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SEM|CONDUCTOR DEVICE AND SEMICONDUCTOR MODULE USING THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor device
including a wiring tape, whiqh is adhered to the periphery of a
semiconductor chip, and comparable in package size with a bare chip,
and a semiconductor module incfuding a plurality of such
semiconductor devices densely arranged bidimensionally or
tridimensionally,

Today, a multichip module made up of a plurality of density
arranged semiconductor devices is under development. Varjous
package configurations and mounting methods have already been

proposed inrelation to amultichipmodule. Conventional structures

that implement the dense arrangement of semiconductor devices may be

classified into specific types that will be described hereinafter.

{n one type of structure, semiconductor devices are
monidimensionally stacked on a circuit board in the vertical
direction. Japanese Patent L,aid'—Op.en Publication No. 9-275183, for
example, teaches a semiconductor device having outer connecting
portions-arranged on the top and bottom thereof. This kind of
semiconductor devices may he gtacked in the monodimensional

configuration.



In another type of structure or structure, semiconductor

- devices are not only stacked in the vertical direction, but also

arranged side by side in the horizontal direction, i.e.. in parallel

to a circuit board. More specifically, a plurality of stacks of

‘semiconductor devices are arranged side by side in one direction

parallel toa circuit board or arranged side by'side in two directions
parallel to a circuit board, but perpendicular to each other. Let
the former structure and latter -structure be referred to as a
bidimensional structure and a tridimensional structure,
respectively. |

US Patent 9,790,380 discloses a semiconductor device having
the bidimensional structure and including a single flexible wiring
board. The flexible wiring board is attached to the top, bottom and
one side of a semiconductor chip by being bent. OQuter connecting
portiong are arranged on the one side of the chip. Also disclosed
inthis document are a semiconductor module having a second flexible
wiring board attached to a stack ‘qf such semiconductor devices and .
a- semiconductor module .having a third wiring board attached to a
plurality of such modules.
Japanese Patent Laid-Open Publication No. 10-335570 proposes a
semiconductor module having a plyrality of semiconductor devices
arranged in the tridimensional structure. Specifically, each
semiconductor device inciudes a polygonal insulation package
accommodating a semiconductor chip in a cavity formed thereinside.

Outer connecting portions, which are implemented by pins, are



arranged on each surface of the package. The chip and outer
connecting portions are electrically interconnected via conductive
leads and bonding wires. Such s_emiconductor devices are arranged
tridimensionally,

However, the semiconductor device taught in the previously
mentioned Laid—Open Publication No 9275183 has outer connecting
portions arranged only on the top and bottom of the semiconductor chip
and therefore implements only the monodimensional structure. Dense
'arrangement available with this structure is limited. Further, even
if a plurality of stacks of such semiconductor devices are positioned
side by side, the semiconductor devices adjoining each other in the
horizontal direction cannot be electricalfy connected. | For example,
the top semiconductor devices of two modules adjoining each other in
the horizontal direction cannot be electrically interconnected
without the intermediary of underlying semiconductor davices and a
circuit board. This aggravates electric characteristics and brings
about the more dense arrmgauent .of a greater number of wifings due
to the increasing mounting density. The dense arrangement of wirings
transiates into a decrease in the width of the individual wiring and
a decrease in the distance between nearby wirings, which, in turn,
obstruct the design and praduction of wirings and increase the cost.

The bidimensional structure disclosed in US Patent 5, 790, 380
needs the second and third élexible wiring boards in addition to the
first flexible wiring board because outer connecting portions are

arranged only on one side of the chip, lowering the mounting density.
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Moreover, semiconductor devices cannot be interconnected without the

intermediary of the second and third wiring boards and circuit board.

"This also results in the problem stated above in relation to Laid-Open

Publication No. 9-275183,

A problem with the tridimensional structure proposed in
Laid-Open Publication No. 10-335570 is that the polygonal insulation
package is a substantial thickness and has the semiconductor chip
bonded within the cavity by wire bonding. The resulting package size
is therefore far greater than t.he chip size and critically obstructs
dense mounting. Further, two semiconductor devices ad joinihg each
other via an intermediate semiconductor device cannot be electrically
interconnected without the intermediary of a semiconductor chi p'
included in the intermediate semiconductor device. This increases
the 1ené{h a signal transfer path between the semiconductor devices
fc be interconnected and .increase-s the load on the circuit design of

a semiconductor chip.

SUMMARY OF THE INVENTION
It is therefore an objé_c't of the present invention to provide,
at a lowcost, bidimensional or tridimensional semiconductor module
eihibiting desirable ei'ectric characteristice without aggravating
wiring density, and a semiconductor device comparable in package size
with a bare chip for constituting the semiconductor module.
In accordance with the present invention, a semiconductor

device includes a semiconductor chip and a single wiring tape
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including a wiring layer having a preselected pattern. Outer
connectiﬁg portions are arranged on the wiring tape while inner
connecting portions are formed in the wiring tape and connected to
electrodes included in the semiconductor chip. The wiring tape is
bent at the edges of the semiéonductor chip and adhered to at least
three surfaces of the semiconductor chip. The outer connecting
portions are arranged on the above at |east three surfaces.

A semiconductor module including a plural ity of semiconductor

devices each having the .above configuration is also disclosed.

BRIEF DESCRIPTION OF THE DRAWI(NGS

The above and other objects, fea_tures and advantages of the
present invention will become more apparent from the following
detailed description taken with the accompanying drawings in which:

FIG. 1A is a plan view showing a first embodiment of the
semiconductor device in accorda.nce with the present invention being
assembled;

FIG. 1B is a front view of the first embodiment;

FiG. 1C is a front view showing the first embodiment 'in an
assembled condition; -

FIG. 1D is a front vié« of a semiconductor module including.
a plurality of semiconductor devices each having the configuration
shown in FIG. 1C;

FIG. 2A is a plan view showing a second embodiment of the

semiconductor device in accordance with the present invention being
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as;embled:

FIG. 2B is a front view of the second embodiment; .

