
surface has the same physical properties as those of glass. The nonent of
inertia of the card is involved in the39 {8l ation between the radius of
curvature and the thickness of the card. The radius of curvature Ris
represented by E XI /M wherein E represents the Young's nodul us of the
card; | -represents the nonent of inertia;, and Mrepresents bending

FIG. 3
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nmonent.. Because the nonment of inertia of the card is in 10

proportiont ot hecubeoft het hi cknessoft hecard, theprofile curve of the radius
of “curvature, as shown in Fig.15, is prepared. Fig.1l5 shows that the
surface stress of the LSl chipis 2.5 GPa and 5.4 GPa at card thickness of
0.5 mMmmand 0.25 nmm respectively, provided that the ratio of the thickness
15 of the LSI chip to the card thickne4g{Bs 1.0. At that state, the LS
chip is readily broken, but in accordance with-the present invention, the
LSI chip fabricated thin is put between the neutral surfaces of the cards.
Therefore, such break can be prevented. 20 . Using the ratio of the
t hi ckness of the LSI chip to the card thickness as a paraneter, the surface
stress of the resulting condenser of thin thickness was neasured. The
results are shown in Fig.13. An enlarged view of a part of

FIG. 4
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Fig.13 is shown in Fig.14, wherein the ratio of the thickness 25 of the LS
chip to . the card thickness is 0 to 0. 16. 18 In Fig.14, the stress of the
LSl chip durable of bending is 90 MPa, and the value is cited fromthe
Japanese Scientific Table, provided that the break strength of the LSI chip
is assuned to be equal to the break strength of glass. 5 Thus, the
necessary thickness of the LSI chip aﬁh/ige | owest thickness Iimt of the
LSI chip at various dinensions of card thickness can be determned in
Fig.14. More specifically, any break of the LSI chip due to card bendi ng
absol utely never occurs, provided that the thickness of the LSI chip is 110

FIG. 6
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10 [err] mor less at the card thickness of 0.76 mm that the thickness of
the LSI .chipis 19 [err] mor |less at the card thickness of 0.5 mm and
that the thickness of the LSI chipis 4 [err] mor less at the card
thickness of 0.25 mm It is needless to say that the reliability of the LSI
15 chip is so nmuch i nproved when the thickness of ‘the LSI chip is as thin
as the lowest Ilimt, but the limt of @ hg8thickness of the chip to be
possibly fabricated is alnbst 0. 1 [err]m The fabrication of any LSI chip
thinner than the limt is difficult. 20 The LSI chip and the
thin-thi ckness condenser are nost preferably placed in such a manner that

t he neutral surfaces of the LSI chip and the thin-thickness condenser mi ght
agree with the neutral surface of the card. However, the upper or |ower
faces of the LSI chip and the thin-thickness condenser

FIG. 7 »
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25 are satisfactorily placed within the upper or |ower faces of 19 an
LSl . chip and a thin-thickness condenser being individually of the | owest
thickness Iimts defined by the card thickness and being placed on the
neutral surface of the card. Mre specifically, the upper or |ower face of
the 5 thin-thickness integrated circuit, the thin-thickness condenser or
the coil is satisfactorily positionedzvitgin 55 [err] m above or below the
neutral surface of the card provided that the thickness of the card on
conpletion is 760 [err] mor less, or within 9.5 [err] m above or bel ow the
neutral surface of 10 the card provided that the thickness of the card on
conpletion

FIG. 8
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is 500.[err] mor less, or wwthin 2 [err] m above or bel ow the neutral
surface of the card provided that the thickness of the card on conpletion
i:s 250 [errJmor less. 15 Exanple 5 Fig. 16 shows another exanple of the
present invention. Thin-thickness condenser may possibly be provided with
various control functions. Mirre specifically, as described 20 above, SO
waf er and the wel | -known seni conduct B/el®rocess are used to fabricate
circuit device part 323 and condenser part 324 in an adjacent fashion to
each other, in thin- thickness condenser 322, whereby various controls can
be included in one chip and hi gh performance and | ow cost can 25 be
establ i shed. For exanple, the circuit device part 323 can

