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METHOD OF MANUFACTURING INVERSION

TYPE ICs AND IC MODULE USING SAME

BACKGROUND OF fHE INVENTION
FIELD dF THE INVENTION:
The present'invention relates to a mefhéd of
: ménufacturing inversion type ICs for high-density mounting

“and to an IC module in which inversion ICs are mounted.

L

. DESCRIPTION OF THE RELATED ART:
| The coﬂstrucﬁion of a conventional resin seal ty§e IC 8

is shown in Fig. 18. A semiconductor chip 1 is mounted on a
die pad 11. Aan eleqtfode pad 2 formed on a surface la of thé

- semiconductor chip 1 is electricélly connected to an inner
lead portion of a COrrespondiﬁg'iead 4 by a wire 3. The

_ semiconductor'chip 1, the wire 3, the inner lead portion of
fhe leéd 4 and thé die pad 11 are sealed by a main body of a
package 5 .made of a resin éo that an outer lead_pdrtion 6 of
the lead 4 is exposed. The outer lead §ortion~6'of_each lead
4.is ﬁéua;iy bent towhra the bottom surface lb of the
semiconductor chip 1.in order to mount the IC.

- When a plurality of ICs constructed as described aone
are mounted on é'single mountipg substrate and, for example,
when a large—capacity étorage device is'formed; leads of the
_same pin numbers of .a plurality'éf leads having thé same
functions must be connected to.éaqﬂfother. When, for
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of fhe sem conductor chip 1.is electrically connected to an inner |ead
portion of a corresponding lead 4 by a wire 3. The'sem conductor chip 1,
the wire 3, the inner |ead portion of the lead 4 and the die pad 11 are
seal ed by .a nain body of a package 5 made of a resin so that an outer |ead
portion 6 of the lead 4 is exposed. TFhe outer |ead portion 6 of each |ead
4 is usually bent toward the bottomsurface |b of '

‘example, a plurality of ICs are mounted on both sides of a
‘mounting substrate, since the pin arrangement 6f ICs mounted
on the top sufface of the mounting substrate does not match
the iC.pin arrangement mounted on thé bottom surface, leads
having the same funétibns'dé not match each other. Also,
-Qhen a plurality.of ICs are mounted on a single surface of a
mount ing éubstrate, leads having the same functions_do not
meet each other in adjacent ICs. As a consequence, there is
a problem.in that, since leads havihg the same functions-are
connected to each other, wi:ing on a mounting substrate
'-becomes'complex;
A method shown_in Fig. 19 for solving such a problem
is disclosed in Japanesé Utility Model Laid-Open No. 62—
16865. In this method, ICs, sﬁch as ICs 9, are formed, in
which the pin connection is inverted by benaing the oﬁtgr..
iead portioh 6 toward the top surface la of the semiconductor
chip 1, in contrast wifh standard ICs, such as ICs 3, in
which the outer leaq pértion 6 is bent towdrd the bottom
surface 1b of the semiconductor chip 1. A staﬁdard IC 8 is
mounted'on a top surface 7a of a mounting substraté-?, and an
inversion IC 9 is mounted on a bottom surface 7b thereéf.
With this construction, leads co;:esponding to each other can
be connected easily by merely providing a through hole 10 on
fhe mounting'substrate 7 beCagse the leads of the same pin
nunbers of both ICs 8 and 9 come to the same point with the
__h_~_~h‘_‘%__;-h“
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the sem conductor chip 1 in order to nmount the IC. Wen a plurality of ICs
sgonstructed as descri bed above are nounted on a single nounting substrate
and, for exanple, when a |arge-capacity storage device is forned, |eads of

the same pin nunbers of a plurality of I|Cs having the same functions nust
be connected to each other. Wen, for- 3 -

mounting substrate 7 inbetween.

However, 1f an ultra-thin package, such as a TSOP (Thin
Small Outline Package) having a thickness of approximately 1
mm, is mounted as shown in Fig. 19, the follow1ng problem
occurs. Since the thickness is thin, the outer lead portion

.6;exposed_to the outside from the main body 5 of the'package
is short. If heat stress, such as heat cycle, is applied
thereto, the solder connection portion between the outer lead
portion 6 and the mounting substrate 7 is destroyed by a
short cycle. For this reason, although it may seemsthat, to
absorb heat stress,.for example, a lead guide surface of the -
IC 8 should be made'higher and the length L1 from the lead
guide surface to the mounting substrate 7 made longer, in the

"inversion type ICs 9, on the contrary, the length L2 from the
-lead'guide surface to the mounting'substrate 7 becomes short,

-and the”performance deteriorates;'

In addition, there is another problem in that,
produCtivit§ is.lowered since the shapes of the bent leads

'are'different for ICs 8 and 9 and two types of dies for
bending operations are required to manufacture standard ano
inversion type ICs. | |
SUMMARY OF THE INVENTION

The present invention has been achieved to: solve the
above—mentioned problems of the prior art

An object of the present invention is to prov1de a

-
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REP{LACEMENT SHEET - 2- exanple, a plurality of 1Cs are nounted-on both sides
Hf a. nounting substrate, since the pin arrangenment of |1Cs nounted on the
top surface of the nounting substrate does not natch

-4 -

method of manufacturing highly reliable inversion ICs which
can be mounted in high densities with simple wirings.- |

| Another object of tne present invention'is to_provide
highly reliable IC modules which uses such inversion ICs.

To these ends, according to the present 1nvention, there
is provided a method of manufacturing inverSion type ICs by
using semiconductor chips which are the same as for standard
'ICs_in_Which first and second -electrode pad-groupslare
COnnected_via wires_to first and second lead.groups,
respectively, all of which are formed onia surface of a-
'semiconductor cnip, and the'outer'lead portions of the leads
are bent toward the bottom surface of the semiconductor-chip,
the pin connection thereof being inverted, the method
including the steps of: connecting a first electrode pad
group of a semiconductor chip to a second lead group via

 wires; connecting a second electrode pad group of the
semiconductor chip to a first lead group via w1res, sealing
the semiconductor chip, the first and second lead groups and
the wires by a resin so that the outer lead portions of the -
leads are exposed; and bending the outer lead'portions of'the
leads toward the bottom surface of the semiconductor chip.-

According to one aspect, the present invention which
achieves these objectives relates to an IC module including:an.
mounting substrate; a standard type. IC, mounted on'a.surface_;

“ of the mounting substrate, in whicn'first_and second '
—_—
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the 1 C pin arrangenment nounted on the bottom surface, |eads having the sane
functions do not match each other. Al so, when a plurality of ICs are
mounted on a single surface of a nmounting ‘substrate, .l eads having the sane
functions do not neet each other in adjacent ICs. As a consequence, ,
there-is a problemin that, since |eads having the same functions are
connected to each other, wiring on a nounting substrate

eiectrode pad groups formed on the surface of the
éemicondqctor chip are connected via wires to first and
second lead groups, respectiveiy, and the outer lead po;tions
of the leads are bent tcward the bottom surface of the
semiconductor chip; an inversion type IC which is mounted oh'
the bottom surface of the mounting substrate so that the
-leads having the same functioc as those of the standard type
-Ic.come to the same point with the mounting substrate
inbetween; first end second electrode pad groups formed on
the surface of the semiconductor chip being connected via
wires to second'and first lead groups, respectively( and the
outer lead portions of the leads being bent to&ard the bottom
surface of the semiconductor.chip; and a plufality of
_connecting members, provided-on the moﬁnting'substrate, for
'_electrically connecting the leads of the standard type IC and
the leads of the inversion type IC having the same function
.as those of the standard type IC.

‘According to another'aspect, the present iqvention which
achieves these'obfectives %elates to an IC module including:
a mounting substrate; a standard type IC,lmcunted oﬁ a

 surfece of the mounting substrate, in which first ahd'second
electrode pad groups formed on the surface of the .
semlconductor chip are connected via wires to first and
second lead groups, respectively, and the outer lead portions

‘of the leads are bent toward the bottom surface of the
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becomes conpl ex. A method shown in Fig.” 19 for solving such a problemis
.di scl osed in Japanese Uility Mdel: Laid'Cpen No. 62- -16865. In this

met hod, |1Cs, 'such as ICs 9, are fornmed, in which the pin. connection is
|nverted by bending the outer lead portion 6 toward the top surface |la of
t he sem conductor chip 1, in contrast-Amsth standard 1Cs, .such as ICs 8, in

semiconductor chip; and an inversion type IC which is mounted
on the surface of the mounting substrate so that the leads
thereof and the leads of the standard type'IC having the same
~function as those of the inversion type IC are adjacent to
each other and electrically connected to each.other, first:
and second electrode pad groups formed on the.surface of the
semiconductor chip being connected via wires to second and
first 1ead groups, respectively, and the outer lead portions
_of the leads being bent toward the bottom surface of the
-semiconductor chip. |
According to the nethod of manufacturing inversion ICs
of the-present invention, first and second electrode pad
groups formed on a surface of a semiconductor chip are
connected via wires to second and first lead groups,
respectively, in a manner opposite to that in the standard
type IC, and the outer 1ead portions of each of the leads are
bent toward the bottom surface of the semiconductor chip in
the same manner as in the standard type IC
In the -IC module, a standard type IC is mounted on a

surface of a mounting substrate, whereas an inversion type IC
manufactured by the method described in'claim 1 is mounted on
. the bottom surface of the mounting substrate. The leads of
the standard type lC and the inversion type IC, having the
same fnnctions, are arranged so that they come to the.same
point with the'mounting substrate inbetween, and are

\
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whi ch the outer lead portion 6 is bent toward the bottomsurface Ib of the
-sem conductor chip 1. A standard IC 8 is mounted on a top surface 7a of a
mounting substrate 7, and an inversion IC 9 is nounted on a bottom surface
7b thereof. Wth this construction, |eads corresponding to each other can

be connected easily by merely prOV|d|ng'h:1hrough hole 10 on the nDuntlng
substrat'e 7 because the | eads of the same pin

‘eléctrically connected to each other by connection members.

In an IC module according to another aspect of the
present invention,.the standard type IC and the inversion
type IC manufactured by the method described in claim 1 are
both mounted on the surface of the mounting substrate, and
the leads of the standard type IC and the inversion type IC,
having the same functions, are arranged adjacent to‘each
other_anq are electrioally.connected to each other.

BﬁIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional view illustrating an IC
" module according to a first embodiment of the present
invention;

Fig. 2 is a perspective plan view illustrating a
standard type IC used in the first embodiment of the present
invention; | | _ '

~ Fig. 3.is a cross-sectional view taken along the line A-
A of Fig. 2;

Fig. 4 is'a perspective plan view illustrating an
inversion type IC used in the first embodiment;

Fig. 5 is a cross-sectional:view taken along the line B-
B of Fig. 4; |

fig. 6 is a cross-sectional view illustrating an IC

module according to a second embodiment of the preaent
invention; |

Fig. 7 is a perspective plan view illustrating a

\
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nunbers of both ICs 8 and 9 come to the sane point with the -3- nounting

Substrate 7 in between. US Patent nunber 4994896 also illustrates this type-
of arrangenent. '

standard type IC used in the second emﬁodiment of the present
invention; -

Fig. 8 is a cross—sectionél view taken along the line C;

-C of Fig. 7;

Fig. 9 is a perspective plan view illustrating an’
invérsion ﬁype'IC used in the second embodiment;

Fig.'lo.is_a crosstectiopai view taken aléng the Line

- D-D of Fig. 9;.

Figf 11 is a peispective plan view iliustra:ing a-
standard type IC used in the third embodiment Qf'thé present
invention; | | |

Fig;'12 is a crosé—sectional view taken aloag the line
E-E of Fig. 11;

HFig. 13 is alperspective pian view illustratihg an

 inversion typé-IC used in.the phird embodiment of the present
inventién; | |

Fig. 14 is a_crbss—secﬁionaltview taken al§n§ the line
F-F‘of:Fig. ;3;-: |

o Fié.'ls is a éé:spegﬁive plén view.illustra:ing an
ihversion type IC used in a mbdifiCaﬁion of the Zfirst
embodimeﬁt of the-preéent invention;, |

_ Fig. 16 is a cross;sectional view taken along the iiné
. G-G of Fig. 15; |
- Fig. 17 is a cross-sectional view illustrating an IC

module according to a fourth embodiment of the present
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However, if an ultra-thin package, such as a TSOP (Thin Snmall Qutline
JPackage) having a thickness of approximately 1mm is nounted as shown in
Fig. 19, the follow ng problemoccurs. Since the thickness is thin, the
outer lead portion 6 exposed to the outside fromthe main body 5 of the
package is short. |If heat stress, suchdas heat cycle, is applied thereto,
the sol deér connection portion between the outer

invention;
Fig. 18 is a cross-sectional view illustrating a
conventional IC; and
Fig. 19 is a cross-sectional view illustrating a
conventional IC- module.
DESCRIPTION OF THE PREFERRED EMBOD IMENTS
Preferred embodiments of the present 1nventlon will ‘be
explalned below with reference to the accompanyrng draw1ngs}
In Fig. 1, a standard type IC 20 is mounted on the topﬂ'
surface of a mounting substrate 28, and an inversion type IC
30 is mounted on the bottom surface thereof. The standard. |
type IC 20" has a die pad 26, as shown ln Figs. 2 and 3. A
semiconductor chip 21 is mounted on the die pad 26. First
and second electrode-pad groups 22a and 22b are formed on a
surface 21a of the semlconductor Chlp 21 along both sides of
the length of the semlconductor ch1p-21. A first lead group
24a formed of leads l.through'13 and a second_lead group 24b
formed of leads 14 through 26 are-arrafed.inxthe vicinity of
the long sides of the semiconductor.chip'él.'rEach of the
electrode pads of the first electrode pad group 22a of tﬁe
.semiconductor chip 21 is electrically connected via wires .23
to a.correspondlng inner lead portlon of the_leads of the
first lead group 24a. leew1se,_each of the electrode pads;',‘
of the second electrodé pad group 22b.is electrically o
'--connected via the wires 23 to a corresponding inner lead
-\
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| ead portion 6 and the mounting substrate 7 is destroyed by a short cycle.
«For this reason, although it may seemthat, to absorb heat stress, for
exanpl e, a | ead guide surface of the I C 8 should be made hi gher and the
length L1 fromthe | ead guide surface to the nounting substrate 7 nade:

| onger, in the inversion type ICs 9, ongdhe contrary, the length L2 from
t he Iead gui de surface to the nounting substrate 7

ﬁortions of the leads bf the second.lead group 24b. The
semiconductor chip 21, the wires 23, the inner lead portion
of each of the leads, and:the Aie pad 26 are sealed by a main
body of a package 27 maae of a resin so that the outer léad
portions 25 of the leads of the first and sécond lead groupé
"24a and 24b are exposed. The outer lead portion 25 of each.
of thevleédsﬂis bent toward the bottom surface 21b of the .
-semiconducto; chip 21.. | _

On the other hand, the inversion type IC 30 has a die
pad 36, as shown in Figs. 4 and 5. The semiconductor chip 21 .
~similar to that used in the standard type IC 20 is mounted on
the die pad 36..'A first léad'group 34a formed.of leads 1
through 13- and a'second lead group 34b formed of_leads 14
_through 26 are alternately arrayed abqve Fhe semiconductor
.chip 21. Contrary to the standard type IC 20, éach of thé
electrode pads of the first electrode pad group 22a of the
semiconductor chip 21 is electrically connected via wires 33
to the cqrresponding inner lead portion of the leads of the =
second lead groupf34b, while each'of'the electrode péds of
the second electrode pad group 22b of the semiconductor chip
21 is electrically connected via wires 33 to the
corresponding inner lead portion of the leads of the'first
lead.groﬁp 34a. The semiconductor chip 21, the wires 33, thg
inner lead portion of each of the leads, and the die péd 36

are sealed by the package's main body 27 made of a resin so

—_—
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beconmes short, .and the performance deteriorates. In addition, there is
‘.another problem +in that, productivity 'is |owered since the shapes of the
bent | eads.are different for 1Cs 8 and 9 and two types of dies for bending
operations are required to manufacture standard and inversion type ICs. The
present invention has been achleved te Eblve the

that the outer lead portions 35 of the leads of the firét and
second lead groups 34a and'345:are exposed. The outer lead
portions 35 of the leads are bent towafd the bottom surface.

