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Specification
A SEMICONDUCTOR DEVICE AND A METHOD OF MANUFACTURiNG THE

SAME AND AN ELECTRONIC DEVICE

BACKGROUND OF THE INVENTION

?-Fleld of the Inventlon

The _present invention relates to a semlconductor
device and, more partlcularly, to .a technlque

advantageously applied to a semiconductor device in

which two semiconductor chips are stacked .on one

another and are encapsulated with a single resin

N encapsulant.

Desc;fptioh of the Related Art
For the purpose of increasing the capacity of a

storege.circuit system, stacked semiconductor devices

have been §ropcsed in which two semiconductor chips

forming a mempiy circuit system are stacked on one
another and are encapsulated with a single resin
encapsulant. For example, Japanese unexamined patent
publication No. H7(1995)-58281 discloses a stacked
semiconductor device having a LoC (lead on chip)
structure . |

Afstacked,semiconductOr device Having a LoC
structure is camprised of a first semiconductor chip

and a second semiconductor chip having a plurality of
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_electrode pads formed on a circuit forming surface

théreoflwhich is the top surface, i.e., one of
principal surfacéé opposite td_éach other, a plurality
of first leads bonded and secured to the circuit
forming surface of the first semicénductdr chip with
an insulating film intérposed therebetween and
electrically connected to the eleqtrodé.pads on the
circuit fofming surface through conductive wires, a.

plurality of second leads bonded and secured to the

- circuit forming surface of the second semiconductor

chip with an insulating film interposed therebetween
and electrically connected to the electrode pads on
the circuit férﬁing surface through conductive wires
and a resin'éncapsulant for éncapsulating the first
semiconductbr chip,_sécond semidonductor“chip, inner
portions'of the first leads, inner portions of the |
second leads,-the_Wires and the like. The first and
second semiconductor chips_ére stacked with their
circﬁit forming surfaces_facing'each other. The first
and second leads are bonded with respective cohnecting
portions overlappiﬁg each other.

The_inven;prs.have encouhtered the following
problems in the course of the development of stacked
semiconductor device.

The conventional LOC structure as described
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_.above results in an increase in manufacturing cost

because the'manufabture'ihvolves'the use of two lead
frames when this structure isjadopfed.

The above-described cOnventiohal technique
necessitates two lead frémes because two semiconductor
éhipé are to'be'sfécked.

Furihér,.since two semiconductor chips are
staqked,'the electro&e pads of the two semiconductor:
chips can not be provided in four direétions on the
semiconductor 6hips with a single'lead fraﬁe.

| It is there:oré an object of the invention to

provide a teéhnique_which makes it poséible to -reduce

. the thickness of a semiconductor device by stacking

two semiconductor chips and enc;psulating the two
S¢micondu¢tor chips with a single resin encapsulant.

' It is another object of the inventionjfo provide
a technique that accommodates a structure of a
semiconductor device having two semiconductor chips
stacked and encapsulated'with a single resin
encapsulant in which a single lead frame serves

electrode pads provided along four sides of the stack

' formed by the two semiconductor chips.

It is still another object of the'invention to
provide a téchnique to make if-possible to Provide_a'-

multi-cbip package ha#ing é_reduced mounting without -
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'.changing'the Storage capacity.

It is still another object of the invention to

,provide a technique that makes it possible to prevent

cracks in a structure of a semiconductor device having

two semiconductor chips stacked and encapsulated Qith
a single réSin'enéapsulant. |

The above-énd other objects and novel features
oflthe invention wili be clearly uﬁderstood from the -
deScription of this spécificafion and the adcqmpanying

drawings.

- SUMMARY' OF THE INVENTION

Typical aspects of the invention discioSed in

- this specification can be briefly summarized as

follows.

(1) There is provided a semiconductor.device

" comprising:

a first semiconductor chip having a circuit

forming surface and a back surface opposite to the

-circuit'forming-surféce_and a plurality of electrode

pads formed on the circuit forming surface;
a second semiconductor chip having a circuit
forming surface and a back surface opposite to the

circuit forming surface and a plurality of electrode
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.pads formed on the circuit forming surface and having

a plane size greaterlthan that of the firSt_
semiconductor chip; -

a plurality of leads each having an inner
portion and an outer portion, the inner portions being
electrically cehnected to reséective electrode pads of
the firsﬁ and second}semiconductor chips through
conductive wires; N

- a support -lead hav1ng an inner portion and an

outer portlon for supportlng the second semlconductor :

‘chip with the inner portlon~ and

a resin encapsulant for encapsulatlng the first
semiconductor chip, the second semlconductor Chlp, the
inner portlons of the leads, the inner portion of the
support lead_end the wires, wherein

the first semicoﬂductor chip is bonded and
secured to the second semiconductof chip with the baek'

surface of the first semiconductor chip and the

circuit forming surface of the second semiconductor

chlp facing each other and wherein

the inner portion of the support lead is bonded
and secured to the c1;cu1t forming surface of the
second semiconductor chip. | |

(2) There is ptovided a semiconductor device

~according to the first aspect, wherein a part of the
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. inner portions of the leads is 9r¢vided on the circuit

forming surface of the second semiconductor chip.-

(3) There is provided a semiconductor device

comprising:

a first semiconductor chip having a circuit

forming surface and a back surface opposite to the

circuit forming surface and'a'plu;ality of electrode
pads formed on the circuit forming surface;
'~ a second semiconductor chip having a circuit

forming sﬁrface and a back surface opposite to the

circuif forming surface and a plurality of electrode

pads formed on the circuit forming surface and having
a plane size greater.than that of the first
Semiconductor chip; |

a plurality of leads each having an inner -
portion and an outer portion, the inﬁer-portions beiﬁg \_
eléctfically conﬁected to respective electrode pads of

the first and second semicqnduétor'chips through

conductive wires;

a support lead having an inner portion and an
outer portion for supporting the second semiconductor
chip with the inner portion; and

a resin encapsulantffo; encapsulating the first

_ semiconductor chip, the second semiconductor chip, the

inner portions of the léads,‘the inne: portion of the
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_support lead and the wires, wherein

the first semiconductor chip is bonded and
secured to the second semlconductor chip with the back
surface of the first semlconductor Chlp and the back

surface of the second semlccnductcr chip facing each

other and wherein

. the inner portion of the support lead is bonded
and,secured to the back surface of the second
semiconductor chip.

(4) There is provided a semiconductor device

comprising:

a first semiconductor chip having a circuit

forming surface and a back surface opposite to the

~ circuit formlng surface and a plurallty of electrode

pads formed on the circuit forming surface;

a second semiconductor chip having a circuit

forming surface and a back surface'opposite to the |

‘eircuit formlng surface and a plurallty of electrode

pads formed on the cxrcult formlng surface and hav1ng |
a pLane size greater than that of the first
sehiconducfor;chip;' -

a plurality of leads each having an inner
?ortion and an cuter porfion, the inner ﬁortions being
electrically connected co resPective electrode pads of

the first and second semiconductor chips through
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. conductive wires;

aléupport lead havinglan,inner portion and an
outer'portion fdr supporting the first and second-
semicdnauctOr chips with the inher portion; and
a resin encépsulant;fbr encéésulating_the first

semiconductor chip, the second semiconductor chip, the

" inner portions of the leads, the inner portion of the

support . lead and the wires, wherein
the first semiconductor chip is bonded and

secured to the second semiconductor chip with the back

' surface of the first semiconductor chip and the

circuit forming-surface of the second semiconductor
chip facing each other andlwherein'
the inner portion of the support lead is bonded

and secured to the circuit forming surfaces of the

first and second semiconductor chips.

(5) There is provided a semiconductor device '
adcotding'to the‘féurth aspect, wherein a part of the
inner portions of the. leads is provided on the circuit
forming surface of the second semiconductor chip.

(6) There is provided ‘a semiconductor device
comprisiné:

a first semiconductor chip having a circuit

forming surface and a back-surfacé_opposite to the

‘circuit forming surface and a piurality of electrode
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.pads formed on the circuit forming surface;

a second semiconductor chip having a circuit
forming surfadg and a back surface opposite fo the
citcuit forming surface and a plurality of electrode
pads formed on the-circuit formiﬂg surface and having
a plane size greater than that of the first
semiconductor chip;

, @ blurality of leads each having an inner
portion and an outer pprtion;'the-innér'portions being
electrically cdnnected to respective electrode pads of
the firs£ and second semiconductor chips'through.
conductive wires;

a subpqrt leéd'having an inner portion-and én
outer portion for supporting the firstﬂand second
éemicénductor chips with the inner ?oriioﬁ; and

a resin encaésulaht for éncapsulating the first

semiconductor chip, the second semiconductor chip, the

.inner portidns'of the leads, the inner portion of the

support lead and the wires, wherein

the fiﬁst semiconductor chip is bénded and‘
secured fp the second semiconductor chip with the Back
su;face of the first semiconductor chip and the back
surface'of the second semiconductor chip facing.each'

other and wherein

the inner pdrfion of the support lead is bonded
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.and secured to the circuit forming surface of the:

first semiconductor chip and the back surface of the
second semiconductor chip.

(7) There is provided a semiconductor device

‘comprising: -

a first semiconductor chip having a circuit

forming surface and a back surface opposite to the

cirguit fofming'su;face aﬁd a plurality of electrode
péds formed on_the circuit forming surfacé;

: a second sémicdnductor chip having a circuit
ﬁorming surface and a béck éurface opposite tq.thé

circuit forming surface and a plurality of electrode

' pads formed on the circuit forming surface and'having

a plaﬁe size g:eaté: than that of the first
semic¢ndnctor_éhip; ) '
a plufality of leads each having an inner

portion and an outer portion,; the inner portions being

. electrically connected to respéctiﬁe electrode pads of .

the first and second,semiconductor_chips'through
conductive wires;

a support lead having an inner portion and an

' outer portion for supporting the first and second

semiconductor chips with the inner portion; and

a resin encapsulant for encapsulating the'first

'semiconductor'chip,_the second semiconductor chip, the

- 10 =~
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jiinner'portions of the leads, the inner portion of the

support lead and the wires, wherein
.the:first'semiconductbr chip ié.provided on the
second semiconductor chip with the resin of the resin
encapsulant interposed between the back surface of the .
first semiconductor chip and the circuit forming
surface of the -second semiconductor chip and wherein

. the inner portion of the support lead is bonded

. and secured to the circuit forming surfaces of the

‘first and second semiconductor chips.

(8) There is provided a semiconductor device
according to the seventh aspect,_whereig a part of the
inner portions of theileads is provided'on.the cirduit
formiﬁg_surface of the second semiconductor chip. -

(9) There is provided a semiconductor device
comprising: -

a first semiconductor chip having.a circuit
forming surface and a back sutface'opposite to the
ci:cuif fo:ming surface and a plurality of eiéctrode
pads formed on the circuit forming surface;

a second semiconductor chip having a circuit
forming_surface-and-a back surface ppposite'to the |
circuit forming surface and a-plurality-of electrode
pads fbfmed on the éircuit.forming su:féce and having_

a plane size greater than that of the first

- 11 -
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-semiconductor chip;

a plurality of leads each having an inner

portion and an outer portion, the inner portions being

-

electrically connected to respective electrode pads of
the first and second semiconductor chips through

conductive wires; .

a support lead having an inner portion and an

outer portion for supporting the first and second

semiconductor chips with the inner portion; and

a resin encapsulant for encapsulating the first
semicohductor chip, the second semiconductor chip, the
inher_portions of-the-leéds, the inner portion of the
support lead and the wires, wherein |

the first semiconductor chip is provided on the
second.SemiconduétOr_chip with the resin of the resin

encapsulant interposed between the back surface of the

' first semiconductof chip and the back surface of the

second semiconductor chip and wherein

the inner portion of the support lead is bonded

and secured to the circuit forming surface of the

first semiconductor chip and the back surface of the
second semiconductor chip. |
(10) There is provided a semiconductor -device

according any of the firSt'th:ough ninth aspects,

- wherein the support lead is configured to serve as

-12 -
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-both 'a power supply lead and a reference potential

lead.
(11) There.is provided a method of manufacturing
a semiconductor device éomprising the steps of:-
providing a first semiconductor chip having a
circuit forming surface and a Back surface opposite to
the cifcgit‘forming surface and a piuraiity of
eieotrode pads formed on the:cirbuit forming'surfaée

and'providing a second semiconductor chip having a

. circuit forming surface and a back surface opposite to

the circuit forming'sﬁrfaée and a plurality of

electrode pads formed on the cireuit forming surface

-and having a plane size greater than that of the first

semiconductor chip;
fo;ming a semicondﬁctor chip stack by bonding
and securing the back surface of the firsﬁ.
semiconductor chip to the-circuit.forming surface of
the second semiconductor chip; | |
| bonding and_securing an innef portion of a
support lead to the circuit forﬁingjsurface of the
second semiconductor chip; - |
electrical;y connecting fhe e1ectrode pads of
the first énd second semiconductor chips to inner

portions of a'plurality of leads respectively th;ough

. conductive wires; and

- 13 -
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encapsulating the first semiconductor chip, the

second semiconductdr chip, the inner portions of the

'leads, the inner portion of the support lead and the

wires.
. (12) There is provided a method of manufacturing
a semiconductor device according to the eleventh

aspect,_comprisiﬁg the step of providing a part of the

inner portions of the leads on the circuit forming

surface of the second semiconductor chip;

{13) There is provided.a method of manufacturing.
a semiconductor device compfising the steps'of: |

providing a first semiconductor chlp having a .
c1rcu1t formlng surface and a back surface opposite to
the circuit forming surface and a plurality of
electrode bads formed-on.the circuit forming~su:face
end provi&ing ajsecond semiconductor.chip having a
circuit forming surface and a baek surface opposite to-
the circuit forming surface and a élurality of
electrode pads formed'On-the circuit forming surface
and hav1ng a plane size greater than that of the first
semlconductor chip;

form;ng a semlconductdr ehip stack by bonding
and securing the béck surfaee of the first

semiconductor chip to the back surface of the second

semiconductor chip;

- 14 -
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bonding and securing an inner portion_of a
support lead to the baék surface of the second
semiconductor chip; | |

-electricallY'connecting the electrode pads of
the first and second semiconductor chips to inner
portions of a plurality of leads respectively through
conductive wires; and _- -

. -encapsulating the first semiconductor-chip, the

second semiconductor chip, the inner portions of the

‘leads, the inner portion of the support lead and the

wires. . _

(14) There is prov1ded a method of manufacturlng
a semlconductor dev1ce compr151ng the steps of:

prov1d1ng a flrst semiconductor Chlp havrng a
circuit forming surface and a back surface opposite to
the circuit forming surface and a plurality of
electrode pads‘formed on the circﬁit forming surface
and providing a second semiconducter chip having a
circuit forming surface.and a back surface epposite to
the circuit formlng surface and a plurallty of
electrode pads formed on the c1rcu1t formlng surface

and hav1ng a plane size greater than that of the first

- semiconductor chlp,

dlsp051ng the back surface of the first

semiconductor chip and the circuit'forming surface of

- 15 -
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-the second semiconductor chip in a- face-to-face

‘relationship with each other and securing and

éupporting them at an inner portion of a'support lead _'
to form'a semicondﬁctor chip stack with a gap between
them;. | |

: electricallyiconnecting the eleétrode pads of
the first and second semiconductor chips to inner
pgrtionS'of-a plurality of leads respectively through
conductive wirés; and

encapsulating the firét*semiconductor_Chip, the

. second sémidonductor chip, the inner portions of the

leads, the inner portion of the support lead and the
wires. o ' |

(15) There is provided a_method of manufacturing.i
a_semiconductof device acéording to_fhe fourteenth
aspect, cqmprisiﬁg the step of 'providing a part of the

inner portions of the leads on the circuit forming

surface of the second semiconductor chip.

- (16) There is provided a method.of manufacturing

' a semiconductor device comprising the steps of:

providing a first semiconductor chip having a
circuit forming surface and a back surface opposite to

thé circuit forming surface and a plurality of

- electrode pads formed on the circuit forming surface

and providing a second semiconductor chip having a

- 16 -
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-circuit forming surface and a back surface opp051te to

the circuit forming surface and a plurality of

" electrode pads formed on the circuit forming surface

and having a plane size greater than that of the first -

semiconductor chip;

disposing the back surface of the first
semiconductor chip and back surface‘of the second

semiconductor chip in a face-to-face relatlonshlp w1th "

~ each other and’ securlng and supporting them at an

inner portion of a support lead to form a
semicondﬁétor chip stack with a gap between them;
electrically connecting the electrode pads of

the first and second semiconductor chips to inner

portions of a plurality of leads respectively through

conductive wires; and
‘encapsulating the first semiconductor chip, the
second semiconductor chip, the inner portions of the

leads, the inner portion of the support lead and the

wires.
BRIEF DESCRIPTION OF THE DRAWINS
Fig. 1 is a schematic plan view of a .

semiconductor device which is a first embodiment of

the invention with an upper part of a resin

- 17 =~
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"encapsulant thereof removed.

Fig. 2 is a schematic séctional'view takenl
along the line A-A in Fig. 1. ,
' Fig. 3 is a schematic. sectional view taken
along the line B-B in Fig. 1.

Fig. 4 is a schematic sectional view of a part

of Fig. 3.