315




20 be.utilized for data storage in wireless cards. Exanple 6 Fig.17 depicts
anot her exanple of the present 5 invention. |In accordance wth the
present invention, thin-thickness el ements such as condenser chip are put
between two card boards to fabricate a card, and therefore, the card
surface is very flat. A card conprising conventional thick elenents is weak
to bending, on the surface of which di@fd8ence 10 in level up to 150 [err]
m may be fornmed, so that it is difficult to nake the card flat until the
difference i's reduced to 30 [err] m which is essential for
pressure-sensitive printing process. So as to make thesurface flat,

t hestruct ureshoul d

FIG. 11
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be sa hirghly precise that the cost therefor is eventually 15 escalated. In
accordance with the present invention, however, various el enents such as
cendenser chip are extrenely thin and the surface is flat, as described
above. As shown in Fig.17, therefore, thin-thickness el enent 326 can be
pl aced 20 bel ow picture 327, in the present Exanple, whereby the degree of
freedomis inproved. Exanple 7 Fig.1l8(pht8s the cross structure of a card

on the 25 surface of which printing is effected; printing material 328
21 .

FIG. 13
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is placed so that the material m ght be hung or held over thin-thickness

el enent .332. In the structure, the thin- thickness elenent 332 is so thin
and enbedded i n adhesive 331, and the upper cover sheet 329 and | ower cover
sheet 330 are 5 bonded together with the adhesive 331. Thus, the surface
turns flat. Therefore, even when a printing roll reaches the top of the
edge of the thin-thickness el enent 3321 /|Be pressure is dispersed, with no
occurrence of break of the thin-thickness 10 el enent 332. Those to be
printed on the surface of the upper cover sheet 329 or | ower cover sheet
330 include for exanple a photograph of the face of a card holder. In this
case, the part of the photograph is handl ed gently, so the thin-thickness
el enent 332 can be placed at a desirable position, taking 15 account of the
use.

FIG. 14
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Fig.19 i:s a view depicting the plane structure of the card showm in Fig. 18,
wherein.printing material 332 effects predeterm ned printing over the

t hi n-thi ckness el enment 332 pl aced on the card 333. Conventionally, the

t hin-thi ckness 20 el enent 332 has been broken frequently in such structure.
In the present Exanple, however, the thin-thickness element 332 is so
extrenely thin as described above that2 pi8determ ned printing could be
effected with no concern of break. A card of not a conplex structure but a
sinple structure at high 25 reliability could be produced. 22 As
apparent in the description above, the follow ng

FIG. 15
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advant ages can be brought about in accordance with the present invention.

1. Hghreliability because of no concern of break due to 5 bending. 2.
Ready production at | ow cost because of the sinple structure. 3. Because
the condenser is extrenely thin, the board and the condenser can be wired
with a conductive paste, with the 10 resulting | ower cost and additionally
with the resulting flat surface. 4. Aj3¢Xig enely thin-thi ckness condenser
can be produced by the use of SO wafer, with |esser concern agai nst break

due to bending. 15

FIG. 16
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23 Wat sis clainmed is; 1. A sem conduct or devi se conprising, a condenser
chip having a thickness of 110[err]mor |less; an integrated circuit chip
having a thickness of 110[err]mor |ess coupled with said condenser chip;
and a first and a second flexible substrates interposing said condenser

chip and integrated circuit chip between them 2. A sem conduct or

devi ce according to claim1, wherein $4f d8sem conduct or devi ce incl udes
plural integrated circuit chips. 3. A sem conduct or device according to
claim2, wherein said sem conductor device is.a nulti chip nodule. 4. A

seni conduct or device according to claim1, wherein said condenser chip
includes a titani um

FIG. 17
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oxi de filmas a dielectric filmof the condenser. 5. A sem conduct or
devi.ce according to claim4, wherein said condenser chip includes a

ti-taniumor platinumfilmas an el ectrode of said condenser. 6. A

sem conduct or device according to claim1, wherein said condenser chip is
coupled with a coil having a thickness of 110[err]mor |ess. 7. A

semn conduct or device according to cl a8y g wherein said coil is printed and
di sposed between said first and second substrates. 8. A sem conduct or
device according to claim®6, wherein said coil provides energy to said
condenser chip. 9. A sem conductor device according to claim1, wherein
said sem conductor device is an IC card, and said first and second :
substrates are a first and a second I C substrates, respectively. 10. A
sem conduct or device according to claim9. wherein said condenser chip is
connected with said first substrate by using a conductive paste. 11. A

sem conduct or device according to claim9, wherein said condenser chip is
strengthened by using a plate harder than said first and second substrates.