~21b of the semiconductor chip 21 in the same manner as in the
standard type IC 20 |

4M dynamic RAMs are shown as examples for the ICs 20 and
30. 1In Figs. 2 and 4, circled numerals near respective leads
'indicéﬁe the lead numbers of the respéctive leads. Letteré

. written near respectlve electrode pads of the semiconductor
chlp 21 1nd1cate the functlons of the respective electrode
pads. For example, D indicates data input; Q indicates data
output; W. indicates write control input; Ap to Aj;g¢ indicate
addreés input; Vee indicates a power supply of_5V;.and Vss
indicates a reference voltagéjof ov.

As_described-above, a group of leads to which the first
and seéond electro&e pad groups 22a and 22b are connecﬁed are
inverted for the standard type IC 20 and the inversion type
IC 30. That is, in the sfandard type IC 20, the first and
Second electrode pad groups 22a and 22b are connected to the
first lead group 24a and the second lead group 24b,
respectively. In thé inversion type IC 30, the first and

. second electrode pad groups 22; and 22b are connected to the.

.second lead group 34b and the first lead group 34a,
reépectively. For thislreason, for example, the electrode
pad for data input is connécted to the first lead of the

““ff“‘~—-__;__~__
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3

~above-nentioned problens of the prior art. An object of the present
tnvention is to provide a -4- method of manufacturing highly reliable
I Cs of two types

- 12 -

'sténdard t&pe IC 20, and the eléctrode pad for 0OV reference
'volfage is connected to the twenty-sixth lead: In contrast,
the electrode pad for OV reference voltage is connected to
the first lead of the inversion type IC 30, and the electrode
pad for data input is connected to the twenty-sixth lead.

Therefore, if these ICs ZC and 30 are arranged on both
sides of the mounting substrate 28 as shown in Fig. 1, the
leads Qf bbtﬁ ICs 20 and 30, having the same functions, come
to the sahe'point with the mounting substrate 28-inbetween;
Thé'corresponding outer lead portions 25 and 35 of these
leads are electrically connected to each other via thréugh
holes 29, serving-as connecting members, provided in the
mounting substrate 28.

The aforesaid inversion type IC 30 can be manufactured

'_gs set forth below. First, the seﬁiconductot chip Zl'is

mounted on the die pad 36. Each of the electfode pads of the
first electrode pad_group 22a is;connected via the wires 33
to the corresponding leads of the second lead group 34b,
while each of the electrode pads of the second eleétrode pad
group 22b islconnectéd via the wires 33 to the corresponding
leads of the first lead group 34a. Né#t, the semiconductor
chié 21, the wires 33, the inner lead portions‘of the .
respecti&e leads, and the die éad 36 are sealed by the main
body of the package 27 so that the outer lead portions 35 of

the leads are exposed. Thefeéfter, the outer lead portions

\
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whi ¢h can be nounted in high densities with sinple wrings. Another object
.0f the present invention is to provide highly reliable |IC nodul es which use
such I Cs. The present invention provides a nmethod of manufacturing a first
and a second integrated circuit device fromfirst and second sen conduct or

chi ps, each of the first and second senjyonductor chi ps havi ng flrst and
second opposi ng ngj or

35 of the leads are bent toﬁard the bottom surface 21b of the
semicpnductor chip 21 in the same manner as in the standard
type IC 20.

As shewn in Fig. 1, since the leads of the ICs 20 and 30
are guided to the outside from a position deviated from the
central portion of the package's main body 27‘toward a
position higher than and facing the,surface_21a of the
semiconductor Ehip 21, and bent teward the bottom surface 21b

'._of the semieonductor chip 21, the length of the'leads exposed-
in the dhtside of the package's main body 27 can be taken
long. As a result, reliability against heat stress after
mounting is improved. |

In addition, since'the outer leads 35 of the leads of
the inversion type IC 30 are bent toward the bottom surface

- 21b of the semiconductor chip 21-in the same manner as the
outer leads 25 of the standard type IC 20, a die for a
bendlng operatlon can be used which 1s common to the standard
type IC ZQ and the inversion type IC 30. Thus, workability
and ﬁroductivity,are imprdﬁed. - .

Fig. 6' shows an IC module according to the.seeond
embodiment of the present invention. A standard‘type IC 40
is mounted on the top surface of the mounting'sﬁbstrate'Zs;

. and.an inversion type IC 50 is mounted on the bottom surface
thereof..'The standard type IC 40 .is shown in Figs. 7 and 8,

and the inversion type IC 50 in Figs. 9 and 10. The ICs 40

This Sheet Has Been RT



faces and a plurality of electrode pads arranged on. the first nmajor face,
teh plurality of electrode pads being arranged I n a pr edet er m ned
configuration, .said predeterm ned configuration being the sane for the
first. and second sem conductor chips, whereby said electrode pads conprise
first and second groups of el ectrode pads, -t he nethod conpri sing:

and 50 each have a semiconductor chip 41, first and second
lead groups 44a and 44b, a die pad 46 and.a main body of a
package 47, First and second electrode pad groups 42a and
42b are formed alternately in a line traversing the
longitudinal center of a surfece 41a of the semiconductor
chip 41, - The inner leed portions of the first and second
lead groups 44a and 44b are arrayed on both sides of the pad
groups 42a and 42b, respectively. o
As shown in Fig. 7, in the standard type iC 40, each of
the electrode pads of the pad group 42a of the semiconductor '
chip 41 is electrically connected via corresponding wires 43-
to the corresponding inner lead portions of the leads of the
first_lead group 44a. Each of the electrode pads of the
second electrode pad gronp-42b_is electricaliy connected via
corresponding wires 43 to the corresponding inner'lead
portions of the leads of the second lead group 44b., .In
contrast, in the inver31on type IC 50, as. shown in Fig 9,
each of the electrode pads of the first electrode pad group.
42a of the semiconductor chip 41 is-electricaliy ‘connected -
via corresponding wires 53 to the correSponding inner Ieéd
portions of the leads of the second lead group 44b. Each.of
tne electrode pads of the second electrode?ped group 425 isﬁi
electrically connected via corresponding wires 53 to_the
corresponding inner lead portions of.the leads of the first

- lead group 44a. In both the ICs 40 and SQ, thelouter lead’

\
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(a) arranging a first lead group and a second lead group in a predeterm ned
~configuration relative to the first sem conductor chip, (b) arranging a
first lead group and a second |ead group in a predet.erm ned configuration
relative to the second sem conductor chip, (c) connecting the first '

el ectrode pad group of the first - 15 -

portions 45 of the leads are bent toward a bottom surface 41b
of the semiconductor chip 41.

As described above, Qhen a semiconductor chip having
electrode pads along ite center line is used, the invereion
type IC 50 can be manufactured easily by merely changing the
connection of wires 43 and 53.

A standard type IC 60 used in the third embod;ment is

: ehown in Figs 11 and 12. -In this IC 60, ieads are guided
from each of the four 51des of a main body of a package 67.
A semiconductor ch1p 61 is mounted on a die pad 66. A first
lead group 64a formed of leads 1 to 6, 15 and 16, and a
second lead group 64b formed of leads 7 to 14 are arranged
above the.semiconduotor.chip.sl. A first electrode pad groupf
" 62a and a second electrode pad group'62b are arrayed parallel .
_to each other on a surface 6la of the semiconductor chip 61..
Each of tﬁe pads of the first electrode pad group 62a are
electrically connected via corresponding wires 63 to.the
corresponding inner lead portions of the leads of a first
lead gfoup'64a. Each of the_pads of the.second electrode pad
_group 62b is electrically connected via correspondlng wires
63 to the corresponding 1nner lead portions of the leads of a'
second lead group 64b. The outer lead portions 65 of the
ieads are bent toQard the bottom surfaoe 61b of the
eemiconductor chip 61.

In contrast, in an inversion type IC 70, as shown in

f
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sem conductor chip via wifes toe the first |ead group of the first
sem conductor chip and connecting the second el ectrode pad group of the
first-sem conductor chip via wires to t he -5-

T~ 16 -

Figs. 13 and 14, each of the pads of the first electrode pad
group 62a of the sémiconduqtor.chip 61 is electrically
connected via corresponding wires 73 té the'corrésponding
inner lead porfions of the leads of a second lead group 745.
Each of the pads of the second electrode pad group 62b is
electrically connected via corresponding.wireé 73 to the
corresponding inner lead portions-of the leads of the first
‘lead gfoup 74a. The outer lead portions 75 of the.leads afe

_bent toward the bottom surface 61b of the semicondﬁctor chip |
61 in-the saﬁe‘mapner as in the standard type IC 60.

By combining the standard type IC 60 énd the inversion-
type:IC_70; highly reliable IC modules can be manufactured
with'simple wirings in the same way as in the first and
second embodiments. | o | |

- Although in the inversion ﬁype IC 30 used in the first
embodiﬁent, as shéﬁn in Figs. 4 and 5, ﬁhe first aﬁd second
lea@ groups 34a and 34b are arranged above the surface éla.of
the semicbnductor éhip 21, the present invention is not
limited to this case.- Fbr example, as in an invefsion type
IC 80 shown in Figs.,lsland 16, fifst énd second lead groups
84a and 84b méy be arranged_in such a manner as to transverse.

. the bottpm surface 21b of the'§emiconductor chip 21. 1In this
case, since a dedicated die pad for supporting the bottom
surface 21b of the semiconductor chip 21 cannot be provided,

‘an insulating film 88 is bonded to the bottom surface 21b,

—
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second | ead group of the first sem conductor chip, (d) connecting the first
-el ectrode pad group of the second sem conductor chip via wires to the
second | ead group of the second seniconductor chip and connecting the
second el ectrode pad group of the second sem conductor chip via wires to
the first lead group of the second sem d@neuctor chip,

and the semiconductor chip 21 is mounted on the first and
"second lead groups 84a and 84b with the insulating f£ilm 88
placed therebetween. FEach of the pads of the first electrode
pad group 22a of the semiconductor chip 21 is ccnnected via
corresponding wires 83 to each of the leads of the second
lead group 84b. Each of the pads of the second electrode pad
group 22b is connected via corresponding wires 83 to each of
the leads of the first lead group 84a. These elements are.
sealed u31ng a resin by a main body of a package 87 so that
the outer lead portions 85 of the leads are exposed.

Althoagh in the first embodiment the standard type IC 20
and the inversion type IC 30 are mounted on the top and
bottom surfaces of the mounting substrate 28 respectively,
the present invencion is nct'limited to this case. As shown .
in Fig. 17, the standard type IC 20 and the'inversion'type_IC

: 30 ma? be mounted on the top surface of the mounting
substrate 38 in such a way that they are adjacent tc each
other. The leads_ﬁaving the same_functions in both ICs 20
and 30, for example, each of the leads of the eecond lead
group 24b of the standard type IC 20 and each of the leads cf
‘the first lead group 34b of the inversion type -IC 30 are
adjacent to each other and electrically connecfed to each
other. 'In this case, through holes need not be prov;ded on

the mounting substrate 38.

K"\‘—
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(e) sealing_the sem conductor chips, the |leads and the wires by a resin so
sthat outer lead portions of the | eads energe fromthe periphery of
respective fumll mﬂﬂ"ﬁmﬂﬂ esin bodies having first major faces
covering mt maj or faces of the first- and second

sem conductor chips- afld #he*resin bodi e8 kavi ng second mj or faces cover| ng
t he respective second maj or faces of the

WHAT_IS CLAIMED IS:

1. A method of manufacturing inversion type ICs by
using semiconductor chlps which are the same as for standard
ICs in which first and second electrode pad groups are
connected via wires to first and second lead groups,
-respectively,_all of which are formed on a surface of a
semiconductor chip, and the outef lead portions of the Leads
are bent toward the bottom surfacé of the semiconductor'chip,

" the pin conﬁection thereof being inverted, said method
comprising the steps of:

connecting a first electrode pad group of ‘a
semiconductor chip to a second lead group via wires;

connecting a second electrode pad groﬁp of the
semiconductor chip to a.first lead group via wires;

seaiing.the semiconductor chip, the first and second
lead_groups and the Qires by.a:résin so that the outer lead
portions of the leads are expoSea; and |
| 'bendiﬁg thehéuter lead portions‘bf the leads toward the
-bottom surface of the semlconductor ‘chip.

2. A method of manufacturing inversion type ICs
according to claim 1 wherein each of the leads is sealed so
that the oﬁter lead portion thereof is guided ;o the outside

. from a position deviated from the central pértioniof-a main. .
bbdy of a package toward a_poéition_higher than and facing

the surface of the semiconductor chip.
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first and W chips; and (f) bending the outer |ead
portions of- both firs ond integrated circuit devices towards a

pl ane defln nd najor surface of each device; the first and
second inte E’”#EQZ” vi ces being suitable for nmounting on first and
second oposi ng ‘rajlor f a mount i-ng9substrate respecti vel y such t hat
correspondi ng | eads of the first and

3. A method of manufacturing inversion type ICs
according to claim 1 wherein the outer lead portions of the
leads are bent by using a-die which is the same as one used

.for bending the outer lead portions of the leads of a
standard type IC.
l4. . An IC module.comprising:

a.mounting substrate; .

a standard type IC, mounted on a.surface'of the mountlng}fi“”
substrate, in Wthh first and second electrode pad groups
formed on the surface of the semlconductor chip are connected
via wires to first and second lead groups, respectively; andi
the outer lead portions of the leads are bent toward the
bottom surface of .the semiconductor chip;

an inversion tyﬁe Ic-which.is mounted oﬁ the bottom
surface of eaidimounting substrate so that'the leads having:
the same function as those of the standard type IC come to
the same point with tﬁe.mountiqg suostrate ihbetween,'firet_
and second electrode.padggroups forﬁed-on'tﬁe'surfaCe of the
semiconddctor chip being connected.via wires'to Second and -
first lead groups, respectlvely, and the outer lead portlons
of the leads being bent toward the bottom surface of the
semlconductor chip; and .

a plurality of connecting members, provided on said
mounting substrate, for electrically. connecting the leads 6:ﬁ

 the standard type IC and the leads-of the inversion type IC
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second devi ces connected to the sane respective el ectrode pads on the first
and secand sem conductor chips |lie at the snae point on either side of the
nount i ng substrate. The invention al so'provide intfegrated circuit

odul es. aFIIHIIHIIIII M

- 20 -

having the same function as those of the standard type IC.

5. An IC module according to claim 4 wherein the
standard cype IC and the inversion tybe 1ic each have a main
body of a package for sealing the semicondgctor chip, the

"first and second lead groups-and the wires so that the outec.
lead port;ons of the leads are exposed, and each of the leads
"is guided to the outside from a position deviated from the

" central portion of the main body of the package toward a
position higher than and facing tHe surface of the
semiconductor chip. .

6. An IC module according to claim.5 wherein the main
body of the package is formed in a substantially rectangular
shape, and each of the leads is guided to the outside from
the-facing sides of the main body of the package.