. Fig..s.is a schematic seétionallview téken along
the line c-C in Fig. 1.
.Fig. 6 illustrates functions and arrangement of
leads of a semiconductor device'according to the first
embodiment.

Fig. 7 is a schematic plan view of a lead frame

- used for a process of manufacturing a semiconductor

device according to_tne.first embodiment.
| Figs. SA,iaﬁ and 8C are schematic sectional
views of a semiconductor device according to the first
embodimenﬁ for explaining the manufacture of the same.
Fig. 9 is a schematic plan view of a lead frame
with the resin éncapsulant formed thereon during the

manufacture of a semiconductor device according to the

 first embbdimenﬁl

Fig. 10 is a schematic plan view of lead frames

in a quintuple structure with the resin encapsulant

formed thereon during the manufacture of semiconductor

- 18 -
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-devices according to the first embodiment.

Fig. 11 is a schematic sectional view of

semiconductor -devices according to the first

‘embodiment as mounted on a substrate.

Fig. 12 is a schematic plan view of a
semiconductbr device which is a'second.embodiment of
the invention with an upper part of a resin
encapéulant thereof removed.

fig. 13 is a SChematic-plan.view of a
éemicbnductqr-device which is a third embodihent of

the invention with an upper part of a resin

~ encapsulant thereof removed.

?ig. 14 is a schematic sectional view taken

‘along the line D-D in Fig. 13.°

Fig. 15 is a schematic sectional view taken
along the line E-E in Fig. 13. |

-Fig. 16 is a schematic plan view of a
semiconductof-deviée which is a.foﬁrth embodiment of
the invention with an.upper part'of.a resin
encapsulant thereof removed.

Fig. 17 is a schematic sectional view taken
alohg the line F-F in Fig. 16.

Fig, 13 is a schematic sectional view taken
along-the'line G~G in Fig. 16.

Fig. 19 is a schematic plan view of a

- 19 -
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-semiconductor device which is a fifth embodiment of

the invention with an upper pért of a resin
encapsulant thereof removed. |

'Fid, 20 is a schematic Sectional view taken
alpﬁg_the line H-H in Fig. 19.

Fig. 21 is a schematic sectional view taken

“along the line I-I in Fig. 19.

- Figs. 22A, 22B and 22C are schematic'sectibhal.
views of a semiconductor device acéordihg to the fifth
embodiment for explainihg thelmanufacture of the same.

Fig. 23 is a schematic plan view.of a

semiconductor device which is a sixth embodiment of

the invention with an upper part of a resin

encapsulant'thereof removed.

Fig. 24 is a schematic sectional view taken

along the line J-J in Fig. 23.

Fig. 25 is a schematic sectional view taken

along the~line-K-K in Fig. 23.

Figs. 26A, 26B, 26C and 26D are schematic |
sectional views of a semiconductor device according to

the sixth embodiment for explaining the manufacture of

the same.

Fig. 27 is a schematic plan view of a

semiconductor device which'is a seventh embodiment of

the invention with an upper part of a resin

- 20 -~
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.encapsulant thereof removed.

-Fig. 28 is a schematic sectional view taken
along the line L-L in Fig. 27.

Fig. 29 is a schematic sectional“vieﬁ'taken
along the line M-M in:Fig..27; | | |

Figs. 30A, 30B and 30C are schematic sectional
views of a semicbnductof device aqcofding td'the
seventh embodiment for explaining the manufacture of
the same. |

Fig. 31 is a schematic plan view of a

' semiconductor device which is an eighth embodiment of

‘the invention with an upper part of a resin

enqapéulaht'théreof removed. -

Fig. 32 is a schematic sectional_View.téken
along the line N-N in Fig. 31. |
' Fig. 33 is a schematic sectional view tékeﬁ
along the line P-P in Fig._31. 

figs. 34A, 34B, 34C and 34D éie schematic
sectional views of a semiconduétor'device acco#&ing to
the eighth embodiment for explaining the manufacture
of the same. |

Fig; 35 is a schematic plan view of a
semiconductdr'de§ice which ié a ninth embddiment of
the invention with an upper part of a resin

encapsulant thereof removed..

- 21 -
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" Fig. 36 is a schematic sectional view iaken
along thelline'Q-Q in Fig. 35.
| Fig. 37 is a schematic sectional view taken.-
along the line R-R in Fig. 35.
' jFig. 38 is a schematic sectional view taken
along the line S§-S in Fig. 35.

Fig. 39 is a schematic plan view of a part of

- Pige. 35. ”

Fig. 40 is a schematic plan view of a part of

‘Fig. 35.

Fig. 41 is an enlarged schematic sectional view -
of a part of Fig. 36.
Fig. 42A is a schematic plan view showing a

fi:st semicoﬂductor wafe:'used for the_hanufacture of

'a semiconductor device according to the ninth

embodiment.

Fig. 42B is a schematic sectional view of the

- first semiconductor wafer.

Pig. 43A is a schematic plan view showing a

second semiconductor wafer used for the manufacture of

' a semiconductor device according to the ninth

embodiment.
Fig. 43B is a schematic sectional view of the
second semiconductor wafer.

Figs. 44A, 44B, 44C and 44D are.schematic =

- 22 -
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- sectional views of a semiconductor device according to

the ninth aspect for explaihing the manufacture of the

same.

.Fig. 45 is a schematic sectional view

' semiconductor device according to the ninth

explaining the manufacture of the same.

Fig. 46 is a schematic sectional view

-semicpndﬁctor device accofding to the ninth

for exblaining the manufacture of the same.

Fig. 47 is a schematic sectional view
semiconductor device according to the ninth
for explaining the manufacture of the same.

‘Fig. 48 is a schematic sectional view

semiconductor device according to the ninth

of the

aspect for

of the

embodiment

of the_'

embodiment

of the

embodiment

for explaining the manufacture of the same. -

Fig. 49 is a schematic plan view of a

CF card

incorporating a semiconductor device according to the

ninth embddiment of'the invention.

Fig. 50 is a schematic sectional view

of a

semiconduCtor device which is a modification of the

ninth embodiment of the invention.

Fig. 51 is a schematic sectional view

of a

semiconductor device which is a tenth embodiment of

the invention with an upper part of a resin

~encapsulant thereof removed. .

- 23 -
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Fig. 52 'is a schematic sectional view taken

along the line T-T in Fig. 51.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Modes of carrying out the invention will now be

described in detail with reference to the drawings.

'Th:oughput the-dréwings presented—here-for éxplaining

the best modes of carrying oﬁt the_invéntion, parts
having like functions will be indicated by like
reference numbers and will not be deécribed
repeatedly. _.

(First Embodiment)

The present embodiment refers to an éxample-of

. an application of the invention to a TQFP (Thin Quad

Elat Package) type semiconductor device having a
qﬁadruple lead structure.

Fig. 1 is a schematic plan view of a

-semiconductor device which is a first embodiment of

the invention with an upper part of a resin

encapsulant thereof removed. Fig. 2 is a schematic
sectional view taken along the line A-A in Fig. 1.
Fig. 3 is a schematic sectional view taken along the
line B-E in Fig. 1. Eig..4 is.a schematic secﬁionai

view of a part of Fig. 3. Fig. 5 is a schematic

- 24 =
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-sectional view taken along the line C-C in Fig. 1.

As shown in Figs. 1, 2, 3 and 5, a semiconductor

device 1 of the first embodiment has a semiconductor

“chip (first semiconductor chip) 2'obtaiﬁed by forming

a plurality of electrode pads 4 on a circuit forming
surface (one principal surfacé) 2X of a quadrangular
semiconductof substrate and a sémiconduétor chip
(second sémiconductor'chip) 3 obtained by forming a

plurality of electréde'pads 4 on a circuit forming

surface (one principal surface) 3X of a quadrangular
: semiconductor substrate having dimensions greater than

-those of the semiconductor chip 2. For-example; an

ASIC (Application specific Integrated Circuit which is

"a general pﬁrpose integrated circuit) chip is used as

the semiqondﬁctor-chip 2 of the present embodiment,
and a flash_mémory chip is used as the semiconductor
chip 3. - - | |

A In the present'embodimént, for examplé; the.
semiconductor chiplz hés-a square surface
-cénfiguration and the semiconductor dhip 3 has a
rectangulér'surfacé configuration; . The semiconductor
chip 3 is formed in a plane size (outlihe dimensions)
greater than that of the semiconducfor chip 2. |

The surface of the Semiconducﬁér chip 2 opposite

to the circuit forming surface 2X, i.e., the back

- 25 -
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- surface (another principal surface) facing the circuit

forming surface 2X is placed (located) on the circuit

.forming surface 3X of the semiconductor chip 3, and

the back surface of the'semiCOnductor chip 2 and the
circuit fofming surface 3X of the semicdhductor_chip 3

are bonded and secured using an adhesive 5. as they are

to form a semiconductor chip stack. A support lead 6

is bonded and secured to the circuit forming surface
3X of the semiconductor chip 3 of the semiconductor
chip stack to support the semiconductor chip stack,

Inner portions 7A of leads 7 having the inner

‘portions 7A and outer portions 7B are located outside

the semiconductor chip stack consistiﬂg of the
éemiconductor éhips 2 and 3.  The inner portions 7A
and the respective'electrode pads 4 6f the |
semicohductor-chips 2 and 3 arelelectrically connected.
by coﬁductive wires'B. The semicondﬁéyor chip stack,

wires 8 and the inner portions 7A of the leads 7 are

'engapsulated.with a resin éncapsulant 9.

For example, each of the semiconductor chips 2

and 3 is primarily ¢omprised of a semiconductor

substrate made of single crystal silicon and a

multiplicity of wiring layers formed on the

-semiconductpr substrate. For example, a flash memory-

of 64 Mbit is formed in the semiconductor chip 3 as a
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- surface 2X which is the top surface (one principal

surface) of the semiconductor-chip,z. Each of the

plurality of electrode pads 4 is formed in the

- uppermost wiring lajer among the multipiicity of

‘wiring layers of the semiconductor chip 2. The

. uppermost wiring 1ayer is coated with a surface

protection film'(final protection film), and the

. surface protection'film'is formed with bonding holes

where the surface of the electrode pads 4 is exposed.
The plufality of electrbde'pads 4 are formed
along one-of-the two longer-sides.opposite to each

other of the circuit forming surface 3X which is the

top surface (one principal'surface) of the
- semiconductor chip 3. Each of the plurality of

. electrode pads 4 is formed in the uppermost wiring

layer among the muitiplicity of wiring layers of the

. semiconductor chip 3. The uppermost wiring layer is

_coated with a surface f;otection film (final

protection £ilm), . and the sufface.prétection £ilm is
formed with bonding holes where the surface of the-
electrode pads 4 is exposed.

The resin encapsulant 9 has a quadrahgular
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surface econfiguration, e.g., a rectangular

configuration in the first emquiment. Outer portions .
fB of the plurality of leads 7 are arréngedlalonglﬁhe
four sides of resin encapsulant 9. | a

_As shown in Fig. 6, a terminal name is assigned
to each of the outer pbrtions 7B.of'the plurality of
leads 7. For ekaﬁple, a terminal VCC is a power
supply potential'terminal whpse potential ié fixed at
a.power supply potential (e.g., 5 V). A-te:minal VSSs
is a.féference potential termihai whose potential is
fixed at a réferenceipotential (e.g.; 0 V). Terminals

I/00 through I/07 are data input/output terminals. A

terminal RES is a reset terminal. A terminal R/B is a

ready/busy termihal. ‘A terminal CDE is a command data

enable terminal; A terminal 6ﬁ is.an output enable.
terminal. A terminal SC is a serial clock terminal.
A terminal WE is a wfite enable terminal. A terminal

CE is a chip enable terminal. Other terminal symbols

‘are as described in Table 1.
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" Table 1 (MCP Pin Arrangement)

29

# | Terminal Function Function # Terminal Function Function
1] Vss Ground Ground St 3 D5 Data s Data§
2 | Vec Power supply Power supply . . 52 | Ds Data § Data 6 '
3 | Veet Power supply(flash) _Power supply(flash) - 53 | Dit _| Data 11 Data 11
4 | RES Reset Reset ' 54 | D12 Data 12 Data 12
5 | A8 Ready/Busy Ready/Busy 85 | D13 Data 13 _Data 13
6 | COE Command Data | Command Data Enable 56 | Vss ‘{ Ground Ground
' Enable ' :
7 | OE "Output Enable Output Enable 57| D14 Deta 14 Data 14
8 | Vss Ground “Grround 58 | O7 Data 7 Data7
o | voo Inpul/Output 0 Input/Output 0 58 | CEt Chip Enable { Chip Enable 1
1 .
10 | Vot Input/Output 1 Input/Output 1 80} A0 Adress 10 Adress 10
11 | RDY2 Input Input Ready - for 2 banks 61 | OE Qutput Output Enable
. . ! . Enable
| 12 | o2 Inptit/Output 2 input/Qutput 2 62 | DIS Data 15 Data 15
18 | RES Reset Reset 63 | CE2 Chip Enable | Chip Eneble 2 o
2
14 | 103 . _Input/Qutput 3 input/Cutput 3 64 | IORD Input Input _Read Data Controf
15 | D-S-BPT _ [ Input Input Select Diagnosis Mode 85 IOWR Input Input _Write Data Control
16 | Vee Power supply Power supply 66 | Vec Power supply | Power supply
17 _{ Veef Power supply(fiash] Power supply(flash) 67 | A9 Address 8§ Address 9
18 | o4 Input/Output4 - Input/Output 4 68_ | A8 Address 8 _Address 8
19 } Vo5 Input/Output 5 Input/Output 5 €8 | A7 Address 7 Address 7
20 | VoS Input/Output 6 Input/Output 8 . 70 | A6 _Address 6 Address 6
21 } Vo7 Input/Output 7 Input/Output 7 71 _1Vss Ground Ground
| 22 | CEA1 Output Qutput Chip Enable 1 72| WE - Write Enable | Write Enable
|23 | CEA2 | Output Output Chip Enable 2 73 | IREQ Output | Output _Interrupt Request
| 24 | Vee Power supply - Power 74 | CSEL Input Input Card Select
| 25 | SCA1 Output Output _Serial Clock Qutput1 { 75 | D-S-BPA | Input Input_Diagnosis Mode Select
28 | sC Serial Clock Serial Clock Input 1 . 76 | RESET Resat Reset
27 | WE Write Enable Write Enable 77| WAIT Wait Wait__
| 28 | CE Chip Enable Chip Ensble 78 | AS Address 5 Address 5
| 29 | Vss Ground Ground 79 | A4 Address 4 Address 4
30 | SCA2 Output Serial Clock Qutput 2 80 I A3 Address 3 Address 3
31 | Vss Ground Ground 81 | A2 Address 2 Address 2
32 | CEA3 Output Output Chip Enabie 3 82 | INPACK Output Output _ Input Acknowledge
"33 [ CeAs Output Output Chip Ensble 4 83 | REQ Register | Register
34 | CEAS Output Output Chip Enable 5 84 DASP Input/Output | Input/Output Handshake
35 | WEA Output Output Write Enable 85 | STSCHG | input/Outpuit | Input/Output Staius Signal B
36 | DA7 Input/Output Input/Output Data 7 86 | Al Address 1 Address 1
37 | DAs Input/Output Input/Output Data 6 87__| Ao Address 0 Address 0
|38 | DAS _ Input/Output | Input/Output Data 5 e8| Do . Data 0 Deta 0
39 | Vee Power supply Power supply 89 | D1 Data 1 Data 1
40 | DA4 Input/Output _ Input/Output Deta 4 s .| D2 Data 2 Data2
41 | DA3 Input/Qutput ' Input/Output Data 3 g1 _ | l0IS16 Output Output _16bit Assert Signal
52 ] DA2 1 input/Output input/Output Deta 2 s2 |08 Data 3 Deta 8 .
43 | DAt Input/Output Input/Output Data 1 83 | Ds Datag Datas
44 | DAO Input/Output Input/Output Data 0 84 | D10 Data 10 Data 10
45 | CEA Output Output Enable - 95 | Veeo Power supply | Power supply
46 | COEA .| Output ‘Output Command Data Enable | 96 | PORT PORT PORT __
47 | RDY1 Output Qutput  Ready Signal 1 87 | EMODE | Input Input _Mode Select
48 | Vec Power supply Power supply 88 | sTBY STANBY STANBY
48 | O3 Oata3 Data 3 .88 | XIN Crystal Oscillation (IN) ‘
50 | Da Data 4 Data 4 100 | XOUT

Crystal Oscillation (OUT)_____|
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Sinte such a configuration eliminates the need

for any tab (die pad) between“the sémiCOnductér chips‘

2 and 3, the distance between the circuit forming

surface 2X of the semiconductor chip 2 and the circuit

" forming surface 3X of the semiconductor chip 3 can be

reduced.' Further, sinéé there is only one bonding
1ayer_between the semiconductor chips 2 and 3, ﬁhe
disgance between the circuit forming surface 2X of thé
sémiconductor cﬁip 2 and the circuit forming surface

3X of the semiconductor chip 3 can be reduced further.

_ Since the support lead 6 is bonded and secured to the

circuit forming surface 3X of the semiconductor chip

'3, the thickness of the support lead 6 is canceled by

the loop height of the wires 8 that electrically

. connect the electrode'pads 4 of the semicoﬁductor chip

2 and the inner portions 7A of the leads 7, and the

support lead 6 has therefore no'influgnce of the
thickness of the resin encapsulant 9.