FIG. 2C is a front view of the second embodiment in an agsemb|ed
coﬁdition:

FIG. 2D is a front view of a semiconductor module including
a plurality of semiconductor devices each having the configuration
shown in FI1G. 2C;

FIG. 3A is a plan view showing a wiring tape representative
of a third embodiment of the semiconductor device in accordance with
the present invention;

FIG. 3B is a front view of the third embodiment being
assembled; _ | _

FI1GS. 3C through 3D are fronf views each showing the third
embo_dimgnt in a particular assembling step;

FIG. 3E is a front view of the third embodiment in an assemb!ed
condition;

FIG. 3F is a frong view of a semiconductor module including
a plurality of semicondud!ﬁf'devices each having the configdration
shown in FIG. 3E; | |

Fi1G. 4A is a plan yiew showing a fourth embodiment of the
sgmiconductor device in aceordance with the present invention being
assémbie&; '

_FIG. 4B is s plan view showing the fourth embodiment in an

assembled condition:

F16. 5 is a fragmentary section showing a specific structure
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including a semiconductor chip and a wiring tape adhered to the chip:

FIG. 6 is a fragmentary section showing another specific

structure including a wiring tape and semiconductor chips adhered

thereto:

FI& 7 is a section showing a specific procedure for producing
the wiring tape; and
FIG. 8 is an isometric view showing a specific tridimensional

semiconductor module available with the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the semiconductor device and
semiconductor modute in accordance with the present invention wiil
be described hereinafter.

First Embodiment

Referring to FIGS. 1A through 1D, a semiconductor device and
a semiconductor module embody-ing the present invention are shown. As
shown in.FIGS. 1A through 1C. the samiconductor device, generally 71,
is made up of a semicormductor chip 1 and.a single wiring tape 2
resembling a filmcarrier. The semiconductor chip 1 is produced from
a semiconductor wafer,. nat shown, and has a conventional rectangular
shape. Specifically, the chip 1 has a top, a top. a bottom and four
sides that forma rectangle. Each two contiguous surfaces of the chip
1 are substantially pejrpenfiicular to each other while each two
surfaces of the same facing each other sre substantially paralle!l to

each other. More specifically, the top and bottom of the chip 1 are
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substantially parallel to each other while the front side and rear

side and the right side and ieft side, as viewed in FIGS. 1A through
1D, each are parallel to each other.

A wiring layer, not shown, is formed in the wiring tape 2 in
a preselected pattern. .Preselected portions of the wiring layer are

exposed to the outside on the surface of the wiring tape 2, forming

. outer connecting portions36. The illustrative embodiment uses a BGA

(Ball Grid Array). The outer connecting portions 36 are therefore
implemented as lands to be loaded with solder balls 3. The wiring
tape 2 is an extrémely thin, flexible sheet having a contour
corresponding to a rectangle that is formed when the top, bot:tom and
one side of the chip 1 are developed.

A specific procedure for assembling the semiconductor device
71 will 'be described hereinafter. F-irst. as shown in FIG. 1A, the
solder balls 3 are bonded to the outer connecting portions 36 only
in'part of the wiring tape 2 that is to be adhered to the top and one
side of the chip 1. That is, the solder balls 3 are absent in the
other part of the wiring tape 2 that is to be adhered to the bottom
of the chip 1. At the same time, a wiring tape 2 having solder balls
3 bonded to only part thereof that is to be adhered to the top of the
c;hi-p {1 is prepared. _ .

As shown in FlG. 1B, the wiring tape 2 with the solder balls
3 is adhered to the top of the chip 1. The wiring taps 2 is then bent

at the edges of the chip 1 and closely adhered to one side and bottom

“of the chip 1, as shown in FIG. 1C. {n the illustrative embodiment,
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adhesiQe is appl ied to the rear surface of the wiring tape 2 beforehand,
sb that the wiring tape 2 can be adhered to the chip 1.

As shown in FIG. 1C, the semiconductor device 71 assembled by
the'above procedure is made up of the chip 1 and a single wiring tape
including a wiring layer. The wiring tape 2 has inner connecting
portions in addition to the outer connecting portions 36. The inner
connecting portions are implemented by metal 34 (see FIG. 5) connected
to an electrode 5 (see FIG. 5), which is provided on the chip 1. The
inner connecting portions a‘r:e positioned in part of the wiring tape
2 to be adhered to the chip 1.

The wiring tape 2 is adhered to the top: bottom and one side
of the chip 1 by being beﬁt at the edges of the chip 1. The outer
connecting portions 36 are positioned on all of the above three
surfaces of the chip 1. Consequently, the outer connecting portions -
36 are arranged on. among the top, bottom and one side of the chip
1 to which the wiring tape 2 is adhered, the top and bottom (a pair
of ‘surfaces facing each other) substantially parallel to each other.

F16. 1D shows a semiconductor module made up of a plurality
of bidimensionally arranged semiconductor devices 71 each having the
configuration shown in FIG. 1C. .As shown, a plural ify of
semiconductor devices 71'_ag_e .net o_‘trly‘ stacked on a circuit board 4,
but also arranged side by stde in the right-and-left direction. The
solder balls 3 physically, electri_eally connect the semiconductor
devices 71 adjoining each other in the vertical and horizontal

directions.  Also, the solder balis 3 physically, electrically
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connect the semiconductor devices 71 positioned at the bottoms of the

gtacks to the circuit board 4. (n this condition, the semiconductor

. devices 71 adjoining each oth'er are electrically connected via the

outer connecting portions 36 of the wiring tape 2. In addition. the

gemiconductor devices 71 are connected together in the vertical

direction (perpendicular to the circuit board 4) and horizontal
direction (parallel to the circuit board 4) by the solder balls 3.

