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10 the other and are nolded with a resin. In a sem conduc
which a sem conductor chip constituting a DRAM (dyn access
menory) is nolded with ayesin, there has been enpl@%@@“ﬂﬂmﬂﬁmﬂ | ead on
chip) structure which capf be 15 applied to a sem con of even a
| arge size - elimnating die gads (al so referred to as talf8¥%f the |ead
frame. A gefpgopgueler awng@ornpl oying the LOC structure has been

di sclosed in, for exarrpl e, Japanese Patent Laid-Open No. 2-246125/1990
(laid open on 2e@M@COMDECTOR DEYATE AND METHOD OF PRODUCING THE

SAME

5 BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor
device and; more particula:ly, to a technology that |
can be effectively adapted to a semiconductor device
‘in which two eemiconductqr chips are stacked on upon

10 the other and are molded witﬁ a resin.

In a semiconductor deviee in which a
semiconductor chip constituting a DRAM (dynamic random
access memory) is molded with a resih,.there has been |
employed an LOC (lead on chip) structure which can be

| 15 applied to a semiconductorncﬁip of even a large size
eliminating die pads (also referred to as tabs) of the
lead frame. A semiconductor device employing the LOC
structure has been disclosed in, for example, Japanese
Patent Laid-Open No. 2-246125/1990 (laid open on
20  October 1, 1990).

In order to accomplish a large capacity, there
has been developed a semiconductor device employing
the LOC structure; i.e., two semiconductor chips
constituting the DRAMs of the same capacity are

25  stacked one upon the other and are molded with the



In order to acconplish a |arge capacity, there has been devel oped a

5em conduct or device enploying the LOC structure; i.e., two sem conductor
chips constituting the DRAMs of the sanme capacity are 25 stacked one upon
the other and are nolded with the -2- sanme resin. The above sem conduct or
device is constituted by a resin nold, two seniconductor chips positioned
inside the resin nold and having external termnals on 5 the :
circuit-form ng surfaces which are th@'Tront surfaces out of the front
surfaces and the back surfaces, and | eads extending fromthe inside to the
outside of the resin nold. The two sem conductor chips are stacked one
upon the other in a state where 10 the circuit-form ng surfaces are opposed
to each other. Each |ead. has two branch | eads branched in the

up- and- dowpgh riecdipon in the resin nold. The one branch |ead is adhered
and secured, via an insulating film to the circuit-formng surface of the

one 15 seni condutd AbdWe [seritbriduc GEtdd et d Vi€ adest Sut &b apy an

el ectrically conductive wire, to an external termnal of the

circuit - f ar meawiswmdlate. twihe extiemddartanc il gad pes tcthetiedl and secured, via
an insulating film to the circuit-form ng surface of the other 20

sem conducin@idehithe &iefin melektandcdlavingentstznil vierminals on

5 the circuit-forming surfaces which are the front
surfaces out of the front surfaces and the back
surfaces, and leads ektending from the ihside to the
outside of the resin mold. The two.semiconductor
chips are stacked one upon the other in a state where

10 the circuit-forming surfaces are opposed to each
other. Each lead has two brénch leads branched in the
up-and-down direction in the resin mold. The ;ne
branch lead is adhered and secured, via an insulating
film, to the circuit-forming surface of the one

15 semiconductor chip, and is electrically connected, via
an electrically conductive wire, to an external
terminal of the circuit-forming surface. The other
branch lead is adhered and securéd, via an insulating
film, to the circuit-forming surféce of the other

20 Semiconductor chip, and is electrically connected,.via
an electrically conductive wire, to an external
terminal of the circuit-forming surface.

The two branch leads are constituted by.separate

members. The one branch lead is led to the outside of

25 the resin mold and is integrated with an external lead



an electrically conductive wire, to an external termnal of the
Circuit-formng surface. The two branch |leads are constituted by separate
menbers. The one branch lead is led to the outside of 25 the resin nold

nd is integrated with an external lead -3- fornmed in a predeterm ned .
shape. The other branch l|ead is joined to the one branch lead in the resin
nold and is electrically and nmechanically connected thereto.. That is, the
| ead extending fromthe inside 5 to the-outside of the resin mold is
constituted by an external lead led to the outside of the resin nold, the
one branch lead integral with the external |ead, and the other branch |ead
joined to the one branch |ead. 10 The above-nentioned sem conductor device
has been disclosed in, for exanple, Japanese Patent Laid-COpen No.

7- 58281/ 19950(mad'dimpenpnedé/aemhiaed1995Q>e.SldM\é“%Ytr%rTEFaéc ENTION 15 In
t he above-nentioned semnm conductor device, the ‘two sem conductor chips are

stacked onel@ddnis hiobrédrtoithe shatkeramer el éhe thEHEtrEgﬁﬂing surfaces
are opposed 10 each other. Therefore, the two branch |eads branched in
pp ; ; ]
the up-and- MG ekt | DFeErel oL by evehtndeiavesralhe t¥Ansepkgonduct or
chips in thg rgsin %%I . .The two branch | eads are connected,
. ereto. . at 1s, the lead extending from the inside
5 to the outside of the resin mold is constituted by an
external lead led to the outside of the resin mold
the qne branch lead iﬁtegral with the exﬁernal lead,
and the other branch lead joined to the one branch
lead.
10 The above-mentioned semiconductor device has been

disclosed in, for example, Japanese Patent Laid-Open

No. 7-58281/1995 (laid open on March 3, 1995):

SUMMARY OF THE INVENTION

15 In the above—mentioned semiconductor device, the
two semiconductor chips are stacked one upon the other
in a state where the circuit-forming surfaces.are
opposed to each other. Therefore, the two branch
leads branched in the up-and-down direction are

20 present between the two semiconductor chips in the
resin mold. The two branch leads are connected,
through wires, to the surfaces (bonding suffaces)

- opposed to each other and are, hence, spaced away from

each other. Therefore, the gap bethen the two |

25 semiconductor chips is widened by an amount



through wires, to the surfaces (bonding surfaces) opposed to each ot her
and are, hence, spaced away from each ot'her. Therefore, the gap between
the two 25 semi conductor chips is w dened by an ampbunt 10 -4- correspondi ng
"#0 the gap (distance) between the two branch |eads, resulting in an
increase in the thickness of the resin nold and an increase in the

t hi ckness of the sem conductor device. 5 Furthernore, the two branch | eads
are present between the two sem condugtor chips. Therefore, a stray
capaci tance (chip-lead capacitance) produced relative to the one

sem conductor chip and a stray capacitance (chip-Ilead capacitance).
produced relative 10 to the other sem conductor chip, are added to the two
branch | eads. Accordingly, an increased stray capacitance is added to a

| ead that icordsputidihd e tidegdHsi e outside of the resin nold,
resulting in a decr eas(je int he?%;%%pgggsté%né{)pe%%lt%‘?e%iEﬁﬁ%l w95 through the

| ead and akdeorcdadeadds t hesllecing Cin R4St i 68 Qe t he sem conduct or
devi ce. The object of the present invention is to provide technol ogy

capabl e of tidekagsisngtt bt hiekitesmolef amd SOV IGRAUGION fevise. 20 Anot her
obj ect of the present invention is to
thickness of the semiconductor device.

5 Furfhermore, the two branch leads are present
between the two semiconductor chips. Therefore, a
stray capacitance (chip-lead éapacitance) produced
relative to the one semiconductor chip and a stray
capacitance (chip-lead Capacitance) produced relative

10 to the other semiconductor chip, are added to the two
branch leads. Accordingly, an increased stray
capacitance is added to a lead that is extendfhg from
the inside to the outside of the resin mold, resulting
in a decrease in the propagation speed of signals

15 through the lead and a decrease in the eiectric
characteristics of the semiconduct&r device.

The object of the present invention is to.provide
technology capable of decreasing the fhickness of a
semiconductor device.

20 Another object of the present invention is to
provide a technology capable of improving electric
characteristics of a semiconductor device. |

The above and other objects as well as novel

features of the présent invention will become obvious

25 from the description of the specification and the



provi de a technol ogy capable of inproving electric characteristics of a
Sem conductor device. The above and other objects as well as novel
features of the present invention will becone obvious 25 fromthe
description of the specification and the d -5- acconpanyi ng draw ngs.
Briefly described bel ow are representatives of the aspects of the
invention disclosed in this application. 5 (1) A sem conductor device
conprising: a resin nold; two sem cargductor chips positioned inside said
resin nold and having external termnals fornmed on the front surfaces
(circuit-formng surfaces) out of the 10 front surfaces and the back
surfaces thereof; and |eads extending fromthe inside to the outside of
said resin nold; mherein each of said leads is branched into two in at

least said J&sddp :q% é% ne branch lead is secured to the surface of
sai d one senlcond tor ipamdis electrically connected to an external

terminal on the suidrage addarianiy Al 1o Pig U aANGh J&ad is secured to

t he
the aspects of the invention disclosed in this

application.
5 (1) A semiconductor device comprising:
a resin mold;
two semiconductor chips positioned inside said
resin mold and having external terminals formed on the
front surfaces (circuit-forming surfaces) out of the

10 front surfaces and the back surfaces thereof; and

leads extending from the inside to the outside of
said resin mold; wherein, )

.each of said léads is branched into two in at
least said resin mold;

15 said one branch lead is secured to the surface of
said one semiconductor chip and is electrically
connected to an external terminal on the surface
thereof;

said the other branch lead is secured to the

20 surface of said other semiconductor chip and is
electrically connected to an external terminal on fhe
surface thereof; and

said two semiconductor chips are stacked one upon

the other, with their back surfaces opposed to each

25 other.



20 surface of said other sem conductor chip and is electrically connected
to an external termnal on the surface thereof; and said tw sem conduct or
chi ps are stacked one upon the other, with their back surfaces opposed to
gach 25 other. -6- The one branch lead is electrically connected to an
external termnal on the surface of said one semnm conductor chip through an
electrically conductive wre, and the other branch lead is electrically 5

connected to an external term nal on .-tde surface of said other

sem conductor chip through an electrically conductive wire. Mreover, the-
one branch lead is adhered and secured to the surface of said one

sem conductor chip 10 via an insulating filmor an insul ating adhesive
agent, and the other branch lead is adhered and secured to the surface of

adhesive. agent -5 %) T 16 S b Bottea v [tem (1
above, ! he ahacktelnbaceerafindle diIRPNGAAUCISY oLl Rgpare Tn contact
wi th each other. (3) In the sem conductor device J%scrli%d initem (1)
above, a psemiebnductoe ehdpbrareudreath epressd d:0 P& onductive
wire, and the other branch lead is electrically
5 connected to an external terminal on the surface of
said other semiconductor chip through an electrically
conductive wire.
Moreover, the one branch lead is adhered and
secured to the surface of said one semiconductor chip
10 via an insulating film or an insulating adhesive
agent, and the other branch lead is adhered and
secu;ed to the surface of said other semiconddétor
chip via an insulating film or an insulating adhesive
agent.
15 (2) 1In the semiconductor device described in item (1)
above, the back surfaces of the two semiconductor
chips are in contact with each other.
(3) In the.semiconductor device described in item (1)
above, a portion of the one branch lead opposed to the
20 surface of said one semiéonddctor chip has a thickness
smaller than that of the other portions, and a portion
of the other branch lead opposed to the surface of
said other semiconductor chip has a.thickness smaller

than that of the other portions.

25 (4) A semiconductor device comprising:



20 surface of said one sem conductor chip has a thickness snaller than that
of the other portions, and a portion of the other branch | ead opposed to
the surface of said other sem conductor chip has a thickness smaller than
Jhat of the other portions. 25 (4) A sem conductor device conprising: i -7-
a resin nold; two sem conductor chips positioned inside said resin nold
and having a plurality of external termnals forned on the front surfaces
out of the 5 front surfaces and the batk-surfaces thereof; and first |eads
and second | eads extending fromthe inside to the outside of said resin
nol d; wherein, said two sem conductor chips are stacked one upon the other
in a state where their back surfaces are 10 opposed to each other; said
first leads are electrically connected to the external term nals of said
two semni conduct @ resiinpaolsdi d second | eads are electrically connected to
15 the external termnals of either one of said two sem conductor chips;
each sai d first HRadSM§oBARREREINAPS PRE LtAonesl dnsdslien smdldd;

resin mold and having a plurality of external
terminalé formed on the front surfacés out of the
-5 front surfaces and the back surfaces thereof; and
first leads and second leads extending from the
inside to the outside of said resin mold; wherein,
said two semiconductor chips are stacked one upon
the other in a state where their back surfaces are
10 opposed to each other;
said first leads are electrically connected to
the external terminals of said two semiconductor
chips;
said second leads are electrically connected to
15 the external terminals of either oﬂe of said two
semiconduétor chips;
each said first leéds ié branched into two in
said resin mold;
said one branch lead is secured to fhe surface of
.20 said one semiconductor chip out of said two
semiconductor chips and is electrically connected to
an external terminal formed on the surface thereof
through an electrically conductive wire;
said other branch lead is secured to the surface

25 of said other semiconductor chip out of said two



said one branch lead is secured to the surface of .20 said one

Sem conductor chip out of said two sem conductor chips and is electrically
connected to an external termnal forned on the surface thereof- through
an electrically conductive wire; said other branch lead is secured to the
surface 25 of said other sem conductor chip out of said two -8-

sem conductor chips and is electrically connected to an external term nal
formed on the surface thereof througt an electrically conductive wire; and
said second | eads are secured to the surface of 5 either one of said two
sem conductor chips and are electrically connected to external term nals
formed on the surface thereof through electrically conductive wres
inside said resin nold. The one branch |ead is adhered and secured to the

Vi oo SR PR EGTLONE T BRI (AR T

i nsul ati ng adnhésive agen ran

the surfage ofrsphdl OLbehiRET ¢ORAUA!Oh EHEPSYI2aRR diagllgting filmor an
A Px

i nsul ati ng adhesi ve agent, e secon I'S a ered and secured to
t he surfacehr&i?lenézheéleétﬁatshwocéﬁahé@ﬂdé%%ech'ala%i via an insulating

filmor an insulating adhesive agent. Wth the above-nentioned means- (1),
the two said second leads are secured to the surface of
5 either one of said two semiconductor chips and are
electrically connected to external terminals forﬁed on
the surface thereof through electrically conductive
wires inside said resin mold.
The one branch lead is adhered and secured to the
10 surface of said one semiconductor chip via an
insulating film or an insulating adhesive agent, the
other branch lead is adhered and secured to the
surface of said other semiconductor chip via an
insulating film or an'insulating adhesive agent, and
15 the second lead is adhered and secured to the surface
of either of said two semiconductor chips via an
insulating film or an insulating adhesive agent.
With the above-mentioned means (1), the two
semiconductor chips are stacked one upon the other in
20 a state where there back surfaces are opposed to each
other. Therefore, no branch iead exists between the
two semiconductor chips, and the gap between the two
semiconductor chips can be decreased, and the

thickness of the resin mold can be decreased

25 correépondingly. This makes it possible to decrease



sem conductor chips are stacked one upon the other in 20 a state where

t here back surfaces are opposed to each other. Therefore, no branch | ead
exi sts between the two sem conductor chips, and the gap between the two
sem conductor chi ps can be decreased, and the thickness of the resin nold
can be decreased 25 correspondingly. This nmakes it possible to decrease -9-
t he thickness of the sem conductor device. Besides, the two branch | eads do
not exist between the two sem conductor chips. Therefore, the stray
capaci tance produced relative to the other 5 sem conductor chip can be
substantially precluded from the stray capacitance (chip-I|ead capacitance)
added to the one branch |ead, and the stray capacitance produced relative
to the one sem conductor chip can be substantially precluded fromthe
stray capacitance 10 (chip-lead capacitance) added to the other branch

| ead. AccoklenghicknesecPeathd SFBLFRNYICERY &YV EGPaci tance i s added to the

| ead t hat extends f%on1t e inside t Ege utside of the resin nold. This
makes it possiBPRLESS i ntP®atE0t REALT ?aé%c>%g%?Foﬁx§iged 15 t hrough the

Wi the eI R A S TSR AR o O e
contact W L, £ack, QI DLLa e produced relative to the other
5 semiconductor chip can be substantially precluded from
the stray capacitance (chip-lead capacitance) added to
the one branch lead, and the stray capacitance
produced relative to the one semiconductor chip can be
substantially precluded from the stray capacitance
10 (chip-lead capacitance) added to the other branch
" lead. Acéordingly,.a deéreased amount of stray
capacitance is added to the lead that extends ;rom the
inside to the outside of the resin mold. This makes
it possible to increase the signal propagation speed
15 through the lead and to improve electric
characteristics of the semiconductor device.

With the above—mentioned means (2), the two
semiconductor chips are in contact with each other on
their back surfaces, and there is no gap between the

20 two semiconductor chips. Therefore, the thickness of

the resin mold can be decreased correspondingly making
it possible to further decfease the thickness of the
semiconductor device.

~ With the above-mentioned means (3), it is

25 possible to decrease the thickness of the resin of the



their back surfaces, and there is no gap between the 20 two sem conductor
chips. Therefore, the thickness of the resin nold can be decreased
correspondingly making it possible to further decrease the thickness of

1 he  sem conductor device. Wth the above-nentioned neans (3), it is 25
possi ble to decrease the thickness of the resin of the - 10 resin nold on
the surface of the one sem conductor chip and to decrease the thickness of
the resin of the resin nold on the sugface of the other sem conductor
chip. Therefore, the thickness of the resin nold can 5 be decreased
correspondi ngly, and the thickness of the sem conductor device can be
further decreased. Wth the above-nenti oned neans (4), the second lead is

secured to the surface of either of the two sem conductor chips and is
term nal formed on the surface

| ect I t 10 an ter
Cher eof * t REsaon RS el el <A 2Kt enss e & i ams s mld.
Therefore, chggc%BaxoCé%&Jefa%C%h(eCt&'hﬁck%% ggfpg%'[ ;%g‘fée%bm G ° the

second | ead ones smaller than the stray Sc

capaci tancepsih agddadohothie sfuk'ifﬁt: el 83d ¢t pACeQsdin %' equsc't%”r[a'o

propagati on speed of the second |ead increases,
the el ectrehipharBiedesfste csthof thheksees C@f‘d’éﬁéofeggﬂ'ﬁsld can

I mprovi ng

5 be decreased correspondingly, and the thickness of the
semiconductor device can be further decreased.

With the above-méntioned means (4), the second
lead is secured to the surface of either of the two
-semiconductor chips and is electrically connected to

10 an external terminal formed on the surface thereof

through an electrically conductive wire in the resin
mold. ' Therefore, the stray capacitance (chip—iead
capacitance) added to the second lead becomes smaller
than the stray capacitance (chip-lead capacitance)

15 added to the first lead. Accordingly, the'signal
propagation speed of the second lead increases,

contributing to improving the electric characteristics

of the semiconductor device.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view illustrating a state where
an upper part is removed from a resin mold of a
semicondgctor device of an embodiment 1 of the present
invention;

25 Fig. 2 is a bottom view illustrating a state



20 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a plan viewillustrating a
State where an upper part is renoved froma resin nold of a seniconductor
devi ce of an enbodinent 1 of the present invention; 25 Fig. 2 is a bottom
viewillustrating a state -1.1- where a |lower part is renoved fromthe
resin nold of the sem conductor device; Fig. 3 is a sectional view cut
along line AAin Fig. 1; 5 Fig. 4is a plan viewof a lead frame used in
a process for producing the seniconedddt-or device; Fig. 5 is a plan view of
a lead franme used in the process for producing the seniconductor device;
Fig. 6 is a sectional viewillustrating a nethod 10 of producing the

sem conduct or device; Fig. 7 is a sectional view of an essential portion,
for illustrébeng &hkower hparof iproducvad fhem seai cesduchaiqdgyice; Fig. 8
is a perspective view of an essential 15 portion, for illustrating the

met hod of prRRUTPRYCHEIC LR donteet or device;  Fig. 9 is a plan view of an
el ectroni c apparatus _ mpunted with the sem conductor device; Fig. 10 is a

sectional view 1% shmtdhdiRGbional view cut along line A-A in
Fig. 1;
5 _ Fig. 4 is a plan view of a lead frame used in a
process for producing the semiconductor device;

Fig. 5 is a plan view of a lead frame used in the
process for producing the semiconductor device;

Fig. 6 is a sectional view illustrating a method

10 of producing the semiconductor device;

Fig. 7 is a sectional view of an essential
portion, for illustrating the method of producing the
semiconductor device;

Fig. 8 is a perspective view of an essential

15 portion, for illustrating the methbd of producing the
semiconductor device; '

Fig. 9 is a plan view of an electronic apparatus
mounted with the semiconductor device;

Fig. 10 is a sectional view of a semiconducfor

20 device of an embodiment which is a modification of the
embodiment 1 of the présent invention;

Fig. 11 is a plan view illustrating a state where
the upper part is removed from the resin mold of the
semiconductor device of an embodimenﬁ 2 of the present

25 invention;



20 device of an enbodi nent which is a nodification of the enbodinent 1 of
the present invention; Fig. 11 is a plan viewillustrating a state where

t he upper part is renoved fromthe resin nold of the sem conductor device
of an enbodinment 2 of the present 25 invention; -12- Fig. 12 is a bottom
viewillustrating a state where the lower part is renoved fromthe resin
nol d of the sem conductor device; Fig, 13 is a sectional view cut along
line B-Bin 5 Fig. 11; Fig. 14 is a° Pan view of a lead frame used in a
process for producing the sem conductor device; Fig. 15 is a plan view of
the lead frame used in the process for producing the sem conductor device;
10 Fig. 16 is a sectional view of the sem conductor device of an enbodi nent
3 of the present invention; Fig. 17 is a perspective viewillustrating an

essential portimhgofl2hessenbeobemct Qewdeviastrktdngl8 ksadepl an view
illustrating an essential 15 portion of the lead frane used in the process

for produchexe ttiee sScowennpact oi s deemceed FEgom 18®hesras phaimovd evsf
illustrating an essential portion of the lead frame used in the process

for produdhecemic i e udeviceryi ce;
Fig. 13 is a sectional view cut along line B-B in
5 Fig. 11;

Fig. 14 is a plan view of a lead frame used in a
process for producing'the semiconductor device;

Fig. 15 is a plan view of the lead frame used in
the process for producing the semiéonductor device;

10 Fig. 16 is a sectional view of the semiconductor

-device of an embodiment 3 of the present inﬁention;

Fig. 17 is a perspective view illustratin; an
essential portion of the semiconductor device;

Fig. 18 1is a plan view illustrating an essential

15 portion'of the lead frame used in the process for
producing the semiconductor device;

Fig. 19 is a plan view illustrating an essential
portion of the lead frame used in the process for
producing the semiconductor device;

20 Fig. 20 is a plan view illustrating a state where
the upper part is removed from the resin mold of the
semiconductor device of an embodiment 4 of the present
invention;

Fig. 21 is a bottom view illustrating a state

25 where the lower part is removed from the resin mold of



20 Fig. 20 is a plan view illustrating a state where the upper part is
removed fromthe resin nold of the seniconductor device of an enbodi nent 4
of the present invention; Fig. 21 is a bottomviewillustrating a state 25
where the |ower part is renoved fromthe resin nold of 13 the -

sem conductor device; Fig. 22 is a sectional -view cut along line CGCin
Fig. 20; Fig. 23 is a sectional viewcut along line DDin 5 Fig. 20; Fig.
24 is a block diagram of the seni condlttor devi ce; Fig. 25 is a block

di agram of the sem conductor device of an enbodi ment which is a .

nodi fication of the 10 enbodinment 4 of the present invention;, Fig. 26 is a
sectional view of the sem conductor device of an enbodi nent which is a
nodi fication of the enbodinment 4 of the present invention; Fig. 27 is a
pl an view qf the .el | aratus of an enbodi nent 5 of the present

i nvention; 91 (fW9C9 %ﬁ#ﬁ%géﬁéggﬁ?bnal vi ew of the above electronig

appar at us. % %@@IﬁTliqva%euﬁ&aaFaa@@ﬁ@qzmmne c—C in
Fig. 20;
Fig. 23 is a sectional view cut along line D-D in
5 Fig. 20;
Fig. 24 is a block diagram of the semiconductor
device;
Fig. 25 is a block diagram of the semiconductor
device of an embodiment which is a modification of the

10 embodiment 4 of the present invention;

Fig. 26 is a sectional view of the semiconductor
o

device of an embodiment which is a modification of the
embodimen£ 4 of the present invention;
Fig. 27 is a plan view of the electronic
15 apparatus of an embodiment 5 of the present invention;

and

Fig. 28 is.a sectional view of the above

electronic apparatus.