FIG. 18
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12. A. senlconductor device according to claim9, wherein said condenser
chip is.disposed inside the circle having a dianeter equal to the |ength of
the short side of the card and having the center placed at the center of
the card. 13. A sem conduct or device according to-claim9, wherein said
condenser chip is disposed in said IC card so that the neutral plane of
said I C card is positioned between anigygag -surface and a rear surface of
sai d condenser chip. 14. A seniconductor device according to claim9,
wherein material of said first and second substrates is PET. 15. A

sem conduct or device according to claim9, wherein said condenser chip is
di sposed in a region within 55[err] mabove and bel ow the neutral plane of
said I C card. 16. A seni conduct or device according to claim9, wherein a
phot ograph of a holder of said IC card is disposed over said condenser
chi p.

FIG. 19 333
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17. ., A-sem conductor device according to claim9, wherein said IC card is
a contaet type card. 18. A sem conductor device conprising, a flexible
fi-rst substrate; a condenser chip having a thickness of 110[err]mor |ess
and di sposed over said first substrate connected with by using conductive
paste; an integrated circuit -chip coupled with said condenser chip; and a
fl exi bl e second substrate di sposed opppgilBe to said first substrate so-
that said condenser chip and integrated circuit chip are interposed between
said first and second substrates. 19. A sem conduct or device conpri sing,
a condenser chip having-a thickness of 110[err]mor |less, an integrated
circuit chip coupled with said condenser chip, and a flexible first and
second substrates, and a thin plate harder than said first and second
substrates so as to cover said condenser chip. 20. A sem conduct or

devi ce comprising, a condenser chip having a thickness of 110[err]m or

| ess, an-integrated circuit chip coupled with said condenser chip, and a
first and second flexible substrates interposing said condenser chip and
integrated circuit chip between them wherein said condenser chip is

di sposed in said sem conductor device so that the neutral plane of said
sem conductor device is -

FIG. 20
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di sposed between an upper surface and a | ower surface of said condenser

chip’ - 21. A sem conduct or device according to claim20, wherein said
sem conductor device is an IC card, and said first and second substrates
are a first and a second |IC substrates, respectively. 22. A

sem conduct or device according to claim21, wherein said condenser chip is
strengthened by using a plate harder {ghpfgsaid first and second substrates.
23. A seni conduct or device according to claim 21, wherein material of
said first and second substrates is PET. 24. A semni conduct or device
according to claim21l, wherein a photograph of a holder of said IC card is
di sposed over said condenser chip. 25. A sem.conduct or devi ce accordi ng
to claim 21, wherein said sem conductor device includes plural integrated
circuit chips. 26. A sem conductor device according to claim?2l1, wherein
sai d condenser chip includes a

FIG. 21
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tifaniumoxide filmas a dielectric filmof the
sem conduét or—device accor di ng to claim?21, wher
i ncludes a tit lmlm filmas an el ect
A sem conduct munmm“m g to clajm 21, wh
i s coupled wthaccoil havi ng a t hi ckneSs not gre
. A sem conduct or device according to claim21, wh
and di sposed betmeen said first and second subst
sem condygt ot h‘ge according to claim 21, wher

“energy t Eaéﬂsd' Bnser -chip.. 31. A seni condl
condenser chip havfng a thickness not .greater th
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said coil is prlnted
: condenser chip; an

afirstand a sec.ond ﬂexlble substrates interposing said condenser chip and mtegrated

circuit chip between them.

2. A semiconductor device according to claim 1, wherein said semiconductor device includes -

plural integrated circuit chips.
3. A semiconductor device according to claim 2, wherein
chip module.

said semiconductor device is a multi

4, A semiconductor device acc,ordmg to claim1, wherem said Londenser chip includes a titanium

oxide ﬁlm as a dielectric film of the condenser

5. A semiconductor device according to claim 4, wherein said condenser chip includes a titanium

or plzitinum film as an electrode of said condenser.

6. . A semiconductor device according to claim 1, wherein
a coil having a thickness of 110um or less.

said condenser chip is coupled with

7. A semiconductor device according to claim 6, wherein said coil is printed and dispesed

between said first and second substrates.

8 A semlconduutor devu,e according to c.lalm 6, wherem sald coil provndes energy to said

' Londenser chip.

9. - A semiconductor device according to claim 1, wherein

said semiconductor device is an IC

card, and said first and second substrates are a first and a second IC substrates, respectively.