The semiconductor devices 71 can be stacked because the outer
connecting portions 36 are positioned on, among the top, bottom and
one side of each chip 1 to which the wiring tape 2 is adhered, the
top and bottom that are substantially paraliel to each other. While
FIG. 1D shows the semiconductor devices 71 stacked in three ‘steps.
they may be stacked in four or more steps, as desired.

Further. two semiconductor devi.ces 71 can be positioned side
by sjde in the right-and~Jeft direction because of the outer
connect ing portions 36 fmsitioned on one side of each chip 1 to which
the wiring tape 2 is also adhered.

. As shown in F1G. 1A, the wiring .tape 2 may be provided with
an extension 60 (phantom |ine) that is to be adhered to the side of
the chip 1 facing the above-described one side. This ai!o.ws more
semiconductor devices 71 to be arranged side by side in the
right-and-left direction and. physically, electrically
interconnected via outer connecting portions, which are provided on
the extension 60 also, and sofder balls 3.

As also shown in F1G. 1A, the wiring tape 2 may be additional ly
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provided with extensions 61a and 61b (phantom lines) that are to be
resbectivel_y adhered to apair of sides of the chip 1 facing each other,
i.e., the front side and rear side; This allows a number of
semiconductor devices 71 to be arranéed side by side on the circuit
board 4 in the direction perpendicular to the sheet surface of FIG.
1D and physically, electrically éonnected via outer connecting
portions, which are provided on the ;xtensi.ons 61a and 61b aiso, and
sofder balls 3. FIG. 8 shows & specific configuration of the
resulting tridimensional semiconductor module. More semiconauctor
devices 71 may be arranéed in the vertical and horizontaf directions,
a;s desired.

As stated above, in the illustrative embodiment, the outer
cofmectl;ng portions 36 and solder balls 3 physically, electrically
cb.|1r;ect nearby semiconductor devices 71. That is, each
semiconductor device 71 can be electrically connected to another

semiconductor device 71 without the intermediary of the circuit board

"4 and therefore via the shortest possible route.

Moreover, as shown in.FIG. 1D, the solder balls 3 and wiring
tapes 2 cooperate to form, e.g., a wiring path 51 shown in FIG. 1D.
The wir ing path 51 electrically connect two semiconductor devices 71a
and 71b via a wiring tﬁg&:’-‘jac-;adheried to a semiconductor chip lc
included in a semiconductor dgvilée T1e, which intervenes between the
semiconductor devices 7la and 71b. That is, the semiconductor
devices 71a and 71b are electrically interconnected without the

intermediary of a semiconductor chip 1¢ included in the semiconductor
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device 71c.

i&rmd _Embod iment

Reference will be made to FIGS. 2A through 20 for describing
an .al ternative embodiment of the present invention. This embodiment
is similar to the 'First' embodiment except for the following
configuration. As ghown in FIGS. 26 and 2D corresponding. to FIGS.
1C and 1D. respectively. each semiconductor device 72 has two
se-miconductor chips 10 and 11 adhereci to each other at their rear
surfaces in a double~chip fashion. Each wiring tape 20 therefore has
a contour corresponding to a rectangle that is formed when the top,
bottom and one side of the lmi.nate of the chips 10 and 11 are developed.
Th_e' wiring tape 20 diffelrs from the wiring tape 2 of the previous
embodiment in that it covers the above one side of the laminate of
the chips 10 and 11.

A specific procedure for assemb|ing the semiconductor device
72 and a semiconductor module will be described hereinafter. First.
as shown inF16. 2B, a single wiring tape 20 resemb!ing a film carrier
i's adhered to the surfaces of the two chips 10 and 11.  Subsequent!y,
as shown in FIG. 2C, the wiring tape 20 is bent at the edges of the

" chips 10 and 11 and adhered to the sides of the chips 10 and 11. The

chips 10 and 11 are aqhered to each other at their rear surfaces.

As shown in F16. 20, a plurality of semiconductor devices 72
each having the configuration shown in FIG. 2C may be arranged
bidimensionally in order .to constitute a semiconductor modute.

Further, as shown in FIG. 2A, the wiring tape 20 may be provided with
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"extensions 62, 63a and 63b {phantoa [ ines), so that the semiconductor
devices 72 can be arranged in any other bidimensional configuration
or in a tridimensional configurati.on gimilar to the configuration of
FlG. 8.

) In the illustrative embodiment, the solder l?al ls 3 and wiring
tapes 2 cooperate to form, e.g., a wiring path 53 shown in F lé. 2D.
The wiring path 53 electrically connect two chips 10a and 10c via a
Qi ring tape 2¢ adhered to a aemicon&uctor chip 11c, which intervenes
between the chips 10a ar'td 10¢. That is, the cﬁips 10a and 10c are
electrically interconnected without the intermediary of the chip lc.

Third embodiment

Another alternative embodiment of the present invention will
be described with reference to FIGS. 3A through 3F. As shown, a
semiconductor device 73 is made ;.ap of six semiconductor chips 12
through 17 and a single wiring tape 21 that resembles a film carrier.
The chips 12 through 17 each are identical in configuration with the
chip 1 of the first embodiment. {n the illustrative embodiment, the
wiring tape 21 has a lenéth, more than four times as great as the
dimension of each of the chips 12. through 17.

A specific procedure for asseﬁbl ing the semiconductor device
73 will be described hereinafter. First, solder balls 3 are bonded
to outer connecting portions 36 formed on the wiring tape 21, which
is indicated by a solid line in FIG 3A. More specifically, the
solder balls 3 are bonded to part of the wiring tape 21 that is to
be adhered to the front surface of the chip 12 and the sides of the
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chips 12 through 17. At the sathe time, a wiring tape 21 having solder
balls 3 bonded only to part thereof to be adhered to the front surface
,of the chip 12 is prepared. _ |
| As shown in FIG. 3B, the front surf.aces of the chips 12 and
17 are respectively adhered to the rear surface of the opposite end
portions of the wiring tape 21 where the outer connecting portions
are forined. The chips 13, 14, 15 and 16 are then adhered to the
opposite surfaces of the intermediate portion of the wiring tape 21
at front surfaces thereof. SubSeduently. as éhown in FIG. 3C, 'the
wiring tape 21 is bent at the edges of the chips 12 and 13 and adhered
to the sides of the chips 12 and 13. Also, the rear surfaces of the
chips 12 and 13 are adhered to each other.