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the present invention will now be
described in detail with reference to the drawings.
In the drawings illustrating the empodiments of the
invention, those having the éame functions are denoted

25 by the same reference numerals but their description



Enbodi ments of the present invention will now be described in detail with
reference to the dranings. In the drawings illustrating the enbodi nents of
the invention, those having the sanme functions are denoted 25 by the sane
reference nunmerals but their description - 14- will not be repeated.
Enbodiment 1. In this enbodiment, the present invention is 5 applied to a
sem conduct or device of the TSOP (thin snmall outline package) type having
a bidirectional |ead arrangenent strudt-ure. Fig. 1 is a plan view
illustrating a state where an upper part is renoved froma resin nold of a
10 sem conductor device of an enbodi ment 1 of the present invention, Fig.
2 is a bottomviewillustrating a state where a |ower part is renoved from
the resin nold of the sem conductor device, and Fig. 3 is a sectional

view cut akgng lHdie g& Addbdiddl. 1. 15 As shown in Figs. 1, 2 and 3, the
sem conductor device 10 “of thls enbodi ment has two semi conduct or chips 1

st acked one upon the other which are nolded wth a resin 8 The two
sem conductor chips 1 are stacked one upon the other, with their back
surfaces Zhbeghimesdt tla each other. The two sem conductor chips 1 have the

sane In this embodiment, the present invention is
5 applied to a semiconductor device of the TSOP (thin
small outline package) type having a bidirectional
lead arrangement structure.
Fig. 1 is a plan view illustrating a state where
an upper part is removed from a resin mold of a

10 semiconductor device of an embodiment 1 of the present
invention, Fig. 2 is a bottom view illustrating a
state where a lower part is removed from the fésin
mold of the semiconductor device, and Fig. 3 is a
sectional view cut along line A-A in Fig. 1.

15 As shown in Figs. 1, 2 and 3, the semiconductor
device 10 of this embddiment has two semiconductor
chips 1 stacked one upon the other which are molded
with a resin 8. The two semlconductor chips 1 are
stacked one upon the other, with their back surfaces

20 opposed to each other.

The two semiconductor chips 1 have the same
external size. The two semiconductor chips 1 have,
for example, a rectangular planar shape, though they

are in no way limited thereto only.

25 The two semiconductor chips 1 are each



external size. The two sem conductor chips 1 have, for exanple, a
rectangul ar pl anar shape, though they are in no way limted thereto only.
25 The two sem conductor chips 1 are each 15 constituted chiefly by a
sem conduct or substrate of single crystalline silicon and a nulti-Iayer
wiring layer fornmed on the front surface out of front and back surfaces
thereof. A DRAM (dynam c¢ random access 5 nenory) of, for exanple, 64
nmegabits is constituted as a nmenory-qisrcuit systemin each of the two
sem conductor chips 1. Aplurality of external term nals (bonding pas) BP
are formed at a central portion of a circuit 10 form ng surface 1Al mhlch
is the front surface of one sem conductor chip 1A out of the two

sem conductor chips 1 along the long side of a rectangle thereof (see

Fig. 1). Thendirtaltdy ofiextenials tmidald R, g daried gn the
uppernost wiring layer anmong the 15 nultiplicity of wring Iayers of the

seni conductsdmglehiqrykAa IThim el pRaritest atd lan%dl&)ie-rldy%ICQ,yf‘fl with a
surface protective film (final protective filn formed on the upper
surface théryer. fRomeichgnopdre fgonar eurffaceeduth dthe rantd agry prot ecti ve
filmto ex ose the 20 surfaces of the external termnals BP. A plurality of
external tE&PFKnEPEIBPeg &hesedd A DRAM (dynamic random access

5 memory) of, for example, 64 megablts is constituted as
a memory circuit system in each of the two
semiconductor chips 1.

A plurality of external terminals (bonding pas)
BP are formed at a central portion of a circuit-

10 formihg surface 1Al which is the front surface of one
semiconductor chip 1A out of the two semiconductor
chips 1 along the long side of a rectangle thereof
(see Fig. 1). The plurality of external terminals BP
ére fo;med on the uppermost wiring layer among the

15 multiplicity of wiring layers of the semiconductor
chip 1A. The uppermost wiring layer is coveredlwith a
surface protective film (final protective film) formed
on the upper surface thereof. Bonding openings ére
formed in the surface protective film to expose the

20 surfaces of the external teiminals BP.

A plurality of external terminals BP are formed
at a central portion of a circuit-forming surface 1Bl
which is the front surface of the other semiconductor
chip 1B out of the two semiconductor chips 1 along the

25 long side of a rectangle thereof (see Fig. 2). The



at a central portion of a circuit-formng surface 1B1 which is the front
surface of the other sem conductor chip 1B out of the two sem conductor
chips 1 along the 25 long side of a rectangle thereof (see Fig. 2). The
-16- plurality of external termnals BP are forned on the uppernost wring
l ayer anong the multiplicity of wring layers of the sem conductor chip
1B. The uppernost wiring layer is covered with a surface 5 protective film
(final .protective film forned on thel6éupper surface thereof. Bonding
openings are fornmed in the surface protective filmto expose the surfaces
of the external termnals BP. Acircuit pattern of the DRAM constituted in
the 10 one sem conductor chip 1Ais the sane as the circuit pattern of
the DRAM constituted in the other sem conductor chip 1B. FurthernDre t he

arr ange”egﬁlulpﬁf b et ier £ SE O3 4 L1 4N B érgpféﬂﬁé@dorg
circuit-formng s rface 1A1 of the one sem conduct or ip lA is the sane

as the arngjgemRidt Ratd Bld) Rfydheamend el md Bt 1H N St PRy £ or med on the
circuit-formng surface 1Bl of the other senlag%ductgg chip 1B. That is,

the two senirionfuctyssr<hopstie hoanei ddedsaier «iipictBir e Th20 Though there is
no particular limtation, the resin nold 8 has, for exanple, a rectangul ar
pl anar uppermost wiring layer is covered with a surface
5 protective film (final protective film) formed on the
upper surface thereof. Bonding openings are formed in
the surface protective film to expose the surfaces of
the external terminals BP.
A circuit pattern of the DRAM constituted in the
10 one semiconductor chip 1A is the same as the circuit
-pattern of the DRAM constituted in fhe other
semiconductor chip 1B. Furthermore, the arranéément
pattern of the external terminals BP formed on the
circuit—forming surface 1Al of the one semiconductor
15 chip 1A is the same as the arrangement pattern of the
externél terminals BP fofmed on the circuit-forming
surface 1Bl of fhe other semiconductor chip 1B. That
is, the two semiconductor chips 1 have the same
structure.
20 Though there is no particular limitation, the
-resin mold 8 has, for example, a rectangular planar
shape. A plurality of leads 2 are arranged on the
outer sides of the two opposing long sides of the

resin mold 8 along the long sides thereof. The

25 plurality of leads 2 are extending from the inside to



shape. A plurality of leads 2 are arranged on the outer sides of the two
opposing long sides of the resin nold 8 along the |ong sides thereof. The
25 plurality of leads 2 are extending fromthe inside to -17- the outside
of the resin nold 8. The group of leads of the right side showmm in Fig. 1
corresponds to the group of leads of the left side showmn in Fig. 2, and
the group of leads of the |eft side shown in Fig. 1 5 corresponds to the
group of leads of the right side showA-in Fig. 2. Term nals nanes are
given to the plurality of leads 2. Aterminal Vcc is a power source
potential termnal fixed to a power source potential (e.g., 5 10 V). A
termnal Vss is a reference potential termnal fixed to a reference
potential (e.g., 0 V). An IOOA termnal, an IOOB termnal, an Q1A
term nal , @re dulldRd erfinitted ,resin @A téer nThal granpl 6f2Beze¥sm nal , an

IO 3A termnal and an 10 3B term nal are data 15 input/output termnals. A
termnal QJ ttdea nighti rrilde ATpwar dnaddidess iaprrespandmadics.tite termi nal RAS
is a row address strobe termnal. Atermnal CASis a colum address
strobe tedREVE ofAleads od the et sided/Shawie indbie tor ATl . A terninal

CE is an 2t%eoUt o%tp %r}alileads o) t%le lefttersTdnealsh'ggmI S.Lna flrge.e 1 term nal.

5 corresponds to the group of leads of the right side
shown in Fig. 2.

Terminals names are given to the plurality éf
leads 2. A terminal Vcc is a power source potential
terminal fixed to a power source potential (e.g., 5

10 V). A terminal Vss is a reference pofential terminal
fixed to a reference potential (e.g., 0 V). An I0O/0A
terminal, an I0O/0B terminal, an IO/1A term;nalf an
I0/1B terminal, an IO/2A terminal, an I0/2B terminal,
an IO/3A terminal and an IO/3B terminal are data

15 input/output terminals. A terminal Q0 to a terminal
Al2 are address input ierminals. A terminal RAS is a
row address strobe terminal. A terminal CAS is a
column address strobe terminal. A terminal WE is a
read/write enable terminal. A terminal OE is an

20 output enable terminal. A terminal NC is a free
terminal.

Among the above-mentioned plurality of leads 2,
the lead 2 which is the address input terminal, the
lead 2 which 1is the row address strobe terminal, the

25 lead 2 which is the column address strobe terminal,



Anong the above-nentioned plurality of leads 2, the lead 2 which is the
address input termnal, the lead 2 which is the row address strobe

termnal, the 25 lead 2 which is the columm address strobe terninal, -18-
the lead 2 which is the read/wite enable termnal, and the |lead 2 which
is the output enable termnal, are branched in the up-and-down direction

(in which the chips are stacked) inside the resin nold 8 and 5 are bent
to have two branch | eads (3A, 4A). Thé8one branch lead 3A is adhered and
secured to the circuit- form ng surface 1Al of the one sem conductor chip
1A via an insulating film®6, and is electrically connected to the external
termnal BP of the circuit- 10 form ng surface 1Al via an electrically
conductive wre 7. The other branch | ead 4A is adhered and secured to the

ciroul -1 Ll R g1 46 chB O Hehg ol AR LGN iGi I, 1B via an
insulating TiI'm®o6, and is electrically connected to the external term nal
15 BP of thg GinClidad 9r Wniensursf ace bR pita ewable) ardrmiieall y conductive
wire 7. That is, the lead 2 which is the address input termnal, the | ead
2 whi ch i §eh®ra@whaddnes s het nphand-elovimaliredtd dregd.2 whiicdh is the col um
address 20 strobe terminal, the lead 2 which is the read/ wite enable

t ermi nal , taed chigsl eac: 2twieked )i snshigleodhsytresin mold 8, and

5 are bent to have two branch leads (3A, 4A). The one
branch lead 3A is adhefed and secured to the circuit-
forming surface 1Al of the one semiconductor chip 1A
via an insulating film 6, and is electrically
connected to the external terminal BP of the circuit-

10 forming surface 1Al via an electrically conductive
wire 7. The other branch lead 4A is adhered and
secured to the circuit-forming surface 1Bl of the
other semiconductor chip-lB via an insulating film 6,
and is electrically connected to the external terminal

15 BP of the circuit-forming surface 1Bl via an
electrically conductive wire 7.

That is, the lead 2 which is the address input
terminal, the lead 2 which is the row address strobe
terminal, the lead 2 which is the column address

20 strobe terminal, the lead 2 which is the read/write
enable terminal, and the lead 2 which is the output
enable terminal, are electrically connected to the
respective external terminals BP of the two.
semiconductor chips 1.

25 among the plurality of leads 2, the lead 2 which



enable termnal, are electrically connected to the respective external
terminals BP of the two. sem conductor chips 1. 25 Anong the plurality of

| eads 2, the lead 2 which -19- is the power source potential term nal and
the lead 2 which is the reference potential termnal are branched in the
up- and-down direction (in which the chips are stacked) in the resin nold
8, and are bent to have two 5 branch |eads (3A, 4A). The one branch | ead
3A extends on the circuit- form ng surliace 1Al of  the sem conductor chip 1A
ina direction in which the external termnals BP are arranged, and is
integrated with a bus bar lead 5 10 di sposed between the end of the other
branch | ead 3A and the external termnal BP. The bus bar lead 5 is
integrated with a fixed | ead adhered and secured to the circuit-formng

surface 1Al g{héh ggggggt 5teg@ 1€é¥¥ﬁ% ng{ﬁé f@aé £n16 and t he

fixed | ead™1 |ca onnec erna termnal BP of the

sem conducgpi -£hi o éﬁbvkéfér&ﬁéé ot3h€191h@érﬁiﬁﬁﬁhaféagréﬁbﬁé&ends on the
circuit- formng surface 1B1 of the sem conductor chip 1B in a direction

in which the exéeipabnbedsinad sr&fxase @Qnasﬁﬁﬁ@ﬂeﬂhea@ﬂ1%§ dpéegrated. with
a bus bar lead 5 arranged bet ween the.end of the other branch | ead 4A
stacked) in the resin mold 8, and are bent to have two

5 branch leads (3A, 4A).
The one branch lead 3A extends on the circuit-
forming surface 1Al of the semiconductor chip 1A in a
direction in which the external terminals BP are
arranged, and is integrated with a bus bar lead 5
10 disposed between the end of the other branch lead 3A
"and the external terminal BP. -:'I‘h_e bus bar lead 5 is
integrated with a fixed lead adhered and secur;d to
the circuit-forming surface 1Al of the semiconductor
chip 1A via an insulating film 6, and the fixed lead
15 is electrically connected to the external terminal BP
of the semiconductor chip 1A via a wire 7.
The other branch lead 4A extends on the circuit-
forming surface 1Bl of the semiconductor chip 1B in a
direction in which the external terminals BP are
20 arranged, and is integrated with a bus bar lead 5
arranged between the end of the other branch lead 4A
and the ekternal terminal BP. The bus bar lead 5 is
integrated with a fixed lead adhered and secured to
the circuit-forming surface 1Bl of the semiconductor

25 chip 1B via an insulating film 6, and the fixed lead



and the external termnal BP. The bus bar lead 5is integrated with a

fi xed | ead adhered and secured to the circuit-formng surface 1Bl of the
sem conductor 25 chip 1B via an insulating film®6, and the fixed | ead -20-
is electrically connected to the external term nal BP of the sem conductor
chip 1B via a wire 7. That is, the lead 2 which is the power source
potential termnal and the lead 2 whigh is the 5 reference potenti al
termnal are electrically connected t0 the external termnals BP of the
two sem conductor chips 1, respectively. Furthernore, the sem conductor
device 10 of this enbodinment is constituted to have an LOC (lead on 10
chip) structure in which the branch lead 3A and the bus bar lead 5 are
arranged on the circuit-formng surface 1Al of the sem conductor chip 1A

and the brisnefl dogad obA Iantdhreduesl hay dﬁ&“&f%é?ﬁ%f”ﬁ{?&h he

circuit-formng surface 1B1 of the sem conductor 15 chip . Anong the

| eads 2 whioght stelme. cehatda citiopu tohdyt QB v iferariviades,7 the | eads 2 which are
the termnals IQO0A ( IQIA 102A and IO 3A are bent to have branch | eads
3A in the resi nTREtdis., the BeadcR Wdddh 3A ahe Powadherrdcnd secured to

the cirpui%-gorgigg %grface 1A1 ~of the sem conductor chip 1A via an
i nsul ati ng PlFH\é, rminal and the lead 2 which is the
5 reference potential terminal are electrically
connected to the external terminals BP of the two
semiconductor chips 1, respectively.

Furthermore, the semiconductor device 10 of this

embodiment is constituted to have an LOC (lead on
10 chip) structure in which the branch lead 3A and the
- bus bar lead 5 are arranged on the circuit-forming
surface 1Al of the semiconductor chip 1A, and ;he
branch lead 4A and the bus bar lead 5 are arranged on
the circuit-forming surface 1B1 of the semiconductor
15 chip 1B.

Among the leads 2 which are the data input/output
terminals, the leads 2 which are the terminals 10/0a,
I0/1A, I0/2A and IO/3A are bent to have branch leads
3A in the fesin mold 8. The branch leads 3A are

20 adhered and secured to the circuit-forming surface 1Al
of the semiconductor chip 1A via an insulating film &6,
and are electrically connected to the external
terminals BP of the circuit-forming surface 1Al vié

wires 7. That is, the leads 2 which are the terminals

25 I0/0A, IO/1A, IO/2A and IO/3A are not electrically



and are electrically connected to the external termnals BP of the
circuit-formng surface 1A1 via wires 7. That is, the leads 2 which are
the termnals 25 IO QA ITQIA 10/2A and 10/ 3A are not electrically -21
connected to the external termnals BP of the sem conductor chip 1B. Anpbng
the leads 2 which are the data input/output termnals, the | eads 2 which
are the termnals 100B, 5 1QI1B, 102B and IO 3B are bent to have branch
|l eads 4A in the resin nold 8. The braBth | eads 4A are adhered and secured
to the circuit-form ng surface 1B1 of the sem conductor chip-1B via an
insulating filme6, and are electrically connected to the external 10
termnals BP of ‘the circuit-formng surface 1Bl via wres 7. That is, the
| eads 2 which are the termnals 1O 0B 1QI1B, 10/2B and 1O 3B are not

el ectrical Lynneopogctgdeho. é?@e%&ﬁfeéhiﬁéﬂ”ﬁﬁsoﬁptgé the sem conductor
chip 1A. 15 Referring to Fig. 3, the one branch lead 3A is constituted by

a first pogéﬁgaoﬁggcﬂbkc@hipaygrses the one side of the circuit-formng
surface 1A1 of the one sem conductor chip 1A and extends on the circuit-

formng surfaceaddhgothé hreade Zenhbondace othehdptd AlnPdt Aosepgend portion
3A2 bent fromthe first portion 3A1 toward the back surface side of the
one sem covelomiomals, the leads 2 which are the terminals I0/0B,
5 10/1B, I0/2B and I0O/3B are bent to.have branch leads
4A in the resin mold 8. The branch leads 4A are
adhered and secured to the éircuit-forming surface 1B1
of the semiconductor chip 1B via an insulating film 6,
and are electrically connected to the external
10 terminals BP of the circuit-forming surface 1Bl via
- wires 7. .That is, the leads 2 which are the terminais
10/0B, 10/1B, 10/2B and I0/3B are not electrically

connected to the external terminals BP of the

semiconductor chip 1lA.