As shown in Figs. 2, 3 and 5, the leads 7 of the

first embodiment are constituted by the inner portions

(internal lead portions) 7A which are'encapsulated by -
the.iesin enqépéulant'S and outer portions (external
lead portions) 7B which are led out from the'rgsin
encapsulant 9, and the outer portions 7B afe formed in

a configuration for surface mounting, e.g., a guli
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wing configuration. -

For examplel wires made of gold (Au) are used as

the conductive wires 8. For example, the wires are

connected using a method of bonding that involves both
of thermo-compression bonding aﬁd ultrasonic
vibration. |

| In order to reducé st;ess, the resin encapsulant
9 is formed ffom} for example, biéhenyl type resiﬁ
added with a phenol type hardening agent, silicone

rubber, filler and the like. The resin encapsulant 9

is formed using transfer molding that is suitable for

mass production. Transfer molding is a method of
forming a resin ehéapsulant by using a molding die
having a pot, runner;.entfance gate, cévity and fhe
like and byﬁinjecting resin from the pot to the cavity
thfough the runner and entrance géte under a pressuré.
~ Referring to Figs. 2, 3 and 5, the thickness of
each of the semiconductor chips 2 and 3 is 0.24 mm ;

the thickness of the adhesive S is 0.01 mh; the

'thickness of the leads 7 is 0.125 mm; the height from

the principal Surface 2A of the semiconductor-chip 2
to the top of the wi;es‘8'electrically connecting the
electrode pads 4 of the semiconductor chip 2-and the

inner portions 7A of the leads 7 (loop height) is 0.19

mm; the gap between the top of the wires 8 and the top
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surface of the fésin encapsulaht'S is 0.065 mm; the

thickness of the resin encapsulant 9 is 1.0 mm; and

" the height from the top surface of the resin

encapsulant 9 to.the mounting surface of the leads 7

" (outer portions 7B) is 1.20 mm.

The top surface of the support lead 6 is lower
than the top of the wires 8. As shown in Fig. 1, the
support lead 6 extends across the two shorter sides of
the semiconductor chip 3 opposite to each other.

As shown in Fig. 4, the semiconductor chips 2
and 3 are stacked in an affset state such that the
back surface of the semiconductpf'chip 2 of the

circuit férming surface 3X of the semiconductor chip 3

~are in a face-to-face relationship in which one'(ZA)

of two sides of the'semiconduct¢r chip 2 opposite to

each other is located close to one (3A) of the two

‘longer sides of the semiconductor chip 3 opposite to

~ each other and in whicli the other kZB) of the two

sides of the semiconductor chip 2 is located close to

the other (3B)-of‘the two longer éides of the

‘semiconductor chip 3 opposite to each other and such

that the distance L1 from the side 2A of the

semiconductor chip 2 to the longer side 3A of the

semiconductor'chip 3 is greater than the distance L2

from the side 2B of the semiconductor chip 2 tothe
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-longer side 3B of the~semicondqctor chip 3. That is,

" the semiconductor chips 2 and 3 are stacked with their

'centers offset from each other in a direction such
that the distance L1 is greater than the distance L2.

Since such a configuration exposes a greater

“area of the semiconductor chip 3 on the side of the

side 2A of the semiconductor chip 2, wofkability is

Aimproved in connecting the wires 8 to the electrode

' pads 4 provided at the side 3A of the semiconductor

chip 3.

A description will now be made with reference to
fig. 7 (schematic plan view) on leaa_frames used in a
process of manufacturing the S¢miconductor device 1.
While a multiple structure'is employed for actual lead
frames to allow manufacture of a plurality of |

semiconductor devices, Fig. 7 shows a region used to

-manufacture one semiconductor device for simplicity of

illustration.

As shown in ?ig. 7, a lead frame LF has a
configuratioh in which a support lead 6, alplurality
Qf.leads 7 én&lthe-like are.pfovided in a région
defined by a frame 11. .The plurality of leads 7 are
arranged along four sides of the frame 11. The
support leadls is a lead which is inﬁegrally.formed

with suspended lead portions 6A provided between
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“groups of leads each consisting of a plurality of

leads 7 and semiconductor chip support lead pbrtions
(bus bars) 6B provided in a central space surrounded
by the ends of the inner portions 7A of the leads 7
and which is integrated with the frame 11 to be -
supported thereby{ | | |

The plurality of leads 7 are each conétitutéd by
an inner portion 7A encapsulated by ﬁhe resin
encapsulant 9. and an outer portign 7B exposed from the
encapsulant 9 and are connected to each othér through
tie bars 10. _

The lead frame LF is formed by etching or
pressing a sheet material member made of, for exémplé,
aﬁ-iron (Fe)-nickel (Ni) type alloy or copper (Cu)lor

a copper type alloy to form a predetérmined lead

| pattern.

A description will now be made with reference to
Figs.'a through 10 on a method of manufacturing the

semiconductor device 1. 'Figs. 8A, 8B and 8C are

schematic sectional views of the semiconductor device;

Fig. 9 is a schématic-piah view of a lead frame with a

resin encapsulant formed thereon; and Fig. 10 is a

schematic plan view of lead frames in a quituple
structure with resin encapsulantS'formed thereon.

As shown in Fig. 8A, a semiconductor chip 3 is
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. first mounted on a heat stage 21; a lead frame LF is

p;aoed on the same; a tool 22 is urged against'the

~ same while being heated; and the back surface of the

semiconductor chip lead support lead portions (bus

bars) 6B is bonded to the 01rcu1t formlng surface 3X

of the semlconductor chip 3.

Next, as shown ln Fig. 8B, an adhesive 5 (e. g.,
a_pasty agent) is applied to the circuit forming
surface 3X of the semiconduotor chip 3,.and a
semiconductor chip 2 is bonded_on to the same.

Next, as shown in Fig;'sc,_the top surface of
the lead frame LF is pressed oy and fixed with a frame

press1ng member 23; the heat stage 21 is heated to

'warm the semlconductor Chlps 2 and 3; and the inner

portlons 7TA of the leads 7, the semiconductor Chlp

~support lead portions (bus bars) 6B and the electrode

pads 4 on the—semidonductor chips 2 and 3 are

‘respectively electrically connected with wires (e.g.,

Au wires) 8.

A resin encapsulantIS is then formed by resin-
encapsulating the semiconductor_chips 2 and 3, the
inner portions of the support lead 6 (the inner
portions of the-suspended lead portions 6A and the
support leads 6B in a guadrangular configuration), the

inner portions 7A of the leads 7, the wires 8 and the
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-like. The resin encapsulant is formed using transfer

molding. Thus, a semiconductor device according to

.the_first-embodiment is formed'on the frame 11 of the

lead frame LF as shown in Fig. 9. ‘Lead frames LF for

actual manufacture ére in a multiple structure (e.g;,
qulntuple structure) as shown in Figqg. 10 -
Next, the tie bars 10 are cut off from the leads
7; a.plating process is thereafter performed on the
outer portious 7B of the leads 7; the leads 7 are
thereafter cut off from the frame 11 of the lead frame
LF; each of the outer portions 7B of the leads 7ris

thereafter molded into afconfiguration for surface

mounting, e.g., a gull wing configuration; and the

support lead 6 is cut off from the frame 11 of the

lead frame LE to complete a'semiconductor device 1 as
shown in Figs. 1 through 5 substantially.

' As shown in Flg. 9 (sectlonal view of major
parts), a plurality of semiconductor devices 1 hav1ng
such a configuration are mounted on a substrate 30 as
components of an electronic device that constitutes a
single circuit system.' Each of the semiconductor -

devices 1 is mounted on the substrate 30 by

" electrically connecting the'outer portions 7B of the

‘leads 7‘thereof to wires 31 on the substrate 30.

_ When the outer portions 7B of the leads 7
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.protrude above a plane at one half of the thickness of

the resin encapsulant 9, the'distance’of the outer
portions 7B from the sﬁbstrété is increased, which
reduces stress attributable to thermal. expansion
during mountingubecauée it is absorbed by the outer
portions 7B. _
As apparent from the above déscriptidn; the

first empodiment pro#ides the following effects.

h '(1).since there is no tablbetween.the circuit.

forming surface 2X of the semiconductor chip 2 and the

‘circuit forming surface 3X of the semiconductor chip

3, the distancé from the circuit formipg sgrfaCe_zx of
ihe semiconductor chip 2 to the circuit forming
surfacé 3X of the semiconduétor chip 3 can be reduced .
to.proﬁide the semiconductor device 1 with a low
profile. _ -

(2) since the support lead 6 is bonded and
secured to the éi;cuit forming surface 3X of ﬁhe
semiconductor chip '3, the thickness of thé_sﬁpport.
lead 6 is canceled by the loop height of the wires 8;
which prevents the suppprt lead 6.fromlaffecting the

thickness of the resin encapsulant 9. As a result,

-the resin encapsulant 9 can be made thin to'provide

- the semiconductor device 1 with a 1ow_profi1e-

(3) Since the resin encapsulant 9 can be made
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_thin withoutﬂreducing the thickness of the

semiconductor chips 2 and 3, it is pdssiblé to provide
low profile semiconductor devices with high yield.

(4) Since the resin encapsulant 9 can be made
thin, a TQFP type configuration can be employed. |

(5) Semiconductor memory chips may be used as
the semiconductor chips 2.and 3 agd may be staéked to
achieve a small'mounting.area with the same storage
capacity; ] '

| (6) The nuhber'of-ﬁhe‘leads 7 can be small

becaﬁse'the-support lead.G'is_used not only.to secure
ﬁnd support the semiéonductor_chips but also as a lead
to serve_aé bdth_a power supply lead and a reference,
potential D lead (GND lead).
— (7)'Since the position of boﬁding and sécuring
with the suppdft lead 6 is épplanar with the height of
the leads 7, workability of the assembly step can be
improved.- \ |

(8) The semiconductor chips 2_and 3 are stacked

_in an offset state such that the back surface of the

semiconductor chip 2 and the éircuit.forming_surface

3X of the semiconductor chip 3 are in a face-to-face

relationship in which one (2A) of two sides of the

semiconductor chip 2 opposite to each other is located

‘close to one (3A) of the two longer sides of the
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- semiconductor chip 3 opposite to each other and in

which ‘the other (2B) of the two sides_of the

sehiconductor'chip 2 is located close to the other

(3B) of the two longer sides of the semiconductor chip

3 opposite to each other and such that the distance L1

. from the side 2A of the semiconductor chip 2 to the

'-longer side 3A ‘of the semiconductor chip 3 is-greater

than the distance L2 from the side 2B of the

.semiconductor chip 2 to the longer side 3B of the

semiconductor éhip 3.

.Since such a configuiatioh exposes a greater
area of the semiconductor chip 3 on the side of the.
side 2A of the semiddndﬁctér'chip 2, WOfkability,is
iﬁproved_in connecting tﬁe wires 8 to the electrode
pads 4 provided at the side §A of the-semicondﬁctor
chip 3. |
(Sécgnd Embodiment)

Fig. 12 is a échematic plan-view of a
semiconductor device which is a second embodiment of

the invention with an upper part of a resin

éncapsulant thereof removed.

As shown in Fig. 12, in a semiconductor device
1A of the second'embodiment, two types of
semiconductor’ chip suppdrt'léad portions 6Bl and 6B2

are separately providéd for a reference potential
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- (Vss) and'a'power supply potential (Vcc) respectively

instead of the semiconductor chip support lead
portions 6B of the first embodiment. Such a

configuration makes it possible to use the reference

potentia1 (VSs)-6B1 and the power supply potential

(Vec) 6B2 simultaneously with a common lead.
(Third Embodiment)
- Fig. 13 is a schematic plan view of a

semiconductor device which is a third embodiment of

the invention with an upper part of a resin

encapsulant thereof removed. Fig. 14 is a schematic -

sectional view taken along the line D-D in Fig. 13.

" Fig. 15 is a schematic sectional view taken along the

As shown in Figs. 13, 14 and 15, the

configuration of a semiconductor device 1B of the

'present embodiment is basically the same as those of
"the first and second embodiments except the following

points.

‘Specifically, when a semiconductof chip 2 is

stacked on a semidonductor,chip 3, the surfaces (back

surfaées) of the semiconductor chips 2 and 3 ppposite'
to the circuit forming surfaces 2X and 3X thereof are
ponded and secured to each other, and a suppoft lead 6

is bonded and sécured to the back surface of the
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-semiconductéf chip'3 with- an adhesive 5.

Referring to a method of manufacturing the

semiconductor device 1B having such a configuration,.

in the process of the manufacturing method of the

first embodiment, the back surfaces of the

semiconductor chips 2 and 3 are bonded and secured to
each other in a face-to-face relationship, and wire
bondigg is performed after the back surface of the
sémiconductdr'chip 3 is bonded and égcured_tg each of
semiconductor chip support leads 6Bl and 6B2 with the
adhesive 5. | | |

At the wire bonding step,:electrode pads 4 on

. the semiconductor chip 2 and inner portions 7A of

leads 7 are electrically connected with wires 8;
thereafter, the devicé is inverted into contact with
the heat stage; an& electrode pads 4 on the
semiconductor éhip 3 and the leads 5 are electrically
connected with wires 8.

Such a configuraﬁion provides the same effects
as in the above-described first and second )
embodiments.

(Fourth Embodimént)

”Fig; 16 is a schematic plan view of a

semiconductor - device which is a fourth embodiment of

the invention with an upper part of a resin
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-encapsulant thereof removed. Fig. 17 is a schematic

sectional view taken along the line F-F in Fig. 16.
Fié 18 is a schematlc sectional view taken along the
line G-G in Fig. 16. _

~ As shown in Figs. 16, 17 and 18, the
configﬁration of a semiconductor device 40.of the "
present embodiment is basically the same as those of
the -first and second embodiments except the followxng
points. In Fig. 16 41 represents package support
leads whlch are cut when the package is finally
separated from the lead frame to complete the

semlconductor device 40 in a method of manufacturing

‘the semlconductor dev1ce 40.

Specifically, inner portions 7A of leads 7 are
bonded and secured on to a circuit forming surface 3X
of a semiconduetor'ohip'B with.an adhesive (film or
coating layer) 5 similarly to eemiCOnductor ohip
support 1ead portions 6Bl and 6B2 of a support lead 6.

Such a conflguratlon makes it p0551b1e to reduce

.the length of bonding wires for connectlng inner

portions 7A of leads 7 prov;ded at shorter sides of

 the semiconductor chip 3 to the semiconductor chip 2.

As a result,‘it is possible to prevent the wires from
being inclined by encapsulating region during molding

to.cause Shorting between the wires and between the
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wires and the semiconductor chips.

By supporting the semiconductor chip 3 at thé
inner portions 7A of the leads 7 provided at the

shorter sides of the semiconductor chip 3, the

 semiconductor chip 3 is supported by the semiconductor

.chip support lead portions 6Bl and 6B2 and the inner

portions 7A of the leads 7 provided at the shorter
sides of the semiconductor chip 3 and, as a result,
the possibility of'inclination of the semiconductor

chlps 2 and 3 .can be SLgnlflcantly reduced.

-EspeCLally, it is poss;ble to rellably ‘prevent the

inclination of the semlconductor chips during moldlng.
(Fifth Embodlment)
Fig. 19 is a schematlc plan view of a

semiconductor device which is a fifth embodlment of

_the invention with an upper part of a resin

encapSulanttherééf removed. 'Fig. 20 is a_schematié'
sectiénal.view taken along the 1iné H-H in'Fig- 19..
Fig. 21 is a schematié sectional view taken along the
line I-I in Fig: 19. | |

As shown in Figs. 19 through 21, the

configuration of a semiconductor device 50 of the

fifth embodiment is basically the same as that.of the

fourth embodiment except the followirg points.

A éupport lead 51 is used which is a
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. .modification of the configuration of the-support lead

6 of the fourth_ehbodiment. Semiconductor chip
support lead portions (bus bars)'SLB of the support
lead 51 are secured to citcuit forming sutfaces 2X and
3X of respective semiconductor chips 2 and 3 with an
adhesive 5. | |

The support lead 51 is comprised of suspended

lead portions 51A and the'semiconductor chip support

lead portions (bus bars) 51B which are intégfally
formed from the same material.

Such a configuration makes it possible to bond

-the_semiconductor chips 2 and 3 to_each other and

support the semiconductor chips 2 and 3 with improved

rigidity.

A description will now be made with reference to
Figs; 222, 22B and 22C (schemaﬁic sectional views). on
a method of manufactufing.the semiconductor device 50
of the fifth embodiment.

As shown in Fig. Z?A, the semiconductor chip 2
is first mounted on a heat stage 24} a lead frame LF
is_pléced on the same; a toollzi is urged against the
same while being heated; and the back surface of the .

semiconductor chip support lead portions (bus bars)

- 531B is bonded to the circuit forming surface 2X of the

semiconductor chip 2.
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Next, as shown in Fig. 22B, the semiconductor o

chip 3 is mounted on a heat stage 25; an adhesive 5

(e.g9., a'pasty agent) is applied to the circuit

forming surface 3X of the semiconductor chip 3; inner
poftions 7A of leads 7 of the lead frame LF are placed
on the same; a tool 22 is urged against the same while
being heated;'aﬂd bonding portions of the leads are
bonded to the circuit forming surface 3X of the
semiconductor chip 3 with the adhesive 5.