As shown in FIG. 3D, the wiring tape 21 is then bent-a_t- the
edges of the chips 14 and 15 and adhered to the sides of the chips
14 and 15. At the same time, the rear surfaces of the chips 14 and

15 are adhered to each other. Further, as shown inFIG. 3E, thewiring

tape 21 is bent at the edges of the chips 18 and 17 and adhered to
the sides of the chips 16 and 17. Also, the rear surfaces of the chips
16 and 17 are adhered to.each other.

As shown in F1@. SE, the gsemiconduotor device 73 has three
pairs of semiconductor. chiﬁs: thé chips in each pair are adhered
together at their rear sufféi%es. s_p"'gcifical ly, the chips 12 and 13,
chips 14 and 15 and chips 1§ and 1'; are combined to constitute three
double~chips 81, 82 and 83,. respecti'v'ely.

In the illustrative smbodiment, the wiring tape 21 has inner
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connecting portions having a preéelgcted pattern in addition to the
outer connecting portions 36. fhe inner connecting portions are
implemented by metal 44, 44b and 44c (see FIG. 6)- respectively
connected to electrodes Sa, 5b and §c (see F1G. 6), which are provided
on.thé chip. The inner cennecting portions are.positioned on part
éf the wiring tape 21 to besqdhered to the chip.

Two double—chips 81 and 82 (or 82 and 83) facing each other
at one surface thereof contact cach other with the intermediary of
the wiring tape 21. Part of the wiring tape 21, which is cont i guous
with part of the same intervening between the chips is bent at the
edges of the chips and adhered to the other surfaces of the chips.
The other surfaces refer to the bottom and left side of the double
chip 81, the right side of the double-chip 82, and the top and left
side of the double-chip 83. The outer connecting portions 36 are

positioned on each of the above surfaces. i.e.. two pairs of

substantial ly paral lel surfaces included in the surfaces to which the

wiring tape 21 is adhered. The two pairs of substantially paral lel
§urfaces are the top and bottom of the semiconductor device 73 and
the right side and {eft side of the semiconductor device 73.

F1G. 3F shows a semiconducter module made up of a plurality
of bidimensionally arranged éexnicdnduétor devices 73 each having the
configuration shewn in FiG. 3E. As.shown. the semiconductor devices
73 are stacked on a circuit board 4 and arranged side by side in the
right—and-left direction. The solder balis 3 physically,

electrically connect the semiconductor devices 71 adjoining in the
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vertical and horizontal directions. Also, the solder balls 3

physically, electrically connect the semiconductor devices 71

positioned at the bottoms of the stacks to the circuit board 4. In

this condition, the semiconductor devices 73 adjoining each other are
electrically connected via the outer -connecting portions 36 of the
wiring tapes 2. In addition, the semiconductor devices 71 are
connhected together in the vertical direction (perpendicular to the
circuit board 4) and horizontal direction (paraliei to the circuit
board 4) by the solder balls 3.

The semiconductor devices 73 can be stacked because the outer
co-nnecting portions 36 'ar-e positioned on the top and bottom that are
substantially parallel to each other. While FIG. 3F shows the
semiconductor devices 73 stacked in two steps, they may be stacked
in three or more steps, as de.szired.

Further, a number of semiconductor devices 73 can be
positioned side by side in th§ right-snd—left direction because of
the outer connecting po'rtit.ms 36 positioned the right side and left
side, which are substant'ia"t'iy parallel to each other. While FIG. 3
shows three semiconductor devices 73 arranged side by side, four or
more semiconductér devices 73 may be arranged side by side.

As shown in FIG. 3A, the wiring tape 2 may be provided with
some or all of extensions 64a, 64b, 65a, 65b, 66a and 66b (phantom
line) that are to be adhered to the gides of the double—chips 81
through 83 facing each other, i.e., front sides and rear sides. This

allows a number of semiconductor devices 73 to be arranged in the
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direction perpendicular to the sheet surface of FI1G. 3F and physically,
electrically connected vi.a outer connecting portions, which are
provided on the extensions 64a through 66b also, and solder balls 3.
The resulting semiconductor module has a tridimensional
configuration similar to the configuration of FIG. 8.

As stated above, in t'he illustrative embodiment, the outer
connecting portions 36 and solder balls 3 physically, electrically
connect nearby semiconductor devices T71. That is, each
semiconductor device 71 ¢an be electrically éonnected to another

semiconductor device 71 without the intermediary of the circuit board

4 and therefore via the shartest pessible route.

Further, as shown in F1G. 3E, the solder balls 3 and wiring
tape 2 cooperate to form, e.g., a wiring path 54. The wiring path
54 electrically connects two semiconductor devices 12 and 15 via the
wiring tape 21 adhered to semiconductor chips 13 and 14, which
intervene between the semiconductor devices 12 and 15. That is, the
semjconductor devices 12 and 15 ;are electrically interconnected
without the intermediary of the chips 13 and 14.

Moreover. as shown in FIG. 3F, the solder balls 3 and wiring
tape 2 gooperate to form, e.g., a‘w'rrin.g path 55. The wiring path
55 elactrically connects -iwq semiconductor devices 73a and 73b via
a wiring tape 21c included in a semiconductor device 73c¢c, which
intervenes between the semicpnduct,or devices 73a and 73b. That is,
the semiconductor devices 73a and 73b are electrical ly interconnected

without the intermediary of the chips of the semiconductor device 73c.
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The doubte—chips -81. 82 and 83 each may be replaced with a
single chip, in which case sach semiconductor device 73 wil| not be
provided with the three chips 1;!. 14 (or 15) and 16 and will be
assembi{ed in the manner described above.