10. A semlumduc.tur device according to claim 9, wherem §

said first substrate by usmg a conductive paste.

1. A semn,ondm,tor devu.e according to claim 9, wherem
by usmg a plate harder than said.first and sec.ond substmtes

aid wndenser chip is wnnected ‘with

said umdenser thp is stren;,thened




33, A seniconductor device according to claim 31, wher ei n s REBLACEMENT SHEET
sem conduct or devLseWcard and said first and second substrates are

a first 1C substrate_an cond | C substrate, respectively. 34. A

sem conduct o[\mn“ Ei&@ﬁg to claimg33, wherein material of said fi st
and second s A sem conduct or device according to
cl ai m 33, wher®irf sal d condenser Chl p is disposed at a portion within
S5[err]m above and bel ow the neutral plane of said IC card. 36. A

sem cond Lllglh or @idﬁ??v 1&%@8‘{%@ ok Hg"éwnﬂgﬁ’fd'“#“ :..'ﬂll&\ 9etvﬁ%§1|ﬂtsa|9 Qe 3 gﬁﬁj isis ?Qs@q b |

portion, SS not

110[ err] meamdleahafrm‘gstdlmnﬂeraqwé(:@m 1¢r1gé»<¢fbhee~lwbs§ter(att&wa¢ émhh@'ﬁtsstb'a ‘-‘F"FP’S ai d
cpndenseh lergtlt t@r&%\fl& cat@l d condenser chip is interposed between said
first an seco eX| e substrates is covered with-a thin plate harder
than said first and second flexible substrates. 37. A sem conduct or -

devi ce aqgor diA@midndlctr devd&, acsdihSiortiann O dwhedeih sl candemser diipvis dispossd arsaklC
IC card so that the neutral plane of said IC card is positioned between an upper surface and a rear
 surface of said condenser chip.

14. A semiconductor device according to claim 9, wherein material of said first and second
substrates is PET.

15. A semiconductor device according to claim 9, wherein said condenser chip is disposed in a
region within 55um above and below the neutral plane of said IC card. '

16. A semiconductor device according to claim 9, wherein a photograph of a holder of said IC -
card is disposed over said condenser chip. B

17. A semiconductor device according to claim 9, wherein said IC card is a contact type card.

18. A semiconductor device comprising,
a flexible first substrate;
a condenser chip having a thu.kness of llOy,m or less and disposed over sald first
substrate connected with by using conductive paste;
an integrated circuit chip coupled with said condenser chip; and
. ~ a flexible second substrate disposed oppos:te to said first substrate so that said
condenser chip and integrated circuit chip are interposed between said first and second substrates.

19. A semiconductor device comprising, a condenser chip having a thickness of lloum or less,
an integrated circuit chip coupled with said condenser chip, and a flexible first and second substrates,
‘and a thin plate harder than said first and second substrates so as to cover said condenser chip.

20. - A semiconductor device comprising, a condenser chip having a thickness of 110gm or less.
an integrated circuit chip coupled with said condenser chip, and a first and second flexible substrates
~ interposing said condenser chip and mtegrated circuit chip between them, wherein said condenser chip
is disposed in said semiconductor device so that the neutral plane of said semiconductor device is

disposed between an upper surface and a lower surface of said condenser chip.



‘cayd and said.first and second flexible substrates are a first and a
card substrat es—respectively, 38. A sem conduct or devi c e RERIAGEM N@ SHEE

cl ai m 36, vvherel n material of said first and a second card substrates is

PET. 309.

Seco

_rI{d

Hmmumm,tﬂlﬂﬁ"re accorg§ ng to claim36, wherein said
condenser ch| p portion wthin 55[err] mabove and bel ow t he

neut r al

pl ane of sai d 18 cird’ 40. A sem conductor device according to

claim 36, wherein said condenser chip | s coupted with a coil having a-

t hi ckness not greater, tha re or
accordi nglto saﬁ“H‘r‘H‘d““WfB’P’ isp ﬁ"" 'é'f'lg t%bﬁ“lm a3 Vﬁ}e?eﬁ? -aﬁ«?@e C&n%%qq‘\é{r'#‘ggnd uct or
devi ce acad| sid@id rscndi seeohd substrateseire a $iast dmtmsdwplr lﬁ/w@&t@t@n@ﬁ@yﬂ‘te&ﬂ sai d

condenser chip. 43.

| C card.