15 Referring to Fig. 3, the one branch lead 3A is
constituted by a first portion 3Al1 which traverses the
one side of the circuit-forming sﬁrface 121 of the one
semiconductor chip 1A and extends on the circuit-
forming surface 1Al of the one semiconductor chip 13,

20 a second portion 3A2 bent from the first portion 3Al
toward the back surface side of the one semiconductor
chip 1A, and a third portion 3A3 bent from the second
portion 3A2 toward the outer side of the one
semiconductor chip 1A. The first portion 3Al is

25 adhered and secured to the circuit-forming surface 1Al



chip IA and a third portion 3A3 bent fromthe second portion 3A2 toward
the outer side of the one seniconductor chip 1A The first portion 3Al is
25 adhered and secured to the circuit-form ng surface 1A -22- of the

sem conductor chip 1A via the insulating film 6. The end of the first
portion 3Al1 is disposed near the external termnal BP forned at the
central portion of the circuit-formng surface 1Al of the 5 sem conductor
chip 1A. Awire 7 is connected to the2Z2end of the first portion 3Al. The

ot her branch lead 4A is constituted by a first portion 4Al which traverses
the one side of the circuit-formng surface 1Bl of the other sem conductor
10 chip 1B and extends on the circuit-form ng surface 1Bl of the other

sem conductor chip 1B, a second portion 4A2 bent fromthe first portion
4A1 towar d athemciemiordicet o dehid e it helre sems ebandlisg of iThi p 1B, and a
third portion 4A3 so bent fromthe second portion 4A2 15 as to be

over | apped & t Bheh&ndhpdd ther filgst3pgréfionh8Alons Idimpoisddeacka¥A. The first
portion 4Al is adhereqp and secured to the circuit-form ng surface 1Bl of

the seni coMfuctx CEETATE L P iGRswe iafg e etk pariof the first
Cont ral. poft SACor L hihe LA 0 SH A coudfaclh THE of the sem conduct or
5 semiconductor chip 1A. A wire 7 is connected to the
end of the first portion 3Al.

The other branch lead 4A is constituted by a
first portion 4Al which traverses the one side of the
circuit-forming surface 1Bl of the other semiconductor

10 chip 1B and extends on the circuit-forming surface 1Bl
of the other semiconductor éhip 1B, a second portion
4A2 bent from the first portion 4Al1 toward thé»back
surface side of the other semiconductor chip 1B, and a
third portion 4A3 so bent from the second portion 4A2

15 as to be overlapped with the third portion 3A3 of the
one branch lead 3A. The first portion 4Al1 is adhered
and secured to the circuit-forming surface 1B1 of the
semiconduétor chip 1B via the insulating film 6. The
end of the first portion 4Al is disposed near the

20 external terminal BP formed at the central portion of
the circuit-forming surface lBl of the semiconductor
chip 1B. A wire 7 is connected to the end of the
first portion 4Al.

The third portion 3Al1 of the branch lead 3A is

25 integrated with an external lead 3B led to the outside



chip 1B. Awire 7 is connected to the end of the first portion 4Al. The
third portion 3A1 of the branch lead 3Ais 25 integrated with an external
lead 3B led to the outside - 23 fromthe resin nold 8. The external |ead
3Bis formed in a surface-nount shape, e.g., in a gull-wing shape. The
third portion 4A3 of the branch lead 4Ais joined at its end Y to the root
portion 3Bl of the external 5 lead 3B, and is electrically and
mechani cal |y connected thereto. That “i%8,” the two branch | eads (3A, 4A) are
constituted by separate nenbers. Though there is no particular limtation,
the end of the third portion 4A3 of the branch lead 4Ais 10 joined to the
root portion 3Bl of the external |ead 3B by, for exanple, seam wel ding by
using a laser beamin _order to increase the strength of junction. In this
enbodi nent frPRet8BareRENdMA4d] § - ef TR te¥t et le¢wd 3IBsim fiotwed has been
formed. 15.The external lead 3B is so bent that a_ |ead portion continuous
with the rbBtapBPFEBHQBB?uPE SBBRFti BnBd’ okt ReIBL heViBgafbBPEead 4A si de.

bt ai med byIFoFIERd RAE CsHimaceEetRaybranfh oL ot Kay 48 ednndon both
surfaces (L£0RLsSufhagecadnfhdarkosUbdAEenO3nt NSe ERE Nexternal
5 lead 3B, and is electrically and mechanically
connected thereto. That is, the two branch leads (3a,
4A) are constituted by separate members.
Though there is no particular limitation, the end
of the third portion 4A3 of the branch lead 4A is

10 joined to the root portion 3Bl of the external lead 3B
by, for example, seam welding by using a laser beam in
order to increase the strength of Jjunction. In this
embodimeﬁt, the seam welding is effected after the
resin mold 8 has been formed.

15 The external lead 3B is so bent that a lead
portion continuous with the root portion 3Bl is
positioned on the other branch lead 4A side.

As the insulatiné film 6, use is made of, for
example an insulating film obtained by forming an
120 adhesive layer of a polyimide resin on both surfaces
(front surface and back surface) of the resin
substrate of polyimide resin. As the electrically
conductive wire 7, use is made, for example, of a gold
(Au) wire, Furthermore, the wire 7.is bonded by, for

25 example, thermocompression bonding using ultrasonic



substrate of polyimde resin. As the electrically conductive wire 7, use
is made, for exanple, of a gold (Au) wire. Furthermore, the wire 7 is
bonded by, for 25 exanple, thernobconpression bonding using ultrasonic 24
vi bration. Support |eads 9A are arranged in the resin nold 8 on the outer
sides of the two opposing short sides of the sem conductor chip 1A
Support leads 9B are 5 arranged in the resin nold 8 on the outer sides of
the two opposing short sides of the-gémi conductor chip 1B. The support

| eads 9A and 9B are for supporting the resin nold 8 by the lead frane in
the process for producing the sem conductor device 10. 10 In order to
reduce the stress, the resin nold 8 is fornmed of, for exanple, biphenyl
resin to which are added phenol curing agent, silicone rubber and filler.
The resin ¥bP8281iP8-forned by a transfer-nnldlng met hod which is suited for

duct Th t ding_net hod tal mld d
Wih A pot. o rSRREPTCalPRO Gt BXnA  KORATEL 1 ANE TFOAMe "ONE Pesi n mold

by i nj ectipg, tmu%;@sgg{% %Eethaem nggsgﬂg SRV o ey e pot

t hrough t he runner ~and ow gat e Sem conductor devi ce 10,
the one breﬂshseﬁ&@&lnéectéraelﬁﬁbe@lp,andswedlégdg hegchfgui t-formng

5 arranged in the resin mold 8 on the outer sides of the
two opposing short sides of the semiconductor chip 1B.
The support leads 9A and 9B are for supporting the
résin mold 8 by the lead frame in the process for
producing the semiconductor device 10.

10 In order to reduce the stress, the resin mold 8
is formed of, for example, biphenyl resin to which.are
added phenol curing agent, silicone rubber and* filler.
The resin mold 8 is formed by a transfer-molding
method which is suited for mass production. The

15 transfer-molding method uses-a_metal mold equipped
with a pot, a runner, a flow gate and a cavity, and
forms thé resin mold by injecting, with pressure, the
resin into the cavity from the pot through the runner
and the flow gate.

20 In the semiconductor device 10, the one branch
lead 3A is adhered and secured to the circuit-forming
surface 1Al of the one semiconductor chip 1A through
the insulating film 6, and the other branch lead 4A 1is
adhered and secured to the circuit-forming surface 1Bl

25 of the other semiconductor chip 1B through the



surface 1A1 of the one sem conductor chip 1A through the insulating film
6, and the other branch |lead 4A is adhered and secured to the '
circuit-formng surface 1B1 25 of the other sem conductor chip 1B through
the 25 insulating film®6. Furthernore, the one sem conductor chip 1A and
t he ot her sem conductor™ chip 1B are stacked one upon the other in a state
where their back surfaces are opposed to each other. Therefore, the 5
branch | eads (3A, 4A) do not exi st bet’®een the two semi conduct or chips 1,
making it possible to decrease the gap between the two sem conductor chips
1 and, hence, to decrease the thickness of the resin nold 8 '
correspondingly. 10 Since the two branch | eads (3A, 4A) do not exist

bet veen t hentwd a29focenduCor Shi Do kDE ShEYncCARAELL ARGE, produced

relative to the other sem conductor chip 1B can be Su anti Fy precl uded

fromthe sthap eapaeit aneeotnbipskradonanaebiapse) 15 agded to the one
branch | ead 3A, and the stray capacitance produced relative to the one

sem conducsbackefli pnéAupan beesabheanthahkl ytptectyided Ehemt Rgcgtray
capaci tance (chip-lead capacitance) added to the other branch |[ead 4A
Accor di ngl §urfaeest pag enpeeed aheee20hcahhbe. r erhisasifore chelie added to the
ead 2, uhigh s, pragghedy nAhe,esin oLd 8, the one branch lead 3A
e two

semiconductor chips 1, making it possible to decrease

the gap between the two semiconductor chips 1 and,

hence, to decrease the thickness of the resin mold 8

correspondingly.

10 Since the two branch leads (3A, 4A) do not exist
between the two semiconductor chips 1, the stray
capacitance produced relative to the other »
semiconductor chip 1B can be substantially precluded
from the stray capacitance (chip-lead capacitance)

15 added to the one branch lead 3A, and the stray
capacitance produced relative ﬁo the one semiconductor
chip 1A can be substantially.precluded from the stray
capacitance (chip-lead capacitance) added to the other
branch lead 4A. Accordingly, the stray capacitance

20 can be reduced which is added to the lead 2 which is
branched_in the resin mold 8, the one branch lead 3A
adhered and secured to the circuit—forming surface 1Al
of the one semiconductor chip 1A through the

insulating film 6,-and the other branch lead 4A

25 adhered and secured to the circuit-forming surface 1B1



adhered and secured to the circuit-formng surface 1A1 of the one

sem conductor chip 1A through the insulating film®6, and the other branch
| ead 4A 25 adhered and secured to the circuit-form ng surface 1Bl -26- of
the other sem conductor chip 1B through the insulating film®6. Moreover,

t he one sem conductor chip 1A and the other sem conductor chip 1B are
stacked one upon the 5 other in a state where their back surfaces are in
contact with each other. Therefore, thgre exists no ,gap between the two
sem conductor chips 1, and the thickness of the resin nold 8 can be
further decreased correspondingly. 10 Next, the constitution of the |ead
frame used in the process for producing the sem conductor device 10 wll
be described. The sem conductor device 10 is produced by using a |ead
frame LF1 $tfowhs @they semisoadurter) cldd dBl3-hrewl ridiee LF2 shown in Fig.
5 (plan view). Referring to Fig. 4, the lead frame LF1 includes a
plurality afsPdaddnyg, f ®us bar leads 5 and two support |eads 9A

G vi ded i nto 20 RS I upe TGt FEAaS T TRETELSE SHF g rbdier o arr anged
in the dir%%%%?”s%ki%é%ﬁﬂ%kgg QkibhﬁBfBQQEs{%cked one upon the
5 other in a state where their back surfaces are in
coﬁtact with each other. Therefore, there exists no
‘gap between the two semiconductor chips 1, and the
thickness of the resin mold 8 can be further decreased
correspondingly.
10 _ Next, the constitution of the lead frame used in
the process for producing the semiconductor device 10
will be described. .
The semiconductor device 10 is produced by using
a lead frame LF1 shown in Fig. 4 (plan view) and a
15 ° lead frame LF2 shown in Fig. 5 (plan view).
Referring to Fig. 4, the lead frame LF1 includes
a plurality of leads 3, four bus bar leads 5 and two
support leads 9A arranged in a region defined by a
frame 12. ‘The plurality of leads 3 are divided into
20 two groups of leads. The leads 3 of one group are
arranged in the direction of extension of the frame 12
which is opposed to one long side of the semiconductor -
chip (1A), and are integrated with the frame 12. The
leads 3 of the other group are arranged in the

25 direction of extension of the frame 12 which is



whi ch is opposed to one |ong side of the sem conductor chip (1A), and are
integrated with the frane 12. The |leads. 3 of the other group are arranged
in the 25 direction of extension of the frame 12 which is -27- opposed to
the other long side of the sem conductor chip (1A), and are integrated
with the frane 12. The four bus bar leads 5 extend in the direction of the
| ong side of the sem conductor chip (1A), and are 5 integrated with the
| eads 3-arranged at the first stage;2f-ddle stage and | ast stage of the
| ead arrangenent. The two support |eads 9A are integrated wth the frame
. 12 opposed to the short sides of the sem conductor chip (1A). 10 The
plurality of leads 3 are constituted by the internal |eads nolded with the
resin 8 and the external leads 3B led to the outside of the resin nold

(8), and abgpeeereebedhkogehber 1bREOYgRet b8 RAES sLhi he plurality
of leads 3, nost of the |eads 3 15©are gonstituté% égoégg%%ﬁEleads 3A. Each

branch | eadhiBA(ila)¢coasati arkedntegirheegalBt HBBRGI f&Smkh@0nepghown in Fig.
3, i.e., constituted by a first portion 3Al1, a second portion 3A2 and a
third portfonr3pgs Phc beadehS| eadeBA is sbebénrethabnaofi £ge portion 3A1
20 traverses the circuit-formng surface 1A1 of the sem conductor chip 1A
and is posﬂPPSnéﬂdBnofhEhe semiconductor chip (1A), and are
5 integrated with the leads 3_arran§ed at the first
stage, middle stage and last stage of the lead
arrangement. The two'support leads 9A are integrated
with the frame 12 opposed to the short sides.of the
semiconductor chip (1A).
10 The plurality of leads 3 are constituted by the
. internal leads molded with the resin 8 and the
external léads 3B led to the outside of the re;in mold
(8), and are connected together through tie bars 11.
Among the plurality of leads 3, most of the leadé 3
15 are constituted as branch leads 3A. Each branch lead
3A is constituted in the same manner as the one shown
in Fig. 3, i.e., constituted by a first portion 3Al, a
second portion 3A2 and a third portion 3A3. The
branch lead 3A is so bent that a first portion 3Al
20 traverses the circuit-forming surface 1Al of the
semiconductor chip 1A and is positioned on the
circuit-forming surface 1Al of the semiconductor chip
1A, and the back surface of the third portién 3A3 is

So positioned as to be flush with the back surface of

25 the semiconductor chip 1A.



circuit-formng surface 1Al of the sem conductor chip 1A and the back
surface of the third portion 3A3 is so positioned as to be flush wth the
back surface of 25 the sem conductor chip 1A 28 The lead frane LFl is
formed by subjecting a flat plate of, for exanple, an iron (Fe)-nickel (N)
alloy or copper (Cu) or a copper alloy to etching or to press formng to
thereby forma predetermned |ead 5 pattern and, then, subjecting the
internal lead portions of the |eads.3gto0 the press formng. The
insulating film®6 is stuck to the back surface of the first portion 3Al of
the branch lead 3A. Furthernore, the bus bar leads 5 are integrated 10
with the fixed | ead secured to the circuit-formng surface of the

sem conductor chip 1A, and the insulating film®6 is stuck to the back

surface of the mhexakdeadanRefigring ddrfdd by s t{ﬁgegﬁfrgg fr %,S.ISF2support

includes 15 a plurality of |leads 4, four bus “bar an
| eads 9B aplangedfi,n forr egianpldsf ianed ron qpef)r_am%kg. (W9 %Jl'firo? ity of
| eads 4 are divided into two groups of |eads. The leads 4 o ne group are
arranged i Tt Rep@eredCuon ogf aexoppsirorldioyt e fetamdny2 20 vehi ch is opposed
to one long side of the semiconductor chip (1B). The |eads 4 of the other
group are Press fo;mlng to thereby form a predetermined lead
5 pattern and, then, subjecting the internal lead
portions of the leads 3 to the press forming.
The insulating film 6 is stuck to the back
surface of the first pdrtion 3A1 of the branch lead
3A. Furthermore, the bus bar leads 5 are integrated
10 with the fixed lead secured to the circuit-forming
surface of the semiconductor chip 1A, and the
insulating film 6 is stuck to the back surface of the
fixed lead.
Referring to Fig. 5, the lead frame LF2 includes
15 a plurality of leads 4, four bus bar leads 5 and two
support leads 9B arranged in a region defined by a
frame 12. The plurality of leads 4 are divided into
two groups of leads. The leéds 4 of one group are
arranged in the direction of extension of the frame 12
20 which is opposed to one long side of the semiconductor
chip (1B). The leads 4 of the other group are
arranged in the direction of extension of the frame 12
which is opposed to the other long side of the

semiconductor chip (1B). The four bus bar leads 5

25 extend in the direction of the long side of the



arranged in the direction of extension of the frame 12 which is opposed to
the other long side of the sem conductor chip (1B). The four bus bar |eads
5 25 extend in the direction of the |ong side of the -29- sem conductor
chip (1B), and are integrated with the leads 4 arranged at the first
stage, mddle stage and |ast stage of the | ead arrangenent. The two
support leads 9B are integrated with the frame 12 opposed to 5 the short
si des of the sem conductor chip (1B)29The plurality of |leads 4 are
constituted by the internal |eads nolded with the resin 8 and the
external leads led to the outer side of the resin nold 8, and are
connected together through tie bars 11. 10 The plurality of |leads 4 are
integrated with the frane . 12 through the tie bars 11. The external |eads

of the pl weidondfcieadnip @ f amedre ihhara daving ng,d ront end
portions beyond the tie bars 11, and are shorter than the 15 external

| eads 3B dfeadse Llgengad iaonadd ddds t3 s tagrmnomitdil pldyajd tanpf | eads 4,
nmost of leads 4 are constituted as branch | eads 4A. Each branch | ead 4A
i s consti thfSdd StRah e dhe dmaserragngemesie sEbentivn sEpgord, i.e.,
cons;ituti%a%¥ ggf%&%%é% Q%E%QféA%étg %g se%pnd %%rtion 4A2 and a third
portion 4A3°"Th [ o thént réfgt ligherrassd pov ti on 4AlL
5 the short sides of the semiconductor chip (1B).
The plurality of leads 4 are constituted by the
internal leads molded with the resin 8 and the
external leads led to the outer side of the resin mold
8, and are connected together through tie bars 11.
10 The plurality of leads 4 are integrated with the frame
12 through the tie bars 11. '
The external leads of the plurality of leads 4
are formed in a shape having no front end portions
beyond the tie bars 11, and are shorter than the
15 external leads 3B of the above-mentioned leads 3.
Among the plurality of leads 4, most of leads 4 are
constituted as branch leads 4A. Each branch lead 4A
is constituted in the same manner as the one shown in
Fig. 3, i.e., constituted by a first portion 4Al, a
20 second portion 4A2 and a third portion 4A3. The
branch lead 4A is so bent that the first portion 4Al
traverses'the circuit-forming surface 1Bl of the
semiconductor chip 1B and is positioned on the

circuit-forming surface 1B1 of the semiconductor chip

25 1B, and the back surface of the third portion 3B3 is



traverses the circuit-formng surface 1B1 of the sem conductor chip 1B and
is positioned on the circuit-formng surface 1Bl of the sem conductor chip
25 1B, and the back surface of the third portion 3B3 is -30- so positioned
as to.be flush with the back surface of the sem conductor chip 1B. The
lead frame LF2 is formed by subjecting a flat plate of, for exanple, an
iron (Fe)-nickel (N) alloy 5 or copper (Cu) or a copper alloy, to etching
or to press formng to thereby form-a3@redeterm ned |l ead pattern and,

t hen, subjecting the internal |lead portions of the |leads 4 to press
formng. The insulating film6 is stuck to the back 10 surface of the first
portion 4Al of the branch |ead 4A. Furthernmore, the bus bar |eads 5 are
integrated with the fixed | ead secured to the circuit-form ng surface of

the semicopgupbelrebhBalBs B80nENe1uLRSHEEh! B! bLHL 6B -sLUCK O the back

surface of the 15 fixed After the externa m na

sem conductpe séRifoAddctbe tpagsipre el ectrically connected together
through electrically conductive wires, the |lead frames LF1 and LF2 are

used in a statermbeleatiherbmekLPd ssrfacesdabg sBbgecvisy gagh,pther, as
will be described later in detail. Therefore, the | eads™ 3 on
plate of, for example, an iron (Fe)-nickel (Ni) alloy
5 or copper (Cu) or a copper alloy, to etching or to |
press forming to thereby form a predetermined lead
pattern and, then, subjecting.the internal lead
portions of the leads 4 to press forming.
The insulating film 6 is stuck to the back
10 surface of the first portion 4Al of the branch lead
. 4A. Furthermore, the bus baf leads.S are integratéd
with the fixed lead secured to the ‘circuit-forming
surface of the semiconductof chip 1B, and the
insulating film 6 is stuck to the back surface of the
15 fixed lead.

After the external terminals of the semiconductor
chip and the leads are electrically connected together
through electrically conductive wires, the lead frames
LFl and LF2 are used in a state where the back

20 surfaces are mated with each other, as will be
described later in detail. Therefore, the leads 3 on
the left side in Fig. 4 are so arranged that the
portions (superposed pdrtions)'near the tie bars are

superposed on the portions (superposed portions) near

25 the tie bars of the leads 4 of the right side in Fig.



fhe left side in Fig. 4 are so arranged that the portions (superposed
portions) near the tie bars are superposed on the portions (superposed
portions) near 25 the tie bars of the leads 4 of the right side in Fig. -31
5, and the leads 3 on the right side of Fig. 4 are so arranged that the
portions (superposed portions) near the tie bars are superposed on the
portions near the tie bars of the leads 4 of the left side in Fig. 5. 5
Next, the method of producing the semdktenductor device 10 will be
described with reference to Fig. 6 (sectional view), Fig. 7 (sectional
view of an essential portion) and Fig.8 (perspective view of an essenti al
portion). 10 First, the two sem conductor chips (1A, 1B) 1 of the sane
structure are prepared, and the lead frane LF1 shown in Fig. 4 and the

| ead f sLF h i ig. | duct h
Iats secureairs EHE MBaf g of BhE PLgRE Etae Y pi g o i p B
s securcdrignbbe LRad £ramBobERondhes S85LEORMNCEOE EBhR) Hesis secured o

the |l ead frane LF1l. by adherihg and securing t I rst po tirons 3Al of the

branch | eatlhe3fiewbath are $hseipdeedadn | eaespoit ibgs! gads snand the 20
fixed leads integral with the bus bar leads 5 to the circuit-formng
surface 1Aliehbzhsieftheeflends suréficehe left side in Fig. 5.