Next, as shown in Fig. 22C the top surface of
the lead frame LF is pressed by and flxed w1th a frame
press1ng member 23; the heat stage 25 is heated to
warm the semiconductor chips 2 and 3; and the inner
portions 7A of~the leads 7,,the semiconductor cdip
support lead portions (bus bars) 51B and electrode

pads 4 on the semiconductor chips 2 and 3 are

respectively electrically connected with wires (e.qg.,

Au wires) 8.

A resin encapsulant 9 is then formed by resin-

encapsulating the semiconductor chips 2 and 3, inner

portions of the support lead 51 (inner portions of the
suspended 1eadip6;tions SlA-and ﬁhe'semiconductor chip
support lead pdrfione (bus bars) 51B), inner portions
7A of the'ieads 7, the wires 8 and the like.. The d

resin encapsulant 9 is formed using transfer molding.
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"Thus, a semiconductor device 50 aocording to the fifth

embodiment is formed on a lead frame LF as shown in
Fig. 9. _ | _

Next, tie bars 10'oonnected to the leads 7 are
cut off fiom thé leads_f; a plating process is
thereafter pérfgrméd on outer portions 7B of the leads
7} the leads 7 are thereafter cut off from the frame
11 of the lead frame LF; each of.the'oﬁfer portions ?B
of the leads 7 is thereafter moloed into a
configuration for surface mounting, e.g., a guli wing
configuration; and thé suppoft lead 6 is cut off ffom
the frame 11 of the lead frame LF to complete a
semiconductor device 50 as shown in Figs. 19'£hrough

21 substantially.

(Sixth Embodiment)

Fig. 23 is a schematic plan view of a
semiconductor device which is a sixth embodiment of
the invention with an upper part'of a rosin _
encapsulant thereof removed. Fig. 24 is a schematic

sectional view taken along the line J-J in Fig. 23.

Fig. 25 is a schematic sectional view taken along the

line K-K in Fig. 23.

As shown in Figs. 23 and 25, the configuration

. of a semiconductor device 60 of the sixth embodiment

is basically the same aS'thaﬁ'of the third embodiment
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- except the following points.

When a semiconductor chip 2 is stacked on a

_.semiconductor chip 3, surfaces (back surfaces) of the

semiconductor chips 2 and 3 opposité to,respective_
circuit forming surféces 2X and 3X are bonded and
secufed:to each other with an adhesive 5. The stack
formed by.the'semiconductof chips -2 and 3-i§ éupported
using a semicondﬁctor chip suéport lead 61 which is a
modificatién of fhe ¢0nfigﬁration of thé'semiconductor
chip'support lead 6. Specifically, semiconductor éhip
support'léad_portions'(bus bars) 61B of.the support

lead 61 are secured to the surfaces (back surfaces) of

~ the semiconductor chips 2 and 3 opposite to the

respective circuit forming surfaces 2X and 3X with the
adhesive 5. | |

The'suppqrt_lead 61 is comprised of suspended

. lead portions'GIA and the semiconductor chip support

lead portions (bus bars) 61B which'are-integrally
formed from the same ﬁaterial: |
Such a éonfiguration makes it possible to bond
the semicbnductor éhips 2 and 3 to each other and
supﬁort the.semiconductpr chips 2 and 3 with improved
rigidity.
While the surfaces (béck surfaces) of the

semiconductor chips 2 and 3 opposite to the respective
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'acircuit fotming surfaces 2X and 3X are bonded and

. secured to each other with the adhesive 5 according to

the sixth embodiment, the back surfaces may be secured

to each other using the semiconductor chip support

‘lead 61 by simply putting them in contact with each

_other without using the adhesive 5.

A description will now be made with reference to
Figs. 26A,‘2SB, 26C aﬁd 26D (schematic sectionél .
views) on a method of manufacturing fhé semiconductof
device 60 of the sixth embodiment. Figs. 264, 26B and
26¢_are schematic sectional views taken élong the line
K-k in Fig. 23, and Fig. 26D is a schematic sectional
view taken along the line J-J in Fig. 23.

As shown in Fig. ZGA, the semiconductor chip 2
is first mountedrén a heat sﬁagéﬂzsf semiconductor
chip support lead portions (bus bars) 61B of a
semi¢6nau¢tor chip support lead 61 of a lead frame LF
is piaced on the same; a tool 22 is urged against the
same while being heated; and the back surface of the
semiconductor chip leéd'suppprt lead pqrtions,(bﬁs .

bars) 61B is bonded to the circuit forming surface 2X

. of the semiconductor chip 2.

'Next,_as shown in Fig..ZGB, the semiconductor
chip=3 is mounted on another heat stage 27; the:

adhesive 5 (e.g., a pasty agent) is applied to the
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"surface (back surface) of the semiconductor chip 3

opposite to the circuit forming surface 3X; the

surface (back surface) of the semiconductor chip 2.
opposite to the circuit forming surface 2X is placed

on the:same; and.the.semiconductor chip éupport lead.

- portions (bus bars) 61B of the lead frame LF and inner
~portions 7A of leads 7 are placed on the same and are

‘urgeéd by the tool 22 to be bonded and secured.

As shown in Fig. 26C, the top surface of the

- lead frame LF of the stack formed by bondiné and

-securing surfaces (back surfaces) of the semiconductor

chips 2 and 3 opposite to the respective circuit
forming Surfaces thereof to each other,is'pressed with
a frame pressing member 23 to secure the semiconductor

chip support lead portions (bus bars) 61B and the

‘inner pbrﬁions 7A of the leads 7; the heat'stage 27 is

heated to warm the semiconductor chips 2 and 3; and -
the ihnerzportions 7 of_the leadé 7, the.
semiconductor chip support lead portions (bus bars)
61B and electrode pads 4 on the first semiconductor
chip 2 are respectively electrically connected with
wires (e.g., Au wires) 8. |

Next, as shown in Fig. 26D) the stack formed by
the semiconductor chips 2 and 3 is inverted after the

above-described step such that the semiconductor'chip'
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3 is located upﬁard; the back surface of the lead
frame LF is secured with the lead frame pressing -

member 23; a heat stage 28 is heated to warm the

semiconductor chips 2 and 3; and inner portions 7A of

- leads 7, semiconductor‘chip'sﬁpport lead portions (bus

bars) 61B and electrode pads 4 on the semiconductor

'éhip-B are respectively electrically cpnneéted with

wires (e.g., Au wires) 8.
'Deép recesses 28A are provided on both sides of

the heat stage 28 in order to prevent the

semiconductor chip 3 and wires 8 from contacting each

‘other at this step.

A resin ehcapSulant 9 is then formed by'resin-

encapsulating the seﬁiconductor chips 2 and 3, the

inner portions of the semiconductor chip support lead

‘61 (inner portions of the suspended lead portions 61A

and the semiconductor chip support lead portions (bus

~ bars) 61B), inner portions 7A of the leads 7, the

wires 8 and the like. The' resin encapsulant 9 is

formed using transfer molding. Thus, a semiconductor “

device 60 according to the sixth embodiment is formed
on a lead frame LF as shown_in.Fig. 9.
(Seventh Embodiment)

Eig; 27 is a schematic plan view of a

- semiconductor device which is a seventh embodiment of
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‘the invehtion with an upper part of a resin

encapsulant thereof removed. Fig. 28 is a schematic
sectional view taken along the line L-L in Fig. 27.

Fig. 29 is a schematic sectional view taken along the

‘As shown in Figs. 27 thrbugh.29, the
configuratioﬂ'of a semiconductor device 70 of the
seventh-embodimént is basically the same as that of
the fifth'embodiment except the following points.

A semiconductor chip 2 is siacked on a
semiconductor chip 3; a surface (back surface) of the
semiconduétor chip 2 opposite to a circuit forming
surface 2X thereof is secﬁred to a circuit forming
surface 3X qf the semiconductor chip 3 with a résin
encapsulating material (reSin 9A of a resin’
encapsulant 9) interposed thgfebetween;-and a
semiconductor chiplsupport lead 71 is bonded and
secured to thé ciréuit forming surfaces”zx and 3X of
the respective semiconductor chips 2 and 3. The 
support lead 71 is compfised of suspendéd_lead
portions 71A and the sehiconductor chip support lead
pdrtions.(bus bars) 71B whichlare integfally formgd
from the same material. |

With suéh-a configuration, the stack is formed

. by the semiconductor chips 2 and 3 with a resin
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fencépsulating material interposed therebetween without

using'any adhesive on the surfaces of the chips facing

each other. This makes it possible to prevent anY

crack attributable to thermal expansion caused by heat
generated when the semiconductor device is subjected
to a reflow proceSs and when the device operates.

A descripfion will now be made with reference to

'Figéﬂ 30A, 30B and 30C (schematic sectional views) on

a method omeanufacturing the semiconductor device 70

6f fhe seventh embodiment.

As shown in Fig. 30A, the semiconductor éhip 2
is firét-mounted on a‘heat'staéé 24; a lead frame LF-
is placed on-the éame; and a tool 22 is urged against
the s?ﬁé,while being heated fo bond and secure the

back surface of the semiconducfor.chip sﬁpport lead

_portions (bus bars) 71B of the semiconductor chip-

suppbrt leadl71_to the circuit fqrming.surface 2X of
the semiconductor chip 2 with én'adhesiﬁe 5.

Next, as shown in Fig. 30B, the semiconductor
chip 3 is mounted on a heat stage 25; the adhesive 5
and a pasty agent are applied ﬁo the Circuit forming
surface 3X of the semiconductor chip 3; and the tool
22 is urged against the same while being'heéted to
secure'and support the semiconductor chips with the

semiconductor chip support lead 71 such that a stack

Y
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.is formed in whiéh.the surface (back surface)'ZY of

the semicqnductor chip 2 6pposite to the-circuit
forming surface 2X thereof and the circuit forming
surface 3X of the sémiconductof-chip 3 face each other
with a gap 9B between them and to bond and secure.

inner portions 7A of leads 7 on to the_circﬁit forming

- surface 3X of the 'semiconductor chip 3 with the

adhesive 5.

As shown in Fig. 30C, the top surface of the
lead frame LF ié_préssed with a f;ame.pressing-member
23; the heat stage 25 is heated to'seéure the innér'
portions 7A of the le;d 7; électrode pads 4 on each of
the semiconductor chips 2 éﬁd 3 and the inner-portions.
7A of the leads 7 are electrically connected through'
conductive wires 8. | |

Next, the semigonducﬁor chips 2 and 3, the wires
8 and the inner portions 7A of the léadé 7 are
encapsulated with resin to form a'fesin'encapsulant 9.

The resin encapsulant 9 is formed using transfer

‘molding. Thus, a semiconductor device 70 ‘according to

the seventh émbodiment is férmed on a lead frame Lf as
shown'in Fig. 9. -
(Eighth'Embodimeni)

'Fié. 31 is a schematic plan view of a

semiconductor device which is an seventh embodiment of
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 the invention with an upper part of a resin

encapsulant thereof removed. Fig. 32 is a schematic
sectional view taken along the line N-N in Fig. 30.
Fig. 33 is a schematic sectional view taken along the
line P-P in big. 31.

-As shown in ?igs. 31 through.33 the

conflguratlon of a semiconductor device 80 of the

. eighth embodlment is bas;cally the same as that of the

_ sixth embodiment except the following points.

When a semiconductor chip 2 is stacked on a
semiconductor chip 3, sﬁrfaces (baek-surfaces) 2Y and’
3Y of the respective semiconductor chipeﬁi and 3 |
opposite to circuit forming sﬁrfaces 2X and"3x thereof
are put in a face-to-face-relationshiﬁ with each
other, and a Semiconductor chip support lead 81 is
used to stack them with a.gap between them.
Semiconductor chip eupport lead portions (bus bars)
81B of the semiconductor chip support lead 81 are
bonded and secured to the circuit forming surface 2X
o:-the'semiconductor chip 2 and the surface (back
surface) 3Y of the semiconductor chip 3 opposite to
the circuit forming surface 3X with an adheeive 5.

Tﬂe'support lead 81 is comprised of sﬁséended
lead portlons 81A and the semiconductor Chlp support

lead portlons (bus bars) 81B which are 1ntegrally
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"formed from the same material.:

With such a configuration, semiconductor éhips 2

and 3 are secured into a stack with resin of a resin

encapsulant 9 interposed between them without using

any adhesive on the surfaces of the semiconductor

ehips 2 and 3 facing each other. . This ﬁakes_it
possible to-pre&ent éhy.craqk ettributable to thermal
expensibn'caused by heat generated when the
semiconductor device is subjected to a reflow process
and when the device operates.

A description will now be made with reference to

Figs. 34A, 34B, 34C and 34D (schematic sectional

- views) .on a method of manufacturlng the semiconductor

dev1ce 80 of the elghth embodlment.

As shown in Fig. 34A, the semiconductor chip 2
is first mounted on a heat stage 26; a lead frame LF
is placed on the same; and a tool 22 is urged against
the same while being heated to bond and secure the
back surface of the semiconductor chip'suppert_lead
portions kbus bars) 81B of the semiconductor chip
euépo:t leed 81 to the circuit forming surface 2X of
the semiconductor chip 2 wiﬁh the adhesive 5.

| Next, as shown in Fig. $4B;'the semiconductor

chip 3 is mounted on a heat stage-27 separate from the

heat stage 26;.the adhesive 5 (e.g., a pasty agent) is
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‘applied to the surface (back surface) 3Y of the

‘semiconductor chip 3 opposite to the circuit forming

surface 3X thereof; the lead frame LF is placed on the

‘same; and the tool 22 is urged against the same while

being heated to support the semiconductor chips by -
bonding and securlng them with the semiconductor. chip
support lead 81 such that a stack is formed in which a

gap 9B is formed between the surface (back surface) 2Y

- of the semiconductor chip 2 opposite to the circuit

- forming surface 2X thereof and the surface (back

surface) 3Y of the semiconductor chip 3 opposite to
the circuit forming surface 3X of the semiconductor

chip 3 and to bond and secure inner portions 7A of

. leads 7 on to the back surface.3¥ of the semiconductor

:chip 3 with the adhesive 5.

~ As shown in Fig. 34C, the top surface of the
lead frame LF is pressed'with a frame pressing member
23; the heat stage 27 is heated to warm the
semlconductor chips 2 and 3; and the inner portlons 7A
of the leads 7, the semicpnductor chip support lead
portions (bus bars) 81B and electrode padsi4 on the
semiconductor chip 2 are electrically connected using
w1res (e.g., Au w1res) 8.

Next, as shown in Fig. 34D, the stack formed by

the semiconductor chips 2 and 3 is inverted after the
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-'step shown in Fig. 34C such that the semiconductor

chip 3 is located upward; the back surface of the lead

_frame LF is-secured'tb a heat stage 28'with the lead

frame pressing member 23; the heat stage 28 is'heated.
to warm the semiconductor chips 2 and 3; and inner

portions 7A of leads 7, semiconductor chip-sﬁpport

lead'portions (bﬁs bars) 81B and electrode pads 4 on

the semlconductor Chlp 3 are respectively electrlcally
connected w1th wires (e. g., Au wires) 8. _

Deep recesses 28A are provided on both sides_of
the heat stage 28 in order to. prevent the
_semiconductof chip.3 and wiree's from contacting each
ether at this step. n

A resin encapsulant 9 is then formed by'resin-

encapsulatlng the semiconductor chips 2 and 3, the

" inner portions of the semlconductor Chlp support - lead

81 (inner portions of the suspended lead portions.8lA

- and the semiconductor .chip support lead portiOns (bus
~bars) 81B), inner portions 7A of the leads f, the

wires 8 and the like. The resin encapsulant 9 is

formed using transfer molding. Thus, a semiconductor

device 80 according to the fifth embodiment is formed

‘on a lead frame LF as shown in Fig. 7.

(Ninth Embodiment)

Fig. 35 is a schematic plan view of a
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‘'semiconductor device which is a ninth embodiment of

the invention with an upper part of a resin
encapsulant';hereof removed. Fig. 36 is a schematic

sectional.ﬁiew.taken along the line Q-Q in Fig. 35.

Fig. 37 is a schematic sectional view taken along the

line R-R in Fig. 35. Fig. 38 is a schematic sectional

~ view taken along the line S-S in Fig. 35. Fig. 39 is

a schematic plan view of a part of Fig. 35. Fig. 40
is a schematic plan view of a part of Fig. 35. Fig.
41 is an enlarged schematic sectional vieﬁ of a part
of Fig. 35.

As shown in Figs. 35 through 33, a semiconductor
&evicé 100 of the present embodiment is formed by -
stacking ' a semiconductor chip (first semiconductor

chip) 110, a semiconductor chip (second semiconductor

_chip) 112-vertica11y'and by encapsulating the

: semiconductor chips 110 and 112 with a éinglé resin

encapsulant 117.

The semiconductor c¢hips 110 and 112 are formed
with different plane sizes (outline-diménsions) and in
guadrangular éonfigurations. In thé present'
embodiment, the semicoﬁductor chip 110 is forﬁed in a
square*configu:atiqn'of, for example, 7.21 mm X 7.21
mm, And the semiconductor chip 112 is formed in a |

rectangular configuration of, for example 11.59 mm X
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.8.38 mm.