7. An IC module according to claim 5 wherein the main
body of the package is formed in a substantially rectangular
shape, and each of the leads is guided to the outside from
tne four sides’ of_thé Inain_ body of the package.

8. An IC module according to claim 4 whe:ein-the
semiconductor chip is formed inna substantially rectangular
shape,land the first and second electrode pad.groups each are
arrayed near the facing sides of and on the surface of the
semiconductor chip.

| 9. An IC module according to claim 8'wherein the first
and second lead groups are arrayed in the inversion type IC
—_—
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forfh in i-ndependent clainms 4 .and 5. According to the nethod of the present
Jdnvention in nmaking the inversion type IC first and second el ectrode pad

groups. formed m“m u“ ce of the sem conductor chip are connected
via wires to: | m W ﬂr& I ead groups, respectively, in a manner
opposite to that ¢n & het stsandard type-l1ZL and the outer |ead portions of
each of the |eads

in such a way that they transverse the bottom surface of the
semiconductor chip. | |
10. An IC module according to claim 4 wherein the
semiconductor.chip is formed in a substantially rectangular
shape, and the first and second electrode pad groups each are
arrayed alternately in.a line on the surface of the
semiconductor chip along its longitudinal center line.

'l'll. An IC module according to claim 4 wherein the
semiconductor chip is formed in a substantially rectangular
shépe, and rhg frrst and second electrode pad groups each are
arrayed parallel to eaéh other on the surface of the
semiconductor chip near its longitudinal center line.

12. An IC ﬁodule comprising: -

a mounting substrate; |

a standard type IC, mounted on a surface of the mounting
Substréte, in Whiéh first and second electrode pad groups
formed on the surface of the semiconductor chip are connerted
via wires to flrst and second lead groups, respectlvely, and
the outer lead portidns of the leads are bent toward the
bottom surface of the semiconductor chip; and

an inversion type IC which is mounted on the surface of
said mognting substrate so that the leads thereof and the
leads of the standérd rype IC having rhe same function as
those of the inversion type IC are adjacenﬁ to each other énd'

electrically connected to each'other, the first and second
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are bent toward the bottom surface of the sem conductor chip in the sane
sranner as in the standard type IC. In an | C nodul e- accordi ng to one aspect
of the invention a s e ICis nounted on a surface of a nounting
substrat e, mh ntype ICis nounted on the bottom surface of
t he nmounti ng m !@HTH ,mads of _t_h;z, standard type I C and the inversion
type IC haV|ng e 1sa _ : '

eiéctrode bad groups formed on the surface of the
.semiconductor chip being connected via wires to the second
and first lead groups, respectively, and the outer lead
portions of the leads being bent toward the bottom surface of
the semiconductor chip.

13. An IC module according to claim 12 wherein the
stahdérd type IC and fhe inversion type IC each have a main
body of a-package for sealing'a semiconductor chip, the fi:st
and seéoﬂd lead groups and the wires so that the outér-léa&
portlons of the leads are exposed, and each of the leads is
guided to the out51de from a position deviated from the
central portion of the main body of the package to a position

higher than and facing the surface of the semiconductor chip.

14. An IC module according to claim 13 wherein the main
body of the package is formed in a.substantiélly réctangular
shape, and each of the leads is'guided'to'the outside from
the facing sides of the main body of the package.

.15. An IC module according to claim 13 wherein the main
body of the package is formed in a substantially rectangular
Shape, and each of the leads is guided to the outside from
the four sides of the main body of the package..

16. An IC module according to claim 12 wherein the.
semicon&uctor chip is formed iﬁ a substantially rectangular
shape, and the first and second electrode pad groups are

arrayed near the facing sides of and on the surface of the

is Shee
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functions, are arranged so that they cone to the sanme point with the
pounti ng. substrate in between, and are electrically connected to each ot her
by connecti ] I | C nodul e according to another aspect of the
pr esent |n¢m|“mml“mml “m ard type I1C and the inversion type |IC are both
mount ed on t*he¢sutfate ©f *t he nounting ggbstrate, and the | eads of t he
standard type IC and the

semiconductor chip.

17. An IC module according to:claim 16 wherein the
first and second lead groups are arrayed in the inversion
type IC in such a way that they traverse the bottom surface
of the semiconductor chip.

18.. An IC module according to claim 12 wherein the
semlconductor chip is formed in a substantlally rectangular
shape, ‘and the first and second electrode pad groups each -are;
arrayed alternately in a line traverSLng the 1ong1tud1nal
center of the surface of the_semleonductor chip. |

'19. An IC module accordiﬁg'to claim 12 wherein the
séﬁiconductor chip is formed in a subetantially rectangu;ar
shape, and the first and second electrode pad groups each are _
arrayed parallel to;each ather_on the surfaqe of the
semiconqucter ehip near its lohgitudinal center'line.

 20. an IC module eubatantiall§ as;herein described
with reference to fiéutes 1-te 5,_ﬁigures S_to 10,.f;$utee
11 to 14, figures 15 and 16,.or-f1étte_17 ef the aceoﬁpanging

drawings.

This Sheet Has Been Re,

I




N . : "
|nversyggﬂLlpe.LGrﬂnﬂHTETThe sanme functions, are arranged adjacent to each
sother and are electrlcgkky connected to each other. 7
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' METHOD OF MANUFACTURING INVERSION TYPE

2k
ABSTRACT

ICs AND IC MODULE USING SAME

A method of manufacturing inversion type ICs includes
connecting a first electrode pad group 22a of a
semiconductor-chip 21 to an opposite lead éroup'34b via
wires 33; connecting a second electrode pad group 22b to
a further lead group 34a via w1res, sealing the -
semlconductor chip, the first and second lead groups and;'
.the wires by a resin so that the outer lead portions of -
the leads are exposed; and.bendinq the.outer lead '
portions of the leads touards the bottom surface of the
semiconductor chip; 'An IC module includes: a mounting
substrate 28; a standard type IC 20; an inversion type
Ié 30 which is mounted on the bottom surface of the
mounting substrate so that the leads hav1ng the sane

"functlon as those of the standard type IC come to the
same point with the mountlng substrate 1n between, flrst
and second electrode pad groups 22a, '22b. formed on the

- surface of the semiconductor chip being connected vian
wires to second and first lead groups_34b,'34a{
respectively, and the outer Lead.portions of the leads
belng bent towards the bottom surface of the
semiconductor chip; and a plurallty of connectlng
members,'provided'on the mountrng substrate, for |
electrically connecting the leads. of the standard type
IC and the leads of.the.inuersion type IC having the
same function as-those of the standard type IC.

Figure 1



BRIEF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a cross-sectional view O7ze

'|Jlustrat|ng an | C nodul e according to a first enbodi nent of the present
fhvention; Fig. 2 is a perspective plan viewillustrating a standard type
|C used in the first enbodi mrent of the present invention;
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"Fig. 3is a cross-sectional view taken along the line A- A of Fig. 2; Fig.

4 is a perspective plan view illustrating an inversion type IC used in the
first enbodinent; Fig. 5 is a cross-sectional view taken along the Iine B-
Bof Fig. 4, Fig. 6 is a cross-sectional viewillustrating an IC

FIG.2
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nodul e according to a second enbodi nent of the present invention; Fig 7 is
perspective plan viewillustrating a -8-
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standard type 1C used in the second enbodi nent of the present invention;

Fig. 8 is a cross-sectional view taken along the line G Cof Fig. 7; Fig.
9 is a perspective plan view illustrating an inversion type IC used in the
second enbodinent; Fig. 10 is a cross- sectlonal view taken along the |ine

FIG.6
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D-D*of Fig. 9; Fig.

11 is a perspective plan viewillustrating a standard
“type ICused in the third enbodi nent of the present invention;

Fig. 12 is a

gross-sectional view taken along the line E-E of Fig. 11; Fig. 13 is a
" perspective plan view illustrating an
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inversion type 1C used in the third enbodi nent of the present invention;
Fig. 14 is a cross-sectional viewtaken along the line F-F of Fig. 13; Fig.
g5 is a perspective plan view illustrating an inversion type IC used in a
nodi fication of the first enbodi nent of the present invention;

FIG.9
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F|g 16 is a cross-sectional view taken along the line GG of Fig. 15; Fig.
17 is a cross-sectional vi eW|IIustrat|ng an | C nodul e according to a
Ffourth enbodi nent of the present

FIG .11
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invention; Fig. 18 is a cross-sectional viewillustrating a conventional
IC and Fig. 19 is a cross-sectional viewillustrating a conventional IC
viodul e. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Preferred enbodi nents of

the present invention will be

FIG.13
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.expl ained below wth reference to the acconpanying drawings. In Fig. 1, a
- standard type IC 20 is nounted on the top surface of a mounting substrate
£8, and an inversion type I1C 30 is nounted on the bottom surface thereof.
The standard type 1C 20 has a die pad 26, as shown in Figs. 2 and 3. A
. sem conductor chip 21 is nounted on the di e pad 26. First and second
el ectrode pad groups 22a and 22b are fornmed on a

FIG .15
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surface 21la of the sem conductor chip 21 along both sides of the | ength of
the sem conductor chip 21. Afirst |ead group 24a forned of |eads 1 through
23 and a second | ead group 24b forned of |eads 14 through 26 are arrayed in
the vicinity of the long sides of the sem conductor chip 21. Each of the

el ectrode pads of the first el ectrode pad group 22a of the sem conduct or
chip 21 is electrically connected via wires 23

-
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to a correspondi ng i nner |ead portion of the |eads of the first |ead group
24a. Likew se, each of the el ectrode pads of the second el ectrode pad group

22b is electrically connected via the wires 23'to a correspondi ng i nner
| ead

FIG.I8
PRIOR ART

FIG .19
PRIOR ART

. 7a

o "-'-lg\\\\y\\‘i’-‘-' 2\
& G TIIE IS

L2

NN

B\ /NN

104

This Sheet Has Been Replaced

LT




i

REPLACENENI—SHEEf 10 |uH he |eadSRﬂPU@m%&@¢p
24b. The femni B&?&Mﬁ# 1% fes 23ﬂﬂn’éﬁ:r,%er Jp
I Featn gl ?EE‘ 5% ..... |
ap
Du?,fr? ﬁ

o ltre~ h’IfGS

each of tii meadsnonamg%e dﬂ%P
package 2{idn@dim(ef apassdn stP ﬁ‘l out gr B@@wﬁ“g}“%ﬁ %

of the fi [{EDamtnggdcopried eiY topegeds- s 1 -| B ap ? :
[ Abstract  :paged ... to paged .7, stract  : paged .24 to paged =.. .

' _DATE OF RECEIPT v D ATE OF RECEIPT.. Je1%

7))

4

METHOD OF MANUFACTURING.INVERSION

TYPE ICs AND IC MODULE USING SAME

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION:
The present invention relates to a method of
manufacturing inversion type ICs for high—density-mounting
’ ahd to an IC module in which inversion ICs are mounted.
DESCRIPTION OF THE RELATED ART:
The construction of a conventional resin seal type IC 8
is shown in Fig. 18. A semiconductor chip 1l is mountedlon a .
die pad 11. An electrode pad 2 formed on a surface la'oﬁ the
semiconductor chip 1 is e;ectrically connected to an inner
" lead portion of a corresponding lead 4 by a wire 3. The
semiconductor chlp 1, the wire 3, the inner lead portlon of
the lead 4 and the die pad 11 are sealed by a main body of a
package 5 made of a resin so that an outer lead portion 6 of
the lead 4 is'exﬁosed The outer lead portion 6 of each lead
4 is usually bent toward the bottom surface 1b of the
semiconductor chip 1 in order to mount the IC
When a plurality of ICs constructed as described above
are mounted on a sxngle mounting substrate and, for example,
when a large-capac1ty storage dev1ce is formed, leads of the
~same pin numbers of a p;urallty of leads having the same

functions must be connected to each other. When, for
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24a and 24b are exposed. The outer |ead portion 25 of each of the leads is

L rry

bent toward the bottom surface 21b of the senlcdﬁdudldf”chgp 247 7,n the
other hand, the inversion type IC 30 has a die pad 36, as $homh.|h Figs. 4
and- 5. The semi conductor chip 21 sinmilar to that“us€d-ih t'he *$t andard type

IC 20 is nounted on the die pad 36. Afixst |ead group 34a fornmed of |eads
1 | o .

'eiampie, a plurality of ICs are mounted on both sides of é
mounting substrate,.since the pin arrangement of ICs mounted
on the top eurface.of the mounting substrate doces not-match
the IC pin arrangement mounted on the bottom surface, leads
haQing the same functions do not match each-otherf Also,

' when a plurality of ICs are mounted on a single surface of a
mounting substrate, 1eads having the same functions do not
meet each other in adjacent ICs. As a consequence, there -is
a problem in that, since leads having the same functions are
connected to each other, wiring on a mounting substrate

'_becomes complex. |

A method shown in Fig. 19 for soiving such a problem |

is disclosed in Japanese Utility Model Laid-Open No. 62-

16865. 1In this method, ICs, such as ICs 9, are formed, in

which the pin connection is inverted by bending the outere

.lead portion 6_toward tne top surface la of the semiconductor

chip 1, in contrast withlstandard ICs, such as ICs 8, in

which the outer lead portion 6 is bent'to&ard_the bottom
surface 1b of the semiconductor onip 1. A standard IC 8 is
mounted on a top surface 7a o: a mounting substrate 7, and an
inversion IC 9 is mounted on a_botton'surface 70 thereof.

With this construction, leads corresponding to each other can

be connected easily by merely providing a throngh hole 10 on

the mounting substrate 7 because'the'leads of the seme pin

‘numbers of both ICs 8 and 9 come to the same point with the

'\
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t hrough 13 and a second Iead group 34b forned of |eads 14 through 26 . are

. . QSN Vowe

alternately arrayed above the sem conductor chip 21. Cbnirary tQ thee .0 .0
standard type I C 20, each of the el ectrode pads of the tlrst-eleethode:pad

group 22a of the sem conductor chip 21 is electrically" connected via wres
33 to the corresponding i nner |ead portBorm of the |eads of the second Iead
group 34b, while each of the el ectrode pads of

mounting substrate 7 inbetween.

However,_;f an ultra-thin package, such as a TSOP (Thin
. Small Outline Packagé).having a thickness oflapproximately 1
mm, is mounted as shown in Fig. 19, the followiqg problem
occurs. Since thg thicknéss is thin, the outer lead portion
6 exposed to the oﬁtside_frdm the main body 5 of the package
is short. 1If heat stress, such as heat cycle, is applied
phe:eto, the solder connectioﬁ portion between the outef lead
portion 6 and the mounting substrate 7 is destroyed by a
short cyclg} For this reason, although it may seeﬁ that, to
absorb heat strégs,lfor example, a lead guide surface of the
IC 8 should be made higher and the length L1 from thé lead
guide surface to the mounting sﬁbstrate 7 made longer, in the -
_inveréion type ICs.9, on the contfafy, the length L2 from the
lead guide surface to the mounting substrate 7 becomes short,
and the performance deteriorates.

In addition, there is anotﬁer problem in that,
produbtivity isi;bwered since the shapes of the bent leads
are different for ICs 8 and 9 and two types of dies for
bending operations are.tequifed to manufacturé standard and
inversion type ICs. |
SUMMARY OF THE INVENTION

The present invention has been achieved to solve the
above-mentioned problems of the prior art.