5 Next, the method of producing the semiconductor
device 10 will be described with réference to Fig. 6
(sectional view), Fig. 7 (sectional view of an
essential portion) and Fig. 8 (perspective view of an
essential portion).

10 First, the two semiconductor chips (1A, 1B) 1 of
the same structure are prepared, and the lead frame
LF1 shown in Fig. 4 and the lead frame LF2 shown in
Fig. 5 are prepared.

Next, one semiconductor chip 1A is secured td the

15 lead framé LF1l and the othér semiconductor chip 1B is
secured to the lead ffame LF2. The semiconductor chip
1A is secured to the lead_fréme LF1 by adhering and
securing the first portions 3Al1 of the branch leads 3A
which are the internal leads of the leads 3 and the

20 fixed leads integral with the bus bar leads 5 to the
circuit-forming surface 1Al which is the front surface
out of_the front surface and the back surface of the
semiconductor chip 1A, via the insulating film 6. The
semiconductor chip 1B is securéd to the lead frame LF2

25 by adhering and securing the first portions 4Al of the



put of the front surface and the back surface of the sem conductor chip
1A, via the insulating film®6. The sem conductor chip 1B is secured to the
| ead frame LF2 25 by adhering and securing the first portions 4Al of the
-32- branch | eads 4A which are the internal |eads of the |eads 4 and the
fixed leads integral with the bus bar leads 5 to the circuit-formng
surface 1B1 which is the front surface out of the front surface and the 5
back surface of the sem conductor chip2:B, via the insulating film®6. In
this step, the sem conductor chip 1A is secured to the lead frame LF1l by
adhering and securing the first portions 3Al of the branch | eads 3A and
the 10 fixed | eads of the bus bar leads 5 to the circuit- formng surface
1Al of the semi conductor chip 1A. Therefore, the sem conductor chip 1A is

tably held b t I f LF1. , i duct hi 1B

SLa0LY 1 Byt gabeed! LATeG by IRECONEL 00 pem contior ehip 18 T
ti 4A1 of th h . : i | ead f the b b

POLL100, 438 1Sl B80St 4zt e el eRgonal Lbe bus b
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sem conductfe ¢RbptlAugf8ce out of the front surface and the
5 back surface of the semiconductor qhip 1B, via the
insulating film 6.

In this step, the semiconductor chip 1A is
secured to the lead frame LF1 by adhering and securing
the first portions 3Al1 of the branch leads 3A énd the

10 fixed leads of the bus bar leads 5 to the circuit-
forming surface 1Al of the semiconductor chip 1A.
Therefore, the semiconductor chip 1A is stably held by
the lead frame LFl. Moreover, the semiconductor chip
1B is secured to the lead frame LF2 by adhering and

15 securing the first portions 4Al1 of the branch.leads 4n
and the fixed leads of the bus bar leads 5 to the
'circuit—forming surface 1Bl of the semiconductor chip
1B. Therefore, the semiconductor chip 1B is stably
held by the lead frame LF2.

20 Next, in the lead frame LF1l, the external
terminals BP of the semiconductor-chip 1A are
electrically connected to the ends of the first
portions 3Al of the branch leads 3A and to the fixed

leads of the bus bar leads 5 through the electrically

25 conductive wires 7. In the lead frame LF2, the



electrically connected to the ends of the first portions 3Al of the branch
| eads 3A and to the fixed |eads of the bus bar |eads 5 through the
electrically 25 conductive wires 7. In the lead frame LF2, the - 33
external termnals BP of the sem conductor chip 1B are electrically
connected to the ends of the first portions 4Al1 of the branch | eads 4A and
to the fixed. |eads of the bus bar leads 5 through the electrically 5
conductive wires 7. As the wires 7, u8®-is made of, for exanple, gold (Au)
wres. The wires are bonded by, for exanple, thernoconpression*bonding
using ultrasonic vibration. Inthis step, the leads 3 of the |lead frane
LF1 10 are so bent that the first portions 3A1 which are the branch |eads
3A of the internal |eads are positioned on the circuit-form ng surface 1Al

f th ] i d f . of h hird
of 1he SeTLEPRMEl okepil B34 800k ke gy baglo UELROER 01 the (XD
flush withefher back) sHEackeOfed N SEIE GNEUICE O ghi p; 14 As shown in Fig.

6(A), therefore, the back surface of the sem conductor chip 1A and the
back surfasest idnd heal o £ deiporitonsh 8D, 44 hendrenchnd epdse A can be

brought into direct contact 20 with a heat stage HS. Accordingly, the- heat
of the heatady age HE: isueffectiesly Torldunigd tioe tdbectrically
5 conductive wires 7. As the wires 7, use is made of,
for exaﬁple, gold (Au) wires. The wires are bonded
by, for example, thérmocompression'bonding using
ultrasonic vibration.
In this step, the leads 3 of the lead fréme LF1
10 are so bent that the first portions 3Al1 which are the
branch leads 3A of the internal leads are positioned
on the circuit-forming surface lAl-oflthe )
semiconductor chip 1A and that the back surfaces of
the third portions 3A3 which are the branch 1eéds 3a
15 of the internal leads are flush with the back surface
of the semiconductor chip 1A. As shown in Fig. 6(A),
therefore, the back surface of the semiconductor chip
1A and the back surfaces of the third portions 3A3 of
the branch leads 3A can be brbught ihto direct contact
20 with a heat stage HS. Accordingly, the heat of the
heat stage HS is effectively conaucted to the
semiconductor chip 1A and to the branch leads 3A,
enabling the external terminals BP of the

semiconductor chip 1A to be reliably connected to the

25 leads 3 of the lead frame LF1l through the wires 7.



sem conductor chip 1A and to the branch | eads 3A, enabling the external
termnals BP of the sem conductor chip 1A to be reliably connected to the
25 leads 3 of the lead frame LF1 through the wires 7. -34- In this step,
furthernore, the leads 4 of the lead frame LF2 are so bent that the first
portions 4A1 which are the branch | eads 4A of the internal |eads are
positioned on the circuit-formng surface 1B1 of 5 the sem conductor chip
1B and that the back surfaces of the3ghird portions 4A3 which are the
branch | eads 4A of the internal leads are flush with the back surface of
t he sem conductor chip 1B. As shown in Fig. 6(B), therefore, the back
surface of the 10 sem conductor chip 1B and the back surfaces of the third
portions 3B3 of the branch | eads 3B can be brought into. direct contact

ith the heat HS. A di | th t _of .the heat st HS i
2#fectiSel§acoiéﬁg§5&stStF%gOEE%QES%@ﬂE?gr@E%Lﬁgiésagdo gtpg ?ﬂg brahih

| ds 3B, | | 1 h ] f t 1l d hi 1B
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wires 7. IpnibhSastepnel BrhhehMESdst he &pdenaf ih@@rﬁ%iSieadzo portions 3Al
of the branch | eads 3A are arranged near the external termnals BP forned

at the cendr@lpositioned on the circuit-forming surface 1Bl of
5 the semiconductor chip 1B and that.the back surfaceé
of the third portions 4A3 which are the bfanch leads
4A of the internal leads are flush with the back
surface of the semiconductor chip 1B. As.shown in
Fig. 6(B), therefore, the back surface'of the
10 semiconductor chip 1B and the back surfaces of the
third portions 3B3 of the branch leads 3B can be
brought into. direct contact with the heat stag; Hs.
Accordingly, the heat of the heat stage HS is
effectiveiy conducted to the.Sémiconductor chip 1B and
15 to the branch leads 3B, enabling the external
terminals BP of the semiconductor cﬁip 1B to be
reliably connectéd to the leads 4 of the lead frame
LF2 through the wires 7.
In this step, furthermore, the ends of the first
20 portions 3Al of the branch leads 3A are arranged near
the external terminals BP formed at the central
portion of the circuit-forming surface 1Al of the
semiconductor chip 1A. Therefore, the length of the
wires 7 can be shortened compared with that of when

25 the ends of the leads arranged on the outer side of



portion of the circuit-form ng surface 1A1 of the sem conductor chip 1A

Ther ef or e,

the length of the wres 7 can be shortened conpared with that

of when 25 the ends of the | eads arranged on the outer side of - 35 the
sem conductor chip are connected to the external termnals forned at the

central

portion of the

through the wires. 5 |
portions 4Al1 of the branch | eads 4A are arranged near the external
termnals BP formed at the central portion of the circuit-form ng surface
1B1 of the sem conduc
can be shortened conpared with that of when the ends of the |eads arranged
on the outer side: of
term nal s fbeneemaconHuctent Fhllpparei onnnécthd toi kbei extermaidg surface of
the sem conductor _chip 15 through the wres. The external term nals BP of
t he senlcoﬁﬂﬁ@%ﬁﬁlscﬁPﬁmﬁﬂ aFetkenreetedltporhéonr afichhkeads 3A through
over the bus bar leads 5, Furthernore, the external

th 7
te?nrggﬁg %bkﬁgyﬁﬁgorﬁbngeﬁ¥5 Adtict rtEﬁlieﬁEF%FQuEBﬂﬁeEPéE to the branch
| eads 4A t@ﬁ?H@thgﬁe“bifés? j unpi ng over the bus bar

5

10

In this
portions 4Al

the external

circuit-formng surface of the. sem conductor chip
n this step, furkhernore, the ends of the first
tor chip 1B. Therefore, the length of the 10 wires 7

t he sem conductor chip are connected to the external

step, furthermore, the ends of the first
of the branch leads 4A are arranged near

terminals BP formed at the central

portion of the circuit-forming surface 1Bl of the

semiconductor chip 1B. Therefére, the length of the

wires 7 can be shortened compared with that of when
the ends of the leads arrénged on the outer side of

the semiconductor chip are connected to the external

15

20

25

terminals'formed at the central portion of the

circuit-forming surface of the semiconductor chip

through the wires.

The external terminals BP of the semiconductor

chip 1A are connected to the branch leads 3A through

the wires 7 jumping over the bus bar leads 5.

Furthermore, the external terminals BP of the

semiconductor chip 1B are connected to the branch

leads 4A through the wires 7 jumping over the bus bar

leads 5.

The external terminals BP of the semiconductor

chip 1A are connected to the branch leads 3A through

the wires 7 by reverse bonding in such a way that the



|l eads 5. The external termnals BP of the sem conductor chip 1A are
connected to the branch | eads 3A through 25 the wires 7 by reverse bondi ng
in such a way that the -36- wires 7 are laterally reversed with respect to
the connection of the external termnals BP of the sem conductor chip 1B
to the branch | eads 4A. Next, the back surfaces of the lead frames LF1 5
and LF2 are mated with each other so that the back surfaces of the one
sem conductor chip 1A and of the otha6 -sem conductor chip 1B are mated
with each other. |In this enbodinment, the back surfaces of the one

sem conductor chip 1A and of the other sem conductor 10 chip 1B are brought
into contact with each other. The back surfaces of the sem conductor chip
1A and of the sem conductor chip 1B are kept in contact with each other
due to thewieskl 7Tentref antesaafiyt hevbrasahwheadsespAck! eadshd) and of the
branch | eads 4A (leads 4). In 15 this enbodi nent, furthernore, the external
| eads of €RBNEE&hYSN404r sheherternthanethénetteBmabfl eads 3B of the | eads
3. Therefore, .the back surfaces (abut surfaces) of the external |eads 3B
are expose8®BaGBRAAUCERE €RdB ¥Bofot hkethratucholerdas43A3 of the branch 20

| eads 4A. Refer&ing neét fo Eig. 7, the lLead frames LF1 and
. ext, the bac urfaces of the lead frames LF1

5 and LF2 are mated with each other so that the back
surfaces of the one semiconductor chip 1A and of the
other semiconductor chip 1B are mated with each other.
In this embodiment, the baék surfaces of.the one
semiconductor chip 1A and of the other semiconductor

10 chip 1B ére brought into contact with each other. The
back surfaces of the semiconductor ‘chip 1A and of the
semicondﬁctor chip 1B are kept in contact with each
other due to the resilient forces of the branch leads
3A (leads 3) and of the branch leads.4A (leads 4). 1In

15 this embodiment, furthermore, the external leads of
the leads 4 are shorter fhén the external leads 3B of
the leads 3. Therefore, the back surfaces (abut
surfaces) of the external leads 3B are exposed beyond
the ends Y of the third portions 4A3 of the branch

20 leads 4a.

Referring next to Fig. 7, the lead frames LF1 and
LF2 are disposed between a top force 20A and a bottom
force 20B of a mold 20 in a state where the lead
frames LF1 and LF2 are superposed one upon the other.

25 The semiconductor chip 1A, semiconductor chip 1B,



LF2 are di sposed between a top force 20A and a bottom force 20B of a nold
20 in astate where the lead frames LF1 and LF2 are superposed one upon the
ot her. 25 The sem conductor chip 1A, sem conductor chip 1B,, -37- branch
leads 3A, branch |eads 4A, support |eads 9A, 9B, and wires 7 are arranged
in acavity 21 forned by the top force 20A and the bottom force 20B of the
mold .20. In this step, the ends Y of,.the third portions 5 4A3 of the
branch | eads 4A are positioned on the outer side of the cavity 21.. Next,
aresinis injected under pressure into the cavity 21 fromthe pot of the
nold 20 through the runner and the flow gate to thereby formthe resin 10
nold 8. Inthis step, the length of the wires 7 has been shortened

e ends of the |leads arranged on the outer side

conpared t

of rTPhe %E%rh%lbg‘{%%@%rﬁpp AP RDhneddsd 4o t3PROAerkeads t® i nal s for med
at the cent I t h 15 C|rcu t-form ng. surface of the.

sem conduct%l?ii Eﬁrp& ‘hﬁ:ersglr}g ’teef'n 'Fﬁbraefcif‘r‘gltlf t‘?el dfecf@?ﬁatb}on of wres

can be supgng§qgg, i njgct essure Nbreover
t he sem conductor chip 1A |sarﬁ %el E\hne C‘(rﬁ:e I a"ntkem and the 20

senm conductxy. cmhptﬁle§t§babkmehghgsby g?ethgagthg por!Eli%nsTherefore t he

positions of the two
5 4A3 of the branch leads 4A are positioned on the outer

side of the cavity 21..

Next, a resin is injected under pressure into the
cavity 21 from the pot of the ﬁold 20 through the
runner and the flow gate to thereby form the resin

10 mold 8. In this step, the length of the wires 7 has
been shortened compared to that of when the ends of
the leads arranged on the ouéer.side of the
semiconductor chip are connected to'the external
terminals formed at the central portion on the

15 circuit-forming surface of the.semiconductor chip
through the wires. Therefore, the deformation of
wires can be suppressed though the resin is injected
under pressure. Moreover, the semiconductor éhip 1A
is stably held by the lead frame LFl, and the

20 semiconductor chip 1B is stably held by the lead frame
LF2. Therefore, the positions of the two
semiconductor chips 1 are prevented from being
deviated though the resin is injected into the cavity
21 under pressure.

25 In this step, furthermore, the two lead frames



sem conductor chips 1 are prevented frombeing deviated though the resin
is injected into. the cavity 21 under pressure. 25 In this step,
furthernore, the two | ead frames -38- (LFl, LF2) are held by the resin nold
81in astate where their back surfaces are nmated with each other. Then,
the lead frames LF1, LF2 are taken out from the nold 20, and, as shown in
Fig. 8 the ends Y of 5 the third portjons 4A3 of the branch | eads 4A and
the root portions of the external |éa®s” 3B exposed therefromare joined
together. The junction is effected by, for exanple, seam wel ding using a

| aser beam 10 Next, the tie bars 11 connected to the leads 4 and the tie
bars 11 connected to the leads 3 are cut. At this nonent, the |eads 4,
i.e., the branch |leads 4A are separated fromthe frane 12 of the |ead
frame LF2. KNeRi, pFa)i agei bedfif bgt eeanesihhenldt Beiheadst3tel5 are cut
fromthe frame 12 of the lead frame LF1. Thereafter, the external |eads 3B
of the | ead¥h8rgreheisrhegki puafaces azee nmamed shapk, each. othermed in a

gul | -wi ng shape. _The external |eads 3B are so bent that the |ead portions
continuous with TR&2r obRe2bepdrirames (BBh) hhkraks trkepoeutifnem on the

branch lea9§e4£¥f&d?0, and, as shown in Fig. 8, the ends Y of
5 the third portions 4A3 of the branch leads 4A and the
root portions of the external leads 3B exposed
therefrom are joined together. The junction is
effected by, for example, seéam welding using a'laser
beam.
10 Next, the tie bars 11 connected to the leads 4
and the tie bars 11 connected to the leads 3 are cut.
At this moment, the leads 4, i.e., the branch leads 4A
are separated from the frame 12 of the lead frame LF2.
| Next, plating is effected and, then, the leads 3
15 are cut from the frame 12 of the lead frame LF1. -
Thereafter, the external leads 3B of the leads 3 are
formed in a surface-mount shépe, e.g., formed in a
gull-wing shape.  The external leads 3B are so bent
that the lead portions continuous with the root
20 portions . (3Bl) thereof are positioned on the branch
leads 4A side.
Next, the support leads 9A are cut from the frame
12 of the lead frame LF1l, and the support leads 9B are
cut from the frame 12 of the lead frame LF2. Then,

25 there are formed the leads 2 having two branch leads



Next, the support |eads 9A are cut fromthe frame 12 of the |ead frame
LF1, and the support leads 9B are cut fromthe frame 12 of the lead franme
LF2. Then, 25 there are fornmed the | eads 2 having two branch | eads - 39-
(3A, 4A) branched in the up-and-down direction in the resin nold 8 and
extending fromthe inside to the outside of the resin nold 8. There is
further fornmed the sem conductor device 10 shown in Figs. 1, 2 and 3. 5 A
plurarity of thus constituted senm condfctor devices 10 are nounted on a
nounting substrate 16 as conponents of an el ectronic apparatus 15
constituting a circuit systemas shown in Fig.. 9 (plan view). Wth this
enbodi nent as descri bed above, there 10 are obtained the follow ng
effects. (1) The two semi conductor chips 1 are stacked one wupon the other

|0 a state wher e hachatiifitse JHIeheohare AResad 4 £a4L ot her, and
| eads the two 1

t he branch (3A, 3B) do not exrst between sem conduct or

chips 1. Thesafompid ke gap Hrleppang #eont Whes aMsGRAUY amLhips 1 can be
decreased, and the thickness of the resin nold 8 can be decreased

cor r espondiciu@syidel ofi & hiehereafior mopds si.bl Bhépedesr eagehetheothiegkness of the
sem conduct or device 10. 20 Moreover, the two branch | eads-(3A, 4A) do not
exi st bet wadre tslemicaodsetocodevditcer 160hspeowh, in Figs. 1, 2 and 3.

5 A plurarity of thus constituted semiconductor
devices 10 are mounted on a mounting substrate 16 as
components of an electronic apparatus 15 constituting
a circuit system as shown in Fig.. 9 (pian view).

With this embodiment as described above, there

10 are obtained the following effects.
(1) The two semicondu'ctor 'chips l are stacked one
upon the other in a state where thé back surfaces
thereof are opposed to each other, and the branch
‘leads (3A, 3B) do not exist between the two

15 semiconductor chips 1. 'Therefore, the gap between the
two semiconductor chips 1 can be decreased, and the
thiékneﬁs of the resin mold 8 can be decreased
correspondingly. It is therefore possible to decrease
the thickness of the semiconductor device 10.