Fourth Embodiment

Referring to F1GS. 4A and 4B, a further alternative embodiment
of the present invention is shown. As shown, a semiconductor device
74 is ma.t_ie up of a semiconductor chip 18 and a wir ing tape 22 resemb! ing
a film carrier. The chip-18 is identical in configuration with the
chip 1 of the first embodiment. In the illustrative embodiment, the
wiring t-:ape 22 has a rectangular configuration dimensioned slightly
greater than the length of the diagénal line of the chip 18 in the
vertical and horizontal directions. |

A specific procedure for assemb!ing the semiconductor device
74 will be described hereinafter. First, solder balls 3 are bonded
to the f;ront surface of the w.i ring tape 22. Subseguently, the front -
surface of the chip 18 is adhered to the center of the rear surface
of the wiring tape 22. At this instant, as shown in F1G, 4A, the chip
18 is positioned such tf;a't four _sides thereof are inclined by 45°
relative to the sides of the wiring tape 22. Thercafter. the wi ring
tape 22 is folded down at the edges of fhe chip 18 in such a manner
as to cover the entire periphery of the chip 18, i.e., four sides and
rear surface of the chip 18 and then adhered to the chip 18. As shown
inFIG, 48, the four corners of the wiring tape 22 gather at the center

of the rear surface of the tape 22.
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{n the il lustrative embodiment, the wiring tape 22 is adhered

to all of six surfaces of the chip 15. The outer connecting pt::rtions
36 are positioned on three or more of the six surfaces of the chip
18. This allows a plurality of semiconductor devices 74 to be
arranged bidimensionally or tridimensionally in the same manner as
in the first embodiment,
. The wiring tape 22, which is adhered to all of the six surfaces
of ‘t'he chip 18, has a'rectangular contour and therefore needs a minimum
amount of materjal. In addition, S\-‘Ich a contour promotes efficient
wiring désign. The chip 18 may be replaced with two chips adhered
to each other at their rear'. surfaces, if desired.

Reference will be made to FIG. 5 for describing a specific
structure of each of the semiconductor devices 71, 72 and 74 of the
first, second and fourth embodiments. ~ As shown, the wiring tape 2,
20 or 22 is a laminate of an ins;nation film 31, a‘wiring layer 32,

an adhesive layer 33, buried metal 34, and a cover coat 35. Thewiring
!a}e‘r 32 is formed on one. surface of the insulation film 31 in a
preselected pattern by lithography. The cover coat or insu!ator 35
covers the sbove surface ;)F the inst:dation film 31. The cover coat
35 is open at each land portion of the wiring layer 32 in order to
implement the outer connécting portion 38. The solder ball 8 is
bonded to the outer connecting portion 36. The adhesive fayer 33 is
formed on the other surface of the insufation film 31.

The wiring tape 2, 20 or 22 is adhered to the semiconductor

chip 1, 10, 11 or 18 via the adhesive layer 33. The metal 34, playing
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the role of the inner conneeating portion, is buried in aligned holes
formed in part of the insulation film 31 and adhesive layer 33 that
fﬁces an electrode 5 included in the chip. The metal 34 §s. connected
to ﬁhe wiring layer 32 at one end and. connected to the _electrodé 5
at the other end. The cover coat 38 is formed with a hole 37 above
the metal 34. To connect the electrode § and metal 34, 2 bondi ng tool
30 presses part of the wiring layer 32 overlying the metal 34 via the
hole 37 for thereby bonding the metal 34 to the electrode 9.

F1G. 6 shows a specific structure of the éemiconductor device
73 of the third embodiment. As shown, the wiring tape 21 is a Iaminate-
of two insulation films 41a and 41b, .a wiring layer 42, two adhesive
layers 43a and 43b, and buried metals 44a, 44b and 44c. The wiring
layer 42 intervenes between the insulation films 41a and 41b and has '
a preselected wiring pattern. The wiring layer 42 is formed on one
surface of the insulation fi |.m 41b by | ithography. Subsequently, .the
insulation film 41a is formed on the above surface of the insulation
fiim41b. In aportion B-where a chip is to be mounted on one surface
of the wiring tape 21, the insulation film 42 is formed with.a haole

at a land portion by etching, punching, laser drilling or similar

technology, forming the outer connecting portion36. The solder ball

3 is bonded to the outer connecting portion 36.

{n a portion A where chips are to be mounted on both surfaces
of the wiring tape 21, the adhesive layer 43a ie formed on the surface
of the insulation film 41a;agposite to the surface where the wiring

layer 42 is formed. The chip 14 or 15 is adhered to the wiring tape
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21 via the adhesive layer 43a. The metal 44a is buried in aligned
holes formed in the insylation film 41a and adhesive layer 43a at a
position where it faces an electrode 5a included in the chip 14 or
15. The metal 44a is conn_écted to the wiring layer 42 at one end and
conm-zcted to the electrode 5a at the other end.

Likewise, in the portion A, the adhesive layer 43b is formed
on the surface of the insulation fiim41b opposite to the surface where
the.\viring layer 42 is formed. The chip 13 or 18 is adhered to the
wiring tape 21 via the adhesive layer 43b. The metal .44b is buried
in al igned holes formed in the insulation film 41b and adhesive layer
43b at a position where it'f-aces an electrods 5b included in the chip

13 or 16. The metal 44b is connected to the wiring layer 42 at one

" end and connected to the electrode 5b at the other end.

To connect the electrodes 5a and 5b to the metals 44a and 44b,
respectively, the rear surface of the chip 14 or 15 and that of the
chﬁp 13 or 16 are pressed te, in turn, press the wiring tape 21
therebetween. As a result, the metals 44a and 44b are bonded to the
electrodes 5a and 5b, respectively.

in the portion B, the adhesive layer 43b is formed on the
surface of the insulation fiim 41b opposite to the wiring layer 42.
Theé wiring tape 21 and chip .12 or-ll'are connected together by the
adhesive layer 43b. The. mej:al 44c¢ .is buried in aligned holes formed
in the insulation film 41b.gnd adhesive layer 43b at a position whera
it faces an electrode Sc included in the chip 12 or 17. The metal

44c is connected to the wiring layer 42 at one end and connected to
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the electrode 5c at the other end. A hole 47 is formed in the wiring
film 41a above the matal 44c. To connect the electrode 5c and metal
44c, a bonding too! 30 presses part of the wiring layer 42 positioned
above the metal 44c exposed to the outside via the hole 47.