.An object of the present inven;ioﬁ is to prqvide a
I
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the second el ectrode pad group 22b of the sem conductor chip 21 s .,....
electrically connected via wires 33 to the correspondlng;lnner:.ead pogeti pn
of the leads of the first I ead group 34a. The sem conductol Ghip:2ls «tfhe

wifes 33, the inner |ead portion of .each of the |eads, and the dle"' d 36
are seal ed by the package's nmain body-24 rade of a resin so

method of manufacturing highly reliable inversion ICs which
can be mounted in high densities with simple wirings.

Another object of the present invention“is to provide
highly reliable IC modules which uses such inversion ICs. |

To these ends, according to the present invention, .there
is provided a method of manufacturing inversion type ICs by
using semlconductor chlps whlch are the same as for standard
ICs in which first and second. electrode pad groups are
connected v;a wires to first and second lead groups,
respectively, all of which are_formed on a surface.of a
semiconductor chip, and the outer lead portions‘of the Leads
are bent toward the bottom surface of the semiconductor chip,
the'pin connection thereof being inverted, the method
including the steps of: connecting a first eiectrode pad
group of a‘semiconductor chip to.a second lead group via
wires; connecting a second electrode pad group of the _
semiconductor chip to a flrst lead group via w1res, sea ing
the semiconductor chip, the flrst and second lead groups and
the wires'by a resin so that the outer lead portlons_of the
leads are exposed; and bending the outer lead portions-of the
leads toward the bottom surface of the sem;conductor chip.

| ;According to one'aspect; the .present inuention which

achieves these objectives re}ates-to an IC nodule including'a'
mounting substrate; a standard type IC, mounted on a surface -
of the mounting substrate, in which.first.and second
S
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that the outer

electrode pad groups formed on the surface of the

" semiconductor chip are connected via wires to first and
second lead groups, respectively, and the outer lead portions
of the leads are bent toward the bottom surface'of the
semiconductor chip; an inversien type IC which.is mounted on
the bottom surface of the mounting substrate so that the
'leads havin§ the same function as those of the standard type
' IC come to the same peiat with the mounting substrate
inbetween, first and second eleetrode pad groups formed on
the surface of the semiconduc¢tor chip being connected vial
'wires to second and first lead groups, respectiveiy, and the
outer lead portions of the leads being bent toward the bottom
surface of the semiconductor chip; and a plurality of
connecting members, provided on the moudting substrate, for
eiectrically connecting the leads of the standard type fC and
the leads of the inversion type Ic.having the same function
as those of the standard type IC.

According to another aspect,.the present invention which
achieves'tﬁese'ebjeCtives relates to an IC module including:
a mounting substrate, a standard type IC, mounted on a
surface of the mounting substrate, in which first and second
electrode pad groups formed on the surface of the
semiconductor chip are'connected via;wires to first and
'second lead groubs, respectively, and the outer lead portions

of the leads are bent toward the bottom surface of the
—_—
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4M dynam ¢ RAMs are shown as exanples for the 1Cs 20 and 30. In Figs. 2

4, circled numerals near respective |leads indicate the |-€ad «uphérs of-the
respective |eads. ‘Letters witten near respective electrwdb pads.oh the. 3
sem conductor chip 21 indicate the functions of the respéttive el ettrode""
pads. -For exanple, D indicates data |np% Q indicates data output; W
indicates wite control input; [err] fo’[err] indicate

_semicon&uctor chip; and an inversion type IC which is mounted
on the surface of thé mounting substrate so that the leads
thereof and the leads of the standard type IC haVing.the same
function_as thosé of the inversion type IC are adjaéent to
each other and electrically connected to each other, first
and second eléctrode-pad groups formed oﬁ the surface of the
semiconductor chip being connected via wires 'to second and
'firét.lead groups, respectively, aﬁd the.oute:'lead portions
ofithe leads being bent toward the bottom surface of the
semiconductor chip. |

According to the method of manufacturing inversion ICs

. of the.present invention, first and second electrode éad-
groups formed on a surface of a semiconductor chip are.
connected via wires to second and first lead groups,
resbec;ively,'in a manner opposite to that in the étan@ard
type IC, and the outer lead portions of each of the leads are
bent toward the bottom surface of the semiconductor éhip in
the same manner as in the standard typé IC.

In the IC module} a standard type IC is moﬁnted on é
surface of a mounting.subStra;e, whereas an inversion type IC.
manufactured by the method described in claim 1 is mounted on
the, bottom surface.of the mounting subétrate. The leads of
the standard tyﬁe IC and the inversidn type IC, having the
.same'functioﬁs, are ‘arranged éq that they come to the same
point with the'ﬁounting substfaté inbetween, and are

\
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address input; [err] indicates a power supply of 5V, and [err] indicates a
reference voltage of OV. As described above, a group of J'eadd $G°wh Ch,thg
first and second el ectrode pad groups 22a and 22b are canngctted are « s«
inverted for the standard type I C 20 and the inversion type *t"30. " That **

is, in the standard type IC 20, the firgt-and second el ectrode pad groups
22a and 22b are connected to the . -

eléctfically connected to each other by connection members.
In an IC module according to another aspect of the
present invention, the standard type IC and the inversion
type IC manufactured by the method described in claim 1 are
'boﬁh mounfed on the surface of the mount ing substrate, and
the leads of the standard type IC and the inveréion type Ic,
haVing thé same functions, are arranged adjacent to.each-
other and ére.electrically'connected to each other.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a crOSS-sectidnal view illustrating an IC
module according to a first;embbdiment of the preseﬁt_
invention;
Fig. 2 is a perspective plan view illustrating a
- standard type IC used in the first_embodiment of the present
invention; | . - .
Fig. 3 is a cross-sectional view taken along.the line A-
A of Fig. 2;
Fig. 4 is a perspec;ive plan Qiew-i;lhstr;ting an
inversion type IC used in the fir§t embodiment;
Fig. 5 is a cross-sectional view taken along the line B-
B of Fig. 4; | |
_fig. 6 is a cross-sectional view iLlustraiing an.Id
- module éccordihg to a second embodiment of the present
invenﬁibn; |
| Fig; 7 i§ a'perSpectivé plan view illustréting a'
-
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first |l ead group 24a and the second | ead group 24b, respectively. In the
i nversion type I C 30, the first and second el ectrode pad*Yr odps,.22e dhg 220
are connected to the second | ead group 34b and the first:|gad groua 34an :
respectively. For this reason, for exanple, the electrodg“pdd fdr Hat& *°
i nput is connected to the first |ead ef gt ke -

standard type IC used in the second embodiment ¢Z the preéént
invention;

'Fig. 8 is a cross-sectionéi view takenlﬁlong the line C-
C of Fig. 7;

Fig. 9 is a perspectivé:plan view illustréting an
inversion type IC used in the second embodimént;

Fig. 10 is a cross—sectlonal view taken along the llne
'D-D of Fig. 9;

'Fig. 11 is a perspective plan view illustratzing a.
standara type IC used in the third embodiment of the.préseﬁt
invention;

Fig. 12 is a cross-sectional viéw taken aloag the line
E-E of Fig. 11; |

Fig. 13 is a perspective plan view iliustra:ing an
inversion type Iclused in the third embodiment oI the.present
invention;

Fig. 14 is a cross-sectional view taken along the line
F-F of Fig. 13;

Fig. 15 is a perspective plan view illustra:ing:an
inversion type IC used in a modification of the Zirst
embodiment of the present invention;

Fig. 16 is a cross-seqtional view taken a;ong the lide
G-G of Fig. 15;

Fig. 17 is a.cross-sectibnal view illustratihg an IC

module according to a fourth embodiment of the present

Relacexl : . | '
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invention;

Fig. 18 is a cross-sectional view_illustrating a
conventional IC; and

Fig. 19 is a cross-—-sectional view illustrating a
conventional ic module.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Péeferred embodiments .of the present invention will be
explained below with réference to the accompanying drawings.

In FigL.l, a standard type IC 20 is mounted on the top
surface of a mounting substréte 28, and an inversion.type IC
30 is mpunted'on the bottom surfaéé'thereof; The standard
type IC 20 has a die pad 26, as shown in Figs. 2 and 3. A
semiconductor chip 21 is mounted on thé die pad 26. First
and second electrode pad groups 22a and 22b ére formed on a
surface 2la of the semiconductdr chip 21 along béth'sides of
the length of the seﬁiconductor éhip 21, 'A first lead g;qup_'
24a forﬁed of leads 1 through 13 and a second-lead groug 24b

formed of leads 14 through 26 are arrayed in';he viéinity of

the long sides of the semiconductor chip 21. Each 6f the

electrode pads 6f the first electrode éad_group 22a bf_the
semiconductor chip 21 is e;ectricaiiy connected via wires 23
to a .corresponding inner lead portion of the -ledds of the

first lead group 24a. Likewise, each of thé electrode pads

of the seﬁond electrode pad group 22b is electricaily

connected via the wires 23 to a correspohding inner lead
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the first lead of the inversion type IC 30, and the el ectrode pad for data
input is connected to the twenty-sixth |ead. Therefore, Jf. tiebd”Igs *28 "4
30 are arranged on both sides of the nounting substrate,28*as shown loN 'Flg.

1,.the | eads of both ICs 20 and 30, having the same functrors; *Cont’td" t At

sane point with the nounting substrate 88 I nbet ween. The correspondi ng -
-outer | ead portions 25 and 35 of these

portions of the leads of the second lead group 24b. The
semiconductor chip 21, the wirgs 23, the inngr lead poftion
of each of the leads,-and the die pad 26 are sealed by a main
body of a package 27 made of a :esiﬁ-so that the outer lead
portions 25 of the leads of the first and second leéd groupé
24a and 24b are exposed. The outer lead portion 25 of each
"of the leads is bent toward thé bottom surface 21b of the
semiconductor chip 21. ) |

On-the other hand, the inversion type IC 30 has a die
pad 36, as shown in Figs. 4 and 5. The semiconductor chip 21 .
similar to\ﬁhat used in the standard type IC 20 iS mounted on
thé die pad 36.' A first lead group 34a formed of leads 1
through 13 and a second lead group 34b formed of_lgads 14
through 26 are alternately arrayed abo&é the semiconductor
chip 21. Contrary to the standard.type ;C 20, each of the
electrode pads of the first electrode padlgroup 22a of the
semiconductor chip 21 is electrically connected via wires 33
td the éorresponding.inner lead portion of the leads of the
second lead group:34b, while each of the electrode pads of
the Second electrode pad group 22b of the semiconductor chip
21 is electrically connected via wires 33 to ﬁhe |
corresponding inner lead portion of the leads of the first
"lead group 34a. The semiconductor.cﬁip 21, the wires 33, the
inner lead portion of each of the leads, and the die pad 36
are sealed by the package's main body 27 made of a resin so
\
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|l eads are electrically connected to each other via through holes 29,
serving as connecting menbers, provided in the nounting stbsérat'é 78.°7 e’
aforesaid inversion type IC 30 can be manufactured as set iomtﬁ'béimu‘;.’*

First, the sem conductor chip 21 is nounted on the die pad 36’ “Each™of"tH&

el ectrode pads. of the first electrode”phb group 22a is connected via the
wres 33 : :

that the outer lead portions 35 of the leads of the first and
‘second lead groups 34a and 34b are exposed. The outer lead
portions 35 of the leadé are bent toward the bottom surface
21b of the semiconduétor chip 21 in the same manner as in the
'standard type IC 20. |
4M dynamic RAMs are shown as examples for the ICs 20 and
30.._In Figs. 2 and 4, circled numerals near.respeétivé leads
‘indicate the lead numbers of the respective leads. Lettefs
written near respective electrode pads of the semiconductor
chip 21 indic;te_the functions of the respective electrode
pads. For example, D indicates data input; Q indicatgs'data
output;_?; indicates write control input; Ag to Ajp indicate '
addresé input; Vec indicates a,power supply of SV; and Vss
indicates a reference voltage'of_OV. | |
As described above, a group of leads to which the first
and second electréde pad groups 22a and 22b are connected are
inverted for the sténdard type IC 20 and the inversion type
IC 30. That ié,'iﬁ the standard type IC 20, the first ahd
second electrode pad'groupé 22a and 22b are connected to the
first lead group 24a and the second lead group 24b,
respectively. 1In the inversion.type IC 30, the first and
second electrode bad groups 22a and 225 are connected to the
seéond lead group 34b and the first lead group 34a,
respectively. For this reason, fof example, the electrode

pad for data input is connected to the first lead of the

vis Sheet Has Been Replaced
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to the correspondi ng Ieads of the second | ead group 34b, whileg eagh of..the..
el ectrode pads of the second el ectrode pad group 22b is conmeCied.V|a the .
wires 33 to the corresponding | eads of the first |ead grotpi34a. Nexi, -the.:
sem conductor chip 21, the wires 33, the inner |ead portions of the
respective | eads, and the die pad 36 -ane seal ed by the main body of the

package 27 so that the outer | ead portions 35 of

z

standa;d type IC 20, and the electfode pad for OV reference
voltage is connected to the twenty-sixth lead. In contrast,
the electrode pad for 0V reference voltage ie connected to
the first lead of the inversion type IC 30, and the electrode
pad for data input is connected to the twenty-sixth lead. _

Therefore, if these ICs 20 and 30 are arranged on both
sides'of the mounting substrate 28 as shown in Fig.. 1, the
leads of both .ICs 20 and 30, haQing the same functions, come
to the same point with the mounting substrate 28_inbetween;
The co:respoading.outer lead portions 25 and 35 of these
leads are electrically connected to each qther via through
holes 29, serving-as connecting members, provided in the
mounting substrate 28.