_20 Moreover, the two branch leads- (3A, 4A) do not

| exist between the two semiconductor'chips 1.
Therefore, the stray capacitance produced relative to
the other semiconductor chip 1B is substantially
excluded from the stray capacitance (chip-lead

25 capacitance) added to the one branch lead 3A, and the



Therefore, the stray capacitance produced relative to the other

‘v semi conductor chip 1B is substantially excluded fromthe stray capacitance
(chi p-lead 25 capacitance) added to the one branch | ead 3A, and the -40-
Stray capacitance produced relative to the one sem conductor chip 1A is
substantially precluded from the stray capacitance (chip-lead capacitance)
added to the other branch | ead 4A. Therefore, the stray 5 capacitance
added to the | ead branched in the res#th- nold 8, the one branch | ead 3A
adhered and secured to the surface of the one sem conductor chip 1A
through the insulating film®6 and the other branch | ead 3B adhered and
secured to the surface of the other 10 sem conductor chip 1B via the
insulating film®6 can be reduced. Accordingly, the signal propagation

speed of ishealyeadpdcliRanedserodaked helseqveordugher odevi ce 10 exhibits

i nproved el ectric characteristics. In the case of the sem conductor chip 1
in whi ch t bemdxioadnalt ok5chdpnilpalis BRbatenatkangegratlubledcérbmal portion
on the surface thereof, the branch | eads or the ends of the |eads 2 nust
be extendetheestrey chpacdtangle (gdip-dmadf cepecssancendadted thip 1,
resulting in an increase in the area where the |eads 2 are opposed to 20

t he surfac&h§f othersBAPESRILEREr 4®hi pTheT¢fPX e tRRnFeERuct or device 10

enploygng Eg%agggéggguggggg’to the lead branched in the resin

mold 8, the one branch lead 3A adhered and secured to
the surface of the one semiconductor chip 1A through
the insﬁlating film 6 and the other branch lead 3B
adhered and secured to the surface of the other

10 semiconductor chip 1B via the insulating film 6 can be
reduced. Accordingly, the signal propagation speed of
the lead 2 increases, and the semicﬁnductor device 10
exhibits improved electric chafacteristics. In the
case of the semiconductor cﬁip 1 in which the extefnal

15 terminals BP are arranged at-the central portion on
the surface thereof, the branch leads or the ends of
the leads 2 must be extended near to the central
portion of the semiconductor chip 1, resulting in an
increase in the area where the leads 2 are opposed to

20 the surface of the semiconductor chip 1. 1In the
semiconductor device 10 employing the LOC structure,
therefore, it is important to stack the two
semiconductor chips 1 one upon the other in a state
where the back surfaces of the two semiconductor chips

25 1l are opposed to each other.



therefore, it is inportant to stack the two semi conductor chips 1 one upon
“the other in a state where the back surfaces of the two seni conductor
chips 25 1 are opposed to each other. -41- (2) Since the one semn conductor
chip 1A and the other sem conductor chip 1B are stacked one upon the other
in a state where the back surfaces thereof are in contact wth each other,
there exists no gap between 5 the two sem conductor chips 1, and the
t hi ckness of the resin nold 8 can be 4lurther decreased correspondingly.
As a result, the thickness of the sem conductor device 10 can be further
decreased. (3) The lead 2 has two branch | eads (3A, 4A) branched 10 in the
up- and-down direction in the resin nold 8 the one branch |ead 3A being
constituted by a first portion 3A1 which extends on the circuit-formng

surface 1 ézqf %Eﬁc@”%hEG%EOQQHEEQBdGBtBrlé‘hlbr@Xeéﬁﬁnghteh%t@x@% si de
t hereof and to which the wwre 15 7 1's connected, a second portion 3A2 bent

fromthe &emstopantten SAipt oMaadet BeabREK sHef apenothieheotpee
sem conductor chip 1A, and a third portion 3A3 bent fromthe second

porti on 3AZnt awatdtehehenésthe béckhsurfaeesettheordfickae dhip 1A, and the
other branch | ead 20 4A being constituted by .a first portion 3B1 which
ext ends oncphtackrwikh- ¢a¢hi agheny f hherepexpftsheo gap between

5 the two semiconductor chips 1, and the thickness of
the resin mold 8 can be further decreased
correspondingly. As a result, the thickness of the
semiconductor device 10 can be further decreased.

(3) The lead 2 has two branch leads (3A, 4A) branched
10 in the up-and-down direction in the resin mold 8, the
one branch lead 3A being constituted by a first
portion 3Al which extends on the circuit-forming
surface 1Al of the one semicéhductor chip 1A
traversing the one side thereof and to which the wire
15 7 is connected, a second portion 3A2 bent from the
first portion 3Al toward the back surface of the one
semiconductor chip 1A, and a third portion 3A3 bent
from the second portion 3A2 toward the outside of the
one semiconductor chip 1A, and the other branch lead
20 4A being constitﬁted by a first portion 3Bl which
extends on the circuit-forming surface 1Bl of the
othér semiconductor chip 1B traversing the one side
thereof and to which the wire 7 1is connected, a second
portion 3B2 bent from the first portion 3Bl toward the

25 back surface of the other semiconductor chip 1B, and a



other sem conductor chip 1B traversing the one side thereof and to which
"the wire 7 is connected, a second portion 3B2 bent fromthe first portion
3B1 toward the 25 back surface of the other sem conductor chip 1B, and a
-42- third portion 3B3 so bent fromthe second portion 3B2 as to be
superposed on the third portion 3A3 of the one branch lead 3A. The third
portion 3A3 of the one .branch |ead 3A4fs integrated with the external |ead
3B5 led to the outside fromthe resin"frold 8 and the third portion 4A3
of the other branch lead 4Ais joined at its end Y to the root portion 3Bl
of the external lead 3B. It is therefore possible to electrically connect
the leads 2 to the external 10 term nals BP of the two sem conductor chips
1 that are so stacked one upon the other that the back surfaces thereof

are opposectiireasdrolderssd Ho Bnexdanalnd ety Nag A deag portion

continuous wth the root portion 3B1 and bent toward er
| ead 4A, nEd rop itte poEsitPEsdd EURMTE S fthe faierd Pratd kabqhé he junction
e

portion where the end Y of the third portion 4A3 of th ranch lead.4A is
j oi ned to tae rgginqiorieash 3381 Ghet hhirdxperndbnl 8ad 3B. +tRQ (5L The end of
the first portion 3Al1 of the one branch |ead 3A is disposed near the
ext ernal t &5ANFY lead 3A is integrated with the external lead 3B
5 led to the outside from the resin mold 8, and the
third portion 4A3 of the other branch lead 4A is
joined at its end Y to the root portion 3Bl of the
external lead 3B. It is therefore possible to
electrically connect the ieadé 2 to the external
10 terminalé BP of the two semiconductor chips 1 that are
- so stacked one upon the oﬁhef that the back surfacés
thereof are opposed to.each other.
(4) The external lead 3B has a lead portion
continuous with the root portion 3Bl and bent toward
15 the other branch lead 4a, making it possible to
suppress the deterioration of the junction portion
where the end Y of the third portion 4A3 of the branch
lead. 4A is joined to the root portion 3Bl of the
external lead 3B.
20 (5) The end of the first portion 3Al of the one
branch lead 3A is disposed near the-external terminal
BP formed at the central portion of the circuit-
forming surface 1Al of the ohe semiconductor chip 1a,

and the end of the first portion 4Al1 of the other

25 branch lead 4A is disposed near the external terminal



BP formed at the central portion of the circuit- formng surface 1A1 of the
one semni conductor chip 1A, and the end of the first portion 4Al of the

ot her 25 branch lead 4A is disposed near the external termnal - 43 BP
fornmed at the central portion of. the circuit- form ng surface 1B1 of the
ot her sem conductor chip 1B. Therefore, the length of the wires 7 can be
shortened conpared with that of when the ends of the 5 | eads arranged on
the outer side of the of the sem condtdictor chip are connected through
wires to the external terminals fornmed at the central portion of the
circuit-form ng surface of the sem conductor chip. At the tinme of formng
the resin nold 8 by injecting 10 under pressure the resin into the cavity
21 of the nold 20, therefore, the wires are prevented from being deforned

though theppespnéd aejeséeéeuegsi g5§§§eﬁeof Iﬂbs EE@MEEtS the nutual l'y
adj acent wires 7 frombeing short-circuited e sem conduct or devices

10 can 15fbemprgdsieedavet hBR @fghhalGtﬂer(§émiaohbacﬂbeceﬁi f or producing
t he sem conductor device 10, the sem conductor chip 1A is secured to the
| ead framelBF1 Therzdtvera ng-reend esgrlr iafy tthee Wwined 7 poar il 3A1 of the
branch | ead 3A and the fixed | ead 20 of the bus bar lead 5 to the
circuit-fofhorEeRed faemraned with hehaendEovdent bhecangs 14f Therefore, the

5 leads arranged on the outer side of the of the
semiconductor chip are connected through wires to the
external terminals formed at the central portion of
the circuit-forming surface of the semiconductor chip.
At the time of forming the resin mold 8 by injecting

10 under pressure the resin into the cavity 21 of the
mold 20, therefore, the wires are pievented from being
deformed ﬁhough the resin is injected under préssure.
This prevents the mutually adjacent wires 7 from being
short—ciréuited, and the semiconductor devices 10 can

15 be produced with a high yield. -

(6) 1In the process for producing the semiconductor
device 10, the semiconductor chip 1A is secured to the
lead frame LF1 by adhering and securing the first
portion 3Al of the branch lead 3A and the fixed lead

20 of the bus bar lead 5 to the circuit-forming surface
1Al of the semiconductor chip 1A. Therefore, the
semiconductor chip 1A is stabiy held by the lead frame
LFl1. Furthermore, the semiconductof chip 1B is
secured to the lead frame LF2'by adhering and secufing

25 the first portion 4Al of the branch lead 4A and the



. sem conductor chip 1A is stably held by the lead frame LF1. Furthernore,

t he sem conductor chip 1Bis secured to the lead franme LF2 by adhering and
securing 25 the first- portion 4Al.of the branch | ead 4A and the -44- fixed
lead of the bus bar lead 5 to the circuit- formng surface 1Bl of the

sem conductor chip 1B. Therefore, the sem conductor. chip 1B is stably
held by the lead frane LF2. As a resyht, the position of the 5

sem conductor chip is prevented frombeing deviated in the step of bonding
and the sem conductor chips are prevented fromcomng off while the | ead
frames are being conveyed, making it possible to produce the

sem conduct or devices 10 with a high yield. 10 (7) Upon nounting the

sem conductor device 10 on the nounting substrate 16 of the electronic
appar at us fixed digadforypec fygcibey deadhé &pegheroRii&cHppar at us 15 can  be
doubl ed wi_t hoyt increasing the area of the gnunting .Substrate 16. 15
Though t h&ZB3we- 2GFe d BdnBddithent B SPRPIRFFRT FRiBn 18xanpl e where the

d f ' [ 4A f..th . h Lead, 4A.is.joined “th
portion SBETbEorks Syterantcpagiespl eRiBlTY, 15 Buetnyy BotaeBY choun in

Fig. 10 (sggti | yi j 0] h Y . £ i tion 4A3 of
t he brancﬁﬁ%e%%QgAf?gﬁ}t%g%‘gfhi}F% £polre?i&(%]%t ?,A%{%f ?%}%%%Qn%ﬁ ﬁg%d 3Ain the

resins semiconductor chip is prevented from being deviated in
the step 6f bonding and the semiconductor chips are
prevented from coming'off while the lead frames are
being conveyed, making it pos$ible to produce the
semiconductor devices 10 with a high yield.

10  (7) Upon mounting the_semicohductor device 10 on the
mounting substrate 16 of the electronic apparatus 15,
the memory capacity of the electronic apparatﬁs 15 can
be doubled.without increasing the area of the mounting

éubstrate 16.

15 Though the above-mentioned embédiment dealt with
in an example where the end Y of the third portion 4A3
of the branch lead 4A is joiﬁga to ﬁhe root portion
3Bl of the external lead 3B,.it'is also possible, as
shown in Fig. 10 (sectional View) to join the end Y of

20 the third portion 4A3 of the branch lead 4A to the
third portion 3A3 of the branch lead 3A in the resin
mold 8. 1In this case, after the step of bonding the
wires, the third portion 3A3 of the branch lead 3A and
the third portien 4A3 of the branch lead 4A are

25 supérposed one upon the other, a portion of the side



mold 8. In this case, after the step of bonding the wres, the third
portion 3A3 of the branch |l ead 3A and the third portion 4A3 of - the branch
| ead 4A are 25 superposed one upon the other, a portion of the side -45- of
the tie bar is so cut that the third portion 4A3 of the branch | ead 4A
becones shorter than the third portion 3A3 of the branch | ead 3A and,
then, the end of the third portion 4A3-of the branch lead 4A is 5 joined
to the third portion 3A3 of the branch | ead 3A before the step of formng
the resin nold 8. As described above, the end of. the third portion 4A3 of
the branch lead 4A is joined to the third portion 3A3 of the branch | ead
BAin the resin nold 8. That is, 10 the end Y of the third portion 4A3 of

the b h d 4A ists in th i I . i it ible t

oor oo, (e THR driie’s o AP tOtSca S G G T i B oh e e ) ead 2 1 ed
f th i 4N h X th i st '
bach 1 Ay A i ed BRSTER R QR hida (1D Monced

[ esi St ance,aai it A& Ml idehnHis LrhodizRnt 9Ral 1 id e an exanpl e

where theé branch Tead 3A and the branch |ead 4A are ‘adhered and. secured
to the suridmagfe ahilte prartieenduct &f abep bradchAl1d afa tike sem conduct or

chip 1B through the insulating filnms 6. However, the branch | ead 3A and
5 joined to the third portion 3A3 of the branch lead 3A

before the step of forming the:resiﬁ mold 8. As
described above, the end of_thé third pprtion 4A3 of
the branch lead 4A is joined tb the third portion 3A3
of the branch lead 3A in the feéin mold 8. That is,

10 ﬁhe end Y of the third portion 4A3 of the branch lead

" 4A exists in the resin mold, méking it possible to

decrease the interface regioh bétween the resi; mold .8
and the lead 2 led frbm the resin mold 8 and, hence,
to decrease the area of the moisture path.

15 Accordingly, the semiconductor device 20 exhibits
increased resistance against the humidity.

This embodiment dealt with is an example where
the branch lead 3A and the branch lgad 4A are adhered
and secured to the suffaces_of the semiconductor chip

20 1A and of the semiconductor chip 1B through the
insulating films 6. However, the branch lead 3A and
the branch lead 4A may be adhered and secured by using
an insulating adhesive agent: .In_this case, the gaps

are decreased between the surface of the semiconductor

25 chip 1A and the branch lead 3A and between the surface



the branch | ead 4A may be adhered-and secured by using an insulating
adhesive agent. In this case, the gaps are decreased between the surface
of ‘'the sem conductor 25 chip 1A and the branch | ead 3A and between the
~surface -46- of the sem conductor chip 1B and the branch | ead 4A
Accordingly, the thickness of the resin nold 8 is decreased

correspondi ngly, and the thickness of the sem conductor device 10 s
further decreased. 5 The enbodi nent défl-t with is an exanpl e where.the
external lead 3B of the lead franme LF1 and the branch |ead 4A of the |ead
frane LF2 are joined together after the resin nold 8 was forned. The
junction, however, may be executed after the step of bonding the 10 wires.

In thi , . i d aft t he st f
pondi ng t et F oo R FRaTESy AR £ RO R CPHRATE GPTR 427 an oxaml e

wher e the ApsdeSAHPEESLIE tRECkNEs s Sc?fﬁ@}?é‘d#%%é lf{gicpse 1;are contacted to

each other. 15 However, the back surfaces o Wo semconductor chips 1

may be adhbretkaral seotireshbdngaidief, Wild ae atheshyss acﬂfné e! N this case,
since the two sem conductor chips 1 are secured to eac otmer, the |ead

franmes cars e csasiugtanmieyierk i10 tie firatess ddcredsdy oduction. Embodi nment

2. 5 The embodiment dealt with is an example where . the | |
external lead 3B of the lead frame LF1 and the branch
lead 4A of the lead frame LF2 are joined together
after the resin mold 8 was .formed. The junction,
however, may be executed after the step of bonding.the

10 wires. Ip this case, the leea_frames can be easily
conveyed after the step of bonding the wires.

Furthermore, the embodiment dealt with is an
example where the back surfaces of the two
semiconductor chips 1 are contacted to each other.

15 However, the back surfaces of the two semiconductor
ehips 1 may be adhered and secured together with an
adhesive agent. 1In this caee,_eince the two
semiconductor chips 1 are secured to eech other, the

- lead frames can be easily conﬁeyed in the process of

20 production.

Embodiment 2.
Fig. 11 is a plan view illustreting a state where
the upper part is removed from the resin mold of the

25 semiconductor device of an embodiment of the present



Fig. 11 is a plan viewillustrating a state where the upper part is
renmoved fromthe resin nold of the 25 sem conductor device of an

enbodi ment of the present -47- invention, Fig. 12 is a bottom view

dllustrating a state where the |lower part is removed fromthe resin nold
of the sem conductor device, and Fig. 13 is a sectional view cut along

line B-Bin Fig. 11. 5 As shown in Fi-g&.- 11, 12 and 13, the sem conductor
device 30 of this enbodi nent has nearly the sane constitution as that of

t he above-nentioned enbodinment |. The constitution of this enbodinent is

different fromthe above-nenti oned enbodinent in the 10 foll ow ng respects.

~That is, the tip facing portion of the branch lead 3A facing the
of the sem conductor chip 1A, has a thickness

circuit-fofig . Surface 1 I
m&ﬂtajféﬁ‘f l?]r%' of%ejrs porRPorm viBusi ebystiet bug dar | ead 5

smal l er than t
ot i DA A e S i
o B e 3 6 et 5 [ ohess
smal | er tf@stizathe iewhenutPenbngN L1 sMREQVEr, Lhe hys bar lead 5 |
integrated with the branch | ead 4A has a ecreaééh hi ckness |i ke the tip
facing portionAsf ShRenbiangtigs. 11, 12 and 13, the
semiconductor device 30 of this embodiment has nearly
the same constitution as thét of the above-mentioned
embodiment 1. The constitution of this embodiment is
different from the above-mentioned embodiment in the
10 following respects. That is, the tip facing portion
Qf the branch lead 3a, facing the circuit—forming |
surface 1Al of the semiconductor chip 1A, has a
thickness.smaller than that of the other portions.
Besides, the bus bar lead 5 intégrated with the branch
15 lead 3A has a decreased thickness 1like the tip facing
portion of the branch lead 3A that is facing the chip.
Furthermore, the tip facing portion of the branch lead
4B, facing the circuit-forming surface 1B1 of the
semiconductor chip 1B, has a thickness smaller than
20 the other portions. Moreovér, the bus bar lead 5
integrated with the branch lead 4A has a decreased
thickness like the tip facing_portion of the branch
lead 4a.

Furthermore, this embodiment is different from

25 the above-mentioned embodiment 1 in that the position



A. Furthernore, this enmbodinment is different from 25 the
gggSe?nentioned enbodi ment 1 i-n that the position -48 of thefbus ?2& Lﬁad
5is offset, so that the gap between the circuit-formng sur afe Ao e
the sem conductor chip 1A and the bus bar |ead 5 becones snaller ha Lh
-gap between the circuit-formng 5 surface 1Al of the sem conductor chip

anch | ead 3A. Mreover, the position of the bus bar lead 5 is.
g?fsé?? sgrthat t he gap between the edBcuit- form ng surface 18% ofthge .
sem conductor chip 1B and the bus bar |ead 5 beconmes snaller t anh_ 1% p
10 between the circuit-form ng surface 1Bl of the senlconduct?r C lpthe
and the branch | ead 4A. The thicknesses of the branch Iead.3ﬁ ﬁCIBganch
chip and the thickness of the bus bar lead 5 integrated with the br

j i he back surfaces thereof to
| ead 3A alt dsel gRRed Y 113 sublecting ! g % W of
' i I Sra®e. Yhaf the igam plan view of
ot L ?he b 6¢%?H€ %roduii:g.the sem conduct or device
[

 stages or .
ggeoie?ﬂi%k%§%§§3?%ghgf&%ﬁégéﬁﬁﬁﬁhggl355 BGPt L8rs oLubihécted to the 20

haf t - et chise@iabaddetbed chipe 16h ia?xh”%ﬁ%eﬁugf gSQe 203NN pe2ag A facing the
chip and the thickness of the bus bar |ea
smaller than the gap between the circuit-forming
5 surface 1Al of the semiconductor cﬁip 1A and the
branch lead 3A. Moreovef,.the position of the bus bar
lead 5 is offset, so that the gap bétween the circuit-
forming surface 1Bl of the semiéonductor chip 1B and
the bus bar lead 5 becomes éﬁaller than the gap
10 between the circuit-forming Surface 1B1 of the
semiconductor chip 1B and the branch lead 4A.
The thicknesses of the branch lead 3A facing the
chip and the thickness of the bus bar lead 5
integrated with the branch lead 3A are decreased by
15 subjecting the back surfaces thereof to half-etching
at the stage of the lead frame. Fig. 14 is a plan
view of the lead frame used ipn the process for
producing the semiconductor_dévice 30 of this
embodiment, wherein the lead portions subjected to the
20 haft-etching are dotted."

The thicknesses of the branch lead 4A facing the

chip and the thickness of the bus bar lead 5

e -

integrated with the branch lead 4A are decreased by ]
subjecting the back surfaces thereof to half-etching

25 at the stage of the lead frame. Fig. 15 is a plan



. integrated with the branch | ead 4A are decreased by subjecting the back

- surfaces thereof to half-etching 25 at the stage of the lead frame. Fig. 15
is aplan -49 view of the lead franme used. in the process for producing
the sem conductor device 30 of this enbodi mént, wherein the |ead portions
subjected to the haft-etching are dotted. 5 The bus bar lead 5 integrated
with the branch lead 3A is offset by gending a portion where the branch

| ead 3A and the bus bar lead 5 are inf grated together and by bending a
portion where the bus bar lead 5is integrated with the fixed lead that is :
10 integrated with the bus bar. lead 5.- Furthernore, the bus bar lead 5
integrated with the branch lead 4A is offset by bending a portion where
the branch lead 4A and the bus bar lead 5 are. integrated together and by
bend a porview ofiethet heathuErome heed bnithe peograsedfdd with the fixed
lead that is integrated with the bus bar lead 5. The bending is effected
after the BPoYeCiRgntheneemhePRdeCedt rdeviger o3l f tthpsevent the short
circuit between. the end of the sem conductor chip 1A and the branch | ead

20 3A and TBPPRLNERME . tHREERHBY TR rkeAd RUTWERIS (b ierited tdetkeni conduct or

chip 1B and e pranch Ieaqj4€¥ éhe branch | ead 3A and the branch | ead 4A
are hal f - etehegetching are dotted.
5 The bus bar lead 5 integrated with the branch

lead 3A is offset by bending a portion where the
branch lead 3A and the bus bar lead 5 are integrated
together and by bending a portion where the bus bar
lead 5 is integrated with the fixed lead.that is
10 integrated with the bus bar lead 5. Furthermore, the
. bus bar iead 5 integrated with the branch lead 4A is
offset by bending a portion where the branch lead 4A
and the bus bar lead 5 are.integrated'together and by
bend a portion where thé bus bar lead 5 is integrated
15 with the fixed lead that is integréted with the bus
"bar lead 5. The bending is effected after the above-
mentioned half-etching. _
| In order to prevent the.ghoft circuit between the
end of the semiconductor chip 1A énd the branch lead
20 3A and tq prevent the short circuit between the end of
the semiconductor chip 1B and the branch lead 4A, the
branch lead 3A and the branch lead 4a are half-etched
so that the steps formed by half-etching may be |
located on the.outside of the ends of the

25 semiconductor chip 1A and of the semiconductor chip



so that the steps fornmed by half-etching may be |ocated on the outside of
t he ends of the 25 semiconductor chip 1A and of the sem conductor chip 50-
1B. .I'n the sem conductor device 30 of this enbodi ment as described above,
the back surfaces of the branch e | ead 3A and of the branch | ead 4A are
subjected to the 5 half-etching, the tip facing portion of the thickness
of the branch |l ead 3A, facing the ciggg[;-forning surface 1Al of the

sem conductor chip 1A, is decreased conpared with the other portions, and
the thickness the tip facing portion of the branch | ead 4A, facing 10 the
circuit-formng surface 1B1 of the sem conductor chip 1B, is decreased.
conpared with the other portions, in order to decrease the thickness of
the resin nold 8 on the circuit-form ng surface 1A1 of the sem conductor
chip 1A andpto decrease the thickness of 15 the resin nold 8 on the
circuit-formng surface 1B1 of the sem conductor chip 1B. It is therefore
possi ble to detneabe shmithndknotes devitheldPesfnthibdeffbodameaspondi ngly.
As a result, the thickness of the sem conductor device 30 can be further
decr eased. agodeacrhbedoabovehetpesbarknsuerfaaespof bhe beadchB is of fset,

so that the gap_between the circuit-forning e
- lead 3A and of the branch lead 4A are subjected to the

5 half-etching, the tip facinglportion of the thickness
of the branch lead 3a, facing'the circuit-forming
surface 1Al of the semiconductor chip 1A, is decreased
compared with the other poffibhs; and the thickness
the tip facing portion of the branch lead 4A, facing

10 the circuit-forming surface 1Bl of the semiconductor”
chip 1B, is decreased compared with the other
portions, in order to decréasé the thickness of the
resin mold 8 on the circuif;fofming surface 1Al of the
semiconductor chip 1A and té_decreése the thickness of

15 the resin mold 8 on the circuit-forming surface 1B1 of
the semiconductor chip 1B. It is thérefore possible
to decrease the thickness of the resin mold 8
correspondingly. As a result, the thickness 6f the
semicondﬁctor device 30 can be further decreased.