For example, each of the semiconductor chips 110
and 112 is primarily comprised of a semiconductor
substrate made of single crystal 5111con, a multlple
wiring layer formed by staklng a plurallty of
insulating layers and wiring layers on a circuit
forming surface- of the ;emicdnductgr substrate and a

surface protection film (final protection f£ilm) formed

to cover the multiple wiring layer. The semiconductor

' chip 112 incorporates a memory'circuit, e.g., a 256

Mbit EEPROM (electrically erasable programmable read

‘only memory) circuit referred to as *flash memory”.

For example, the semiconductor chip 110 incorporates a.
control circuit for controlling the memory circuit in
the semiconductor chip 112.. .

A plurality of electrode pads (bonding pads)plll

.are formed on a circuit fotming surface 110X which is

one of principal surfaces (first and second prinéipal*

' surfaces) of the semiconductor chip 110 opposite to

each other. Each of the plurality of electrode pads
111 is formed on the uppermost wiring layer of the
multiple wiring layer of the semiconductor chip 110.

The uppermost wiring layer is coﬁered by the surface

_protectlon fllm formed thereon, and the surface

protectlon fllm is formed with bondlng holes for
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.exposing the surface of the electrode pads 111.

A plurality of electrode pads (bonding pads) 113

are formed on a circuit forming surface 112X which is

- one of principal surfaces (first and sécond principal

surfaces) of the semiconductor chip 112 opposité_to'

‘each other. Each of the piurality of electrode pads

113 is formed on the uppermost wiring layer of the
multiple wiring layer of the semiconductor chip 112.
The uppermost wiring layer is covered by the surface

protection film formed thereon, and the surface

protection film is formed with bonding holes for

_exposing the surface of the electrode pads 113.

The plurality of electrode.pads'lll are divided

~ into four groups of pads. As shown in Fig. 39, the

electrode pads 111 in a first group of pads are

arranged on the_side of one (110A) of two opposite
sides of the semiconductor chip 110 along the side
110A. The electrode pads 111 in a second group of

pads are arranged on the side of the othér'(lloﬁ) of

 the two opposite sides of the semiconductor chip 110

along the side 110B. The electrodé pads 111 in a
third group of péds are arranged on the side of one
(110C) of the remaining two opposite sides (the sides

that meet the sides ilOA and 110B) of the

‘semiconductor chip 110 along the side 110C. The
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‘electrode pads 111 in a fourth group of pads are

arranged on thg-side of the other (110D) of the
remaining two opposite sides of the seﬁiconductdr chip
110 along the side 110D.

The plurality of electrode pads 113 are divided

. into two groups of pads. The electrode pads 113 in a

first group of pads"are'arranged on the side of one

"(112A) of the two opposite longer sides of the

semiconductor chip. 112 élong the longer side 112A.
The electrode.pads 113 in a second group of pads are
arranged on the'side of';he-other (112B) of the two
oppbsite'longer sides of the sémigondﬁctor chip 112
along the longer side 112B. ; |

"~ As shown in Figs. 35'through 38, the
semiconductor'chip 110 is provided on the surface of
the semiconductor ¢hip 112 facing the back surfacé .
110Y which is the other principal.sufface (secoﬁd
principal surface) of the semicohductor chip 110. 1In
the present'embodiment, the semiConducto; chip 110 is
provided on the circuit fprming surface 112X of the
semiconductor chié 112 facing the back surface'llcY of
the semiconductor chip 110. |

| The resin encapsulant 117 is formed with a

Quadrahgulérnsurface configuration. In the”presgnt

embodiment, the resin encapsulant is formed with a
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‘rectangular surface configuration of, for example, 20

mm X 14 mm. The'resin encapsulant 117 is formed using
transfer moldlng suitable for mass productlon
similarly to the above—descrlbed embodlments.

. A plurality of leads 101 are prov1ded outside
the outer periphery of the semleonductor chip 110'euch

that they are arranoed along two each longer and -

'shoffer sides of the resin encapsulant 117 opposite to

each other. Each of the plurality of leads 101

extends in and out the resin ehcapsﬁlant 117 and has a

'conflguratlon con51st1ng of an inner portlon 101A

located 1ns1de the re51n encapsulant 117 and an outer
portion 101B located outside the encapsulant 117. The
outer position of each of the plurality of leads 101

is bentland molded into one of surface mount lead

configurations, e.g., a gull w1ng type lead

-conflguratlon._

As shown in Figs. 35, 36 and 38, inner portions
of leads 102 are electrically connected to electrode
pads 111 on the semiconductor chip 110 through

conductive wires 116. A plurality-of leads 102 are

- provided outside each of the sides 110A through 110D

of the semiconductor chip 110.
As shown in Fige. 35 and 37, inner portions of

leads 103 are electrically connected to electrode pads
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‘113 on the semiconductor chip 112 through -conductive

wires 116. A plurality of leads 103 are provided

' outSLde each of the two longer SldeS 112A and 112B of

the semiconductor chip 112.

As shown in Figs. 35 and 39, leads 104 are .

formed such that they are integral with a lead 105 at

inner portions thereof. One lead 104 is provided
outside each of the sides 110A and 110D of the

semiconductor chip 110, and two leads 104 are provided

outside the side 110B of the semiconductor chip 110.

The lead 105 is prov1ded between the ends of the inner

_ portlons of the 1eads 102 and 103 and the

semlconductor-chlp 110 and extends to surround the

outer periphery of the semiconductor chip 110. In the

"present embodiment, the lead 105 includes a flrst
:portlon located out51de one longer side 112A of the

' semiconductqf'chip 112, a second pprtibn located

outside the other longer side 112B of the
semiconductbr chip 112, a third portion exteﬁding on
the semiconductor chip 112 outside the side 110C of
the semiconductor chip 110 and a fourth portion
extendlng on the semlconductor chip 112 outside the

side 110D of the semlconductor Chlp 110. Branch lead

.. portions branch from the first, third and fourth

portions of the lead 105.
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The inner portions of the 1éadsf104 and the lead
105 are eléctrically connected to electrode pads for
power supply (electrode pads for fixed potential)

among the plufality of electrode pads 111 formed on

 the circuit forming surface 110X of the semiconductor

chip 110 through conductive wires 116 and are further

- electrically connected to electrode pads for power

supply among the plurality of electrode pads 113

formed on the circuit forming surface 112X of the

semiconductor chip 112 through conductive wires 116.
That is, the leadé 104 and 105 are used as leads for
power supply (leads for fixed potential). In the
present embodiment, the inner portions of the leads

104 énd fhe lead 105 are electrically connedted to

- electrode pads for reference potential whose potential

is fixed at a referénce potential (e.g., 0 V) among

" the electrode pads for power supply.

‘Most of the plurality of leads 102 are used as
signal leads, and the rest of the leads 102 are used

as power supply leads, operational potential leads

-whose potential is fixed at an operational potential

(e.g., 5'V) or reference potential leads. Most of the

plurality of leads 103 are used as signal leads, and

the rest of the leads 103 are used as power supply

- leads.
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The branch lead portions of the lead 105 are .

- bonded and secured to the ¢ircuit forming surface 112X

of the-semiconductor'chip 112 through a bonding tape
106. That is, the leads 104 and 165 are used also as
éupport leads (suspended 1eads)-for supporting the.
semiconductor chip 112._.For exémple,;a bonding tape
106 having'a three-layer struéture‘may be used in
which bonding layers made of polyimide type‘
thermoplastic resin are providéd on thh'priﬁcipal
surfaces (principal surfédes opposite to each other)
of a base made of polyimide type resin, although this
is not limiting.thé invgntion, ' .

Among the plurality of leads 102, as shown in
Figs. 38 and 40, the leads provided outside the side
110C of the_semicondﬁctoi chip 110 and the leads
provided outside the side 110D of ﬁhe semiconductqr,
chip 110, i.e., the leads provided at the shorter

sides”112c and 112D of the semiconductor chip 112 are

" provided such that the inner portions thereof

partially ovérlap the cifcuit forming surface 112X of
the ‘semiconductor chip 112 outside the semiconductor
chip 110, and the ends of the inner portiéns are
bonded and Sécufed to the circuit forming surface 112X
of tﬁe semiconductor chip 112 with a bonding tape 106.

That is, the leads 102 provided outside the side 110C

- 65 -



- 10

is

20

25

-

.of the semiconductor chip 110 and the leads provided

- outside thg_side-llob of the semiconductor chip 110

are also used as support leads for sﬁpporting ihe
semiconductor chip 112. |

' As shown in Fig. 39, the semiconductor chip 110
is provided on the circuit.formihg.sgrface;llzx of the
semiconductor chip 112 such that the side 110A is
located on the side of the_longér side 112a-of the
semiconductor chip 112 and such that the side 110B is
located on the side of the 1?ngér side 112B of the |
semiconductor éhip 112; The number of the electrode
pads 111 provided on the side of the Sides 110A and
110B of the semiéonductor chip 110-is smaller than‘the
number of the electrode éads 111 provided on the side
of the sides 110C and 110D of the semiconductor chip
110. That is, the semiconductor'chips 110 and 112 are
stacked with the back surface 110Y of the

semiconductor chip 110 and the circuit forming surface

112X of the semiconductor chip 112 in a face-to-face

relationship with each other such that the sides of

the semiconductor chip 110 along which a smaller

“number of electrode pads 111 are provided are located

‘on the side of the longer éides-of'the semiconductor

chip 112.

Since such a configuration makes it poséible to.
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‘reduce the number of the leads located outside the

longer sides 5: the semiconductor chip 112, it is
possible to supprese any increase inlthe dimension of .
the seﬁiconductor device in the direction of.the_'
longer sides of the semlconductor chip 112. _

Further, since the number of the wires 116 at
the longer 51des of the semlconductor chip 112 can be
reddbed, it is possible to-prevent'shortihg'between
the wires.attributaﬁle.to a flow of resin during the
formation of the resin'encapsﬁlant. |

The semiconductor chip 112 of the present

embodiment has a two-side pad structure in which the :

electrode pads 113 are arranged along the two longer

‘sides thereof. When the electrode pade df the.

semiconductor chip is. arranged along one side thereof

as in the semiconductor chip 3 of the first

‘embodiment, the two semiconductor chips are preferably

stacked such that the side having the emallest number
of electrode pads 111 ambn§ the fqur'sides of the
semiconductor chip 110 is located toward the side of
the semiconductor chip 112 along.which the pads are
arranged. |

The lead 105 extends between the electrode pads
113 of the semiconductor chip 112. Such a

configuration improves the flexibility in routing the
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b4

the semiconductor chip 112 and on the semiconductor

chip 112. | |
The semiconductor chips 116 and 112 are stacked

such that the-back surface 110Y of the semiconductor

chip 110 and the circuit forming sﬁrface 112X of the

- semiconductor chip 112 face each other. In such a

‘configuration, the 1oop heighf of the wires 116 which

electrically connect the electrode pads 113 on the
semiconductor-chip 112 and the leads 103 can be
canceled by the thickness of the semiconductor chip'
110, which makes it possible to form the resin
encapsulant 117 with a thickness-smailer than that in
the case wherein the back surfaces of the.
semiconductor'ehips 110 and 112 face each other.

- As shown in Figs. 36 through 38; the
semiconductor chip 110 is bonded and secured to the
circuit fo;ming surface 112X of the semiconductor ehip
112 with an insulating bonding tape 114. as shown'in
Fig. 41, for example, a bondiﬁg tape 114 having a
three-layer structure is used in which bonding layers
114B made of polyimide type thermoplastic resin and
thermosetting resin'are'provided on both sides of a

base 114A made of,polyimide type resin, although this

~is not limiting the invention.

- 68 -



10

15

20

25

As shown in Figsf 35 through 38, ﬁhe
semicbnductor chips ilo and 112, the inner portions of
the plurality of leads 101, the wires 116, the leads
107 and the like a:e.enéépsulated with the resin '
encapsulant 117. One lead 107 is provided at each of

the four corners of the resin encapsulant 117. The -

leads 107 are provided to support the resin

encapsulant on a frame of a lead frame in a prodesé of
manufacturing a semiconductor device.

A semiconductor device 100 having such a

‘configuration is manufactured using a manufacturing

process utilizing a lead frame similarly to the above-

" described embodimenfs. The configuration of the lead:

frame of the present embodiment will not be described
here because it is substantially the same as those of

the lead frames used in the above-described

. embodiments except that fhe lead pattern is siightly

different.

| A descfiption will now be made with refefencejto
Figs. 42 through 4§'on the manufaéture-pf the. |
semiconductof device 100. Figs. 42A and.ézs‘
schematically illustrate é configuration of a first
semiconduqtor wéfer used to manufacture the

semiconductor device. Figs. 42A and 42B are a

schematic plan view and a schematic sectional view of
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‘the same, respectively. Figs. 43A and 43B

echematically illustrate a configuration of a second
semiconductor wafer used to manufacture the |
semiconductor device. Flgs. 43A and 43B are a
schematic'plan view'and a schematlc sect10na1 view of
the same, reepectively; figs. 44 through 48 are

schematic secrional views for explaining the

: mandfacture of the semiconductor device.

First, semlconductor wafers, e.g., a first o
semiconductor wafer (semlconductor substrate) 120 and :
a second semiconductor wafer (semiconductor substrate)'_'
130 made of single crystal silicon having a thickness
on the order of 720 pm are provided.

Referring to the first semiconductor wafer 120,

- .semiconductor elements,_an insulating 1ayeryra wiring

layer, electrode pads 111,'a surface protection film,
bondlng holes and the llke are formed on a circuit
formlng surface 120X of the first semlconductor wafer

120 to form a plurallty of chip formlng reglons 121

' havxng substantlally the same memory circuits formed

thereon in the form of a matrix. Referrlng to the

-fsedond semiconductor wafer 130, semiconductor

elements, an insulating layer, a wiring laYer,
electrode'pads 113, a surface protection film, bonding

holes and the like are formed on a circuit forming
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-éurfaCe 130X of the second semicdnductor wafer 130 to

form a plurality of chip forming regions 131 having
subsfan£ially the same memofy,circuiﬁs formed thereon
iﬁ the form of a matrix. The plurality of chip |
forming regions 121 are spaced from each other with
dicing regions (Eutting regions) 122 for cutting the
first semiconductor wafér'lio-inteiposed. The
plurality of chip forming regions 131 are spaced from

each other with dicing regions (cutting regions) 132

- for cutting the second semiconductor wafer 130

interpoéed. The steps'up to this point are shown in |
Flgs. 42A, 42B, 43A and 43B.

As shown in Fig. 44A, a back surface 120Y of the
first semiconductor wafer 120 opposite to the c1rcu;t

forming surface 120X is ground to';éduée the thickness

of the same. A back surfaCe_130Y of the second

‘semiconductor wafer 130 opposite to the circuit

forming surface 130X is ground to reduce the thickness

of the same. In the present embodiment, for example,

~ the .semiconductor wafers are ground to a thickness of

" about 0.24 mm.

Next, as shown in Fig. 44B, a bonding tape 114
is applied'to the back surface 120Y of the first |
semiconductor wafer 120. The bonding'tape 114 is

applied by flrst mounting the first semiconductor
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‘wafer 120 on the bonding tape 114 which is greater

than the plane sizejqflthe first semiconductor wafer

120, applying the bonding tape 114 thereafter using

thermo-compfeésion bonding and thereafter cutting the

bonding tape 114 along the contour of the first
semiconductor wafer 120, although this is not limiting.
the invention. The bonding tapé 114 is not appiied to
the 'back surface iéOY of the second semiconductor
wafer 130.. |

. The bonding tape 114 is pfeferably appliéd'
before the first semiconductor wafer 120 is divided -
into individual semiconductor chips 110, i.e., at the
phase of the semicbnduétor wafer. The reason is that
if the tape is applied after tﬁe semigonductcr wafér__-
112 is divided into individual semiconductor chips'.
112, the number of units to be processed increases

from that in the case of the wafer by a factor of

‘several hundreds, resulting in a coﬁplicated process

which adversely affects the gquality and cost.

As shown in Fig. 44C, the first semiconductor -

wafer 120 is then attached to an adhesive layer of a
dicing sheet 125 and, thereafter, the dicing regions

‘122 of the semiconductor wafer 120 and the bonding

tape 114 are diced.using a dicing apparatus as shown

in Fig. 44D. As a result, semiconductor chips 110 are
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:formed which have a control Cchult, electrode pads

111 and the llke formed on the circuit formlng surface

_110X thereof and to which the bondlng tape 114 is

.applied on the back surface 110Y thereof. The second

semiconductor wafer 130 is then ettached to an
adhesive layer of a dicing sheet and, thereefter, the
dicing regions-132 of the-semicondector wafer 130 are
diced using a dicing apparétus. As a result,
semiconductor chips 112 are formed which have a ﬁemory
circuit, electrode peds 113 and the Iike_formed on the
circuit formiqg-surface 112X thereof=and which are
formed with a plane size greater than that of the
semlconductor chips 110. | |

At this step, since the bondlng tape 114 is made

of_a resinous material softer than the substrate made

of silicon, the semiconductor wafer 120 can be easily
diced. Fufther, since the”bond;ng tdpe 114 is diced
aloﬁg Wifh the semiconductor wafer 120, it'is'possible
to form bonding tapes 114 matched with the exterﬁall
size of the semiconductor chips 110 easily.