A sem conduct or device according to claim 36, wherein

said thin plate is selectively disposed, in a predetermned rtion gf sai
22. A semiconductor device X&.wrdm?g to claim 21, wh%re?n satld condenser JB% is streng%eneda' _ d
by using a plate harder than said first and second substrates.
23. A semiconductor device according to claim 21, wherein material of said first and second
substrates is PET. ' '
24, A semiconductor device according to claim 21, W'herein a photograph of a holder of said IC
card is disposed over said condenser chip. '
25. A semiconductor device according to claim 21, wherein said semiconductor device includes -
plural integrated circuit chips.
26. A semiconductor device according to claim 21, wherein said condenser chip includes a
titanium oxide film as a dielectric film of the condenser. '
27. A semiconductor device‘adcording to claim 21, wherein said condenser chip includes a
titanium or platinum film as an electrode of the condenser.
28, A semlconduc,tor device accordlng to «.lalm 21, wherein said condenser chip is ooupled with
a coil having a thickness not greater ‘than llOy.m
29. . A semiconductor device according to claim 21; wherein said coil is prihted and dispesed
between said first and second substrates.
30. A semiconductor device according to claim 21, wherein said coil provides energy to said
condenser chip. ' B
31, A semu.onductor device Lompnsmg, a condenser chip having a thn,kn&ss not greater than

110pm and including a circuit element portion and a condenser portion, a coil of a thickness not =

greater than 110pum which provides energy to said condenser portion, and a first and second substrates

interpusing said condenser chip and coil between them.

32. A semiconductor device according to-claim 31, wherein said coil is printed.



27.44.+ A semi conductor gdevi ce conprising; a condenser chip having a X
t hi ckness not great er than 110[err]mand having a circuit el eH@hACﬁ&ENTi SHEET
and a condenser por d a second fl exible substrates

i nterposing said et weergg hem and a phot ograph di sposed

over said first Jmﬂ aﬂvm E substrate. 45. A sem conductor device
according to claim4 d sem conductor device is an I C card. 46.
A sem conduct or devi ce accordl ng to claim45, wherein material of said

first ang3 a s Comiimi@mgorsdép §é| SRR 5 1t el dpﬁ'uTSl %erehn A.f&ﬂi.&,ﬂﬂﬂﬂﬁﬂ]@%g@ﬁ‘ﬁh e

according“to ¢ n - sal di sposed % ortlon
Wi t hi n 55rdraidnsaiciBiess and csepnad osnbstrages r?émarfénst K aa@"aﬂe %“éh 3 5?‘8“‘(‘:6[ dS“ ﬁgﬂ

sem condy&?&{wd?w ce according to claim45, wherein said condenser chip i s
coupled wth a coil having a thickness not greater-than 110[err]m 49. A
sem conductor device according to claim48, wherein said coil is printed
and di spgged A semiconductor device according to claim 33, wherein material of said first and second

substrates are PET.

35. A semiconductor device according to claim: 33, wherein said condenser chip is disposed at
a portion within 55um above and below the neutral plane of said IC card.

36. A semiconductor device including a circuit element portion and a condenser portion, wherein
a condenser chip having a thickness not greater than 110xm and a first and a second flexible
substrates are disposed in said condenser portion so that said condenser chip is interposed between
said first and second flexible substrétes is covered with a thin plate harder than said first and second
flexible substrates. - |

37. A semiconductor device according to claim 36, wherein said semiconductor device is an IC
card and said first and second flexible substrates are a first and a second card substrates, respectively.

38. A semiconductor device according to claim'36,_wherein material of said first and a second
card substrates is PET.

39. A semiconductor device according to claim 36, wherein said condenser chip. is disposed at
a portion within 55um above and below the neutral plane 'ot' said IC card.

40. A semlconductor device according to claim 36, wherein sald condenser th[) is c.oupled with
a coil having a thickness not greater than llOy.m |

41. A semiconductor device according to claim 40, wherein said coil is printed.

42, A semiconductor device according to claim 40, wheré}in said coil provides energy to said
condenser chip. ' '