20 Furthermore, the position of the bus bar lead 5
is offset, so that the gap between the circuit-forming
surface 1Al of the semicénductor chip 1A and the bus
bar lead 5 becomes smaller than the gap between the
circuit-forming surface 1Al of the semiconductor chip

25 1A and the branch lead 3A and, besides, the position



surface | Al of the sem conductor chip 1A and the bus bar |ead 5 becones
smal l er than the gap between the circuit-formng surface 1A1 of the

sem conductor chip 25 1A and the branch | ead 3A and, besides, the position
-51 of the bus bar lead 5 is offset, so.that the gap betmeen t he
circuit-formng surface 1B1 of the sem conductor chip 1B and the bus bar

| ead 5 becones smaller than the gap between the circuit-formng 5 surface
1B1 of the semi conductor chip 1B and-tshe branch |ead 4A. Accordingly, the
position of the surfaces (upper surfaces) of the bus bar leads 5 is

| oner ed and, hence, the height of |oops of the wires 7 junping over the
bus bar lead 5 can be | owered 10 correspondingly, making it possible to
decrease the thickness of the resin nold 8. As a result, the thickness of
t he sem conductor device 30 can be further decreased. The back surfaces

(I ower surpécthy bestharblieadad idsoféaets sotehattedewgap t he branch | ead
3A and of the bus bar lead 5 integrated with the branch | ead 4A are

subj ect ed PBENEER - BRR W HECR Bt dEeyRiRe $Wefage ckBbsefothet he bus bar |eads 5

and, hence i ncrease the of fset mount of the bus bar | eads 5.
Accordlngl@emf?ﬁpékFiﬁ§|T?bﬁ of T?ﬁegkﬁf%&%sb%ﬁ %ﬁ@db%sb%%Qm?%ads 5is

further | oygl pflay LG N9l SOEA PP O I NG S L frming

5 surface 1Bl of the semiconductor chip 1B and the
branch lead 4A. Accordingly, the pﬁsition of the
surface; (upper surfaces) of the bus bar leads 5 is
lowered and, hence, the height.of loops of the wires 7
jumping over the bus bar lead 5 can be lowered

10 correspondingly, making it possible to decrease the
' thickness of the resin mold 8. As a result,.the
thickness of the semiconductor device 30 can be
further decreased.
The back surfaces (lowér surfaces) of the bus bar
15 lead 5 integrated with the branch lead 3A and of the
bus bar lead 5 integrated with the branch lead 4A are
subjected to half-etching to decrease the thickness of
the bus bar leads 5 and, henée, to increase the offset
amount of the bus bar leads SQ Accordingly, the
20 position of the surfaces of the bus bar leads 5 is
further_lowered, the height of the loops of the wires
7 jumping over the bus bar leads 5 is lowered, and the
thickness of the semiéonductor device 30 is further
decreased.

25 Though the embodiment dealt with is an example



7 junping over the bus bar leads 5 is lowered, and the thickness of the
sem conductor device 30 is further decreased. 25 Though the enbodi ment
dealt ‘'with is an exanple -52- where the back surfaces of the branch |eads
(3A, 4A) and of the bus bar leads 5 were subjected to the half- etching,
it is also possible.to subject the front surfaces of the branch |eads (3A
4A) and of the bus 5 bar leads 5 to half-etching. Furthernore, though the
enbodi nent dealt with is an exanpl e- here the back surfaces' of the branch
| eads (3A, 4A) and of the bus bar Beads 5 were subjected to the

hal f-etching, the etching needs not be limted to 10 the hal f-etching
only. Enbodinent 3. Fig. 16 is a sectional view of the sem conductor

devi ce of anerbodl nent 3 afe J0e ESENL BAYEN I Plhas 1PaANdikl 0. 17 15 a

perspectlv 9¥%WF I'Ng" an essen portion o he’ sen conduct or

device. Referss n@hé%@ géabyllﬁea?d‘sd §7wefé‘%1g&;g@&wu€éoihedﬁé{lfe 40 of this

enbodi nent 1S constltute the resin nol two sem conductor chips 1
posi ti onedeidn 20y | hex resi 4@l gb s aiide hew i o pdereted feomt nal s BP

arranged on the Tircuit-form ng surfaces which are the front surfaces, and
| eads 2 exderfhdes feOmlideorarsildeleads (3A, 4A) and of the bus
5 bar leads 5 to half-etching.
Furthermore, though the embodiment dealt with is_
an example where the back surfaces of the branch leads
(3a, 4A)-and of the bus bar_;gads 5 were subjected to
the half-etching, the etching needs not be limited to

10 the half-etching only.

Embodiment 3.

Fig. 16 is a sectional view of the semiconductor
device of an embodiment 3 of the present invention,
15 and Fig. 17 is a perspective view illustrating an
essential portion of the semiconductof device.
Referring to Figs. 16 and 17, the semiconductor
device 40 of this embodiment ié constituted by the
resin mold 8, two semiconductor chips 1 positioned in
20 the resin mold 8 and having external terminals BP
arranged on the circuit-forming surfaces which are the
front surfaces, and leads 2 extending from the inside
to the outside of the resin ﬁéld 8. Each lead 2 is
braﬁched in the up-and-down direction in the resin

25 mold 8 and has two branch leads (33, 4A) that are



. to the outside of the resin nold 8. Each lead 2 is branched in the

" up-and-down direction in the resin 25 nold 8 and has two branch | eads (3A,
4A) that are 53 bent. The one branch | ead 3A is adhered and secured to
the circuit-formng surface 1A1 which is the front surface of the one

sem conductor chip 1A via the insulating film6, and is electrically
connected to 5 the external term nal Ss on the circuit-formng surface
1A1. The other branch | ead 4A is adhered and secured to the
circuit-formng surface 1B1 of the other sem conductor chip 1B via the
insulating film®6, and is electrically connected to the external term nal
10 BP on the circuit-formng surface 1"Bl. The one branch | ead 3A and the
ot her branch | ead  4A are stacked in the up-and-down direction in the
resin nmol P8P ThelheP i ffaPAted®asha 35 jedhenark and sigiungd 15 the resin
nold 8 and ist%ntegrateg Fﬁth.the ex#ernal 'ead 3B which is formed in a
sur f ace- oAt “3Rapat CUEt gt OTHE SHA 3G ntP S HabeCh The BRRefIBRENCh | ead 4A

external 1 SR 8 ot crs TS A BRI AR Sl ERspe, e 0., in a
gul | - wi ng shapest idhier £k & Nalnd ad SRanch Jhe pxistnal. Lgag, 4B are
arranged in parallel in the direction of the wdth 0o
5 the external terminal BP on the circuit-forming
surface 1Al. The other branch lead_4A is adhered and
secured to the circuit-forming surface 1Bl of the
other semiconductor chip 1B wvia the insulating film 6,
and is electrically connected to the external terminal
10 BP on the circuit-forming surface 1Bl.
The.one branch lead 3A and the other branch lead
4A are stacked in fhe up-and-down direction in’ the
resin mold 8.
The one branch lead 3A is led to the outside of
15 the resin mold 8 and is integrated with the external
lead 3B which is formed in a surface-mount shape,
e.g., in a gull-wing shape. The other branch lead 4A
is led to the outside of the resin mold 8 and is
integrated with the externalllead 4B which is formed
20 -in a surface-mount shape, e.g., in a gull-wing shape.
The external lead 3B and the external lead 4B are
arranged in parallel in the directién of the width of
the leads in a region where they are bent in the gull-

wing shape. Thus, the external lead 3B integrated

25 with the branch lead 3A and the external lead 4B



the leads in a region where they are bent in the gull- w ng shape. Thus,
the external lead 3B integrated 25 with the branch | ead 3A and the external
lead 4B | - 54' integrated with the branch | ead 4A are arranged in

parallel in the direction of the width of the leads thereby to constitute
the external |eads of the leads 2: Therefore, the externaliead 3B and the
external 5 |ead 4B can be joined by tg .solder at the tine of nounting the
sem conduct or device 40 on the nounti g' substrate. In the process for
produci ng the sem conductor device 40, therefore, the step of joining the
external |ead 3B and the external |ead 4B 10 can be omtted and, hence, the
nunber of steps for producing the sem conductor device 40 can be decreased

correspondingly._The sepm conduct or device 40 is produced by a process by
“using the f%gﬁg¥?5$€ Yﬁghsﬁ%ﬁmb¥%“??g%e % 4R cA¥P| AREIP8GH ot an essenti a

[ . [ i 9; 5,19 I ' f tial
bor i on) . e bee bR, AT RA ORI | the Phank PRERRIERHE cXtornal | cac

0! apped TEARPET APPSO WA 800 1 b
LF1 and LF2: armefeifede)i theeasdt edtnar 148038 Nd G he external
5 lead 4B can be joined by the solder at the time of
mounting the semiconductor device 40 on the mounting
substrate. 1In the process for producing the
semiconductor device 40, thégefore, the step of
joining the external lead 3B and the external lead 4B
10 can be omitted aﬁd, hence,lfhe'number of steps for
- producing the semiconductor device 40 can be decreased
correspoﬁdingly.
The semiconductor device 40 is produced by a
process by using the lead frame LF1l shown in Fig. 18
15 (plan view of an essential pbftion) and the lead frame
LF2 shown in Fig. 19 (plan Qiew of an essential
portion). The external léad 3B of the lead frame LF1
and the external lead 4B of the lead frame LF2 have
narrow widths so that they will not be overlapped with
20 éach other when the back surfaces of the lead frames
LF1 and LF2 are mated with each other. Upon mating
the back surfaces of the lead frames LF1 and LF2 with
each other, and upon bending the external'lead 3B and
the external leéd 4B 1is such é way as to be arrangéd

25 in parallel in the direction of the width of the leads



the back surfaces of the lead frames LF1 and LF2 with each other, and upon
bending 'the external lead 3B and  the external lead 4B is such a way as to
be arranged 25 in parallel in the direction of the-width of the.leads -55-
.in the bent region, there are forned the |leads 2 constituted by the
external leads 3B and the external |eads 4B arranged in parallel. in the
direction of the width of the leads. 5 In the |lead frane LF1 of

t hi s-enbodi nent like in the above-nesti-oned enbodi nent 2, the position of
the bus bar lead 5 is offset so-that the gap between the circuit-formng
surface 1Al of-the sem conductor chip 1A and the bus bar |ead 5 may be
-smaller than the gap 10 between the circuit-formng surface 1A1 of the
sem conductor chip 1A and the branch lead 3A. In the |ead frame LF2 of
thi s enbodimemhel bleati meghenabbherengnei bormednbbdi kreatis22 furthernore, the
position of the bus bar lead 5 is offset so that the gap between 15 the
circuit-forpns§isutedcbylBheopxtrEn3deniedfdduéBorndchhpg eBtardalhe bus bar

| ead 5 may_be snaller than the %ag ﬁeimeen the circuit-formng surface
1B1- of theled@fi 4BnagEr8PeEnip RBr ahUCt heR bFRRCRIFESE1ZA Ofnthfi s

enbodi nent Likg ig %Ee ?bo§e-nentioned 20 enbodi nent 1, the branch | ead 3A
and the br ¥A8hY R4dtREALR308  const ant t hi cknesses. Like in the above-

5 In the lead frame LF1 of this ‘embodiment like in
the above-mentioned embodiment 2, the position of the
bus bar lead 5 is offset so - that the gap between the
circuit-forming surface 1Al of -the semiconductor chip
1A and the bus bar lead 5 may be smaller than the gap

10 between the circuit-forming éurface 1Al of the :
- semiconductor chip 1A and the bfénch lead 3A. In the
lead frame LF2 of this embodiment like in the above-
mentioned embodiment 2, fuftﬁermore, the position of
the bus bar lead 5 is offset so that the gap between
15 the éircuit;forming surface 1Bl of the semiconductor
chip 1B and the bus bar lead 5.may be smaller than the
gap between the circuit-forming éurface 1B1 of the
semiconductor chip 1B and the branch lead 4A.
In this embodiment like in the above-mentioned
20 embodiment 1, the branch_léad 3A and the branch lead
4A have constant thicknesses. Like in the above- |
mentioned embodiment 2, héweVér, the back surfaces or
the front surfaces of the branch lead 3A and of the
branch lead 4A may be subjected to half-etching so

25 that the tip facing portion of the branch lead 3Aa,



mentioned enbodi mrent 2, however, the back surfaces or the front surfaces
of the branch |lead 3A and of the branch | ead 4A may be subjected to

hal f-étching so 25 that the tip facing portion of the branch Iead 3A, -56-
facing the circuit-formng surface 1A1 of the sem conductor chip A wll
have a thickness smaller than that of the other portions and the tip
facing portion of the branch |lead 4A, facing the circuit 5 formng surface
1B1 of the sem conductor chip 1B, wiib6-have a thickness smaller than that
of the other portions. Mreover, the back surfaces or the front surfaces
of the bus bar leads 5 may be subjected to half-etching so that the bus
bar leads 5 will have a 10 decreased thickness like the tip facing portions
of .the branch |eads (3A, 4A). Enbodi nent 4. This enbodi nent which is an
exanpl e whes@idfiecHS Plesent - fameitd osursa@pplAkdf otke seni conduct or devi ce
of TSOP type having a bidirectional |ead arrangenment structure will be
descri bed.sdmiroudton qhim M ewill usaveitd nighkskress wirblex he upper part
is removed fromthe resin nold of the 20 sem conductor device of an

embodi mentthemwfthadfe of centotiReMIBALOTE FPDIERS BB EIGH Y ew

|Ilustrat|n a state where the ] ower, par noved fromthe resin
pé&tlon of the branch lea i) %aCLng éhe cf&cuf -

5 forming surface 1Bl of the semiconductor chip 1B, will
have a thickness smaller fhan that of the other
portions. Moreover, the back surfaces or the front
surfaces of the bus bar leads_S-may be subjected to
half-etching so that the bus bar leads 5 will have a

10 decreased thickness like the tip facing portions of

. the branch leads (3A, 4A7).

Embodiment 4.

This embodiment which is an example where the
15 present invention is applied to a semiconductor device
of TSOP type having a bidirectional lead arrangement
structure will be described.
Fig. 20 is a plan view iliustrating a state Qhere
the upper part is removed from the resin mold of the
20 semiconductor device of an embodiment 4 of the present
invention, Fig. 21 is a pottom view illustrating a
state where the lower part is removed from the resin
mold of the semiconductor deQice, Fig. 22 is a
sectional view cut along 1iné c-C in Fig. 20, and Fig.

25 23 is a sectional view cut along line D-D in Fig. 19.



ol d of the sem conductor device, Fig. 22 is a sectional view cut along
line GCin Fig. 20, and Fig. 25 23 is a sectional view cut along line D-D
in. Fi'g. 19. -5? For easy conprehension of the draw ngs, the insulating
film6 is omtted in Figs. 20 and 21. As shown in Figs. 20, 21 and 22, the
sem conductor device 50 of this enmbodinent is 5 constituted by stacking two
sem conductor chips 1 one upon the other, which are then nolded with
resin. The two sem conductor chips 17are stacked in a state where their
back surfaces are opposed to-each other. The two sem conductor chips 1 are
so forned as to 10 have the sane external size. Though there is no
particular limtation, the two sem conductor chips 1 have, for exanple, a
r ect angul aFopl zaay shapeehlensdaahodf thbedrwhringdl, cendushah1ghiipy 1 are
constituted a synchronous DRAM (hereinafter sinply 15 referred’to as
SDRAM) of 641lme§abist omisded avnBiysci 26uandsgdtem to which signals are
i nput/output in_ synchronismwth the clock signals. A plurality of
ext er nal -t er ni nAFsSPBYRdLAgFpEds) 20BP2 &r endo2Aedtheong the | ong side of a
rectangl e at central go%éion of the circuit-formng surface 1Al

o]

.20 th
whi ch i's tﬁsmFF8ﬂ§u§EPFa9§V6? QEntRbhoEmPRALBARE 1SA out of the two
.Se”‘Cogducégﬁsﬁﬁfgée&'b§u§£ggifgéetwo semiconductor chips 1 one

upon the other, which are then molded with resin. The
two semiconductor chips 1 are stacked in a state where
their back surfaces are opposed to each other.
The two semiconductor chips 1 are so formed as to
10 have the same external size. Though there is no
particular limitation, the two semiconductor chips 1
have, for example, a rectangular planar shape.:
In éach of the two semicbnductor chips 1 are
constituted a synchronous DRAM (hereinafter simply
15 referred to as SDRAM) of 64 megabits, as a memory
circuit system; to which signals are input/output in
synchronism with the clock signals.
A plurality of external terminals (bonding pads)
BP are formed along the long éide of a rectangle at
20 the central portion of the circuit—forming surface 1Al
‘which is the front surface of one semiconductor chip
.lA out of the two semiconductor chips 1. Furthermore,
a plurality of external terminals BP are formed along
the long side of a rectangle at the.central portion of

25 the circuit-forming surface 1Bl which is the front



a plurality of external terminals BP are formed along the long side of a
rectangle at the central portion of 25 the circuit-formng surface 1Bl
which'is the front -58- surface of the other seni conductor chip out of the
two sem conductor chips 1. The circuit pattern of the SDRAM constituted in
t he one sem conductor chip 1A is the sane as the 5 circuit pattern of the
SDRAM constituted in the other sem conductor chip 1B. Mreover, the
external termnals BP are arranged oggthe circuit-formng surface 1Al of
the one sem conductor chip 1A in the sane pattern as that of the externa
termnals BP 10 arranged on the circuit-form ng surface 1Bl of the ' other
sem conductor chip 1B. That is, the two ‘sentconductor chips 1 have the
same structure. Though there is no particular Iimtation, the resin nold 8
has, for exenfdee af reee aoghears@ghananductisr stlape. ot pblrahét ywof | eads 51
and..a plurality of |eads 52 are arranged on.the outer sides of the two

| ong oppos$emicordectdr t¢eipesin nold 8 along the long sides. The
plurality of |eads 51 and the pIuraIitg of leads 52 extend fromthe inside
to the outside Bie (HEPDLT RIMHOP £B, CARS PG pCOPS FEERESS R he right side

shomn 1. £ 25, SeLLesmong, {0 the, SR, o Loadi,oLs Lg o1t =1 e show
5 circuit pattern of the SDRAM constituted in the other

semiconductor chip 1B. Moréover, the external
terminals BP are arranged on the circuit-forming
surface 1Al of the one semigghductor chip 1A in the
same pattern as that of the external terminals BP

10 arranged on the circuit-fdrming'surface 1B1 of the
other semiconductor chip 1B. That is, the two
semiconductor chips 1 have the samé structure.

Though there is no particular limitation, the

resin mold 8 has, for exampie, a rectangular planar .

15 shape. A plurality of leads 51 and. .a plurality of
leads 52 are arranged on the outer sides of the two
long opposing sides of the resin mold 8 along the long
sides. The plurality of leads 51 and the plurality of
leads 52 extend from the inside to the outside of the

20 resin mold 8. The group of leads on the right side
shown in Fig. 20 corresponds to the group of leads of
the left side éhown in Fig. 21, and the group of leads
on the léft side shown in Figﬂ 20 corresponds to the

group of leads of the right side shown in Fig. 21.