.In the configuration shown in FIG. 8, the insulation films 41a
and 41b are formed of, e.g., polyimide while the wiring layers 42 is
implemented by, e.g., copper foil. Suchmaterials are, however, only
lllustra‘tlve and may be replaced with any other suitable materials.

F I1G. 7 shows a speclflc procedure for formmg any one of the
wiring tapes 2, 20 and 22, As shown inFIG. 7, (a). the wiring layer
32 of copper is formed on one surface of the insulation film 31 formed
of polyi_mide‘ Adhesive is coated on the other surface of the wiring
film 31, .forming the adhesive layer 33. The insulation film 31 is
about 12 um thick. The wiring layer 32 is about 18 um thick.
Further, the adhesive layer 33 is about 10 um thick.

Subsequently, as shown in FIG. 7, (b), the wiring layer 32 is
selectively etched to forma wi ring pattern (circuit patterning). As
shown in FIG. 7, (c), the surface of the wiring layer 32 where the
wiring pattern is present is coated with the cover coat 35 (cover
resist casting). As shown in FIG. 7, {(d), a hole 91 is formed
th}oughout the adhesive layer 33 and insulation film 31 1;'rom the side

opposite to the wiring layer 32 (laser drilling), so that the wiring

layar 32 is exposed to the outside via the hole 01.

As shown in FIG, 7,- (e), copper (Cu) 92 is buried in the hole

91 in such a manner as to slightly protrude from the surface of the
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a@hesive layer 33 (inner Cyplating using an excimer laser). As shown
in FIG. .7, (f), gold‘ (Au) is plated on the surface of the co;)per 92
that protrudes from the above surface of the adhesive layer 33 (inner
Auplating), thereby coating copper 92. As shown inFIG. 7, (g). part
of the cover coat 35 covering a land portion 84, which is included
'in. the wiring layer 32, is removed by etching (outer laser dri.l ling,
so that the |and portion 94 is exposed to the outside. Final Iy.. as
shown in FIG. 7. (h), gold 95 is plated on the land portion 94 so as
To cover it (outer Au plating). |

By the procedure shown in FIG. 7, the wiring tape 2, 20 or 22
is formed. As for the wiring tape 21, the cover resist casting step
of FIG. 7, (c). is replaced with a step of forming the insulation film
41a and a step of forming ‘.the adhesive layer 43a.

In the i{Justrative embodiments shown and described, awiring
layer is partly exposed to the outside to form a land that plays the
role of the outer connecting portion of the wiring tape. A solder
ba-!i is bonded to the land in order to connect semiconductor devices
to each other. The solder ball may be replaced with any other
suitab!q metal bump or even with a condt.xctive projec'tion cont j guous
with thé wiring tayer, if desired. Also, metal buried in the wiring
tape to serve as an inner mnnéctinﬁ portion may be omitted, in which
case the wiring {ayer will be direct{y bonded to the electrode of a
semiconductor chip.

In summary, it will be seen that the present invention provides

a semiconductor device and ‘a semiconductor module having various
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unprecedented advantages; as enumerated below.

(1) Asingle wiriné‘tap§ is adhered to three or more surfaces
of a semiconductor chip, providing:the semjconductor device with a
package size comparable with a bére chip size. This successfully
avoids the dense arrangement of a number of wirings. |

(2) Outer connecting portions are positioned on three or more

surfaces of a semiconductor chip, so that a bidimensional or
tridimensional, dense éemiconduﬁor _module is achieved.
_ (3) The wiring tape allows the chips of the semiconductor
module to be electrically interconnected via a relatively short route,
avoidiﬁg the dense arrangement of a number of wirings on the wiring
tape aé_weli as on a circuit board. This allows the width of the
individual wiring and the distance between nearby wirings to be
increased and thereby reduces the mounting cost of the wiring tape
and circuit board.

(4) Consequently, the bidimenhsional or tridimensional
semiconductor module achieves desirable electric characteristics.
In addition. such a semiconductor module and the semiconductor device
as small as a bare chip can be produced at low cost.

Various modifications will become possible for those skilled
in the art after receiving the teachings of the present disclosure

without departing from the scope thereof.
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What is claimed is:
1. A semiconductor device comprising:
a semiconductor chip;

a single wiring tape including a wiring layer having a

_ preselected pattern:

outer connecting portions arranged on said wiring tape; and

inner connecting portions formed in said wiring tape and
connected to electrodes included in said gemiconductor chip;

wherein said wiriné tapé is bent at edges of s#id semiconductor
chip and adhered to at |east three surfaces of said semiconductor chip,
said outer connecting portions being arranged on said at least three
surfaces.

- 2. A semiconductor device as claimed in claim 1. wherein said
outer connecting portions are arranged on, among said at least three
sur'ffaces. a pair of surfaces facing each other.

3. A semiconductor device as claimed in claim 1, wherein said
outer connecting portions are arrangsd on, among said at {east three
surfaces; two pairs of st:_arfaees facing each other.

4. A semiconductor device as claimed inclaim 1, wherein said
outer connecting portions are arranged on, among said at least three
surfaces. three pairs of surfaces facing each other.

5. A semiconductor device as claimed in claim 1, wherein said
-semioonductor chip comprises two semiconductor chips adhered to each

other at rear surfaces thereof.