The aforesaid invefsion type IC 30 can be manufactured
as set forth belew.. First,'ﬁhe semiconductor chip él'is
mounte¢ onethe die pad 36. :Each of the electrode pads of the
first electrode pad group 22a is connected via the wires 33
to the corresponding leads of the second lead group 34b,
while each of the electrode pads of the second electrode pad
group 22b is connected via the wires 33 to the.corresponding

. leads of the first lead group 34a. Next, the semiconductor
chip 21, the wires 33, the inner lead portlons of the |
respective leads, and the die pad 36 are sealed by the main
body of the package 27 so that the outer lead_portions 35 of
thelleade are exposed. Tﬁereafter, the euter lead portions

_
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.the leads are exposed Thereafter, the outer |ead portions -.13 - 35 of

L] [ XX - v

the | eads are bent toward the bottonlsurface 21b of the sentcnnduptor‘éﬁlpf
21 in the sane nmanner as in the standard M « o o

- .C. ... ... oe L} J
]

- 13 -

35 of the leads.are bent toward the bottom surface 21b of the
semiconductor chip 21 in the same manner as in the stendard.
type IC 20. o . )
As shown in Fig. 1, since the leads of the ICs 20 and 30
~are guided to the outside from a position deviated from the
central portion of the package's main body 27.toward a
position higher than and'facing the surface 21la of the
semiconductor ehip,21, and bent towa;d the bottom surface 21b
| of the semiconductor chip 21, the'lengtn of the leads exposed
in the outside of the package's main body 27 can be taken
long. As a result, reliability against heat stress after
mounting is improved.
In addition, since the outer leads 35 of the leads of
the inversion type IC 30 are bent toward the bottom surface
. 21b of the semiconductor chip 21_in the same-manner as the
outer leads 25 of the standard type IC 20, a die for e
bendlng operatlon can. be used which is common to the standard
type IC 20 and the inversxon type IC 30. Thus, workablllty
and productivity are improved. |
Fig. 6 shows an IC moduie according to the second
embodiment of the present lnventlon A'standard type'IC'40
.1s mounted -on the top surface of the mounting substrate 28,
and an inversion type IC 50 is mounted on the bottom surface
thereof. The standard type IC 40 is shown in Figs. 7 and 8,.

and the inversion type IC 50 in Figs. 9 and 10. The ICs 40
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type 1C 20. As shown in Fig. 1, since the leads of the |Cs 20 ang, 30, are

L ] VoYY Peey

guided to the outside froma position deviated fromthe centrai:pprtion bf -
t he package's main body 27 toward a position higher than and fa C|ﬁg the e .

surface 21la of the sem conductor chip 21, and bent toward tThe botto _
surface 21b of the seni conduct or chlp 24,-the length of the |eads’ exposed

and 50'each have a semiconductor chip 41, first and second
lead groups 44a and 44b, a die pad 46 and a main body of a
package 47. First and second electrode pad oroups 42a and _
42b are formed alternately in a line traversing the |
longltudlnal center of a surface 4la of the semiconductor
chip 4;. The inner lead portions of the flrst and- second
lead groups 44a and 44b_are arrayed on_botn_51des of the pad
groups 42a and 42b, respectively. ; |
'As shown in Fig. 7, in the standardftype IC 40, each of

the electrode pads of the pad-group 42a’ of the seﬁiconductor
chip 41 is electrically connected.via correeponding wires 43
to the corresponding inner lead portions of the leads of the
first. lead group 44a. Each of ﬁhe_electrode.pads of the
second electrode pad group 42b is electrical;y connected via'
corresponding wires 43 to'the correspondiné inner lead |
portions of the leads of the second lead.group 44b. In
contrasr, in the inversion type IC 56,_a5'snown in Fig._a;
each of the eiectrode pads of theifirstfeiectrode pad group
42a of the semicondnctor chip 41 is electrically connected'
via corresponding wires 53 to the correeponding inner lead
portions of the leads of the second lead group 44b. Each'of
the electrode pads of the second electrode- pad group 42b is. .
electrically connected via correspondrng wires 53 to the |

_ corresponding inner lead portions of the leads of the first

lead group 44a. In both the ICs 40 and'so, the outer lead

| : . sheet
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in the outside of the package's main body 27 can be taken | ong.
result, reliability against heat stress after nounting |Sv|npﬂovad "
addltlon since the outer leads 35 of the leads of the inveksison hypé 4(380-
are bent toward the bottom surface 21b of the semiconductor chi'p 21 in'ihe
sanme manner as the outer |eads 25 of 1heg standard type IC 20, a die for a

e

portions 43 of the leads are bent tpward a bottom surféce 41b
of the semiconductor chip 41.

As described above, when a.semlconductof chip having
electrode pads along its center liné is used, the inversion
type IC 50 can be manufactured easily by merely Changing the
connection of wires 43 and 53. .

_A'sténdard type IC 60 used in the third embodiment is

- shown in Figs. 11 and.12. 1In this IC 60, leads are guided
from eéch of the four sides of a main body of a package 67.
A semicornductor chip_61 is mounted on a die pad 66. A first .

lead group 64a forﬁed of leadﬁ 1 to 6, 15 and 16; and a

second lead group 64b-forméd of leads 7 to 14 are_arranged
above the semiconductor chip 61. A first eleCtrgde pad group
62a and a secohd électrode ﬁad group 62b are arrayed pafqllél

to each other on a surface 6la of the semiconductor chip 61.

Each of the pads of the firsé électrode pad'group 62a are

elecﬁrically connected via corresponding wires 63 to thé
corresponding inner lead portions of the leads of a first
lead group 64a. ﬁach of the pads of the second electrode pad
group 62b is electrically cbnnectéd via corresponding wires

63 to the corresponding inner lead portions of the leads of a

second lead gréup 64b. The outer lead portions 65 of the
leads are bent toward the bottom surface 61b of the

semiconductor chip 61. .

In contrast, in an inversion type IC 70, as shown in
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bendi ng operatlon can be used which is conmmbpn to the standard Lype | C 20
and the inversion type IC 30. Thus, workability and produgtgvisty, Ared .= .

i nproved. .Fig. 6 shows an I C modul e according to the second.embodhneht.cﬁ. .
the present invention. A standard type I'C 40 is mounted on"the fop Surface’

of the nmounting substrate 28, and an-i agersion type I1C 50 i s nounted on the
bottontsurface

Figs. 13 and 14, each of the pads of the first electrode pad
group 62a of the semiconductor chip 61 is electrlcally |
connected via corresponding wires 73 to the correspondlng
inner lead portions of the leads of a second lead group_74b.
Each of the pads of the second electrode pad group 62b.is

. electrically connected via corresponding wires 73 to the
corresponding inner lead portions of the leads of the first
"lead éroup 74a. The outer lead portions 75 of the leads are

- bent toward the bottom surface 6lb of the semiconductor chip
61 in the saﬁe_manner'as.in the standard type IC 60.

By combining the standard type IC 60 and the inversion
type IC 70, highly reliable IC modules can be manufactured
with'simpie wirings in the same way as in the first and
second embodiments. |

Althoughtinjthe'inversioh type IC 30 used in the first
embodiment, as shdwn in Figs.:4_and 5, the first and second
lead groups 34a and 34b are arranged above the surface 2la of
the semiconducﬁot'chip 21, the'present invention is not
limited to this case. For example, as in an inversion type
IC 80 shown in Figs..1l5 and 16, first_and second lead groups
84a and 84b may be arranged in_sucﬁ a manner as tq'tfansverse'
the bottom surface 21b of the semicondﬁctor chip 21. In this
case, since a dediéated die pad for supporting the bottom
surface 21b of the semiconductor chip 21 cannot be provided,

an insulating film 88 is bonded to the bottom surface 21b,
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t hereof. The standard type IC 40 is shown in Figs. 7 and 8, and the s
inversion type 1C 50 in Figs. 9 and 10. The ICs 40 REPLAﬁENENT SHEET:-",
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and tﬁe semiconductor chip 21 is mounted on the first and
secbnd lead groups 84a and 84b with the insulating film 88
placed therebetween. Each of the pads of tﬂe first electrode
pad group 22a of the éemiconductor chip 21 is connected via
éorresponding wires 83 to each of the leads of the second_
léad'group 84b. Each of the pads.of the second electrode pad
group.22b is connected via corresponding wires 83 to each of
the leadé of the first lead groﬁp 84a. These elements are
sealed uéing a resin by a main body of a packagé'87 so-thaﬁ
the outer lead portions 85 of the leads are exposed.

Although in the first gmbodihent the standard type IC 20
and thé'invefsion~type IC 30 are mounted on the top and
bottom surfaces of the mounting substrate 28 respeétively,
the present invention_is not limited to.tﬁis case. As shown
in Fig. 17, the étandard type IC 26 and the inversion type IC
30 ﬁay be mounted on the top surface of the mounting
substrate 38 in such a way that they are adjacent to each
other. The leéds‘having the same fﬁnctiqné in both ICs 20
and 30, for examp;e, each of the }eads of the second lead
group 24b of ﬁhe standard type IC 20 and each of the leads of
the first lead group 34b 6f the inveréion type IC 30 are
adjacent to each other and electrically connected to eacﬁ
other. 'In this case, through holes need not be provided on

the mounting substrate 38.

-
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and 50 each have a seniconductor chip 41, first and second |ead groups 44a
and 44b, a die pad 46 and a nain body of a package 47. F|¢sz qng,ﬁecpna

el ectr , and 42b are fornmed alternately in a h|ne. . « ov =
travergmwmﬂ“mmmrnm center of a surface 4la of ‘the“sehi éondlctor °°
chip 41.* The itnntr Yedd portions of t-hagisst and second | ead groups 44a
_and 44b are arrayed on both sides of the pad

WHAT IS CLAIMED IS:

1. A method of manufacturing inversion type ICs by
ﬁsing semiconductor chiﬁs which are the samdias for standaid
ICs in which first and second electrode pad groups are

_ connected via wires to first:and'secohd lead groups,
respectively, all of whi;h are formed on a sufface of a
semiconductor chip,_and the outer lead portions of the ;éads
are bent toward the bbttom surface df the semiconductor chip,
the pin connection thereof being inverted, said method..
comprising.the s;eps of:

cdnnecﬁing a first electrpde pad group of'é
semiconductor chip to a second lead group via wires;

connecting a second electrodé pad group of the
semiconductor chip to a first lead group via wires;

. ' sealing‘thé semiconductor chip, the first and second
lead groups and the wires by a resin so that the outer lead
portions of the leads are exposed; and _
| bending thé outer lead portions of the leads toward the
bottom surface of the semiconductor chip.

2; A method'of-manufaéturing inversion type ICs
according to claim l_whergin each og the leads is sealed so
that the outer lead portion thereof is guided to the outside

. from a position deviated from the central portlon of a main
body of a package toward a position hlgher than and faCLng

the surface of the semiconductor chip.

i il e
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groups 42a and 42b, respectively. As shown in Fig. 7, in the standard type

of
chip 41 i nnect ed via correspondi ng mnres*48 to the ¢ o ¢
co,rrespo m m‘ﬂ‘r“ ortions of the |eads of the first 1¢ad8* group'214é.‘
Each of t of the seeoh®l €l ectrode pad group 42b is
.electrlcally connected Vi a

L &€

3.' A method of manufacturing inversion type ICs
accordlng to claim 1 wherein the outer lead portlons of the
leads are bent by using a die which is the same as one used
for bending the outer lead portions of the leads of a
standard type IC. |

4, An.IC module comprising:

a mounting suhstrate;-

a standard'type IC, mounted on a surface_of_the mountingl‘
substrate, in which first and second etectrode pad groups |
formed on the surface of the semiconductor chip are connected
via wires to first and second lead groups, respectively, and
the outer lead portions of the leads are bent toward the
bottom surface of the semfconductor chfp;

an inversion type IC whlch is mounted on the bottom
surface of said mounting substrate so that the leads hav;ng
the same functlon as those of the standard type IC come to
the same point with the.mountlng substrate inbetween, first
and second electrode pad groups formed on the surface of the
semiconductor chip being connected via wires to second and
flrst lead groups, respectively, and the outer lead portlons
of the leads being bent toward the bottom surface -of the.

semiconductor chlp, and

a plurallty of connectlng members, provxded on sald
mounting substrate, for electrically connecting the leads of -

" the standard type IC and the ;eads'of thé_inversion type IC
.\
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corresponding wires 43 to the correspondi ng i nner | ead portions of the

.l eads of the second read group 44b. In contrast, in the |nverewén type 1Ct
50, asumi each of the el ectrode pads of thelfergt elsectrode ¢
pad gr nmnll umumm conductor- chip 41 is electrically“coithéttedvita °°
correspbndi ng weres to the correspopdi ag i nner | ead portions of the

| eads of the second | ead group 44b. Each of .

having the seme function as those of the standard type IC.

5. An IC module accordlng to claim 4 whereln the
standard type IC and the inversion type IC each have a main
body of a package for sealing the semiconductor chip, the
first and second lead groups.and the wires so that the outer
lead portlons of the leads are exposed, and each of the leads

“is guided to the outside from a position deviated from the
central portion of the main body of the package toward a
positidn higher than ane facing the surface of the
semiconductor chip. |

6. An IC module according'to claim S5 wherein the main
body of the package is formed in a substantially rectengular
shape, and each of the leads is guided to the outside from
the facing sides of the maiﬁ body of the package.

7. An IC module according to ciaim 5 wherein the'main
body of the'package is forme& in é_substantially rectangular
shape, and each of the leads is guided to the outside from

' the four sides of the main body of the package. |

8. An IC module according to claim 4 wherein the
semiconductor chip is formed in a_substantially rectangular
ehape, and the first and second electrode pad'groups each are
arrayedlnear the facing sides of épd_on the surface of the
semiconductor chip.

9. An IC module aceordiﬁg to claim 8 wherein the first

and second lead groups are arrayed in the inversion type’ IC

\ . R
This Sheet Has Been This is the replacement sheet
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the el ectrode pads of the second el ectrode pad group 42b is electrically
connect'ed via corresponding wires 53 to.the correspondi ng.Tandr il 8aek "7 "%

port![(ﬁgsl)mlmnnuamﬂﬂm")m,t he first lead group 44a. In bot.h”t hjij,',,C,S fl\p'.g.mi it

- 21 -

. in such a way that they transverse the bottom surface of the
semigonductor chip. ‘

10. An IC module according to claim 4-wherein the
semiconductor chip is formed in a substantially rectangular
shape, and the first and second eleétrode pad groups each are
arrayed alterhately in a line on the surface of the |
‘semiconductor chip along its longitudinal ceﬁter_line.

11: An IC module according to claim 4 wherein the
Seﬁiconducto; chip is formed in a substantially rectanguiar
shape, and the first and second electrode pad groups each are
arrayed parallél to each other on the surfaCe.of the
semiconductor chip near its longiﬁudinal center line.

12. An IC module comprising:

a mcunting_substrate;

a;standafd type'IC, mounted on a surface of.tﬁe mounting
subétrate, in which fiist and second electrode pad gr&ups
formed on the surface of the semiconductor chip are connected
via wires to firét and secénd lead groups, respectively, and
the outer lead portidns of the leads are bent toward the
bottom surface 6f the sémiconductor chip; and

an inversion type IC which is mounted on the surface of
said mounting substrate so that the leads thereof and the
leads of the standard type IC haviﬁg the same function as
.those-of the inversion type IC are adjacént to each other and

electrically connected to each other, the first and second

This Sheet Has Been Re'ilaced

Tﬁis is the replacement sheet
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REPLACENENT—SHEE__T—TE—T_—brt|ons 45 of the |l eads are bent toward a bottom

surface:it i‘fmm““ m‘m ductor chip 41. As described above,-swhgn & “*,377.3

senlcond el ectrode pads along its center:|ing |s.u§bd,._h6
i nversion'sypge FC 50 tar’ be manufactured easily by nerely thangifg tfe™ *°
- 22 -

electrode pad groups formed on the surface of the
semiconductor chip being connected via wires to the second
and first lead groups, respectively, and the outer lead
portions of the leads being bent toward the bottom surface of
the semiconductor chip.

. 13. An IC module according to claim 12 wherein the
standard type IC and the lnversion type IC each have a main
.body of a package for sealing a semiconductor chip, the first
and second lead groups and the wires so that the outer-lead _
portions of the leads are exposed, and each of the leads is
guided to the outside from .a position dev1ated from the
central portion of the main body of the package to a position
‘higher than and facing the surface of the semiconductor chip.

14. 2An IC module accordlng to claim 13 wherein the main
body of the package is formed in a substantlally rectangular
shape, and each of the leads is guided to the outside from
the facing sides of the main body of the package. |

15. An IC module accordlng to claim 13 wherein the main
body of the package is formed in a substantially rectangular
shape, and each of the leads is guided to the outside from |
the four sides of the main body of the package

16. An IC module accordlng to claim 12 wherein the
semiconductor chip is formed in a substantially rectangular
sbape, and the first and second electrode pad groups are

arrayed near the fac1ng srdes of and on the. surface of the

Sheet Has Been Replaced
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connep;%ggﬁggéﬂ%ig§~£§_and-53. A standard type I1C 60 used in the third
enmbodi shown in Figs. 11 and 12. In this IC 60, |eads: atei.guided . " .:

from each m‘w\mﬁ\ s of a main body of a package 6% A $em Eorductar <
chip 61_LE ﬁ e pad 66. A first |ead group 64a tormed of Teads™
lto 6,&1 wand 16, "and a second | ead gragup- 64b formed of leads 7 to 14 are

arrange -

semiconductor chip.