25 Terminal names are given to the plurality of



on the left side shown in Fig. 20 corresponds to the group of |eads of the
right side shown in Fig. 21. 25 Term nal names are given to the plurality
of -59- leads 51 and of the plurality of |leads 52. Atermnal Vcc and a
.terminal VccQ are power source potential termnals fixed to a power source
potential (e.g., 5 V). Atermnal Vss and a termnal VssQ are reference 5
potential termnals fixed to a referegge potential (e.g., 0 V). Atermna
DQOto a ternminal -DQL5 are data inputfoutput terminals. Aterminal AOto a
termnal Al3 are address input termnals. Aterminal CSis a 10 chip
select termnal. Atermnal RASis a row address strobe termnal. A
termnal CAS is a colum address strobe termnal. Atermnal WEis a

d/wri t I i A i nal d a.terminal DOV
| hput ) out phESaRsRL 8FF RE Ehe Pt SFR ALY BEKIFSUS 33- CIACKSTRAARLt or i nal . A
term nal i | . i 1 NG, | f termnal .
The | oad Sioanind £oCErmifRR becD hEk Bel, BORELE"be SRt o the term nai
CAS are breaghegdaid fDRed Uboandpdpun Qb_ﬁﬁeéiﬁatéﬁkisft'ketlai.?égmi ch the

chips 20 are stacked) in the resin nold 8 as shown I n Fi and have
two branchv) eads Hexdind34A)ssnimeh aarehieiial vRSpestd W ference
5 potential terminals fixed to a reference potential
(e.g., 0 V). |
A terminal DQO to a termiﬁal ﬁQlS are data
input/output terminals. A terminal A0 to a terminal
Al3 are address input terminéls. A terminal CS is'a
10 chip select terminal. A terminal RAS is a row address
strobe terminal. A terminal CAS is a column address
strobe terminal. A terminal WE is a read/writé enable
terminal. A terminal DQMU and a . terminal DQML are
input/output maskltermihéls. A terminal CLK is a
15 clock input terminal. A terminal CKE is a clock
enable terminal.- A terminal NC is a free terminal.
The lead 51 which is the terminal CLK and the
lead 51 which is the terminathAS are branched in the
up-and-down direction (direction in which the chips
20 are stacked) in the resin mold 8 as shown in Fig. 22,
and have two branch leads (53A, 54A) which are bent,
respectively.
The one branch lead 53A is constituted by a first

portion 53Al that extends on the circuit-forming

25 surface 1Al of the one semiconductor chip 1A



The one branch lead 53A is constituted by a first portion 53Al that
extends on the circuit-form ng 25 surface 1Al of the one sem conductor chip
‘1A -60- traversing the one side of the circuit-form ng surface 1Al of the
.one -sem conductor chip 1A, a second portion 53A2 bent fromthe first
‘portion 53A1 toward the back surface side of the one sem conductor chip
1A, and a 5 third portion 53A3 bent fromthe second portion 53A2 toward
the outer side of the one sem conductgg.chip 1A The first portion 53Al is
adhered and secured to the circuit-form ng surface-.-1A1 of the

sem conductor chip 1A through the insulating filme6. The end of the 10
first portion 53Al1 is disposed near the external termnal BP (see Fig. 20)
formed at the central .portion of the circuit-formng surface 1Al of the

seni conduct, 0y &Pl Pnd Ach@lthé Ss BI€CS £ | € | yixoniecterming $iefao¢ er nal

term nal BP of the Sem conductor chip 15 1A through a wire 7. The ot her
branch | eagh P4AdE | Shé odsd i eti Brbriuatof i ¢lsip poit i @ns&adgdd tptt &xt ends on t he
circuit-formng surface 1Bl of the other sem conductor chip 1B traversing
the one sisBadfbete £romuihe fHirs hopetitier S Il 1EwWaEd t Hee JRaek

sem conductor chip. 1B, a second portjon 54A2 bent fromthe first portion

54A1 t owarshrfaee batde U e WYSTLIPRIYTHE SRHR cbhd@dré chi p

5 third portion 53A3 bent from the second portion 53A2
toward the outer side of the one semiconductor chip
1a. . The firét portion 53A1 is adhered and secured to
the circuit—forming sufface«LAl of the semiconductor
chip 1A through the insulating'film 6. The end of the

10 first portion 53Al1 is disposed near fhe external
~ terminal BP (see Fig. 20) formed at the central
.portion.of the circuit-forming surface 1Al of the
semiconduétor chip 1A, and is electrically connected
to the external terminal BP of the semiconductor chip
15 1A through a wire 7.

The other branch lead 54A is constituted by a
first portion 54Al1 that extends on the circuit-forming
surface 1Bl of the other semiconductor chip 1B -
traversing the one side of the circuit-forming surface

20 1Bl of the other semiconductor chip 1B, a second
portion 54A2 bent from the first portion 54Al1 toward
the back surface side of the other semiconductor chip
1B, and a third portion 54A3 bent from the second
portion 54A2 in such a way as td be.superposed on the

25 third portion 53A3 of the one branch lead 53A. The



1B, and a third portion 54A3 bent fromthe second portion 54A2 in such a
way as to be superposed on the 25 third portion 53A3 of the one branch

| ead 53A. The -61- first portion 54A1 is adhered and secured to the
Circuit-formng surface 1B1 of the. sem conductor chip 1B through the
insulating film®6. The end of the first portion.54A1 is disposed near the
external 5 termnal BP (see Fig. 21);gﬂFned at the central portion of the
circuit-form ng surface 1B1 of the em conductor chip 1B, and is
“electrically connected to the external term nal BP of the sem conductor
chip 1B through a wire 7. 10 The third portion 53A1 of the branch | ead 53A
is. led to the outside fromthe resin nold 8 and is integrated with the

t |. lead 53B._.Th 54A3 of the.b | ead 54A
Foi ne a8 S ORPG The Aot paNTFBAIS SRS SPPRESOTERrNS | ead 538, 15
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el ectrical iy ¢@RRR/GHEE HeO 15'3%1@’6&%5“@'11?1196”‘ “ﬂhé Sraobs the t
sem conductor chips 1, respectively. 20 The lead 51 which is the term na

Vcc, the |Q&Qst5bowmu©h is2athest aispoakdVasart kel egderhdivhi ch are the
termnals AO to Al5, the lead 51 which is the
5 terminal BP (see Fig. 21) formed at the central
portion of the circuit-forming surface 1Bl of the
semiconductor chip 1B, and is electrically connected
to the external terminal BP of the semiconductor chip
1B through a wire 7.

10 The third portion 53Al1 of the branch lead 53A is
led to the outside from the resin mold 8 and is
integrated with the external lead 53B. The third
portion 54A3 of the branch lead.54A is joined at its
end to the root portion 53Ba of the external lead 53B,

15 and is electrically-ahd_mechanically connected
thereto. That is, the lead 51 which is the terminal
CLK and the lead 51 which is the terminal CAS are
electrically connected to the.external te;minals BP of
the two éemiconductor.chips 1, respectively.

20 : The lead 51 which is the terminal Vcc, the lead
51 which is the terminal Vss, the leads 51 which are
the terminals A0 to AlS5, the lead 51 which is the
terminal CS, the 1ead'51lwhich is the terminal RAS,

the.lead 51 which is the terminal WE, and the lead 51

25 which is the terminal CKE, are constituted similarly



termnal CS, the lead 51 which is the termnal RAS, the lead 51 which is
the terminal WE, and the lead 51 25 which is the termnal CKE, are
constituted simlarly -62- to the lead 51 which is the terninal CLK, and
.are ‘electrically connected to the external termnals BP of the two

‘'sem conductor chips 1. Referring to Fig. 23, the lead 52 which is the 5
termnal DQL1 is branched in the up-and-down direction (in which the chips
are stacked) in the resin nold 8 so é5-to have two branch | eads (55A, 56A)
that are bent. The one branch |ead 55A is constituted by a first 10
portion 55A1 that extends on the circuit-form ng surface 1A of the one
sem conductor chip 1A traversing A the one side of the circuit-formng
surface 1Al of the one sem conductor chip 1A, a.second portion 55A2 bent
fromthe figsthdoréi@ns b5 iépves deidetbatknsuréere dddsatde of the one

sem conductor chip 1A, and a third portion 55A3 bent fromthe second
portion 554Ped¢tmbcallly heonntetedite ulfietéetenratehermimias oBP cdd p 1A. The
first portion 55A1 is adhered and secured to the circuit-form ng surface
1A1 -of thehsemweoseluicondedtpr AWipgA Via the insulating film6. The end of

the first portion 55A1 is disposed near the external ternmnal BP
Referring to Fig. 23, the lead 52 which is the

5 terminal DQ11 is branched in the up-and-down directioﬁ
(in which the chips are stacked) in the resin mold 8
sé as to have two branch leéds (55A, 56A) that are
bent. |

The one branch lead 55A is constituted by a first

10 portion 55Al1 that extends on the circuit-forming
surface l.A of the one semiconductof chip 1A traversing
the one side of the circuitéforming surface 1Al of the
one semiconductor chip 1A, a:second portion 55A2 bent
from the first portion 55A1 toward the back surface

15 side of the one semiconductor chip 1A, and a third
portion 55A3 bent from the sécoﬁd portion 55A2 toward
the outer side of the one semiconddctor chip 1A. The
first porfion 55A1 is adhered and secured to the
circuit-forming surface 1Al of the semiconductor chip

20 1A via the insulatiné film 6. The end of.the first
portion 55A1 is disposed near the external terminal BP
(see Fig. 20) formed at the central portion of the
circuit-forming surface 1Al of the semiconductor chip
1A, and is electrically connécted to the external

25 terminal BP of the semiconductor chip 1A through a



, (see Fig. 20) forned at the central portion of the «circuit-formng
surface. 1Al of the sem conductor chip 1A, and is electrically connected
to the external 25 terminal BP of the semiconductor chip 1A through a 63
wre 7. Unlike the other branch | ead 54A of the lead 51 shown in Fig. 22,
the other branch |lead 56A is fornmed in a shape fromwhich the first '
portion that extends 5 on the circuit-form ng surface 1Bl of the
sem conductor chip 1B has been renovedt "That is, the branch lead 56A is
chiefly constituted by a lead portion 56A2 that extends from

~the.circuit-formng surface 1Bl side of the other semiconductor chip 1B 10
toward the back. surface side thereof, and a |ead portion 56A3 which is
bent fromthe |ead 56A2 in such a way as to be superposed on the third
portion 55K3X6f 7-the one branch |ead 55A. The third portion 55A1 of the

branch lead 55A is. 15 integrated with the external |ead 55B that is led to -

the outside froHPthker 8BenokPel braneh lead péRt PénthesAsagdf Sihe branch

| ead 56A i s, j0ined ?t it? end to ghe %oot goition 55B1 of the external
| ead 55B, BRA"Nsifefi8trfdal PP Rt EChEAPCAI {§280RPRCLE8dEPRBRt 0. That 20

s, the |ead 52 ubicheisn e Lerehoat; PS50k (RLECLLEGahLY connected
5 on the circuit-forming surface 1Bl of the
. semiconductor chip 1B has been removed. That is, the
branéh lead 56A is chiefly constituted by a lead
portion 56A2 that extends from the circuit-forming
surface lﬁl side of the othef semiconductor chip 1B
10 toward the back. surface side'thereof, and a lead
portion 56A3 which is bent from the lead SéAz in such
a way as to be superposed on the third portion 55A3 of
the one branch lead 55A. _
The thifd portion 55A1 of the branch lead 55A is
15 integrated with the external lead 55B that is ied to
the outside'from the resin mold 8. The lead bortion
56A3 of the branch lead 56A is joined at its ehd to
the root portion 55B1 of thelexternal lead 55B, and is
electrically and mechanically connected theréto. That
20 is, the lead 52 which is the terminél DQ11 is:not
electricaily connected to the'extérnal terminal BP of
the other semiconductor chiple.
| The leads 52 which are the terminals DQ8 to DQ10,

the leads 52 which_are the terminals DQ1l2 to DQl5, and

25 the lead 52 which is the terminal DQMU, are



the other sem conductor chip 1B. The |eads 52 which are the term nals D8
to DQLO, the leads 52 which are the termnals DQL2 to DQL5, and 25 the
| ead 52 which is the ternminal.DQW, are 64 constituted similarly to the

lead 52 which is the termnal DQL1l, but are not electrically connected to

the external termnals BP of the other sem conductor chip 1B. Anong the
termnals VccQ and VssQ 5 furthernore, the |ead 52 which is the term nal
VccQin the | ead arrangenment of the_kgft side in Fig. 20 and the |ead 52
which is the termnal VssQin the lead arrangenent of the left side in
Fig. 20, are constituted simlarly to the lead 52 which is the 10 term nal
DQL1l, but are not electrically connected to the external termnals BP of

t he other sem conductor  chip_1B.. Referring to gag 23, Ehe | ead 52 which
is the tefRNAALtEER]| §iBLAAEREdtPNthRelBRYaRd- BBWAdEFetPPon 15 (in which
the chips are stacked) in the:-resin_nold SO. to _have,t branch | eads
(57A, 58A) tERRELPE eDQﬂ»ént P“EnPFEen?ﬁeeﬁ)ﬁ‘égBFaﬁﬁyl sgangg}.\e@?t?he | ead 51

oot e FboPRbe T B AU R RS so frL Sy bR Bontlceesione rom
the SeniCOQHEStPﬁ. Among the terminals VccQ and VssQ,

5 furthermore, the lead 52 which is the terminal VeccQ in
the lead arrangement of the leff side in Fig. 20 and
the lead 52 which is the terminal VssQ in the lead
arrangement of the left side in Fig. 20, are
constituted similarly to the lead 52 which is the

10 terminal DQl1l, but are not electrically connected to
the external terminals BP of the other semiconductor
chip lB.l . |

Referring to Fig. 23, the lead 52 which is the
terminal DQ4 is branched in'éhe up-and-down direction

15 (in which the chips are stackéd) in the resin mold 8
so as to have two branch leads (57A, 58A) that are
bent. |

Unlike the one branch lead 53A of the lead 51
shown in Fig. 22, the one branch lead 57A is formed in

20 a shape from which the first portion that extends on
the circuit-forming surface 1Al of the semiconductor
chip 1A is removed. That is, the branch lead 57A is
chiefly constituted by a lead portion 57A2 that

extends from the side of the circuit-forming surface

25 1Al of the one'semiconductor_chip 1A toward the back



chip 1A is renoved. That is, the branch lead 57A is chiefly constituted by
a lead portion 57A2 that extends fromthe side of the circuit-formng"
surface 25 1Al of the one seniconductor chip 1A toward the back -65-
.surface side thereof, and a |l ead portion 57A3 that is bent fromthe | ead
57A2 toward the outer side of the one semiconductor chip 1A The ot her
branch lead 58A is constituted by a 5 first portion 58A1 that extends on
the circuit-formng surface 1B of thggother sem conductor chip 1B
traversing the one side of the circuit-formng surface 1Bl of the other
sem conductor-chip 1B, a second portion 58A2 bent fromthe first portion
58A1 toward 10 the back surface side of the other sem conductor chip 1B
and a third portion 58A3 bent fromthe second portion 58A2 in such a way
as to be saperfposedidenthbeeofeadn@oatleads5Fastbpnt héAdnthptangh | ead 57A.
The first portion 58A1 is adhered and secured to the_ 15 circuit-formng
surface 1Bbept fhemsthfcdRadcd oh2 chPprrdBtifr ovERrt Hedenshl BBeng film 6.
The end of the first portion 58 i s disposed near the external term nal
BP fornmed 8Bet ABMEERRPAUFLRBrEROA tA-the circuit-forming surface 1Bl of the

e condueLor chhg, GEnd bERNCh D ELECABACHL  dpRERnESLER by Lhe external
5 first portion 58Al that extends on the circuit-forming
surface 1B of the othér semiconductor chip 1B
traversing the one side of the circuit-forming surface
1Bl of the other semiconductb;_chip 1B, a second
portién 58A2 bent from the firsf portion 58A1 toward
10 the.back-surface side of the other semiconductor chip
1B, and a .third portion 58A3 bent from the second
portion 58A2 in such a wéy 55 to be superposed on the
‘lead portion 57A3 of the one branch lead 57A. The
first portion 58Al1 is adhered and secured to the
15 circuit-forming surface 1Bl of the semiconductor chip
1B through the insulating film 6. The end of the
first portion 58Al is disposed near the external
terminal BP formed at the céﬁﬁral portion of the
circuit-forming surface 1Bl of the-semiconductor chip'
20 1B, ‘and is electrically connected to the external
terminal BP (see Fig. 21) of the semiconductor chip 1B
through an electriéglly conductive wire 7.
The lead portion 57Al 6f the branch lead 57A is

integrated with the external lead 57B led to the

25 outside from the resin mold 8. The third portion 58A3



through an electrically conductive wire 7. The lead portion 57Al1 of the
branch lead 57A is integrated with the external |lead 57B |l ed to. the 25
outside fromthe resin nmold 8. The third portion 58A3 -66- -of -t he branch
lead 58A is joined at its end to the root portion 57B1 of the external

| ea#-57B, and is electrically and nmechanically connected thereto. That

is, the lead 52 that is the terminal Q4 is not 5 electrically connected to
the external terminal BP of the one_ggm conductor chip 1B. The | eads 52
~which are the termnals DQOto DQB, the leads 52 which are the termnals
DB to DQ7, and the lead 52 which is the termnal DQWJ, are 10 constituted
simlarly to the lead 52 which is the termnal DX, but are not

el ectrically connected to the external termnals BP of the one

sem conduc gr h&tha% c E?Qgsgﬂe-%e HlﬂéésaéhigéaQ%gvﬁéckﬁéhe | ead 52

which is t termna rnt d arrangenent e right side in

Fig. 19 anﬂoébe é?@ﬂo§25mhcbf'§hetéﬁté?ﬁﬂl nBbays§fBi nahheiLead arrangement
of the right S|de in Fig. 19 are constituted S|nllarly to the lead 52

which is tépedericaply Di¥d hethanecadly etegheccad| yhegcoboectmht o0 t he
external termnals BP of the other 20 sem conductor chip 1B. The one branch

| ead 53A ofst hiehé ebehd15Ahtbati §s the terminal Q4 is not
5 electrically connected to the external terminél BP of
the one semiconductor chip 1B. |
The leads 52 which are the terminals DQO to DQ3,
the leads 52 which are the terminals DQ5 to DQ7, and
the lead 52 which is the termlnal DQMU, are
10 constituted similarly to the lead 52 which is the
terminal DQ4, but are hot electrically connected to
the external terminals BP of the one semiconduttor
chip 1A. Among the terminals VccQ ;nd VssQ, the lead
52 which is the terminal Vccd in the lead arrangement
15 of the right side in Fig. 19 and the lead 52 which is
the terminal VssQ in the lead arrangement of the right
side in Fig. 19 are constituted similarly to the lead
52 which is the terminal DQ4, but are not electrically
connected to the external terminals BP of the other
20 semiconductor chip 1B. |
The one branch lead 53A_of the lead 51 which'is.
the terminal Vcc and the one branch lead 53A of thé
lead 51 which is the terminal:Vss, extend on the
circuit-forming surface 1Al of the semiconductor cﬁip

25 - 1A in the direction in which the external terminals BP



the termnal Vcc and the one branch | ead 53A of the I|ead 51 which is the
terminal Vss, extend on the circuit-formng surface 1Al of the

sem conduct or chip 25 1A in the direction in which the external termnals
:BP -67- are arranged, and are integrated with the bus bar lead 5 arranged
bet ween the end of the other branch |lead 3A .and the external termnal BP.
The bus bar lead 5 is integrated with the fixed | ead which is adhered and
5 secured, via the insulating film®6, e¢yo the circuit- form ng surface 1Al
of the sem conductor chip 1A. The fixed lead is electrically connected to
the external termnal BP of the sem conductor chip IAvia a wre 7. The
ot her branch | ead 54A of the lead 51 which is 10 the ternminal Vcc and the
ot her branch lead 54A of the Ilead 51 which is the termi nal Vss, extend on
t he C|rcu@Fef@F%@ﬁ§e§urﬁ&éeaflllBFeﬂﬁét§€nWé6hd§B?obuéhbpr 1Bafin the

direction i,n _which th xtern termn are arranged, and are
i nt egr at ed WPFﬁaPﬁsdb§§%B§Fn|§§8 g] ngQﬁg@HhSEtﬁééﬁc héeadd3Bf the ot her

branch IeagnéAthgngx%an ft%égﬁwﬂgfrgbnah?ggﬁgﬁb gedv?alfhe

integrated wththe rch™is

sl i ottt Ehecsties! o reh%gaazgfeéﬁ%r% et
term nal BPReehrth¢ 6eai epadiustolathhy £BIwi @, 2t £Be Tcircuit-
forming surface 1Al of the semiconductor chip 1A. The
fixed lead is électrically connected to the external
terminal BP of the semiconductor chip 1A via a wire 7.
The other branch lead 54A of the lead 51 which is
10 the terminal Vcc and the other branch lead 54A of the
lead 51 which is the terminél Vss, extend on the
circuit-forming surface lBl.of the semiconductor chip
1B in the direction in which the external terminals BP
are ar;anged, and are integrated with the bus bar lead
15 5 arranged between the end of the other branch lead 4A
and the external terminal BP. 'The bus bar lead 5 is
integrated with the fixed lead which is adhered and
secured, via the insulating film 6, to the éircuit-
forming surface 1Bl of the sémiconductor chip 1B. The
20 fixed lead is electrically connected to the external
terminal BP of the semiconductor chip 1B via a wire 7.
Referring to Fig. 24 (block diagram), the
terminals CLK, CKE, CS, RAS, CAS, WE, and A0 to Al3

are electrically connected to the two semiconductor

25 chips (1A, 1B). The terminals DQMU and DQ8 to DQ15



Referring to Fig. 24 (block diagram, the termnals CLK, CKE, CS, RAS, CAS,
WE, and AOto A13 are electrically connected to the two sem conductor 25
chips (1A, 1B). The termnals DQVJ. and DB to DQL5 68 are electrically
.connected to the one sem conductor chip 1A, and the term nals DQW and DQO
to DQ7 are electrically connected to the other semi conductor chip 1B.