The semiconductor chip 112 ‘is then bonded and
seeured'to a lead frame. The leadffraﬁe and the
semiconductor chip 112 are bonded and secured by
bonding and securing the leads 102 provided at the'

shorter sides 112C and 112D of the semiconductor chip
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.112 to the circuit forming surface 112X of the

semiconductor chip 112.° As'shown in Fig.'45, the

bonding and securing of the leads.102 and

semiconductor chip 112 is carried out by posifioning

. the semiconductor chip 112 on a heat stage 141,

théfeafterlpositioning the ends of the inner'portions :
of the leads 102 at the shorter sides of the.circuit
forming surface 112X of the semiconductor chip 112
through the boﬁding tape 106 and thereaftér performing
thermo-compression bonding of the ends of the inner
portions of the leads 102 with a bonding tool 140. -At
this step, the branch lead portions of the lead 105

are also subjected to thermo-compression bonding to be

- bonded and secured to the circuit forming surface 112X

of the semiconductor'chip 112 through the bonding tape
106, although not shown in detail.

At this step, the semicénductor chip 112 is
suppdrted on the léad frame through the leads 102.

Next, the semiconductor chip 110 is bonded and
secured to the semiconducto;.chip 112. As shown in
Fig. 46, the bonding and Seéuring of the semiconductor
chips 112 and 110 is Cérried out by positioning the
semiconductqf chip 110 on the semiconductor'chip'llz
such that the bonding tapé 114 applied to theé back

surface 110Y of the semiconductor chip 110 faces the
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.circuit forming. surface 112X of the semiconductor chip

112 and by performing thermq-compreésioﬁ’bonding of

" the semiconductor chip 110 using'a heated bonding tool

142 thereaftér.,

At this step, the semiconductor chip 112 is

supPOrted on the lead frame_through the leads 102, and _

the semiconductor chip 110 is bondgd and secured to

‘the semiconductor éhip 112. That is, since each of the

semiconductor éhips 110 and 112 is supported by the
lead frame, it is possible to eliminate tabs“(die
pads) to suppért the semiconductor chips.

The semiconductor chips 112 and 110 may-
alternatively be bonded and secured by applying a
pasty adhesive to the circuit forming surface 112X of
the éemiconductor chip 112 to form a bonding layer
thereon and by performingwthermb—compression bonding

of the semiconductor chip 110 thereafter. Howevér,

"since the adhesive is normélly applied using a multi-

point épplication method, the bonding laYer'is likely
to have ununiform thickness due to variation of the
amount of application. An ununiform thickness of the

bonding layer increases the inclination of the

~semiconductor chip 110 relative to the circuit forming
surface 112X of the semiconductor chip 112. A great

inclination of the semiconductor chip 110 increases
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.the risk of poor connection between the electrode pads

111 on the semiconductor chip 110 and the wires at a

' subsequent wire bonding step. An ununiform thickness

of the bonding layer increases the ratio of the part

‘of adhesive that comes out from the periphery of the

semiconductor chip 112 when the semiconductor chip 112

 is subjected to- thermo-compression bonding. Since

- this, increases thelpOSSibilitY of overflow of the

adhesive.on to.the circuit forming surface 110X of the

'semiconductor chip 110, the risk of poor éonnection

between the electrode pads 111 on the semiconductor

'chip 110 and the wires is increased.

In the present embodiment,_the semiconductor.

chips 110 and 112 are bonded and secured using a

'bonding film 114. Since the thickness of the bonding

film 114 can be-made more uniform compared to a

bonding 1ayér formed by applying an. adhesive, it is
possible to suppress the inclination and of the
semiconductor chip 110 and the amount of overflow of

the adhesive.

The semiconductor chip 110 is provided such that

‘the side 110A of the semiconductor chip 110 is located

toward the longer side 112A of the semiconductor chip

- 112 and such that the side 110B of the?semiconductor

chip 110 is located toward the other 1onger side 112B
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of the semiconductor cﬁip 112.

Next, electrical connection is made usinglﬁhe
conductive wires 116 between the electrode‘pads 111 of
the semiconductor chip 110 and the lead inner portions

102, between the electrode pads 113 of the

semiconductor chip 112 and the inner portions of the
leads 103, between the electrode pads 111 and 113 of

the respective semiconductor chips 110 and 112 and the

inner pprtioné of the leads 104 and between the

 electrode pads 111 and 113 of the réspective_

semiconductor chips 110 and 112 and the lead 105. As

shown in Fig. 47, the e;ectrical_connectioh using the

wires 116 is carried out while the leads 101, 102, 103

and 104 are pressed and secured with a frame pressing

member 145 and a heat stage 143 is heated. For

- example, gold wires are used as the wires 116. - For

example, the wires 116 are connected using ball -
bondiné.which is thermo-compressioﬁ bohding_
accompanied by'ultrasonic vibtation.l

At this step, since the ends of the innef

portions of the leads 102 provided at the two shorter

~ sides 112C and 112D of the semiconductor chip 112 are

located above the circuit forming surface 112A of the
semiconductor chip 112, it is possible to reduce the

lehgth of the wires 116 for eleétrically connecting -

- 77 -



10

15

20

25

.the inner portions of the leads 102 and the electrode

pads 111 on the semiconductor chip 112.

'Further, since the semiconductor chip 110 is
bonded and secured to the_semicondﬁctor chié 112
through the boﬁdihé tape 114, the inclination of the
semiconductor chip 110 and the amount of overflow of

the adhesive is' suppressed. This makes it possible to

=suppréss poor‘connection'between_the electrode péds

111 on the semiconductor chip 110 and the wires 116.

Since the seﬁiconductorlchip 110 is provided on |
the‘semiconductbr chip 112 with the back surface 110Y
of thé'semicbnducto: chip 110 and the circuit'forming
surface 112X of the semiconductor‘chip 112 facing each
other, it is‘éossible to conduct wire connection to-
electricallj connect the electrode pads ill on the
semiconductor chip 110 and the 1§ads 102 and wire
connection to electrically connect the electrode pads
113 oﬁ.theﬁéemiconductof chip 112 énd'the leads 103 at
the same step.

Next, as shown in Fig. 48, the lead frame is
positioned between an uﬁper die 150A and a lowér die
150B of a'ﬁolding die 150.of a transfer molding
apparatus. At this time, theISemiconductor chips 110
and 112, the inner porticns of the leads 101, 102, 103
and 104, the lead 105, the leads 107, the wires 116
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.and the like are iocated in a cavity 151 formed by he

upper die 150a and lower die 1503.
~ The resin encapsulant 117 is formed by injecting
flu1d1c resin from a pot of the moldlng die 150

through a runner and an entrance’ gate into the cavity

. 151 under a pressure. The semiconductor chips 110 and

-112, the inner portions of the 1ee§s 101, 102, 103 and

104,, the lead 105, the leads 107, the wires 116 and
the'like are encapsulated by the resin encapsulant
117. For example, epoxy type thermbsetting_resin is

used which is added with a phenol type setting agent,

" silicone rubber, a filier and the like.

. Next, the tie bars connected to the leadé 101
are cut; a plating process is thereafter performed on
the outer portions of the leeds.lol; the_leeds 101 are
thereafter'Cut off from the frame of the lead frame;
the outer portions. of the leads 101 are thereafter
molded into one of configurations for surface
mountino,'e.g., a gull wing configﬁration; and the
leads 107 are cut off from the frame of the leadzframe
to complete a semiconductor device 100 as shown in
Figs. 35 through 38 substantiaily. _

Chips (Si chlps) can remain at the periphery of
the back surface (a corner where a cuttlng surface and

the baok surface meet) of a semiconductor chip divided
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through dicing as a result of incomplete separation.

This can result in problems such as fall of such chips

which have stuck to the periphery of'the back surface

of an upper semiconductor chip upon a lower

" semiconductor chip, which causes damage on the lower

semiconductor chip due to the chips. According to the
present embodiment, since the semiconductor chip 110

is formed by dicing the semiconductor wafer 120 and

‘bonding tape 114 with the bonding tape-114 applied to

the back surface of the semiéonductor wafer 120, any
chip remaining on the periphery of the back surface of
the semiconductor chip 110 as a result of incomplete

separation is held in place by the bonding tape 114.

It is thergfore possible to prevent any chip from

falling on the semiconductor chip 112 on which the

" semiconductor chip 110 is placed.

A description will now be made with reference to

Pig. 49 on a CF (compact“fiééh) card (electronic
_apparatus)'incorporating_a semiconductor device 100 of

the present embodiment. Fig,f49:is”a,schematic_plan

view of a CF card.

As shown in Fig._49,'a-CF card 160 is primarily
comprised of.a'cifcuit board 161, a connector 163 and
é semiconductbr.de§icé 100. The semiconductor device -

100 is mounted on one principal surface of the wiring
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board 161.
- In the semicondﬁctor device 100, the electrode
pads for power supply of the semiconductor chip 110

énd the electrode'pads for power supply of the

semiconductor chip 112 are electrically connected to

each other through the leads 101 (104) inside the

resin.encapsulant.117. The electrode pads for signals
of tpe'$emiconduCtor chip 110 and the electrode pads
for éignals of the semiconductor chip 112 are not
electrically coﬁnectéd inside the resin encapsulént

117. It is therefore necessary to electrically

_ connect the electrode pads for signals of the

semiconductor chip 110 and the electrode pads for

signals of the semiéonductof.chip 112. According to

the present embodiment, the leads 101 (102)

electrically conneéted to the electrode pads for

~signals on the semiconductor chip 110 and the leads

101 (103) electrically connected té the electrode pads
for signals on the semiconductor chip 112 are
eléétrically connected.thréugh'wires 162 formed on the
wiring boa:d.lsl. Obviously,'elecﬁrical connection
between the leads 101 (102) and the leads 101 (163)_is
made only wherelnéée5sary.

By mounting the semiconductor deviée 100 on the

wiring board 161 in such a manner, a card system can
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‘be configured with a single semiconductor device 100.

The size of the CF card can be smaller than that in a
case wherein a semiconducfor device having a
semiconductor chip 110 loaded thexeon and a
semiconductor device having a semiconductor chip 112
loaded thereon are nonnted on a wiring board.161.

ﬁj electrieally_connecting the leads 101 (102)
elec;rieally connepted.te the electrode pads for -
signals on the semiconductor chip 110 and the leads
101 (103) electrlcally connected to the electrode pads
for signals on the semlconductor chip 112 through the
wires 162 on the wiring board 161, the pin arrangement

of the semiconductor device 100 can be simplified, and

‘the number of the wires 116 can be reduced. Thie

" makes it possible to provide semiconductor devices 100

with high productivity.l

As descrlbed above, the present embodiment
prov1des the follow;ngs effects.

(1) The semlconductor Chlp 110 is bonded and
secured to the surface of the semiconductor chip 112
facing the back surface of the 110Y of the
semiconductor chip 110.. The inner portions of he
leads 102 prbvided'at the two shorter sides 112C and
112D of the semiconductor chip 112 among the leads 102

electrically connected to the electrode pads 111 on
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..the semiconductor chip 110 through the wires 116 are

bonded and secured to the surface of the semiConduétor
chip 112 facing the back surface 110Y of the [
seﬁicpnductof chip 110.

Since-Such,a configuration allpws_each of the

semiconductor chips 110 and 112 to be supported by the

' lead frame during the manufacture of the semiconductor

_ dévipe, it is possible to eliminate tabs (die pads)

for supporting the semiconductor chipé. Further,

since the thickness of the leads 102 is canceled by

the thickness of the semiconductor chip 110, there is
no increase in the thickness of.the resin encapsulant
117 even though the seﬁiconductor chipnllz is
supported 5y,the leads 102; Since this makes it
possibie to provide the resin encapsulant with a small

thickness,'a,semiconddctor device 100 having a low

- profile can be provided. -

Since the lendth of the wires 116 for '
electrically qonnecting the electrode:pads 111 on'fhe
semiéohductor_chip 110 and the leads 102 can be
reduced; it'ié possible to reduce the impedance of the

signal transmission path. As a result, a -

~ semiconductor device 100 havihg-a high speed can be

provided.

(2) The semiconductor chip 110 is bonded and
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secured to the circuit forming surface 112X of the

semicohducto; chip 112 facing the back surface of the
110Y of the semiconductor chip 110. . The inner
portions of he leads 102 providéd‘at the two shorter
sides 1i2C and 112D of the semiconductor chip 112

among the leads 102 electrically connected to the

~ electrode pads 111 on the semiconductor chip 110

through the wires 116 are bonded and secured to the
circuit forming surface 112X df the_semicénductor chip
112 facing the back*surface 110Y of the semiconductor
chip 110.

Since such a configuration allows the loop

. height of the wires 116 e;ectrically connecting the

electrode pads 113 on the semiconductor chip 112 and

- the leads 103 to be canéeléd by the thickness of the

semiconductor chip 110, the thickness of the resin
encapsulant 117 ‘can be smaller than that in a case
wherein the back surfaces of the sémiconductor chips’

110_and 112 face each other. This makes it possible

- to provide a semiconductor device 100 having a low

profile.

It is possible to conduct wiré connéctiqn to
electrically bonneét the'éleCtrode pads 111 on the
semiconductor chip 110 and the leads 102:and wire

connection to electrically connect the electrode pads
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113 on the semicohductor chip 112 and the leads 103 at

the same step during the manufacture of a

semlconductor device 100. This makes it possrble to

improve the productivity of a semiconductor device

100.

'(3) The semiconductor chips 110 and 112 are

'~ stacked with the back shrface'lloY of the

semiconductor chip 110 and the circuit forming surface

112X of the semiconductor chip 112 in a face-to-face

‘relationship with each other_such\that the sides of

the semiconductor chip 110 along which a smaller
number of electrode pads 111 are previdea are located
on the side of the longer sides of tlie semiconductor.
chip.liz. | |

' Since such a configuration makes it possible to

- reduce the number of the leads located outside'the

" longer sides of the semiconductor chip 112, it is

possible to suppress any increase 1n the dimension of
the semiconductor device in the dlrectlon of the.
longer sides of the semlconductor chip 112., h
Further, since the number of the wires 116 at
the longer sides of the semiconductor chip 112 can be

reduced, 1tlls-poss1ble to prevent shorting between

‘the wires attributable to afflbw of resin during the

formation of the resin_encapsﬁlant 117. This makes it
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_possible to improve the yield of semiconductor devices

- 100.

(4) The lead 105 extends between the electrode
pads 113 of the semiconductor chip 112. Such a
configuration improﬁes the flexibility in routing the
lead 105 that extends outside the outer periphery of i

the semiconductor chip 112 and on the semiconductor

chip 112.

(5) During the hanufacture:of a_semiconductor
device 106, the semiconductor:chip 110 is bonded and
secured to the circuiﬁ formihg surface 112X of the .
semiconductor chip 112 through ﬁhe'bonding tape . 114.

Since the thlckness of the bonding film 114 can
be more unlform compared to that of a bonding layer _.

formed by applylng an adhes;ve, the 1nc11natlon of the

' semlconductor chip 110 and the amount of an overflow fﬁ

of the adhesive can be suppressed, which makes it

poss;ble to_suppress poor_connectlon between the

- electrode pads 111 on the semiconductor chip 110 and

the wires 116. As a resuit, the yield of
semlconductor devrces 100 can be improved.

(6) Durlng the manufacture of a semiconductor
device 100, ‘the ‘semiconductor wafer 120 and the

ponding tape 114 applied to the back surface 120Y of

the semiconductor wafer 120 are diced to form the
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seﬁiconductor chip 110 and, thereafter, the
semiconductor chip 110‘is mounted on the circuit
forming surface 112X of the semiconductor chip I;i
through the bonding tape 114.

. As a result, chips (Si chips) can remain at the
periphery of the back surface 119Y'(a corner where a
cutting surface and the back surface 110Y meet) of a
semiconductor chip 110 divided through dicing as a

result of incomplete separation. Since such chips can’

"be held in place by the bonding tape 114, it is

~ possible to prevent any chip from falling on the

semiconductor chip 112 on which the semiconductor chip

110 is placed. Since this makes it possible to

prevent damage on both of those semiconductof chips
attributable to the fall of chips, and the yield of
semiconductor devices'can therefore be improved.

Since the bonding tape 114 is formed of a

' resinous material softer than the substrate made of

silicon, the semiconductor wafer 120 can be easily

diced..

Since the bonding tape 114 is diced alohg'with-

- the semiconductor wafer 120, a bonding tape 114
matched with the external size of the semiconductor

chip 110 can be easily formed.

(7) Since a_semiconductor device 100 is mounted
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on-a wiring board 161 in a CF card 160, it is possible

to configure a card system'with'a single semiconductor
device 100. The size of the CF card can be smaller

than that in a case wherein a semiconductor device

'having-é semiconductor chip 110 loaded thereon and a

semiconductor device having a semiconductor chip 112.