6. In a semiconductor module comprising a plurality of
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semiconductor devices, said plurality of semiconductor devices each
comprise:

a semiconductor chip: and

a single wiring.%ape combrising a wiriﬁg layer hﬁving a
preselected pattern, oyter connecting portions arranged on said
wiring tape, and inner connecting portions formed in said wiring fape
and connected to electrodes included in saia semiconductor chip;

said wiring tape is bent at edges of said semiconductor chip
and adhered to at least three surféces of said semiconductor chip.
said outer connecting portions being arranged on sai& at least three
surfaces; and |

.sa‘ld plurality of semiconductor devices are not only stacked,
but also arranged side by side, and electrically interconnected via
said outer connecting portions.

| 7. A semiconductor module as claimed in claim 6, wherein each
two semiconductor devices are electrically connectable via said
wiring tape that bslongs to a semiconductor device intervening
between said two semicon&uctor devices.

8. A semiconductor'mﬁdule as claimed in claim 6, wherein each
two semiconductor chips are electrical ly connectable via said w?ring
tape that is adhered to a semiconductoé chip intervening between said
two - semiconductor chips. ' |

9. In a semiconductor module comprising a plurality of
bidimensionally arranged semiconductor devices, said plurality of

semiconductor devices each comprise:
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a semiconductor chip; and

a single wiring tape comprising a wiring layer having a
preselected pattern, outer connecting portions arranged on said
wiring tape, and inner com_necting'portions formed in said wiring tape
and connected to electrodes included in said semjconductor chip; and

-said wiring tape is bent at edges of said semiconductor chip
and adhered to at least three surfaces of said semi conductor chip,
said outer connecting portions being arranged on said at least three
surfaces. |

10. A semiconducto_r module as claimed inclaim9, whérein each
two semiconductor devices are electrically connectable via éaid
wirihg tape that belongs to a semiconductor device intervening
between said two semiconductor devices.

11. A semiconductor module as claimed in claim9, wherein each
twe semiconductor chips are electrical ly connectable via said wiring
tape that is adhered to a semiconductor chip interveniné between said
two semiconductor chips.

12. In a semiconductor module comprising a plurality of
tridimensional ly arranged semiconductor devices, said plurality of
semiconductor devices each comprise: .

a semiconductor chip; and

a single wiring tape comprising a wiring layer having a
preselected pattern, outar connecting portions arranged on eaid
wiring tape, and inner connecting portions formed in said wiring tape

and connected to electrodas included in said semiconductor chi p: and
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said wiring tape is bent at edges of said semiconductor chip

and adhered to at least three surfaces of said semiconducto.r chip,

said outer connecting portions being arranged on said at least three

surf.ac'es.

13. A semiconductor module as claimed inclaim 12, wherein each
two semiconductor devices are electrically connectable via said
wiring tape that belonés fo a semiconductor device intervening
between said two semjconductor devices.

14. A semiconductor module as claimed in claim12, wherein each
two semiconductor chips are efectricalily connectable via said wiring
tape that is adhered to a semiconductor éhip intervening between said
two semiconductor chips.

15. A semiconductor device comprising:

at least two semiconductor chips;

a single wiring tape including a wiring layer having a
preselected pattern:

ou.ter connecting pertions érranged on said wiring tape; and

inner connecting portions formed ih said wiring tape and
connected to electrodes included in'each of said at least two
semiconductor chips;

wherein two semicaengductor chips, which face each other at one
surface thereof, are interconnected by said wiring tape, and wherein
part of said wir ing tape contiguous-with part intervening between said
two sémiconductor chips is bent at edges of said two semiconductor

chips and adhered to other surfaces of said two semiconductor chips.
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16. A semiconductor device as claimed inclaim 15, wherein said
outer connecting portions are arranged on, among said at |east three
surfaces, a pair of sUrféea; facing each other.

17. A semiconduct"&fd&ice 'as ¢laimed in claim 15, wherein said
outer connecting portions are arranged on, among said at least three
surfaces, two pairs of surfaces facing each other.

18. A semiconductor device as claimed inclaim15, wherein said
6uter connecting portions are arranged on, among said at least three
surfaces, three pairs of surfaces facing each other.

19. A semiconductor device as claimed inclaim 15, wherein said
semiconductor chip comprises two semiconductor chips adhered to each
other at rear surfaces thereof.

. _ 20. In a semiconductor module comprising a plurality of
semiconductor devices, said plurality of semiconductor devices each
comprise:

at least two semiconductor chips;

a single wiring tape 'inéluding a wiring layer having a
preselected pattern;

outer conpecting pq;t?ons arranged on said wiring tape; and

inner connecting portions formed in said wiring tape and
connected to electrodes included in each of said at least two
semiconductor chips;

_ two semiconductor chips, which face each other at one surface
thereof, are interconnected by said wiring tape;

part of said wiring tape contiguous with part intervening
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between said two semiconductor chips is bent at edges of said two
semiconductor chips and adhered to other surfaces of said two
semiconductor chips; and . .

said plurality of smicondt':ctor' devices are not only stacked,
bﬁt also arranged side hy gside, and electrical ly interconnected via
said outer connecting portion.s.

21. A semiconductar module as claimed in claim 20, wherein each
two semiconductor devices are electrically connectable via said
wiring tape that belongs to a semiconductor dev_ic;.e intervening
between said two semiconductor devices.

22. A semiconductor mod_ule asclaimed inclaim 20, wherein each
two semiconductor chips are electrical ly connectable via said wiring
tape that is adhered to a ;semiconductor chip intervening between said
two semiconductor chips. .

23. In a semiconductor module comprising a plurality of
bidimensionally arranged semiconductor devices. said plural ity of
semiconductor devices each comprise: |

at least two semiconductor chips:

a8 single wiring {ape including a wiring layer having a
preselected pattern:

- outer connecting portians arrénged on said wiring tape; and

{nner connecting portions formed in said wiring tape and
connected to electrodes included in each of said at least two
semiconductor chips;

two semiconductor chips, which face each other at one surface
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thereof, are interconnected by said wiring tape: and

part of said wiring tape contiguous with part intervening
between said two semiconductar chips is bent at edges of said two
gsemiconductor chips and. aahered, t‘o other surfaces of said two
semiconductor chips.