17. An IC module according to claim 16 wherein.the
first and second lead groups are arrayed'inﬂthe inversion
t?pe IC in such a way that'they traverse the bottom surface
of the semiconductor chip;

18. An IC module according to claim 12 wherein the
semiconductor chip is formed in a substantially rectangular

';shépé, and the first ahd second electrode pad groups each-are'
arrayed altérnately in a line traversing the longitudiﬁal
cénter of.tﬁe_su;face of the semiconductor chip.

19. An Ichmodule accord;ng to claim 12 wherein the
semiconductor chip is formed in a substantially rectangular.
shape, and the firét and second glectrode pad groups each are-
arrayed parallel to each othér on the surface of the
semiconductor chip near its longitudinal center line.

éo. An IC ﬁodule substantially as herein described
with reference to figures 1 to 5, figures 6 to 10, figures
11 to 14, figure; 15 and 16, or figure f7 of the accompanying

"drawings. -

—_
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above”the sem conductor chip 61. A first electrode pad group 62a and a

[ GveN vuwwv

second el ectrode pad group 62b are arrayed parallel to each ptebef..onta’.¢ TS

‘surface 6la of the seniconductor chip 61. Each of the pads of fhe i Jisk oo o
el.ectrode pad group 62a are electrically connected via correspond'l ng Wi res””
63 to the corresponding inner |ead porti @s of the |eads of a first Iead
group 64a. Each of the pads of the second el ectrode pad - -

ABSTRACT
METHOD OF MANUFACTURING INVERSION TYPE

ICs AND IC MODULE USING SAME

In manufacturing an inversion type IC 30 a first electrode pad group 22a of a
semiconductor chip 21 is connected to an opposite lead group 345 via wires 33. A
second group 22b is connected to a ﬁ,lrther lead group 34a. The chlp, lead groups, and
wires are sealed by a resin so as to expose outer lead portlons whlch are bent towards

| the bottom of the chip. The inversion type IC 30 is mounted on the bottom of a
substrate 28 so that leads having the sgmé function as those of a standard type IC 20

come to the same point with the substrate in between.

(Figure 1)

\
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group 62b is electrically connected via corresponding wires 63 to the

correspondi ng inner lead portions of the |eads of a second.l"gack Qr’b‘up (124 v M
The outer lead portions 65 of the |eads are bent toward the bot ¥ omsugf@ce .
61b of the semiconductor chip 61. In contrast, in an inversi‘on'Yypt I'C 70, **

as shown in
' 1

FIG .|

- o o 20
. 23 22a o1g 2! /
24a | 27
o5 20 R = o6
1 ‘\\\ \\\ \\\ifzs
| 35- ‘ ga
34b / '7” \ 3
| 3622]b27 \ 22201b

“This is-the replacement sheet
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Figs. 13 and 14, each of the pads of the first electrode pad group 62a of

t he’ sen1conductor chip 61 is electrically connected via copTespodthg mxres
73 to the corresponding inner |ead portions of the |eads of a sgecord E
greup 74b. Each of the pads of the second el ectrode pad groUp 62B*ts*

FIG.2
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electrically connected via corresponding wires 73 to the correspondi ng

inner |ead portions of the |eads of the first |ead group 744r. The'Unteﬂ* ot
|l ead portions 75 of the |eads are bent toward the bottom surfacé &k of the "
sem conductor chip 61 in the sanme manner as in the standard*typé*t<c 60 "By Yo"
conbining the standard type IC 60 and theg inversion type-1C 70, highly
reliable I C nodul es can be manufactured _ -

FIG.4
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with sinple wirings in the sanme way as in the first and second enbodi nents.

Al though .in the inversion type I1C 30 used in the first enboUismehti’*‘ass strowr:

in Figs. 4 and 5, the first and second | ead groups 34a and:34b -are-arga.nged :
abeve the surface 2la of the sem conductor chip 21,
is'not limted to this case.

44q

43

FIG.6
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-1 C 80 shown in Figs. 15 and 16, first and second | ead groups 84a and 84b

may be arranged in such a manner as to traverse the bottom‘§ur.fuac9"21b ‘df“ vy
the sem conductor chip 21. In this case, since a dedicated:dte padsf of . e s
supporting the bottom surface 21b of the sem conductor chi o 21t Atmot sba*’ "er
provi ded an insulating fi I m 88 is bondegl to the bottom surface 21b,

FIG.7
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REPLACEMENT SHEET - 17 - and the sem conductor chip 21 is nounted on the

first and second | ead groups 84a and 84b with the insul atlng fm 388 pl'a'Cb'd‘
therebetvveen Each of the pads of the first electrode

9 ﬂ ° \--
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pad group 22a of the sem conductor chip 21 is connected via correspondi ng
wires 83 to e | eads of the second | ead group 84bi*.Each*uf .thees *-:

pads ofhi$ $1@e nd_el ectrode pad group 22b is connected via:cos r'éspopdj fig, .
wires 8 e Plaged | eads of the first |ead group 84a.-*Thesece| ememnts *
are sea ”WM , in by a main body f a package 87 so that the outer
| ead por-tT he | eads are exposed.

FIG .11
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Al though in the first enbodi nent the standard type 1C 20 and the inversion
type | C36—are—+punted on the top and bottom surfaces of tha nduatting ®e*s -
substrate_28 respectively, the present invention is not |imis el 10 t Ri s s,
case. As SPaliet Has Bee ephéded t he standard type I C 20 and the*t nversroreetype o
| C 30 may f) Tﬁ he top surface gf the nounting substrate 38 in
such a way adj acent to each

FIG.I3

o o o
4a_ \ | o ——74b

62b

or.

~ This is the replacement _sheef
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other. The | eads having the same functions in both ICs 20 and 30, for
exanple each of the Ieads of the second | ead group 24b of “the gfandgr
| C ZIh mi I“ the first lead group 34b df tHe ¢ . 2. :

ds of
|nyerS|on adjacent to each other and el ectri‘cal®l'y"conhected"
to-each ot t hrough hol gs need not be provided on the
nDuntlng substrate .

.d.: I.l:

FIG .15
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REPLACENENF“W 1. A nethod of manuf acturl g a i rst
(20; 40; 60)7,;1 d a secon - 50; 70) int egrgt ed 5 :": .g .;'
//II/’///III/////I/I/iiI/ v’ el uen” e e’ "us

FIG.I7

20 . 24b 340 %
=
Y\\\\\\\\\ OO\

38

. This is the replacement sheet

Date:  pg AUG foc¢



ci rcwt dew~ee—f+9m_f.1_Lsi_and second sem conductor chips (21; 41; 61), each
of the fir ﬁnd second sem conductor chips having first (2ta;. 43_-&- Gilapey eues

and secon d opposi ng maj or faces and a pl urality of'« ¢ % ',
H H 42a, 42b; 62a, 62b) arranged on the «Firof aj'er e
ectrode pads being arranged in a predeterm ned

el e€ctrode

fage, the

coniiguratlon sai d predeterm ned configyyation being the same for the .
first and second sem conductor chips, whereby said el ectrode pads conprise
first (22a; 42a; 62a) and second (22b; 42b; 62b) groups of el ectrode pads,

t he net hod conpri sing: F lG |8
- PRIOR ART

RSN
Ib

FIG.IS
PRIOR ART
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(a) arranging a first |ead group (24a; 44a; 64a) and a second I84H%gtoup
(24b 44b; 64Db) |n a predeterm ned configuration relative to the first

Fem ¢

| ati ve

pakE

uuu ﬁA(“F?' £ , alTou ffg—p first |ead group (34a; 44a; 74a) and a
secornd g 32 % n a predeterm ned conf IWF“S@ ,ﬁg g
to tHe g&rg g—én? duc"tooPa@ﬂl ¢) connecting the first e % NIE
gr ouy paggst -t 1o paged;: st{ seni conduct or chi p via w gz g@]’t}.ga

first

connecﬂ'ﬁbﬂﬁ’ﬁb seE%ﬁﬁ’d -3 ecpagsde™p

onductor chip via wires to
DATE OF RECEIPT.....2.%(%....

sem (¢

i F%fﬁ)p % figapagsday of the first senmiconductor

I'p and

METHOD OF MANUFACTURING ICs AND IC MODULE USING SAME

The: present invention relates . to a method of
manufacturing ICs of two types for high-density mounting and

to an IC module in which such ICs are mounted.

The construction of a conver;tional resin seal type IC 8
is shown in Fig. 18. 2a semiconductor chip 1 is mounted on
a die pad 11. An electrode pad 2 formed on a top surface la
of the semiconductor chip 1 is electrically connected to an

inner lead portion of a corresponding ‘lead 4 by a wire 3.

The semiconductor chip 1, the wire 3, the inner lead portion

- of the lead 4 apd the die pad 11 are sealed by a main body

of a package 5 made of a resin so that an outer lead portion
6 of the lead 4 is exposed. The outer lead portion 6 of
each lead 4 is usually bent toward the bottom surface 1b of

the semiconductor chip 1 in order to mount the IC.

When a plurality of ICs constructed as described above
are mounted on a single mounting substrate and, for example,
when a large-capacity storage device is formed, leads of the
same pin numbers of a plurality of ICs having the same

functions must be connected to each other. When, for

group (22b; 42b; 62b) of the first
1



% fie segond | ead group (24b; 44b; 64b) of the first sen1conductor chip, (d)
~connecting the first electrode pad group (22a; 42a; 62aﬁEBhA&EMENﬁﬁ%ﬁ£T

sem conductor chip via wires to the second | ead group (34 346 7@ é “of the
.second semi conductor chip and connecting the second el ectr Ed oup

(22b; 42b; 62b) of the second sem condugter chip via wires to the first

| ead group (34a; 44a; 74a) of the second semni conduct or chip, (e) sealing

- the seniconductor chips (21; 41; 61), the .leads and the wires by a resin so
t hat -outer | ead portions (25, 35; 45; 65, 75) of the |eads emer ge fron1the

peri phery of respective
. example, a plurality of ICs are mounted-on both sides of a
mounting substrate, since the pin arrangement of ICs mounted
on the top surface of the mounting substrate does not match
the IC pin arrangement mounted - on the bottom surtace, leads_
having tne'same-functions do'not match each otner. Also,
when a plurality of ICs are mounted on a single surface of a
mounting substrate, leads having the same functions do not
meet each other in adjacent TCs As a consequence, there- is
"a_broblem in that, since ’eads having the same functions are
connected to each other, wiring on a mounting subst.ate
beccomes complext_m
| A method shown in Fig. .19 for solving such a problem
is disclosed in Japanese Utility.Model Laid-Open No. 62-
16865. In this.method, ICs, such as ICs 9, are formed, in
which the pin connection is rnverted by bending the outer
lead portion 6 toward the top surface la of the semiconductor
chip 1, in contrast with standard ICs, such as ICs 8, in
wh;ch the outer lead portion 6 is bent toward the bottom
surface 1b of the semiconductor chxp 1. A standard IC 8 is
-mounted on a’ top surface 7a of a mountznq substrate 7, and an
inversion IC 9 is mounted on a bottom surface 7b thereof.
With this construction, leads corresponding to each other can
be connected easily by merely providing a through hole 10 on

the mounting substrate 7 because the leads of the same pin

numbers of both ICs 8 and 9 come to the same point with the



'fiFSt'and]éecdhd resin bodies (27; 47; 67) having first major faces

. covering the respective first maor faces (21 a; 4la; 61 a) of the first
and second seni conductor chips and the resin bodies havig |or
faces covering the respective second najor faces (21b; 4?8; ogﬁ%$k
first .and second sem conductor chips; and p 2 OCT 1398

- 3 -

mounting substrate 7 in between. US Patent number 4994896
:a15¢fillustrates this type of arrangement.
| ﬁﬁbwever, if an ultra-thin package, such as a TSOP (Thin
Smali Outline Package) having a thickness of approximately
imm, is mounted as shown in Fig. 19, the following problem
.'chﬁrs. Since the thickness is thin, the outer lead portion
ﬂshéiposed to the outside from the main body 5 of the package
f:is-short. If heat stress, such as heat cycle, is applied
théretb, the solder connection portion between the outer
fléadléortion 6 and the mounting substrate 7 is destroyed by
a short cycle. For this reason, although it may seem that,
'“té_absQrb heat stress, for example, a lead guide surface of
ﬁﬁéIIC 8 should be made higher and the length L1 from the
'leadiguide surface to the mounting substrate 7 made longer,
:in-the inversion type ICs 9, on the conﬁrary, the length L2

'fibm_the lead gﬁide'surface to the mounting substrate 7

' . :In addition, there is another problem in that,
'pfdductiviﬁy is lowered since the shapes of the bent leads
'aré-different for ICs 8 and 9 and two types of dies for
bénaing operations are required to manufacture standard and
.iﬁversion type ICs.

" The present invention has been achieved to solve the
abo?é-mentioned problems of the prior art.

An object of the present invention is to provide a



(f) bending the outer lead portions (25,35; 45; 65, 75) of both first and
second integrated circuit devices towards a pl ane defined by sgi -
maj or surface of each device; the first -and second integrated EFE%ﬂ?¥W§M*SH[ET
devi ces being suitable for nmounting on first and second oposing ?Oﬂchg

of a mounting substrate (28) respectively such that correspondingF eads

the first and second devices connected to the sane respective el ectrode

pads on the first and second seni conducéor chips lie at the same point on
either side of the nounting substrate. 2. A met hod according to claim1,

in which, for the first and second integrated circuit

method of manufacturing highly reliable ICs of two types
which can be mountéd-in high densities with simple wirings.
Another object of the present invention is to provide
highly reliable IC modules which. use such ICs.
- The present invention provides a method of manufacturing
a first and a second integrated circuit device from first-
and second semiconductor chips, each of the first and second
semiconductor chips having first and second opposing major
faces and a plurality of electrode pads arranged on. the
first major face, teh plurality of electrode pads being
arraﬁged in a pfedetermiﬁed configuration, said
predetermined configuration being the same for the first and
second semiconduqtor chips, whereby said electrode pads
comprise first and second groups of electrode pads, the
method comprising:
(a) arranging a first lead group and a second lead group in
a predetermined configuration relative t6 the first
semiconductor chip,
(b) arranging a first lead group and a second lead group in
a predetermined configuration relative to the second
semiconductor chip,
(c) connecting the first electrode pad group of the first
semiconductor chip via wires to the first lead group of the
'first semiconductor chip and connecting the s;cond electrode

pad group of the first semiconductor chip via wires to the



de&ices (20, 30; 40,50; 60,70), the outer lead portions (25,35; 45; 65,75)
energe fromthe resin body (27; 47; 67) at a position between the pl ane

defined by the first major face (21a; 41a; 61a) of the 3@3ﬂ®®@_ ST YHEERI p
(21; 41; 61) and the plane defined by the first major f ) cxrgﬁgn
body (27; 47; 67). 3, A nethod according to claim| or 2 02 0kAi ¥8% he
bending step (f) is carried out using a die which is the sanme for both the
first (20;40;60) and the second (30;59;%0) seniconductor devices.

sécond lead group of the first semiconductor chip,

(d) connecting the first electrode pad group of the second
semiconductor chip via wires to the second lead group of the
second semiconductor chip and connecting the second
electrode pad group of the second semiconductor chip via
wires to the first lead group of the second semiconductor
chip,

(e) sealing the semiconductor chips, the leads and Ehe
wires by a resin so that outer lead portions of the leads
emerge from the periphery of respective first and second
resin bodies having first major féces cbvering' the
respective first major faces of the first and second
semiconductor chips'and the resin bodies having second major
faces covering the respecﬁive second major faces of the
first and second semiconductor chips; and
(£) bending the outer lead portions of both first and second
integrated circuit.devices towards a plané defined by said
second major surface of each device; the first and second
integrated circuit devices being suitable for mounting on
first and second oposing major faces of a mounting substrate
respectively such that corresponding leads of the first and
second devices connected to the same respective electrode
pads on the first and second semiconductor chips lie at the

smae point on either side of the mounting substrate.