‘loaded thereon are mounted on a wiring board i61._

. (8) By electrically connecting the leads 101

'(102) electrically connected to the electrode pads for

signals on the semiconductor chip 110 and the leads

101 {103) electrically connected to the electrode pads

for signals on the semiconductor chip 112 through the

'wireS'162 on the wiriné board 161 in a CF card 160,

the pin arrangement of the semiconductor device 100

can be simplified, and the number of the wires 116 can

beﬁreduced. :This makés it possible to .provide
semiconductor-deﬁices 100 with high productivity;

‘While the present embodiment has referred to an

,eiample wheréin the semiqonductor chip 110 is provided

on the circuit forming surface 112X of the

semiconductor chip 112, the semlconductor Chlp 110 may
be provided on the back surface 112Y of the
semlconductor Chlp 112 as . shown in Fig. 50. In this
case, since there is no damage bn-the circuit formipg_-

surface 112X of the semiconductor chip 112 even if the
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semrconductor chip 110 is sub]ected to thermo—_

compression bondlng, the yield of semiconductor

devices can be higher than that in a case wherein the

semiconductor chip 110 is bonded to the circuit
forming surface 112X of the semiconductor chip 112 on
a thermo-compressron basis. |

While the present embodlment has referred to an

exqmple wherein the bondlng tape 114 is applied to the

back surface llor'of the semiconductor chip 110, the
bonding tape 114 may be bonded to the circuit forming

surface 112X of the semiconductor chip 112. In this

‘case, since the bonding tape 114_cén not be applied in’

advance to a semiconductor wafer before separation, it

is necessary to apply bonding tapes 114 matched with |

~ the external size of semiconductor chip 110 to the

circuit forming surfaces 112X of semiconductor chips
112 one by one.

While the present embodiment has referred to an

- example the use of a bonding tape. 114 having a three-

layer structure in which bonding layers 114B. are

'.provided on both sides-of a base 114A, a bonding tape

‘having a single ;ayer structure mey be used.

(Tenth Embodiment)

Fig. 51 is a schematic plan view of a

‘semiconductor device which is a tenth embodiment of
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the invention'ﬁith an upper part of a resin
encapsulant thereof removed. Fig. 52 is a schematic
sectional view taken along the line T-T in Fig. 51.

As shown in Flgs. 51 and 52, the conflguratlon
of a semlconductor device 100A of the present

embodiment is basically the same as that of the ninth

'embodlment except the following p01nts.

The ends of innex portlons of leads 102 prov1ded
at shorter sides 112C and 112D of a semiconductor chip
112 are located above a circuit forming surface 112X |
of the semiconductor chip 112 at a space from the °
surface instead of Being.bonced,and secured to the
circuit forming'eurface llzx'of the semiconductor chip
112. Therefore, the semiconductor chip 112 is
supported bf leads 104 and 105.

The semiconductor device 100A having such a

- configuration provides the same effects ‘as those of

" the nlnth embodiment.

While the lnventlon has been specmflcally
descrlbed with reference to the preferred embodiments,
the invention is not limited to the above-described
embcdiments‘and‘may obviouslf be modified in various
ways without departing from the principle of the’
invention. | |

For'example, the invention may be applied to
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_semiconductor devices of the SOJ (small outline J-

leaded package) type, the SOP (small outline package)
type and the.like having a double lead strﬁcture.

The invention may be also applied to
semiconductor.devicés of the QFP'(quad flatlpaékage)

type, QFJ (quad flat J-leaded package) type and the

like having a quadruple lead strucﬁure.

Effects that can be provided according to
typical aspects of the invention disclosed 'in this
specification can be briefiy described as follows.

(1) It is possible to :educé the thickness-of a

semiconductor device in which two semiconductor chips

are- stacked and encapsulated with a single resin

encapsulénti

(2) In a semiconductor device in which two
semiconduétor chips are stacked éna encapsulated With
a 51ngle resin encapsulant, a. SLngle lead frame can
accommodate external electrodes prov;ded on the two
semiconductor chlps.

(3) Workability at steps of assembllng
semiconductor dev;ces can be 1mproved.

(4) The yield of such semicondpctorldevicés can
be improved.

| (S)ISince a first semiconductor chip and a

second semiconductor chip are stacked with a resin
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. _encapsulant interposed between them without using any'
adhesive on the'surfaces_iheredf fécing_éach other, it-
is possible to prevent any crack attributable to
thermal expansion caused by heat geherated when the
_semiconductor device is subjected to a reflow prdceés'

and whén the device operates.
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- What is claimed is:

I

.CLAIMS

1. A semiconductor device comprising:
a first semiconductor chip having a circuit

forming surface and a back surface'oppdsite to the

.clrcult forming. surface and a plurallty of electrode

pads formed on said circuit formlng surface,

a second semiconductor chip having a circuit

-fofming surface and a back éurface opposite to the

circuit forming surface and a plurality'of electrode
pads formed on said circuit forming surface and having
a plane size greatér than that of said_firs;
semiéénductor chip; |

a plurality of leads each having an inner
portion and an outer pdrtipn,"said“inner portions
being electrically connectéd to respective electrode

pads of said first and second semiconductor chips

‘through conductive wiresj

a support lead having an inner'portioﬁ_and-an

outer portion for supporting said second semiconductor

Chlp with said inner portlon, and _
a re31n encapsulant for encapsulatlng sald first
semiconductor chip, said second semiconductor chip,

the inner portions of said leads, the inner portion of.
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said support:lead and said wires, wherein
said first semiconductor chip is bdpded and

secured to said second semiconductor chip with the

" back surface of said first semiconductor chip and the

circuit forming surface of said second semiconductor
chip faéing each other and wherein |

the inner.portibn-of said support lead is bonded
and gecureé to the ciicuit fotming sufféce of said
second semiconductor chip.

2. Afsemiconductor device according to Claim 1,
wherein a part of the inﬁer portions of said leads is
prévided‘over the circuit forming surface of said :
second sémiconductor chip. .

.3.-A semicondﬁctor device comprising:
a first semiconductor chip having a circuit

forming surface and a back surface opposite to the -

-circuit forming surface and a plurality of electrode

pads formed on said circuit forming surface;

a seéond semicqnductér.chip_having a circuit
forming surface and a béck surface opposite,to the
circuit forming surface and a plurality of eléctrode
pads formed on said circuit forming surface énd haVing
a plane size greafef_than that of said first |
sémiconduétor chip;

a plurality of leads each having an inner.
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portion and an outer portion, said inner portions

being electrically connected to fespective electrode

pads of 'said first and second semiconductor chips

through conductive wires;

- a support lead having an inner portlon and an
outer portion for supportlng said second semlconductor
chip with said inner portion; and_

; a resin encapsulanﬁ for encapsulating said ﬁirst

semiconductor chip, said second semiconductor chip,

‘the inner portions of said leads, the inner portion of

'said support lead and said wires, wherein

- said first semiconductor chip is bonded and

secured to said second semiconductor chip with the

_back surface of said first semiconductor chip and the

back surface of said second semlconductor Chlp facing
each other and wherein S

the inner portlon of said. support lead is bonded
and secured to the back surface of sald second
semiconductor chip. |

4. A semiconductor device comprising:

a first semiconductor chip having a circuit

_forming surface andja-back surface oppcsitelto the

circuit forming surface and a plurality oflelectrode
pads formed on said circuit forming surféce;

a second semiconductor chip having a circuit

- 95 -



10

15

20

25

. . - * c L L} s *

forming.surface'and a back surface opposite to the.

circuit forming surface and a plurality of electrode

pads formed on said c1rcu1t forming surface and hav1ng

a plane size greater than that of said first

‘semiconductor chip;

a plurality of leads each having an inner
portion and an outer portion, each of said inner

portions being eiectrically connected to respective

‘electrode pads of said first and second semiconductor

chips through.conductive wires;
a Support lead having an inner portion and an

outer portion for supporting said first and second

semiconductor chips with said inner portion; and

a resin encapsulant for encapsulating said first
semiconductor chip, said second semiconductor chip,
thé-inner portions of said leads, the inner portion of
said support lead and said wires, wherein |

said first semiconductor chip is bonded and

~ secured to said seéond semiconductor chip with the

back surface of said first semiconductor chip'and the
circuit forming surface of said second semiconductor
chip facing eaéh other and wherein |

the inner portlon of said support lead is bonded
and .secured to the circuit forming sﬁrfaces of said

first and second semiconductor chips.
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5. A semiconductor device according to Claim 4,

'wherein a part of the inner portions'of_said leads is

provided over the circuit forming surface of said-

- second semiconductor chip.

6. A semiconductor device comprising:
a first semlconductor chip having a c1rcu1t

forming surface and a back surface OppOSlte to the

'cqunlt formlng surface and a plurallty of electrode

pads formed on said circuit forming surface;
a second semiconductor chip having a circuit

forming surface and a back surface opposite to the

~circuit forming surface and a plurality of electrode

pads formed on said circuit forming surface and having
a plane size greater_thah that of said first'
semiconductor'cnip; |

a plurality of leads each having an inner
portion and an outer portion, said inner-portions
belng electrlcally connected to respectlve electrode
pads of said first and second semlconductor chlps
through conductive wires;

a suéport'lead having an inner portion and an

outer portion for supporting said first and second

semiconductor chips with said inner portion; and

a resin encapsulant for .encapsulating said first

semiconductor chip, said second semiconductor chip,
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the inner portions of said leads, the inner portion"of

'sald support lead and sald w1res, wherein

said first semlconductor chip is bonded and
secured_to sald.second semlconductor chip with the
back surface of said first semiconductor chip and the
back surface of said seCond semiconductor chip facingl
each other and wherein
. the inner portion of said support'lead is_bonded
and secured to the circuit forming surface of said

first semiconductor chip and the back surface of said

- second semiconductor chip.

7. A semiconductor device comprising:
a first semiconductor chip having a circuit
forming surface ‘and a back surface opposite to the

circuit forming surface and a plurality of electrode

' pads formed on said circuit forming surface;

a second semlconductor chip hav;ng a circuit’
formlng surface and a back surface 0p9051te to the
circuit forming surface and a plurality of electrode

p
pads formed on said circuit forming surface and having

a plane size greater than that of said first

semlconductor chlp,

a plurality of leads each havxng an inner

portion and an outer portion, sald inner portions

being electrically connected to respective electrode
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pads of Said first and second semiconductor chips

" through conductive wires;

a suppbrt lead having an inner portion and an
outer portioh for supporting said first and second
semicohductor chips with said inner portion; and

a resin encapsulant for encapsulating said first
semiconductor chip, said second_segiconducfor chip,
the inner portions of said leads,’the inner portion of
sald support lead and said wires, wherein |

said flrst semlconductor chip is prov1ded over
said second semlconductor chip with the.re51n of sald '
resin encapsulant: 1nterposed between the back surface

of said first semlconductor chip and the c1rcu1t

-forming surface of said second semiconductor chip and

wherein

the inner poftion of said suppart lead is bonded
and secured to theicircuiﬁ forming surfaces of said
first and second semiconductor Ehiﬁs. |

8. A semiconéuétor_device according to Claim 7,
wherein a part of the.inner'po;tions.df'said leads is

provided over the circuit forming surface of said

second semiconductor chip..

9. A semiconductor device comprising:
a first semiconductor chip having a circuit -

forming.surface'and'a back surface opposite to the

- 99 -



10

15

20

25

e

I

éirCuit forming surface and a plufality of electrode
pads formed on saidICircuit'fbrﬁing surface;

a secdnd_semicénductor chip having a circuit
fprmigg surface and a back surface oppoéite to the
circuit forming surface and a plﬁrality of electfode

pads formed on said circuit forming surface and having

‘a plane size greater than that of said first

~ semiconductor chip;

- a plurality of leads each having an inner
portion and an outer portion, said.inner portions
being electrically connected to respective electrode

pads of said first and second semiconductor-chips

through conductive wires;

a support.lead having an inner portion and an
outer portion for supporting said first and second
semiconductor chips with said inner portion; and

a resin encapsulant for ehéapsulating said first

- semiconductor chip,'said second semiconductor chip,.

the inner portions of.said leads, the inner portion of

‘said support lead and said wires, wherein

said’ first semiconductor chip is provided over
said second semiconductor chip with the resin of said

resin encapsulant interposed between the back surface

_ of said first semiconductor chip and the back surface

of said second semiconductor chip and wherein
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the inner portion of said support lead is bonded
end secured to the circuit forming surface of said
firsi semiconductor chip and the back surface_of said
second semlconductor chip.

10 A semlconductor devxce according any one of
Claims 1 through 9, where;n said support lead is
configured to serve as both-a pewer eupplyllead and a
reference potentlal lead. |

11. A method of manufacturlng a.semiconductor
device comprising the steps of:

providing a first semiconductor chip having a

circuit forming surface and a back surface opposite to

the circuit forming surface and a plurality of

‘electrode pads formed on said circuit forming surface
and providing a second semiconductor chip having a
.circuit forming surface'and a béck surface opposite to

the. circuit formlng surface and a plurallty of

electrode pads formed on said c1rcu1t formlng surface

and hav1ng a plane size greater than that of said

. first Semiconductdr chip;

forming a semiconductor chip stack by bondlng

and securing the back surface of said first

- semiconductor chip to the circuit forming surface of

'said second semiconductor chip;

bonding and securing an inner portion of a
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sﬁppoft lead‘ﬁo the circuit forming surface of said
second semiconductof chip;

eleétrically connecting the electrode.pads of
said first and second éemidonductor chiﬁs.to iﬁner
portiohs of a plurality of leads respectively thrqugh' _
conductive wires; ahd‘ | N

encapsulating said first semiconductor chip,

said second semiconductor chip, the inner portions of

said leads, the inner portion.of said support lead and
said wires.. - .

12. A method of manufadtufing a semiconductor
device according to Claim 11,_comprising the step of
providihg a part of the inner portions of said leads
over the circuit forming surface of_said_second'
semiconductor chip. .. |

13. A method of manufactufing a semicénductér
device.comprising the stéps-of: o

providing a first semiconductor chip having a

~circuit forming surface and a back surface opposite to

the circuit forming surface and a plurality of
electrode pads formed on said circuit forming surface
and providing'afsecond semiconductor chip having a
circuit forming surface and a back surface opposite to
thé circuit forming surface and a plurality of

electrode pads formed on said circuit forming surface
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.-.and having a plane size greater than that of said

first semlconductor Chlp,

forming a semlconductor Chlp stack by bondlng
and securlng the back surface of said first |
semiconductor chip to the back_surface of said second
semlconductor chip; | |

‘bonding and securlng an 1nner portion of a

suppprt lead to the back surface of said second

semlconductor chip;

electrically counecting‘the electrode pads of
said first and second semiconductor chips to inner
portlons of a plurality of leads resPectlvely through
conductlve w1res, and

encapsulating said first semiconductor chip,

- said second semiconductor chip, the inner portions of

said leads, the inner portiou of said support lead and
sald wires. |

14. A method of manufacturlng a semiconductor

. devrce comprising the steps of:

providing a first semiconductor chip having a
circuit forming surface and a back surface opposite to
the circuit forming surface and a plurality of
electrode pads formed'cn said circuit forminc surface

and providing a second semiconductcr chip having a

circuit forming.surface'and a back surface opposite to
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the circuit forming surface and a plurality of

electrode pads formed on said circuit forming surface -

-and having a plane .size greater than that of said

first semiconductor chip; _

disposing the back Sﬁrfage of said first
semiconductor chip and the circuit forming surface of
said second semiconductor chié in a face~to-face .

relationship with each other and securing and

'Supporting them at an inner portion of a Suppcrt lead

to form a semiconduétor chip stack with a gap between
them; |

electrically connecfing the electrode pads of
said first and second éemiéonductor chips to inner
portions of a plﬁrality of leads respectively through
conductive wites; and | n

encapsulating said first semiconductor chip,
said second semiconductor cﬁip, the inner portions of
said leads, the iﬁner portion of,séid support lead and
said wires.

15. A method of manufécturing a sémicbnducto;.
deGice according to Claim 14, comprising the step of
providing a part of the inner pbrtiohs of said leéds

over the circuit forming surface of said second

semiconductor chip.