43, A semiconductor device according to claim 36, wherein said thin plate is selectively disposed
in a predetermined portion of said IC card. ' '



between said first and second card substrates. 50. A sem conduct or devi f:
according to claim48, wherein said coil provides energy to 'BEHMCEMENE&'@E
chip. 51. A sem conduct or device according to claim45, wherein said thin
plate is partially forned in said | C capfl. 52. A sem conduct or device
conprising, a condenser chip having a thi-ckness not greater than 110[err]m

and including a circuit elenent portion and a cond oil -

havi ng a thickness of 110[err]mor |ess and provi dﬁmmumg““:mwﬂlﬁ '

condenserwortAgﬂmc&{agﬁ& éeb{cg%orﬁﬂ-gi .second fl exibl e sbstrates®interposing
chi e .

sai d condenser p and col'l \NEer’ t hem wherein the neutral plane of
sai d seni conduceandehgen¢hipe havingop thickness et greateretban hiPpapndrhaying aacifeyifeetement

surfaces pftichaind aCBRERAS Phrriohd - 53. A seni conduct or devi ce conprising a
condenser chip having a thickness not greater than 110[.err]m and i ncl udi ng

a circuit el erfelist #9ra seennd isyible substraten Misrpqsipg sig gondgnser phip detigentheme iy
f1 exi bl e substqd gHoRgrdphBHENRE bV ssidifidst ©P Rdemsixitdhdupstes. ween them and a
thin plate harder than said first and second fl exible substrates, wherein
t he neutral plane of said sem conductor device is positioned between an
upper andtsa | odvsemisendiictoedevisk agardingtorvthim 9ér windneip said semiconductor device is an IC -

card.

46. A semiconductor device according to claim 45, wherein material of said first and a second
card substrates is PET. '

47, A semiconductor device according to claim 45, wherein said condenser chip is disposed at |
a portion within 55um above and below the neutral plane of said IC card.

48. A semiconductor device according to claim 45, wherein said condenser chip is coupled with
a coil having a thickness not greater than 110pm.

49, A semiconductor device according to claim 48, wherein said coil is printed and disposed
between said first and second card substrates. '

50. A semiconductor device according to claim 48, wherein said coil provides energy to said
condenser chip. ' ' '

51. A semiconductor device according to claim 45, wherein said thin plate is partially formed in
said IC card.

- 52 A semiconductor device comprising, a condenser chip having a thickness not lgreater than
110pm and including a circuit element portion and a condenser portion, a coil having a thickness of
- 110um or less and pr_oviding enérgy to said condenser portion, and a first and a second ﬂexible
| substrates interposing said condenser chip and coil between them, wherein the neutral plane of said ;
semiconductor device is positioned between an upper and a lower surfaces of said condenser chip.

53. A semiconductor device comprising a condenser chip having a thickness not greater than
110pm and including a circuit element portion and a condenser portion, a first and a second tlexible
s_ubstrates interp()sing said condenser 'chip between them, and a thin plate harder than said first and
second flexible substrates, wherein the neutral plane of said semiconductor device is pusitioned

between an upper and a lower surfaces of said condenser chip.



54. + A sem conduct or devi ce_ conpr|5|ng, a condenser chip havi
t hi ckness not greater than 110[err]mand including a circuifl ﬂl@m{“ SHEE-G

portion and ﬂ m a first and a second flexible substrates

i nt er posi ng gmm m]m I““ Fp bet weer2& hem and a phot ograph di sposed
over a positioh dof & slrface of said first or second flexible substrate
wherein said position corresponds to a position of said condenser chip, and

wherein said condenser chip is disposed in said sem conductor device such
that a neggtraly RAdRdRkorSRVEe SERBERMEN Y GhRlnde Viif Bavifg RABiLkiQNRA ghatoren an
upper and a | ower surfaces. of said condenser. chi
110pm and including a circuit element portion and a wndenser ortion, a first and a second flexible
substrates interposing said condenser chip between them, and a photograph disposed over a position
of a surface of said first or second flexible substrate wherein said position corresponds to a position
of said condenser chip, and wherein said condenser chip is disposed in said semiconductor device
such that a neutral plane of said semlwndut.tor device is positioned between an upper and a lnwer

surfaces of said condenser chip.
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- Abstract of the DiScldsﬁre.
 Condenser (114}, coil (115)-and thin-thickness
integrated circuit (312) are placed between the upper covef‘
sheet(ll?)andthelnwercoversheet(118),andadhesive(119)
5 is filled_inﬁo the space among them, whereBY a card is
fabricated.: |
Because condenser (114), coil (115) and thin-
‘thickness integrated circuit (312) are extremely thin( the
resulting Semiéonductor_ device is strong to-bending'and highly

10 reliable at a low cost.