4. An integrated circuit nodule conprising a first (20; 40; 60) and a
second (30; 50; 70) integrated circuit device, the first and second
integrated circuit devices conprising first and secondRERKACMNICSREETChi ps
(21; 41; 61) respectively, each of the first and second se qngu&ﬁﬁi chi ps
having first (2la; 4la; 6la) and second (21b; 41b; 61b) ogggging maj or
faces and a plurality of el ectrode pads (22a, 22b; 42a, 42b; 62a, 62b)
arranged on the first major face, theepdurality of electrode pads being
arranged in a predeterm ned configuration, said predeterm ned configuration
being the same for the first and second sem conduct or

The invention also provide integrated circuit modules as set
forth in independent claims 4 and 5.

According to the method of the present invention in
making the inversion type IC first and second electrode pad
groups formed on the top surface of the semiconductor chip
are conneeEed via wires to second and firs; lead groups,
respectively, in a manner opposite to that in the standard

| type IC, and the outer lead portions of each of the leads
are bent toward the bottom surface of the semiconductor chip
in the same manner as in the standard type IC.

In an IC module accerding to one aspect of the invention
a standard type IC ie mounted on a surface of a mounting
substrate, whereas an inversion type IC is mounted on the
bottom surface of the mounting substrate. The leads of the
standard type IC and the inversion type IC, having the same
functions, are arranged so that they come to the same point
with the mounting substrate in between, and are electrically
connected to each other by connection members.

.In an IC module acco;'ding to another .aspect of the
present invention, the standard type IC and the inversion
type IC are both mounted on the surface of the mounting
substrate; and the leads of the standard type IC and the
inversion type IC, having the same functions, are arranged
adjacent to each other and are electrically connected to

each other.



chi ps, whereby said el ectrode pads conprise first (22a R[—‘Lﬁ}BEﬁ@W AnrdT
second (22b; 42b; 62b) groups of el ectrode pads; *240 the
first integrated circuit device (20; 40; 60) conprising a fﬂisUC'p 4388 group
(24a; 44a; 64a). '

BRIEF DESCRIPTION OF THE DRAWINGS

'Fig. 1 is a cross-sectional view illustrating an IC
module according to a first embodiment of the present
invention;

Fig. 2 is a perspective plan view illustrating a
standard type IC used.in the first embodiment of the present

invention;

Fig. 3 is a cross-sectional view taken along the line A-

A of Fig. 2;

Fig. 4 1is a perspective plan view illustrating an

inversion type IC used in the first embodiment;

Fig. 5 is a cross-sectional view taken along the line B-

B of Fig. 4;
Fig. 6 is a cross-sectional view illustrating: an IC
module according to a second embodiment of the present

invention;

Fig 7 is perspective plan view illustrating a



‘connecfed via wires to the first group of electrode pads (22a; 42a; 62a) of
the first sem conductor chip and a second | ead group ( Pﬁ4§L
Lonnected via wires to the second group of electrode pgﬁéPHﬁgggw L62b)
of the first semiconductor chip; the second integrated circgi% v&ﬂ@ (30;
50; 70) conprising a first lead group.(g4a; 44a; 74a) conne teQEV|a W res
to the second group of electrode pads (22b; 42b; 62b) of the second

sem conductor chip and a second | ead group (34b; 44b; 74b) connected via

wires to the first group of electrode pads (22a; 42a; 62a) of the second
sem conduct or chi p;

standard type IC used in the second embodiment of the present
invention;

Fig. 8 is a cross—-sectional view taken along the line C-
C.of Fig. 7;

Fig. 9 is a perspective plan view illustrating an
inversion type IC used in the second embodiment;

Fig. 10 is a cross-sectional view taken along the line
D=D of Fig. 9: |

o Fig. 11 is a perspective plan view illustrating a
standard type IC used in the third embodiment of the present
invention; o

Fig. 12 is a cross-sectional view taken along the line
E-E of Fig. 11;

Fig. 13 is a perspective plan view.illustrating an
inversion type IC used in the third embodiment of the present
invention;

Fig. 14 is a cross-sectional view taken along the line
F-F of Fig. 13; | _

Fig. 15 is a perspective plan view illustrating an
inversion type IC used in a modification of the first
embodiment of the present iavention;

Fig. 16 is a.cross-sectional view ;akenuéiong the line
G-G of Fig. 15: ”

Fig. 17 is a cross-sectional view illustrating an IC

module according to a fourth embodiment ¢of the present



the first and second integrated circuit devices conprising sem conductor
devi ce bodies (27; 47, 67) having first major faces coveg&pQAggggmpgpgggive
fFitst major faces (2la; 4la; 6la) of the first and second sem conduct or
chi ps and havi ng second maj or faces covering the respective QquMﬂrﬁﬂ&w
faces (21b; 41b; 61b) of the first and second sem conductor chips; the
first and second integrated circuit devites conprising outer |ead portions
(25, 35; 45; 65, 75) of the |leads which enmerge fromthe respective

sem conduct or device bodies, the outer |ead portions each being bent
towards respective planes defined by the second major faces of

invention;

Fig. 18 is a cross-sectional view illustrating a
cdnventional IC; and

Fig. 19 is a cross-sectional view illustrating a
conventional IC module.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

referred embodihencs of the present invention will be

explained below with reference to the ;ccohpanying drawings.
| In Fig. 1, a standard type IC 20 i# mounted on the top
surface of a mounting substrate 28, and an inversion type IC
30 is mounted on the bottom surface thereof. The standard
type IC 20 has a die péd 26, as shown in Figs. 2 and 3. A
semiconducﬁor chip 21 is mounted on the die pad 26. First
and second electrode-pad groups 22a and 22b are formed on a.
surface 2la of the semiconductor chip 21 along both sides of
the length of the semiconductor chip 21. A first lead group
242 formed of leads 1 through 13 and a second lead group 24b
formed of leads 14 through 26 are arrayed in the vicinity of
the long sides of the semiconductor chip 21. Each of the
electrode pads of the first electrode péd group 22a of the
semiconductor chip 21 is electrically connected via wires 23
to a corresponding inner lead portion of the leads of the
fi:sﬁ lead group 24a. Likewise, each of the electrode pads
of the second electrode pad group 22b is electrically

connected via the wires 23 to a corresponding inner lead



the first and second sem conductor devices; the first and se | Ptegrat ed
circuit devices being nounted on first and second oposiné“ﬁ%ﬁgaﬂggﬁggf% a

nount i ng substrate (28) respectively, the nounting substrate-ﬁﬁ' ﬁﬁﬂvided
with a plurality of connecting neans (29) for electrically cg g@ging | eads
of the first device to corresponding Legags_of the second device such that
the |l eads of the first and second devices connected to the sanme respective
el ectrode pads on the first and second sem conductor chips lie at the sane
poi nt on either side of the nounting substrate.

portions of the leads of the second lead group 24b. The
semiconductor chip 21, the wires 23, the inner lead portion
of each of the leads, and the die pad 26 are sealed by a main
body of a package 27 made of a resin so that the outer lead
portions 25 of the leads of the first and second lead groups
24a and 24b are exposed. The outer lead portion 25 of each
of the leads is bent toward the bottom surface 21lb of the
semiconductor chip 21.

On the other hand, the inversion type IC 30 has a die
pad 36, as shown in Figs. 4 and 5. The semiconductor chip 21
similar to that used in the standard type IC 20 is mounted on
the die pa¢\36. A first lead group 34a formed of leads 1
through 13 and a second lead group 34b formed of leads 14
through 26 are alternatély arréyed above the semiconductor
chip 21. Contrary to the standard type IC 20, each of the
electrode pads of the first electrode pad group 22a of the
semiconductor chié 21 is electrically connected via wires 33
to the corresponding inner lead portion of the leads of the
second lead group. 34b, while each of the electrode pads of
the second electrode pad group 22b of the semiconductor chip
21 is electrically connected via wires 33 to the
corresponding inner lead portion of;the leads of the first
lead group 34a. The semiconductor chip 21, the wires 33, the
inner lead portion of each of the leads,-and_the die pad 36

are sealed by the package's main body 27 made of a resin so



5. An integrated circuit nodule conprising a first (20)

(30) integrated circuit device, the first and second |ntegrate

21007 1998 v

devi ces conprising first and second sem conductor chips (21)

grage

NEW?WET

circult

each of the first and second sem conductor chips having first (21 a) and
second (21b) opposing major faces and_ g ﬁlurality_qf el ectrode pads (22a,
t

22b) arranged on the first major face,
being arranged in a

e plurality of electrode pads

that the outer lead portions 35 of the leads of the first and

second lead groups 34a and 34b are exposed. The outer lead

portions 35 of the leads are bent toward the bottom surface

21b of the semiconductor chip 21 in the same manner as in the

standard type IC 20.

4M dynamic RAMs are shown as examples for the ICs 20 and

30. 1In Figs. 2 and 4, circled numerals near respective leads

indicate the lead numbers of the respective leads.

Letters

written near respective electrode pads of the semiconductor

chip 21 indicate the functions of the respective electrode

pads. For example, D indicates data input; Q indicates data

output; W indicates write control input; Ag to Ajg indicate

address input; Vec indicates a power supply of 5V; and Vss

indicates a reference voltage of 0V,

As described above, a group of leads to which the first

and second elect;ode pad groups 22a and 22b are connected are

inverted for the standard type IC 20. and the inversion type

IC 30. That is, in the standard type IC 20, the first and

second electrode pad groups .22a and 22b are connected to the

first lead group 24a and the second lead group 24b,

respectively. In the inversion type IC 30, the first and

second electrode pad groups 22a and 22b are connected to the

second lead group 34b and the first lead group 34a,

respectively. For this reason, for example, the electrode

pad for data input is connected to the first lead of the



*C L M S* 21 predetermined configuration, said predeterniﬁﬁﬁfACEMENTSHEET

configuration being the sane for the first and second sem condyc .gn' ,
wher eby said el ectrode pads conprise first (22a) and second (Zibﬁq@ﬁ %@fof

el ectrode pads; the first integrated circuit device (20) conprising a first
| ead group (24a) connected via mnres - 12 -

standard type IC 20, and the electrode pad for OV reference
voltage is connected to the twenty-sixth lead. In contrast,
the electrode pad for 0V reference vbltage is connected to
the first lead of the inversion type IC 30, and the electrode
pad for data input is connected to the-twenty-sixth lead.

Therefore, if these ICs 20 and 30 are arranged on both
sides of the mounting substrate 28 as shown in Fig. 1, the
leads of both ICs 20 and 30, having the same functions, come
to the same point with the mounting substrate 28-inbetween.
The corresponding outer lead portions 25 and 35 of these
leads are electrically connected to each other vié through
holes 29, serving as connecting memSers, provided in the
mountiag substrate 28.

The aforesaid inversion type IC 30 can be manufactured
as set forth below. First, the semiconductor chip 21 is
mounted on the die pad 36. Each of the electrode §ads of the
first electrode pad group 22a is connected via the wires 33
to the corresponding leads of the second lead group 34b,
thle each of the electrode pads of the second electrode pad
group 22b is connected via the wires 33 to the cqrresponding
leads of the first lead group 34a. Next, the semiconductor
chip 21, the wires 33, the inner lead portions of the |
respective leads, and the die pad 36 are sealed by the main
body of the package 27 so that the outer lead portions 35 of

the leads are exposed. Thereafter, the outer lead portions
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to the first group of electrode pads (22a) of the first_Bﬁﬁﬁﬁgﬁmgaggééﬁchip

and a second | ead group (24b) connected via wires to the seggz it of
electrode pads (22b) of the first sem conductor chip; the s nd i ntegrated
circuit device (30) conprising a first |lead group (34a) connected via wres
to the second group of electrode pads (22p) of the second seni conductor
chip and a second | ead group (34b) connected via wires to the first group
of electrode pads (22a) of the second sem conductor chip;

35 of the leads are bent toward-the bottom surface.Zlb of the
semiconductor chip 21 in the same manner as in the standazd
type IC 20.

As shown in Fig. 1, since the leads of the ICs 20 and 30
are-quided to the outside from a position deviated from the
central portion of the package's main body 27_toward a
position higher than and facing the surface 2la of the
semiconductor chip 21, and bent toward the bottom surface 21b
of the semiconductor chip 21, the length of the leads exposed
in the outside of the package's main body 27 can be taken
long. As a result, reliability against heat stress after
mounting is improved.

In addition, sincé the outer leads 35 of the leads of
the inversion type IC 30_are bent toward the bottom surface
21b of the semiconductor chip Zi in the same manner as the
outer leads 25 of the standard type IC 20, a die for a
bending operation can be used which is common to the standard
type IC 20 and the inversion type IC 30. Thus, workability
and productivity are improved.

Fig. 6 shows an IC module according to the second
embodiment of the present invention. A standard type IC 40
_is mounted on the top surface of the mounting substrate 28,
and an inversion type IC 50 is mounted on the bottom surface

‘thereof. The standard type IC 40 is shown in Figs. 7 and 8,

and the inversion type IC SO in Figs. 9 and 10. The ICs 40



mej or faces (2l1la) of the first and second sem conduct or ChIpS an
second maj or faces covering the respective second major faces (B
first and second sem conductor chips;-tjye first and second integrated

circuit devices conprising outer

energe fromthe respective sem conductor device bodies (27), the outer
portions each being bent towards respective planes defined by the second
najor faces of the

and 50 each have a semiconductor chip 41, first and second
lead groups 44a and 44b, a die pad 46 and a main body of a
package 47. First and second electrode pad groups 42a and
42b are formed alternately in a line traversing the |
longitudinal center of a surface 4la of the semiconductor
chip 41. The inner lead portions of the first and second
lead groups 44a and 44b are arrayed on both sides of the pad
grouos 42a and 42b, respectively.

As shown in Fig. 7, in the'standard type IC 40, each of
the electrode pads of the pad group 42a of the semiconductér
chip 41 is elect;ipaily connected via corresponding wires 43
to the corresponding inner lead portions of the leads of the

first lead group 44a. Each of the electrode pads of the

| second electrode pad group 42b is electrically connected via

corresponding wires 43Ito the corresponding inner lead
portions of the leads of the second lead group 44b. In
contrast, in the invgrsion type IC 50, as shown in Fig. 9,
each of.the electrode pads of the first electrode p;d group
42a of the semiconductor chip 41 is electrically connected
via corresponding wires 53 to the corresponding inner lead
portions of the leads of the second lead group 44b. Each of
the electrode pads .of the second electrode pad group 42b is
electrically connected via correspondin§ wires S3 to the
corresponding inner lead portions of the leads of the first

lead group 44a. 1In both the ICs 40 and 50, the outer lead

the first and second integrated circuit devices conprising sem conduct or
devi ce bodies (27) having first major faces covering the r Eipe ébétgsngT

E?%e

| ead portions (25, 35) of the | eads which

| ead



first and second seni conductor device bodies; the first an®REFCAOBMENT SHEET
. ntegrated circuit devices both being nounted adjacent to each t@fﬁ“g@sa
maj or’ face of a nounting substrate (28), the nounting substratfpfb &
provided with a plurality of connecting neans for electrically connecting

| eads of the first |ead group of the Lifggt-device with | eads of the second,
| ead group of the second device such that the connected pairs of |eads of
the first and second devices are connected to the sane respectlve el ectrode
pads on the first and second sem conductor chips.

portions 45 of the leads are bent toward a bottom surface 41b
of the semiconductor chip 41.