16. A method of manufacturing a semiconductor
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device comprising the steps of:

providing a first semiconductor chip having

‘circuit forming surface and a back surface opposite to-

the circuit forming surface and a plurality of
electrode'pads formed on said circuit forming surface
and providing a second semiconductor chip having a

circuit forming surface and a back surface opposite to

the g¢ircuit forming surface and-a plurality of

electrode pads formed on said circuit forming surface
and having a plane size greater than that of said
first semiconductor chip; -

~ disposing the back surface of said first
semiconductor chip and back surface of said second

semiconductor chip in a face-to~-face relationship with

‘each other and securing and supporting them at an

inner portion of a support lead to form a

';semiconductor chip stack with a gap between them;

electrically connecting the electrode pads of

said first and second semiconductor chips to inner

. portions_of a plﬁrality'df leads respectively thrpugh

conductive wires; and
encapsulating said first semiconductor chip,
said second semiconductor chip, the inner portions of

said leads, the inner portion of said'support'lead and

- said wires.
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17. A semiconductor device comprising:
a first semiconductor chip having a first

principal surface and a second principal surface

.opposite to each other, haﬁing a guadrangular surface

configuration and having a plurality of electrode pads
arranged along a first side of said first priﬁcipal |
sufface whose first and second sides face'eéch other
and;,; |

a second semiconductor chip having a first

principal surface and a second principal surface

6ppo$ite to each other, having a quadrangular surface
configuration and having a plurality of electrode pads

arranged along a first side of said first principal

~ surface whose first and second sides face each other;

~ a plurality of first leads each having an inner
portion and an outer portion, said inner'pbrtions :

beihg_provided outside the first side of said second

semiconductor chip, said inner portions being

electrically connected to respective electrode pads of
said first semiconductor qhip through cénductive
wires; |

a plurality'of first leads each having an inner
portion and én outer portion, said innér portions
being prbvided outside the first side of séid second

semiconductor chip, said inner portions being
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.electrically connected to respective electrode pads of

said second semiconductor chip through~couductive
wires; and |

a'resin encapsulant for encapsulaﬁing said first
semiconductor chip, said second semiconductor chip,
the inner portions of said plurality of first leads,
the inner portions of said second leads and said
conductive wires, wherein

said first and second semicOnductor chips are
stacked in an offset state such ‘that the'seccnd
principal surface of sald first semiconductor chlp and
the flrst pr1nc1pal surface of said second
semlconductor chlp are in a face-to-face relationship
iu uhich the first side of said first semiconductor
chip is located on the side of the first side of said

second semiconductor chip and such that the distance

from the first side of said first semiconductor chip

to the flrst side of said second semrconductor chip is

greater than the dlstance from the second side of sald

first semlconductor chip to the second side of said

second semiconductor chip.
. 18. A semiconductor device comprising:

a first semiconductor chip formed electrode pad’

'-to a first principal surface and a second prrncrpal

fsurface opposite to each other;
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a second semiconductor chip having a first

principal surface and a second principal surface

opposite to each other and having electrode pads

- formed on said first principal surface, formed in a -

"plane size greater than that of said first

semiconductor chip;
a first lead having an inner portion and an

outer portion, said inner portion being electrically

‘connected to an electrode pad of said first

semiconductor chip_thtough a conductive wire;

| a second lead haﬁing an inner portion and an
outer portion, said inner portion being electrically
connected -to an eiéctrode pad of said second
semiconductor chip through a conductive wire; and

a resin encapsulant for encapsulating said flrst

semlconductor chip, said second semlconductor chip,
the inner po;tlon of sald first lead, the inner

portion of said second lead .and said conductive wires,

. wherein

said first semiconductor chip is provided over

the Su;face of -said second semiconductor chip facing'

- the second principal surface of said first

semiconductor chip and wherein
the end of the inner'portion of said first lead

is located over a surface of said second semiconductor
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.chip facing the second principal surface of said first

semiconductor chip outside said first semiconductor
chip. - |
‘ 19. A semiconductor device acgording to Claim
18, wherein- |
said first semiconductor chip'énd the end of the

inner portion of said first lead are located over the

. first principal snrface'of said second semicondﬁctor_

chip.
20. A semiconductor device according to Claim |
18, wherein
said flrst semlconductor Chlp ‘and the end of
the inner portlon of said flrst lead are located over
the second pr;n01pal surface of said seconq
.semiconductof chip.
21. A semicondﬁctor dévige acco:ding to,Ciaiﬁ
18, further comprising; | | |
a third lead having én.inne;'portion and an
outer portion; and
: a fourth lead formed integral with the inner
portion of said third lead and provided between the

ends of the inner portions of said first and second

leads and said first semiconductor chip, wherein

said fourth lead is bonded_and secured to a

‘surface of said second semiconductor chip facing the
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second'princfbal surface of said first semiconductor
chip.

| 22. A seﬁiconductor deViCé according to Claim
18, wherein

t said first'semiconductor chip is bondéd and
sécured to said second semiconducfor chip.
| 23. A semiconductor device comprising:

, a first semiconductor chip-having'a first
p;incipal surface and a second érincipal surface
opposite to each éthe:, having a quadrangular surface.
configuratidn and:having a blurality of electrode pads
arranged aiong one side of said first.prindipal
surface; ' | | | |

a second semicondﬁctor chib having a first

principal surface and a second principal surface

~ opposite to.each other, havinq'a plane size greater
than that of said first semiconductor'chip and having

a plurality of electrode pads arraﬁged along one side

of said first pr1nc1pal surface,

a plurallty of first leads each having an inner

portlon and an outer po:tlon, said inner portlons

beinghprovided outside one side of said second

semiconductor chip, said inner portions being

electrically connected to respective electrode pads of

said first semiconductor chip through conductive
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wires;
a plurality of first leads each having an inner

portion-and an outer portion, said inner portions

'being provided outside one side of said second

semiconductor chip, said inner portions being .

electrically connected to respectlve electrode pads of

'sald second semiconductor Chlp through conductive

'w1res, and

a resin encapsulant for encapsulating said first
semrconductor chrp, said second semlconductor chip,
the inner portions of said plurality of first leads,
the inner portions_ofpsaid plurality of second leads
and said conductive wires, wherein

said first semiconductor'chip is provided over a

- surface of sald second semiconductor chip facing the

second principal surface of said frrst semrconductor
chip with one side of sald first semiconductor chlp

located on the side of one side of said second

-semiconductor chip which meets another side thereof

and whereln

the inner portions of said plurallty of flrst

leads are provided such that a part of them overlaps

the surface of said second semiconductor Chlp facing

the second prlnc1pal surface of sald flrst

- semiconductor chip.

- 111 -



10

15

20

25

* ¢ L M 5 =

24. A semiconductor device comprising:

a first semiconductor chip hgvinq a first
principal surface.and a second principal surface.
oppoéite to each other and having electrode pads
formed on said first principal surface;

a second semiconductor chip having a first

- principal surface and a second principal surface

opposite to each other and haVing electrode pads

formed on said first principal surface, formed in a

_plane size greater than that of said first

semiconductor chip;

a first lead having an inner portion and an

outer portion, said inner portion being electrically

connected to an electrode pad of said first
semiconductor chip through a conductive wire;

a second lead having an inner portion and an

outer portion, said inner portion being electrically

connectéd_ﬁo an electrode béd of-sﬁid second

semiconducfor chip through-a.conductivé,wire; and
a resin encapsulant for encapsulating said first

semiconductor chip, said secondISemiconductor chip,

the inner portion of said first lead, the inner

portion of said second lead and said conductive wires,

wherein

said first semiconductor chip is bonded and
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secured to a surface of said second semiconductor chip

facing the second principal surface of said first

semiconductor chip and wherein

the inner.portion of said first lead is bonded

' and secured to the surface of said second

‘semiconductor chip facing'the second principal surface

of said first semiconductor chip outside said first
sémiponductor chip.

25. A semiconductor device according to Claim
24, wherein |

said firét semicondnctof'chip and the inner
portion of said first lead are bonded and secured to
the first pringipal surface of said second
semiconductor chip.

. 26. A semiconductor device acééiding to Claim

24, wherein

said first semiconductor chip and the inner

. portion of said first lead are bonded and secured to

the second principal surface of sgid second
semiconductor cﬁip.'

27. A semiconductor deQice coﬁprising:

a first semiconductor chip having a first
principallsurface and a second principal surface

opposite to each other, having a quadrangular surface

configuration and having a plurality of electrode pgds

- 113 -



—_—

10

15

20

25

A

o

_arranged.along the side of one side of said first

principal surface;

a second sémiconductér chip having a first
principai"éurface and a second érinéipal surface
opposite ﬁo.eéch other, having a quédrangular surface
configuration and a plané size greaﬁer than ﬁhat of

said first semiconductor chip and having a plurality

of electrode pads arranged élong the éide_of one side

of.saidlfirst principal surface;
a plurality of first leads each haﬁing an inner

portion and an outer portion, said inner portions .

'being provi&ed outside one side of said first

semiconductor chip, said inner portions being

electrically connected to respective eiectrode-pads of
said first semiconductor chip through conductive
wires; | |

a plurality of second leads each having an - inner

portion and an outer portion, said inner portions
being provided outside one side of said second

- semiconductor chip, said inner portions being

eleqfriéally connected to respective electrode.pads of
said second semicbndﬁctor chip through conductive
wires; and - o

a resin encapsulant for encapsulating said first

semiconductor chip, said second semiconductor chip,
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the inner portions of said plurality of first leads,
the inner portions of said second leads and said
conductlve wires., wherein

said first semlconductor Chlp is prov1ded over a

.surface of said Second semiconductor chip facing the

second principal'surface of said first semiconductor
chip with one side of said first,semiconductor-chip

located on the side of another side of said second

- semiconductor chip that meets said side and wherein

the inner portions of said plurality of first |

‘leads are bonded and secured to the-surface of said

second semiconductor chip facing rhe second principai
surface of said first seﬁiconductor chip.

28. A semiconductor device comprisipgé

a first semiconductor chip having a first
principal surface and a second principal surface
opposite to each other and having'electrode pads h
formed on said first principal surfacef

a second semlconductor chlp hav1n§ a first
principal surface and a second pr1nc1pal surface
opposite to each other and having electrode pads
formed on said first pr1nc1pal surface, formed in a
plane size greater than that of said flrst

semiconductor chip;

a first lead having an inner portioﬁ and an
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outer portion, said inner portionfbeing eleétricélly
connected to an electrode péd of said first
semiconductér chip through a conductive Wire{

a second lead having'én inner portion and an
outer.portion, said inner portion being electrically
connected to an electrode pad of said second
semiconductor'chip”thréugh a condqptive wire;

. a third lead having an inner portion and an
outer portion; _
_ a fourth lead formed integrally with said third
lead, provided between the end of said first and
second leads and said first semiconductor chip and
electrically connected to the second electrode pad of

said first semiconductor chip and the second electrode

- pad of said second semiconductor chip through

conductive wires; and
a resin encapsulant for encapsulating said first

semiconductor chip, said second semiconductor chip,

the inner portion of said first lead, the inner

portion of said second lead, the inner portion of said
third lead and said conductive wires, wherein

said first semiconductor chip is bqnded-ana
secured to a surface of said second semiconductor chip
facihg the second principal surface of said firét

semiconductor chip and wherein
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the inner portion of said fourth lead is bonded

. and secured to the surface of said second

semiconductor chip facing the second principal surface

of said first semiconductor chip outside said first

' semiconductor chip.

29. A semiconductor-device according to Claim

'28, whereiu'

. said first semiconductor chip and said fourth
lead are bonded and secured to the first principal
surface'of"said second semiconductor chip

30. A semlconductor device according to Claim
28, wherein _
' sald flrst semlconductor chip and sald fourth

lead are bonded and secured to the second pr1nc1pal

" surface of. sald second semiconductor chip.

31. A semlconductor device comprLSLng-

‘a flrst semlconductor chip havxng a flrst
pr1nc1pa1 surface and a second pr1nc1pal surface
opposite to each other, having a quadrangular surface

configuretion and ‘having a plurality of electrode pads

.provided over said first principal surface and

arranged along each side of said first principal

surface;

- a second semiconductor chip haviﬂg a first

principal surface and a second principal_surface
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.opposite to each other, having a quadrangular surface
‘configuration and a plane size greater than that of

'said first semiconductor chip and having a plurality

of electrode_pads‘arrahged.along the side of one side

of said first principal surface;

a plurality'éf first leads each having an inner

portion and an outer portion, said inner portions

being provided outside one side of said second

~ semiconductor chip, said inner portions being

electrically connected to respective electrode pads of

‘'said first semiconductor chip through'conduCtive

wires;

- a plurality of second leads each having an inner

' portion and an outer portion, said inner portions

- being provided outside one side of said second

semiconductor chip, said inner portions being

_electrically'cohnected to'respective electrode pads of

- said second seﬁiconductor chip throuéh conductive

wires; and
a resin encapsulant for encapsulating said first
semiconductor chip, said second semiconductor chip,

the inner portions of said plurality of first leads,

the inner portions of said second leads and said

conductive wires, wherein

said first and second semiconductor chips are
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stacked with the Second_prinéipal Surface of said
first.semic¢nductqr chip and the first principall
surféce of said seéond semiconductor chip in a face-
toFface.relationship with each other such that a side
of said first semiconductor chip having a smaller

number of electrode pads than the other sides is

.located on the sidé'of one side of said second

semiconductor chip.
32. A Semiconductor devicelcomprising:
a,firét semicon&uctor chi§ having.a.first
p:incipal surface and a second principal surfaqg.
opposité to each other and having a first electrode
pad and a sécond electrode pad formed on said first
principal surface;

a second semiconductor chip having a. first

principal surface and a second principal surface

opposite to each other and having a first electrode

pad and a second electrode p&d formed on said first .

'principal surface, formed in a plane size greater than

that of said first semiconductor chip;

a first lead having an inner portion and-an |
outer portion, séid inner_portion beingfelectrically
connected to fhe fifst electrode pad of said first
semiconductor chip through a coﬁductive,wiré;

~a second lead having an inner portion and an
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outer portion, séid inner portion being electrfically
connected to the first electrode pad of said second
semiconductor chip-through a conductive wire;

a-third lead having an inner portion and an
outer portion;'

i.a fourth lead formed integrally with said third
lead, provided between the end of each of said first
and second leédsian& said fitst_seﬁicondpctér chip_and
electrically cénnected.to the second;electrode pad of
said first sémiconductor 6hip and the second electrode

pad of said second sémicondﬁctor chip through

~conductive wires; and

a resin encapsulant for encapsulating said first
semiconductor chip, said second semiconductor chip,

the inner portion of said first lead, the inner

‘portion of said second iéad, the inner portion of said

third lead, said fourth lead and said conductive.
wifes, wherein

said first semiconductor chip is bonded and

‘secured to a surface of said second semiconductor chip

facing the second principal surface of said first

‘semiconductor chip and wherein

said.fdurthﬂlead-does not extend between the
eiectrode pads of said second semiconductor chip.

33. A method of manufacturing a semiconductor
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device comprising the steps of:

érovidihg a fiist semiconductor chip-having a
first principal surface and a second principal surface
opposite to.each oﬁher, having an electrode padxfofméd
on said first principal surface and having an’
insulating bondihg tape applied to said second
principal éurface}- |

; providing a second semiéonduétor chip ﬁaving a

first principal sufface and .a second principal éurface
opposite'to éach other and h&ving an electrode pad

formed on said-first'principal'surface, fgrmed'in a

- plane size greater than_that of said first

sémiconductor chip; and _

'bonding said first semiconductor chip to the
first or second principal surface of said second
sémiconductor Chip through said bonding tape.

' 34. A method of manufacturing a semiconductor
dévice comprising the'steps §f='

dicing a-éemiéonductor.wafer havihg a plurality
of chip forming regioﬁs formed over a first principal
surface.the:eof and having an'insulating bonding tape-
bonded to a second pfincipai'surface thereof opposite
to éaid first principal surface to provide a first
semiconductor chip having an-eléctrode formed on a

first principal surface thereof and having said
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bonding tape bonded to a second principal surface “
thereof opposite to said first principal surface;

providing a second semiconductbrnchip having a

first principal surface and a second principal surface

opposite to eaéh other and having an electrode pad

formed on said first principal surface, formed with a

" plane size greater than that of said first

semiconductor chip; and
bonding said first semiconductor chip to the

first or second principal surface of said second-

- semiconductor 6hip through said bonding tape.

~35. A method of manufacturing a semiconductor

device accdrding to Claim 33 or 34, wherein

said bonding tape has a structure in which
bondih§ layers are provided on both sides of a resin
base material.

| 36. A semiconductor device comprising:

a'first semiconductor chip having a first.
pfincipai'surface and a second principal'surface
opposité-to each other,aﬁd having én electrode:forméd
on'said fifst principal'surface;

a second semiconductor chip having a first

principal surface and a second principal surface

. opposite to each other and having an electrode pad

formed on said first principal surface, formed in a

- 122 -



10 -

15

20

25

—_—

[T

plane size greater than that of séid'fi:st
semiconductor chip;

a first lead haVing an inner portion and an o

outer portion, said inner portion being electrically .

connected to the electrode pad of said first
semiconductor chip through a conductive wire;

a'seEond-}ead_having an inner porfion and an
oﬁter portion, said inner portion being electrically
conn;ctéd to the electrode Pad of said second
semiconductpr éhip throﬁéh a conductive wire} and

a resin encapsulant_for encapéﬁlating said first
semiconductor chip, said second semicqnducfdr chip,

the inner portion of said first lead, the inner

portion'of'said second lead, and said conductive

wires, wherein

said. first semiconductor chip is bonded and
secured to a surface of said second semiconductor chip’

fécing the Second pfincipal surface of said first

~ semiconductor chip through an insulating bonding tape. 

37. An electronic abparatus including a circuit
board with wiring and a semiconductor device mounted

on a principal surface of said circuit board, said

semiconductor device comprising:

a first semiconductor chip having a first

principal surface and a second principal surface
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oppoéite'to each other and having an electrode pad
formed on said first principal surface;.

a second~éemiconductor chip having a first

principal surface and a second principal surface

opposite to each other and having an electrode pad

formed on said first principal surface, formed in a

. plane size greater than that of said first

semiconductor Chlp,

a flrst signal 1ead hav1ng an inner portlon and

- an outer portion, said inner portlon belng

electrlcally connected to the electrode pad of said
first semiconductor chip through a éonductive Wire;

‘'a second signal 1éathaving an innér portion and’
an outer portion, said inner portion béing
electrically connected to the eIecﬁrode pad of said

second semiconductor chip through a conductive wire;

"and

a resin encapsulant for encapsulatlng said first

_ semlconductor chlp, said second semiconductor chlp,

the inner portion of said flrst signal lead, the inner

pcrtlon of said second SLgnal lead, .and sald

_conductlve wires, whereln

said flrst-semlconductor_chip is provi&ed over a
surface of said second semiconductor chip ‘facing the

second principal surface of said first semiconductor
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. chip through an insulating bonding tapé and wherein
the outer portion of said first signal lead is
_ electrically connected - to said secbnd'signal lead

through the wiring on said circuit board.
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