24. A semiconducto;.';!\édule as claimed inclaim 23, wherein each
two semiconductor devices are electrically connectable via said
wiring tape that belongs to a semiconductor device intervening
be_tween said two semiconductor devices. .

25. A semiconductor module a@s claimed inclaim 23, wherein each
two semiconductor chips are electrically connectable via said wiring
tape that is adhered to a semiconductor chip intervening between said
fwo semiconductor chips. |

26. In a semiconductor module comprising a plurality of
tridimensionally arranged semiconductor devices, said plurélity of
semiconductor devices each comprise:

at least two semiconductor chips';

a single wiring tape including a wiring layer having a
preselected pattern;

 outer connecting partions arranged on said wiring tape; and

_ inner connecting portions formed in said wiring tape and

connected to electrodes included in each of said at least two
semiconductor chips; | |

two semiconductor chlps which face each other at one surface

thereof are mterconnected by said wiring tape, and
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part of said wiring tape. contiguous with part interven.ing
between said two semiconduyctor ch.ips is bent at edges of said two
semiconductor chips and adhered to other surfaces of said two
semiconductor chips.

27. A semiconductor module as claimed inclaim 26, whereineach
two semiconductor devices are electrically connectable via said
wiring tape that belonés to a semiconductor device intervening
between said two semiconductor devices.

28. A semiconductor module as claimed in claim26, wherein each
two semiconductor chips are e.lectrical ly connectable via said wiring
tape that is adhered to a semicondictor chip intervening between said
two semjconductor chips,

29. A semiconductor device comprising:

at l[east two semiconductor ohips':

a singte wiring tape including a wiring layer having a
preselected pattern;

outer connecting portions arranged on said wiring tape; and

inner connecting portions formed in said wiring tape and
connected to electrodes included in each of said at [east two
semjconductor chips: .

wherein said at least. two semiconductor devices are
respectively adhered to opposite surfaces of said wiring tépé. ~and
wherein other part of said wiring tape is bent at edges of said
semiconductor chips and‘ adhiered - to other surfaces of said

semiconductor chips.
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30. A semiconductor device as claimed inclaim29, wherein said
outer connecting portions are arranged on, among said at least three
sdrfaces. a pair of surfaces facing each other.

31. Asemiconductor device asc.zlaimed inclaim29, wherein éaid
outer 'connecting portions are arranged on, among said at [east three
surfaces, two pairs of surfaces facing each other.

32. A semiconductor device as claimed inclaim29, wherein said
outer connecting portions are arranged on, among said at lea'st three
surfaces, three pairs of surface;s facing each other.

33. Asemiconductor device as claimed inclaim29, wherain said
semiconauctor chip comprises two semiconductor chips adhered to each
other at rear surfaces thereof.

4. In a semiconductor module comprising a plurality of
sémiconductor devices, said plurality of semiconductor devices each
comprise:

at [east two semiconductor chips:

a single wiring tape including a wiring layer having a
preselected pattern;

outer connecting portions arranged on said wiring tape; and

“inner connecting portions formed in said wiring tape and
connected to electrodes included in each of said at least two
semiconductor chips;

" said at least two semiconductor devices are respectively
adhered to opposite surfaces of said wiring tape; and

other part of said wiring tape is bent at edges of said
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semiconductor chips and adhered to other surfaces of said

semiconductor chips.

35. A semiconductor module as claimed inclaim34, wherein each
two semiconductor devices are electrically connectable via said
wiring tape that belongs to a .seqxiconductor devicg intervening
between said two semiconductor devices.

| 36. A semiconductor module as claimed inclaim34, wherein each
two semiconductor chips are electrically connectable via said wiring
tape that is adhered to a semiconductor chip intervening between said
two semiconductor chips.

37. In a semicondqctor modu_le comprising a plurality of
bidimensionally arranged semiconductor devices, said plurality of
semiconductor devices each comprise:

at least two semiconductor chips:

a single wiring tape including a wiring layer having a
preselected pattern;

outer connecting portions arranged on said wiring tape; and

inner connecting portions forﬁed in said wiring tape .atid
connected to clectrodes ingluded in each of said at least two
semiconductor chips; .

said at least two 'sémiconductor devices are respectively
adhered to opposite surfaces o'f said wiring tape; and

" other part of said wiring tape is bent at edges of said
semiconductor chips and édhere‘d to other surfaces of said

semiconductor chips.
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38. A semiconductor module asclaimed inclaim 37, wherein each

two semiconductor devices are electrically connectable via said

mrmg tape that belongs to a semuconductor device intervening

between said two sem:conductor devices.

39. A semiconductor module as claimed inclaim37, wherein each
two semiconductor chips aré etectrically eonneetai:le viasaidwiring
tape that is adhered to a semiconductor chip intervening between said
two émiconductor chips.

40. In a semiconductor modu!e comprnsmg a plurality of

tridimensionally arranged semaconductor devices, said plurality of

semlconductor devices each comprise:

at least two semiconductor cﬁips:

a single wiring tape including a wiring layer having a
preselected pattern;

outer connecting portions arranged on said wiring tape; and

inner connecting portions formed in said wiring tape and
connected to electrodes inciuded in each of said at least two
semiconductor chips;

said at least two semicoriductor devices are respectively
adhered to opposite surfaces of said wiring tape; and

other part of said. _ui‘riné tape is bent at edges of said
semiconductor chips and adhered to. other surfaces of said
semiconductor chips.

41. A semiconductor module as claimed inclaim40, wherein each

two semiconductor devices are elecfrically connectable via said
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wiring tape that belongs to a semiconductor device intervening
between said two semiconductor devices.

42. A semiconductor module as claimed in claim 40, wherein each
two semiconductor chips are electrically connectable via said wiring
tape that is adhered to a seu‘niconduc.tor chip intervening between said

two semiconductor chips.
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