That is, in the sem conductor-device 50 of this 5 enbodi nent, the SDRAMs
constituted in the two sem conductoreghips 1 operate sinultaneously. In
the sem conductor device 50, the |leads (termnals CLK, CKE, CS, RAS,

LAS, -VE and AOto Al13) electrically connected to the external term nals BP
of 10 the two sem conductor chips-1, each have two branch | eads branched
in the up-and-down direction in the resin nmold 8 and extending on the
circuit-foapenglestriaskiyotohhected sentbenduet semiébopdudtand are adhered
and secured to the circuit-form ng surfaces. 15 Meanwhile, the | eads

(term nal scQVMUIADQvhd DO teomboakby BOMB| endr PQEI k9 BOWneteed to the
external termnals BP of either one of the two sem conductor  chips 1, are
ext endi ng eheeheieattyi EORBRATAG 50r FABeOtBRI oF ERAFOBABCEPIt RB1PWO

sem conductor chips 1 and are 20 adhered and ecure%sontg t.he
circuit - f obBi ngdf Rl fiste 11 Heltegiemiconductor device 50 of this

5 embodiment, the SDRAMs constituted in the two
semiconductor chips 1 operate simultaneously.

In the semiconductor device 50, the leads
(terminals CLK, CKE, CS, RAS, €AS, ‘WE and A0 to Al3)
electricélly connected tb'the external terminals BP of

10 the two semiconductor chips -1, each.hav? two branch
leads branched in_the_up—and;dbwn.direétion in the
resin mold 8 and extending on the circuit-forming
surfaces of ﬁhe two semiconductor chips. 1 and are
adhered and secured to the circuit-forming surfaces.

15 Meanwhile, the leads (terminals DQMU, DQML, DQO
to DQ15) 52 electrically connected-to the external
terminals BP of either one of the two semiconductor
chips 1, are extending on tﬁé circuit-forming surface
of either one of the.two semiéonductor chips 1 and are

20 adhered and secured onto the_circuit—forming surface
thereof. | A

Therefore, the stray capacitance (chip-lead
capacitance) added to the lead 52 becomes smaller than
the stray capacitance (chip—iééd capacitance) added to

25 the lead 51. Accordingly, the signal propagation



Therefore, the stray capacitance (chip-lead capacitance) added to the |ead
52 becones smal l er than the stray capacitance (chip-|lead capacitance)
added to 25 the lead 51. Accordingly, the signal propagation 1 't r -69-
.speed of the lead 52 increases, and the sem conductor device 50 exhibits
i nproved el ectric characteristics. In the case of the sem conductor chip 1
in which the external termnals BP are arranged at the central 5 portion
of the circuit-formng surface, in pafPi-cul ar, the ends of the |eads nust
be extended near to the <central portion of the sem conductor chip 1
resulting in an increase in the areas where the |leads are opposed to the
circuit-formng surface of the 10 sem conductor chip 1. In the

sem conductor device 50 enploying the LOC structure, therefore, it is

i mport ant speéaraft hiel taddus2 ninareases e ¢@@dthﬁa§ems00@¢%%¥¢¥calIy
connected to the external termnal BP of either one of the two

seni conductdevicai e QXhIBlWﬁoH@hr@%?% %%%%HF%%n? He2FtetthiFS- an exanpl e

where the sen conductor device 50 is nstituted ihat t he SDRAMs
constituted in ¥hetP%DC§%ﬁ1%Bnﬁ%%t%?ml%%? RGP R et P i tSReousl y, it

ormi nal o e pRerfRE RN o ik (A Y e Santelin IRE 20

5 portion of the circuit-forming surface, in particular,
the ends of the leads must bé extended near to the
central portion of the semiconductor chip 1 resulting
in an increase in the areas where the leads are
opposed to the circuit-forming surface of the

10 semiconductor chip 1. In the semiconductor device 50

_-employing the LOC structure, therefore, it is
important to form the lead using a single lead”that is
electrically connected to the external terminal BP of
either one of the two semiconductor chips 1.

15 Though this embodiment dealt with is an example
where the semiconductor device 50 is so constituted
that the SDRAMs constituted in the two semiconductor
chips 1 operates simultaneoﬁély, it is also possible,
as shown in Fig. 25 (block di%gram), to form the

20 terminals CS, RAS, CAS, WE,-DQM, A0 to A13) DQO0 to
DQ15 in common, and independently form ‘the terminals
CLK and CLE. 1In this case, the SDRAMs constituted in
the two semiconductor chips 1 can be independently
controlled, making it possible to decrease the amount

25 of heat generated by the semiconductor device 50 and



DQL5 in comon, and independently formthe termnals CLK and CLE. In this
case, the SDRAMs constituted in the two sem conductor chips 1 can be
|ndependently controlled, nmaking it possible to decrease the anmount 25 of
.heat generated by the sem conductor device 50 and -70- to decrease the
anount of electric power consuned by the whole systemincorporating the
sem conductor devices 50. In this enbodi nent as shown in Fig. 23, 5
furthernore, the one branch | ead 57A kg .constituted by the |ead portion
57A2 and the |l ead portion 57A3 in the lead 52 that is not electrically
connected to the external term nal BP of the one sem conductor chip 1A
and the other branch | ead 56A is constituted by the 10 | ead portion 56A2

and the |l ead portion 56A3 in the |ead 52 that is not electrically
~connected 8 UREregfeeithsl AMEHRTLNAE BPeSLIife POVREr COBFUBEAJEYt or chip 1B.

As shown in FI% i however, the |lead 52 that is naqt electrlcally
connect ed 8%t KBO&gt SYRLP™ &PRPARPIBBIPE bPet AEMGARENEURATE8nduct or chip 1A

may be con%tlég%gdsgy the | ead menber 59A partly led to the outside of the
resin nol d°8 by the | ead menber 59B partly introduced into the resin

nmol d*8, and they be@ﬂlgz ﬁggglmbﬁtng% ghggﬁr ﬁab%é cggnected to the external

termnal 20 BP o e ot sem conduct or
5 furthermore, the one branch'lead 57A is constltuted by

the lead portion 57A2 and the lead portion 57A3 in the
lead 52 that is not electrically connected to the
external terminal BP of the one semiconductor chip 14,
and the other branch lead 56A is constituted by the

10 lead portion 56A2 and the lead portion 56A3 in the
lead 52 that is not electrically connected to the
external terminal BP of the other semiconductox chip
1B. As shown in Fig. 26, however, the lead 52 that is
not electrically connected to the external terminal BP

15 of the one semicondﬁctor chié 1A may be constituted by
the lead member 59A partly led to the outside of the
resin mold 8 and by the lead member 59B partly
introduced into the resin maié*s, and the lead 52 that
is not electrically connected tO'thg external terminal

20 BP of the other semiconductor chip 1B may be
constituted by a single lead that extends within the
interior of the resin mold 8; In this case, the stray
capacitance (chip-lead_capaéitanée) added to the lead
52 is further decreased, and phe semiconductor device

25 50 exhibits further improved electric characteristics.



-

constituted by a single lead that extends within the
nold 8. In this case, the stray

interior of the resin
capaci tance (chi p-1ead capacitance) added

tothe lead 52 is further decreased, and the sem conductor device 25 50

.exhibits further inproved electric characteristics.
27 is a plan view of a nenory nodul e

-71- Enbodi ment 5. Fig.
(el ectronic device) of an enbodi nent

5 of the present 5 invention, and Fig. 28 is a sectional view of the
menory nodule. As shown in Figs. 27 ang_28, the nenory nodul e 60

constituted by nmounting two sem conduct or devices

is

63 and one sem conduct or

device 62 on the front 10 surface out of the front surface and the back

surf ace-

on the back surface out of the front

of the wiring board 61, and nmounting two sem conduct or

devi ces 63

-surface and the back surface of the

Wi ring board 61. - SDRAMs, for exanple, are nmounted as nmenory circuit 15
systens in the four sem conductor devices 63. A control circuit
nount ed | nEmheddmentsBm conduct or device 62 to control the nenory circuit
systens of the four sem conductor devices 63. The four sem conductor

devi ces 63 are EBigeked in a2plansvite ohez en¢herpankdsuef aces of each pair

of sem conductor chips 1 are opposed to each other and

10

15

20

25

(electronic device) of an embodiment 5 of the present
invent;on,.and Fig. 28 is a sectional view of the
memory module.

As shown in Figs. 27 and 28, the memory module 60
is constitﬁted by ﬁounting two semiconductor deviceé
63'and'one semiconductor device 62.on the front
surface out of the front surface and the back surface:
of the wiring board 61, and mountiﬁg two semiconductor
devices 63 on the back_surface out of the front
surface and the back surface df the wiring board 61.
SDRAMs, for example, are mounted as memory circuit
systems in the four semiconductor devices 63. A
control circuit system is mounted in the one
semiconductor device 62 to control the memory circuit
systems of the four semicondﬁctbr devices 63.

The four semiconductor dévices'63 are stacked in
a state where the back surfaces of each pair of |
semiconductor chips 1 are opbosed to each other and
molded with resin.8. Basically, the four
semiconductor devices 63 are constituted nearly
similarly to the semiconductor device 50 of the above-

mentioned embodiment 4.

systemis



olded with resin 8. Basically, the four sem conductor devices 63 are
constituted nearly simlarly to the sem conductor device 50 of the above-
25 nentioned enbodi nent 4. 72 Anobng the four sem conductor devices 63, one
_pair of sem conductor devices 63A are nounted on the front surface of the
wi ring board 61, and the -other of sem conductor devices 63B are nmounted on
the back 5 surface of the wiring board 61. Referring to Fig. 28, the

sem conduct or device 63A has a | ead-6#4A which is the termnal DQL1 | ed
from one side surface 8a out of the two opposing side surfaces of the
resin nold 8, and has a |l ead 64A which 10 is the termnal D4 led fromthe
other side surface 8b. Referring to Fig. 28, furthernore, the

seni conduct or device 63B has a | ead 64B which is the termnal DQL1 |ed
fromthe one siffosyrtneer8arosem@Eontihetbodeppessngssi daespaiaces of the
resin nold 8, 15 and has a |l ead 64B which is the termnal D4 led from the
ot her si deofusémteoBduclibe dewilcé4B6dhi ehei mothtedt ennthal fERAtof t he

seni conduct or device 63B is opposed to the tead 64A which is the termn nal
D4 of theustateontiutherwievhgebeard 6hd ahé tkhadosuBrwhfch 20 is the
term nal DQL1 of the sem conductor device 63B is oggosed to the | ead 64A
which is tﬁ@m%%@ﬂ¢¢@&0{xﬁ§ylces 63B are mounted on e back

5 surface of the wiring board.61.

Referring to Fig. 28, the semiconductor device
63A has a lead 64A which is the terminal DQl1 led from
one side surface 8a out of the two opposing side
surfaces of the resin mold 8, and has a lead 64A which

10 is the terminal DQ4 led from the other side surface

. 8b. Referring to Fig. 28, furthermore, the
semiconductor device GBB-has a lead 64B which 1is the
terminal DQl1 led from the one side surface 8a out of
the two opposing side surfaces of the resin mold 8,

15 and has a lead 64B which is the terminal DQ4 led from
the other side surface 8b. The lead 64B which is the
terminal DQ4 of the semiconductor device 63B is
opposed to the lead 64A which is the terminal DQ4 of
the semiconductor deﬁice 64A, and the lead 64B which

20 is the terminal DQ1l1l of the semiconductor device 63B
is opposed to the lead 64A which is the terminal DQl11l
of the semiconductor device 64A. Usually, when the
semiconduétor devices of the same structure are
mounted on both surfaces of the wiring board, the

25 leads having different functions are opposed to each



of the semi conductor device 64A. Usually, when the sem conductor devices
of the sanme structure are nmounted on both surfaces of the wiring board,
the 25 | eads having different functions are opposed to each 73 other. By
laterally reversing the "connection of wires 7, however, the sem conductor
devices 63 can be. nounted on both surfaces of the wiring board 61 in a
state where the | eads having the sane functions are 5 opposed to each
other. Since the sem conductor deviceg; 63 can be nounted on both surfaces
of the wiring board 61 in a state where the |eads having the sane
functions are opposed to each other, it is possible to decrease the nunber
10 of the wiring layers on the wiring board 61 and, hence, to decrease the
t hi ckness of the nenory nodule 60. By stacking the two sem conductor chips

L in whichpLe. constididad 1vhe AN Of HN1RoRATE LGRARAGIA Yyi 43 and by
on the wr d

nmount i ng, i ng, boa 61, the sem conductor. device 63 forned by

mol di ng t he, t Mewe @A) CORElUSEPIc Shh RSt dr WidWidesigs &ad Usé hermore, it is |
possi ble to doubl e the capacity of the nmenory nodule 60 w thout increasing

t he area afodfteedramtbarch bnarfhcedd &&fl.tishenitiey Ieadsd hevi g 4 he sanme
functions are _ :
state where the leads having the same functions are
5 opposed to each other.

Since the semiconductor devices 63 can be mounted
on both surfaces of the wiring board 61 in a state
where the leads having the same functions are opposed
to each other, it is possible to decrease the number

10 of the wiring layers on the wiring board 61 and,
hence, to decrease the thickness of the memory module
60.

By stacking the two semiconduétor chips 1 in

which are consfituted the SDRAMs of the same capacity
15 and by mounting;_on the wiring,board 61, the

semiconductor device 63 formed by molding the two

semiconductor chips 1 with résin 8, furthermore, it is

possible to double the capacity of the memory module

60 without increasing the area of the mounting board
20 61.

When the leads having the same functions are
opposed to each other by laterally reversing the
connection of the wires 7, it is effective to use

semiconductor chips 1 having a plurality of external

25 terminals formed at the central portion of the



opposed to each:other by laterally reversing the connection of the wres
7, it is effective to use sem conductor chips 1 having a plurality of
external 25 terminals formed at the central portion of the -74-
-circuit-formng surface along the one side thereof. In order that the |eads
havi ng the sane functions my be opposed to each other,. furthernore,
there may be fabricated two kinds of sem conductor devices 5 having | eads
bent in different directions by reverddl-y formng the leads. In the
foregoi ng has been concretely described the invention acconplished by the
present inventors by way of the enbodinents. It should,; however, be noted
10 that the present inventionis in no way limted to the above-nentioned
enbodi ments only, but can be nodified in a variety of other ways w thout
departing fdaeutite fogpiinigt sandaseopdonfy tthe pneestidenthleaeodxanpl e, the
invention can be applied to a 15 sem conductor device of SIP (Single
In-1ine Package)}n Pyﬁérhahﬁﬁgtéeuﬂﬁ@ﬂﬁeéﬁwéﬁalthéaéaaﬁréﬁgsﬁgnistructure

~a semiconductor device of ZIP ( In- |ike Package) type, and the |ike
devi ces. TﬁéylP@eﬁ??BﬁeéaﬁobéaFGrPﬁ@ﬁrapSPFEBeFB°5ezot efecBAYuct or device

of SO (Sngllfg%rlca ed t&gaﬂlnds %dsg%ggggg&chgedg%gbgg a bidirectional
| ead _

5 having leads bent in different dirgctions by reversely
forming the leads.

In the foregoing has been concretely described
the ihvention accomplished by the present inventors by
way of the embodiments. It should, however, be noted

10 that the present invention is in no way limited to the
above—ﬁentioned embodiments only, but can be modified
in a variety of other ways without departing from the
spirit and scope of the invéntion.

For example, the invention can be applied to a

.15 semiconductor device of SIP (singlé In-line Eackagé)

- type having a unidirectional lead arrangement
'structure, a semiconductor device of ZIP (Zigzag In-
like Package) type, and the like devices.

The invention can be further applied to a

20 semiconductor device of SOJ (Small Qut-line J-leaded
lead package) type having a bidirectional lead
arrangement structure, a semiconductor device of SOP

‘(Small Qut-line Package) type, and the like devices.

The invention can be further applied to a

25 semiconductor device of QFP (Quad Flatpack Package)



. arrangenent structure, a sem conductor device of SOP (Small Qut-Iine

Package) type, and the |ike devices. The invention can be further applied
to a 25. sem conductor device of QFP (Quad Fl at pack Package) -75- type
.having a quater-directional |ead arrangenent structure, a sem conductor
device of QFJ (Quad El atpack % | eaded Package) type, and the |ike devices.
76 - Clainms: 1 A method of producing a sem conductor device conprising the
steps of; (a) providing a first |ead-fasame and a second | ead frane, each
of said first and second | ead frames having a plurality of |eads; (b)
attaching a first sem conductor chip to said first |lead frane, and
attaching a second sem conductor chip to said second |ead frane; (c)

di sposi ng %gid first and second lead franmes with said first and second

sem conduct Pebﬁﬁﬁ§nﬁnaaqﬁéﬁﬁrhdikngti@neavu@MdS%QQaB?%%e g d leads of said
first and gggggghrélead frames are overl apped.with each other in a
thickness ~direction 8f S€RAFAnAEggorr devdcandfsard fiphaly and second

sem conducy st ghkRSTa bh.said cavity of said nold; (d) injecting a nold
mat eri al i%to gg?g %a%§?§g%f§a§5?ﬂehD¥HPethénébthOliRé”Hév&%§EU ol d
sealing said first

P S S



.and second sem conductor chips and inner portions of said |eads of said
first and second | ead frames, outer portions of said |eads of said first
and second | ead franes protruding outwardly fromsaid resin nold; (e) after
.the step (d), connecting said outer portions o.f said |leads of said.first
| ead frame with the corresponding cutzer-portions of said | eads of said
second |lead franme respectively by welding using a | aser beam 2 A nethod
of -produci ng a sem conductor device according to claim 1, wherein each of
said first and second sem conductor chips has a plurality of

sem conductor elenents and a pluralit.y of bonding pads on a main surface
t her eof , G the step(b) includes a step of attaching said inner
portions of said |leads of said first lead frane to said main surface of

said firstysem conductor chi pnbYnh@l -o#7pridtsié 8higns: adbesiveha@hd o3 st ep
of attaching said inner portions of said | eads of said second |l ead frane

to sai ddefdi @ saPmRiel ot nSaiWh 8eédrtP SeRifconduct or chip by an insul ating
adhesive. 3 A lipt E%&Id%ggu&' P93 SerLaanaucl gL JIRY! 8 A4 9 LD

claim2 , r-conpri si the step connecting sald inner portions of
said | eddemd, sagdh fofssadml Secoid émdd sframmmd Vigdd sfircinpd sir b ividyn fa
bondi ngpezaq,sa Pitfraiodf figgtdsal_nd second sem conductor chips
(b) attaching a first semiéonductor chip to said
first lead frame, and attaching a second semiconductor
chip to said sécdnd lead frame:
- (c) disposing'éaid first and second lead frames with
said first and second semicdnductor chips in a mold having
a cavity such that said leads of said first and second’
lead frames are overlapped with each other in z thickness
direction of said lead frames and said first and second
semiconductfor chips aré in said cavity of said mold;
(d)'injecting a mold material into Said cavitj of
said mold, thereby to form a resin mold sealing said first
and second semiconductor chips and inner portions of said
‘leads of said first and second lead frames, outer portions
of said leads of said first and second lead frames
protruding.outwardly from said resin mold;
(e)-after the step (d), connecting said outer
portions of said leads of said. first lead frame with the
corresponding outer portions of said leads of said second

lead frame respectively by welding using a laser beam.

2 , . A method of producing a semiconductor
device according to claim' 1, wherein each of said first
and second semiconductof chips has a plurality of
semiconductor elements and a plurality of bonding pads on
a main surface thereof, |

wherein the step(b) includes a step of attaching said
inner pdrtions of said leads of said first lead frame to

said main surface of said first semiconductor chip by an



respectively by bonding wires. 4 A nethod of, produci ng a sem conduct or
device according to claim1l, wherein said outer portions of said | eads of
said second | ead frane are shorter than the corresponding outer portions
.of said leads of said first |lead frame and have end portions respectively
on the way to the corresponding out er, portions of said |eads of said
first lead frane, and wherein the step(s) includes a step of connecting
said outer portions of said |eads of said first lead frane wth the
correspondi ng end portions of said outer portions of said |eads of said
second | ead frane respectively by said welding using said | aser beam 5 A
net hod of sprlcduenAg dsesieenduzhor 2 ddvéBeodcadrii nhitng cial h 2 nwherei n

the stepf k i pgrfo hn t ndi_t.d on t ear, surface,of saig
first gfgmgcoin Wetor c%%%ga%gaai]s?eg? guar (gcsegggnéi Iolegéjco‘nr MSem condtiet or
chip ameafiaceshf femecach sthier .second semiconductor chip by an

insulating adhesive.

3 _ A method of producing a semiconductor
device according to clzim 2, further comprising the step
of connectidg said inner portions of said leads of said
first and second lead framé; with said plurality of
bonding pads of said first and second semiconductor chips

respectivgiy by bonding wires.

4 A method of producing a semiCénductcr
device according to claim 1, wherein said outer portions
of said leads of said second_lead'frame are shorter than
the corre$p6naing outer portions of said leéd§ of said  '
first lead frame and have end portions respectively on the
way to the porreéponding cuter portions of said leads of
said first lead frame, and ' |

wherein the step(e) includes a stép of connecting
szld outer portions of said legads of said first lead frame
with the corresponding end ‘portions of said outer poxrtions
of said leads of said second lead frame respectively by

said welding using said laser beam.

5 . A method of producing a semiconductor
device according to claim 2,  wherein the step(c) is
performed in the condition that a rear surface of said
first semiconductor chip and a rear surface of said second

semiconductor chip are faced from each other.