As described above, when a semiconductor chip having
electrode pads along its center line is used, the inversion
type IC 50 can be manufactufed easily by merely ¢5anging the
connection of wires 43 and S3.

A standard type IC 60 uéed in the third embodiment is
shown in Figs. 11 and 12. 1In this IC 60, leads are'guided
from each of the four sides of é main body of a package 67.

A semiconductor chip 61 is mounted on a die pad 66. A first
lead group 64a formed of leads 1 to 6, 15 and 16, and a
second lead group 64b formed of leads 7 to 14 are arranged
above the sehiconductor chip 61. A first electrode pad group
. 62a and a second electrode pad group 62b are arrayed parallel
to each other on a surface 6la of the semiconductor chip 61.
Each of the éads of the first electrode pad group 62a are
' electrically connected via corresponding wires 63 to the
corresponding inner lead portions of the:leads of a first
lead group 64a. Each of the pads of the second electrode pad
group 62b is electrically connected via corresponding wires
63 to the corresponding inner lead portiohs of the leads of a
second lead group 64b. The outer lead portions 65 of the
leads are bent toward the bottom surface 61b of the
semiconductor chip 61. -

In contrast, in an inversion type IC 70, as shown in



22 6.

An integrated circuit nodul e according to clainwl‘éfgtreh Ewﬁéﬁﬁﬁﬁ

both the first and second integrated circuit-devices havef!
A47;67) of a package for sealing the sem conductor chip (21; 46§pﬂ£,

| eads,

and the wires, and mhereln outer |ead portlons

- 16 -

Figs. 13 and 14, each of the pads of the first electrode pad
group 62a of the semiconductor chip 61 is electrically
connected via corresponding wires 73 to the corresponding
inner lead portions ¢Z the leads of a second lead group 74b.
Each of the pads of the second electrode pad group 62b is
el;ctrically connected via corresponding wires 73 to the
corresponding inner lead portions of the leads of the first
lead group 74a. The outer lead portions 75 of the leads are
bent toward the bottom surface 61lb of the semiconductor chip
61 in the same manner as in the standard type IC 60.

By combining the standard type IC 60 and the inversion
type IC 70, highly reliable IC modulés can be manufac;ured
with simplewwirings in the same way as in the first and
second embodiments.

Although in the inversion type IC 30 used in the first

embodiment, as shown in Figs. 4 and 5, the first and second

lead groups 34a and 34b are arranged above the surface 2la of

the semiconductor chip 21, the present invention is not

limited to this case. For example, as in an inversion type .

IC 80 shown in Figs. 15 and 16, first and second lead groups

84a and 84b may be arranged in such a manner as to traverse

the bottom surface 21b of the semiconductor chip 21. In this

case, since a dedicated die pad for supporting the bottom
surface 21b of the semiconductor chip 21 cannot be provided,

an insulating film 88 is bonded to the bottom surface 21b,

(27:



(25,35; 45; 65: 75) of the |eads energe fromthe main body atRERLAGEMENDSHEET
bet ween the plane defined by the first major face (2la; 4la; 61a) of .th
sem conductor chip (21; 41; 61) and the plane defined by the flrg ﬂﬁTd&gB
face of the main body (27;47;67). 7. An integrated circuit nodul e
according to claim®6, wherein the naln_bpﬂy.(ZY 47) has a substantially
rectangul-ar shape, and all of the outer |ead portlons (25, 35; 45) energe
fromtwo oppositely facing sides of the main body (27;47). 8. An
integrated circuit nmodul e according to claim®6, wherein the main body (67)
has a and the semiconductor chip 21 is mounted on the first and
second lead groups 84a and 84b with the insulating film 88
placed therebetween. Each of the pads of the first electrode
pad group 22a of the semiconductor chip 21 is connected via
corresponding wires 83 to eééh of the leads of the second
lead group 84b. Each of the pads of the second electrode pad
roup 22b is connected via corresponding wires 83 to each of
the leads of the first lead group 84a. These elements are
sealéd using a resin by a main body of g.package 87 so that
thé ocuter lead portions 85 of the leads are exposed.
Although in the first embodiment the standard type IC 20
and the inversion type IC 30 are mounted on the top and
bottom surfaces of the mounting substrate 28 respectively,
the present.invention is not limited to this case. As shown
in Fig. 17, the standard type IC 20 and the inversion type IC
30 may be mounted on the top surface of the mounting
substrate 38'in sﬁch a way that they are adjacent to each
other. The leads having the same functions in both ICs 20
and 30, for éxample, each of the leads of the second lead
group 24b of_the-;tandard type IC 20 and each of the leads of
the first lead group 34b of the inversion type IC 30 are
adjacent to each other and electrically connected to each

other. 1In this case, through holes need not be provided on

the mounting substrate 38.



éuBstantiaIIy rectangul ar shape, and all -of the outer |ead portions (65, 75)
energMdes of the main body (67). 9. i _

eitcui ding to clains 4 to 8, wherein the séﬁ?m%.{ip
(21) h m%@ JH 'iy rectangul ar shape, "and the first an@?‘ﬁ@ﬁmﬁ%

el ectrotle pa 2a, 22b) are arranged near respecti-ve opposite sides
of the first major face (21a). 10. An integrated circuit nodul e according

to claim9, wherein the first and second | ead groups (84a, 84b) of the said
second integrated circuit device (80) Trif/arse the second maj or

Claims:-
1. A method of manufacturing a first (20; 40; 60) and a second (30; 50; 70) integrated
circuit device from first and second semiconductor chips (21; 41; 61), each of the first and
 second semiconductor chips having first (21a; 41a; 61a) and second (21b; 41b; 61b) opposing
major faces and a élurality of electrode pads (22a, 22b; 42a, 42b; 62a, 62b) arranged on the
first major face, the plurality of electrode pads being arranged in a predetermined
configuration, said predetermined conﬁguraﬁon being the same for the first and second
semiconductor chips, whereby said electrode pads comprise first (22a; 42a; 62a) and second
(22b; 42b; 62b) groups of electrode pads, the method comprising:
(a) arranging a first lead group (24a; 44a; 64a) and a second lead group (24b; 44b; 64b) in a
predetermined configuration relative to the first semiconductor chip,

(b) arranging a first lead group (34a; 44a; 74a) and a second lead group (34b; 44b; 74b) in a
predetermined configuration relative to the second semiconductor chip,

'(c) connecting the first electrode pad group (222; 42a; 62a) of the first semiconductor chip via
wires to the first lead group (24a; 44a; 64a) of the first semiconductor chip and connecting
the second electrode pad group (22b; 42b; 62b) of the first semiconductor chip via wires to
the second lead group (24b; 44b; 64b) of the first semiconductor chip,

(d) connecting the first electrode pad group (22a; 42a; 62a) of the second semiconductor chip
via wires to the second lead group (34b; 44b;74b) of the second semiconductor chip and
connecting the second electrode pad group (22b; 42b; 62b) of the second semiconductor chip
via wires to the first lead group (34a; 44a; 74a) of the second semiconductor chip, .

(¢) sealing the semiconductor éhips (21; 41; 61), the leads and the wires by a resin so that
outer lead portions (25, 35; 45; 65, 75) of the leads emerge f_rom the periphery of respective
first and second resin bodies (27; 47; 67) having first major faces covering the respective



face (Zlb)—af-—t_he‘swwr chip (21). 11. An integrated circuit

modul e according to clains 4 to 8, wherein the seniconductor REPQAEEMBNT’:SHEET
a substangm,wﬂ& ,mmm”m shape, and the first and second el ect r@e'gemﬁa 98
groups (4 ed alternately along the |ongitudinal t

line of the first nhj & ftace (41a). 12. 19 An integrated circuit nodul e
according to any of clains 4 to 8, wherein the senmi conductor chip (60) has
a substantially rectangular shape, and the first and second

first major faces (21a; 41a; 61a) of the first and secdnd semicoadictor chips and the resiz -
bodies having second major faces covering the respective second major faces (21b; 41b; 61b)

of the first and second semiconductor chips; and

(f) bending the outer lead portions (25,35; 45; 65, 75) of both first and second integrated

circuit devices towards a plane defined by said second major surface of each device;

the first and second integrated circuit devices being suitable for mounting on first and second
oposing major faces of a mounting substrate (28) respectively such that compoﬁding leads
of the first and second devices connected to the same respective electrode pads on the first

and second semiconductor chips lie at the same point on either side of the mounting substrate,

2. A method according to claim l,in wﬁich, for the ﬁfst and second integrated circuit
devices (20,30; 40,50; 60,70), the outer lead portions (25,35; 45; 65,75) emerge from the
resin body (27; 47; 67) at a position between the plane defined by the first major face (21a;
41a; 61a) of the semiconductor chip (21; 41; 61) and the plane defined by the first major face
of the resin body (27; 47; 67). | - .

3. A method according to claim | or 2, in which the bending step (f) is carried out using
a die which is the same for both the first (20;40;60) and the second (30;50;70) semiconductor

devices.

4. An integrated circuit module comprising a first (20; 40; 60) and a second (30; 50; 70)
integrated circuit device, the first and second integrated circuit devices comprising first and
sécond semiconductor chips (21; 41; 61) respectively, each of the first and second
semiconductor chips having first (21a; 41a; 61a) and second (21b; 41b; 61b) opposing major
faces and a plurality of electrode pads (22a, 22b; 42a, 42b; 622, 62b) arranged on the first
major face, the plurality of electrode pads being arranged in a predetermined configuration,
said predetermined configuration being the same for the first and second semiconductor
chips, whereby said electrode pads comprise first (22a; 42a; 62a) and second (22b; 42b; 62b)
groups of electrode pads; |



el ect rode pad—groups (62a, 62b) are arranged parallel to eaBEPLABRMENESHEE e

Lo:hgi t udi naln!iﬂlnmﬂl“!lmsl m!“ he first m}j or féce (61a). 02 oCT 1398
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the first integrated circuit device (20; 40; 60) comprising-a first lead group (24a; 44a; 64z)
connected via wires to the first group of electrode pads (22a; 42a; 62a) of the first
semiconductor chip and a second lead group (24b; 44b; 64b) connected via wires to the
second group of electrode pads (22b; 42b; 62b) of the first semiconductor chip;

the second integrated circuit device (30; 50; 70) comprising a first lead group (34a; 44a; 74a)
connected via wires to the second group of electrode pads (22b; 42b; 62b) of the second
semiconductor chip and a second lead group (34b; 44b; 74b) connected via wires to the first
group of electrode pads (22a; 42a; 62a) of the second semiconductor chip;

—the first and second integrated circuit devices compﬁsing semiconductor device bodies (27;
47; 67) having first major faces covering the respective first major faces (21a; 413; 61a) of
the first and second semiconductor chips and having second major faces covering the

respective second major faces (21b; 4_lb; 61b) of the ﬁr;t and second semiconductor chips;

the first and second integrated circuit devices comprising outer lead portions (25, 35; 45; 65,
75) of the leads which emerge from the respective semiconductor device bodies, the outer
lead portions each being bent towards respective planes defined by the second major facs of
the first and second semiconductor devices;

" the first and second integrated circuit devices being mounted on first and second oposing
major faces of a inounting substrate (28) rspecti\iely, the mounting substrate being provided
with a plurality of connecting means (29) for electrically connecting leads of the first device
to corresponding leads of the second device such that the leads of the first and second devices
connected to the same respective electrode pads on the first and second semiconductor chips
lie at the same point on either side of the mounting substrate.

5. An integrated circuit module comprising a first (20) and a second (30) integrated
circuit device, the first and second integrated circuit devices comprising first and second |
semiconductor chips (21) respectively, each of the first and second semiconductor chips
having first (21a) and second (21b) opposing major faces and a plurality of electrode pads
(22, 22b) arranged on the first major face, the plurality of electrode pads being arranged in a
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predeténnined configuration, said predetermined configuration béiﬁg the $4me for the first
and second semiconductor chips, whereby said electrode pads comprise first (22a) and second

(22b) groups of electrode pads;

the first integrated circuit device (20) comprising a first lead group (24a) connected via wires
to the first group of electrode pads (22a) of the first semiconductor chip and a second lead
group (24b) connected via wires to the second group of electrode pads (22b) of the first

semiconductor chip;

the second integrated circuit device (30) comprising a first lead group (34a) connected via
wires to the second group of electrode pads (22b) of the second semiconductor chip and a
second lead group (34b) connected via wires to the first group of electrode pads (22a) of the

second semiconductor chip;

the first and second integrated circuit devices comprising semiconductor device bodies (27)
having first major faces covering the respective first major faces (21a) of the first and second
semiconductor chips and having second major faces covering the respective second major
faces (21b) of the first and second semiconductor chips;

the first and second integr_ated circuit devices comprising outer lead portions (23, 35) of the
leads which emerge from the rcspéctive semiconductor device bodies (27), the outer lead
portions each being bent towards respective planes defined by the second major faces of the
first and second semiconductor device bodies; '

the first and second integrated circuit devices both being mounted adjacent to each other on a
major face of a mounting substrate (28), the mounting substrate being provided with a
plurality of connecting means for electrically connecting leads of the first lead group of the
first device with leads of the second lead group of the second device such that the connected
pairs of leads of the first and second devices are connected to the same respective electrode
pads on the first and second semiconductor chips.
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6.  An integrated circuit module according to claim 4 o 5, wherein both the'first and
second integrated circuit-devices have a main body (27;47;67) of a package for sealing the
semiconductor chip (21;41;61), the leads, and the wires, and whex;cin outer lead portions
(25,35; 45; 65; 75) of the leads emerge from the main body ata position_between the plane
defined by the first major face (21a; 41a; 61a) of the semiconductor chip (21; 41; 61) and the
plane defined by the first major face of the main body (27;47;67).

7. An integrated circuit module according to claim 6, wherein the main body (27;47) has
a substantially rectangular shape, and all of the outer lead portions (25,35; 45) emerge from
two oppositely facing sides of the main body (27;47).

8. An integrated circuit module according to claim 6, wherein the main body (67) has a
substantially rectangular shape, and all of the outer lead portions (65,75) emerge from the
four sides of the main body (67).

9. An integrated circuit module according to claims 4 to 8, wherein the semiconductor
chip (21) has a substantially rectangular shape, and the first and second electrode pad groups
(22a,22b) are arranged near respective opposite sides of the first major face (21a).

10.  An integrated circuit module according to claim 9, wherein the first and second lead
groups (84a,84b) of the said second integrated circuit device (80) traverse the second major
face (21b) of the semiconductor chip (21).

11.  An integrated circuit module according to clanns 4 to 8, wherein the semiconductor
chip (41) has a substantially rectangular shape, and the first and second electrode pad groups
(422,42b) are arranged alternately along the longitudinal center line of the first major face
(41a). ]

12. Anintegrated circuit module according to any of claims 4 to 8, wherein the
semiconductor chip (60) has a substanually rectangular shape, and the first and second
electrode pad groups (622,62b) are arranged parallel to each other near the longitudinal ceater
line of the first major face (61a). k
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METHOD OF MANUFACTURING ICs AND IC MODULE USING SAME

In manufacturing an inversion type IC 30 a first
electrode pad 'group 22a of a semiconductor chip 21 is
connected to an opposite lead group 34b via wires 33. A
second group 22b is connected to a further lead group 34a.
The chip, lead groups, and wires are sealed by a resin so as
to expose outer lead portions which are bent towards the
bottom of the chip. The inversion type IC 30 is mounted on
the bottom of a substrate 28 so that leads having the same
function as those of a standard type IC 20 come to the same

point with the substrate in between.

(Figure 1)
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