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Semiconductor Device and Method for

Manufacturing Same

The present invention relates to a
semiconductor device and a method for manufacturing the
same. For example, the present invention is concerned
with a DRAM package (a'semiconductdr device with one or
plural DRAM chips mountéd thereon wili hereinafter be
referred to herein as "DRAM package") comprising plural
DRAM (Dynamic Random Access Memory) chips (a
semiconductor chip capable of functioning as DRAM will
hereinafter be referred to herein as "DRAM chip"), as
well as a technique which is particularly.useful in
producing such DRAM package. |

There have been known a DRAM chip having as a
basic configuration a memory array comprising lattice-
like arranged dynamic memory cells, as well as a DRAM
package having-such DRAM chip as a basic éonfiguration.

In the conventional DRAM package, usually one DRAM chip

is mounted thereon, and bonding pads used therein are
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The present invention relates to a sem conduct or device and a net hod
for manufacturing the sane. For exanple, the present invention is
concer ned wi th a DRAM package (a _.sem conductor device with one or
plural DRAM chi ps nmount ed t hereon wi | I=Hefei nafter be’ referred to
herein as "DRAM package") conprising plural DRAM ( Dynam ¢ Random
Access Menory) chips (a sem conduct or chip capable of functioning as
DRAM wi | | herei nafter be refered to herein as "DRAM chi p"), as

connected to corresponding leads of a lead frame
integral with external terminals.

As to the DRAM package carrying a single DRAM
chip thereon, it is described, for example, in U.S.
Serial No. 496,280 filed March 20, 1990.

The recent tendency to higher integration
density and larger capacity of a DRAM chip is
remarkable, and the chip area is going on increasing.

At the same time, the DRAM package which carries a DRAM

chip thereon also tends to become larger in size. As a

result, there occurred a problem that the packaging

efficiency of a‘memory system or the like comprising a
DRAM package was not greatly improved.

| To cope with the above problem, as shown in -
Figs. 65 to 67, there have proposed several methods for
mounting on a single package a plurality of sub chips
(ih the case where oﬁe package is composed of plural .
semiconductor chips, those p;ural constituent

semiconductor chips will each be referred to herein as

"sub chip"). More pafticularly, in Fig. 65, a plurality
of sub chips 1E to 1T are mounted on the surface of a
circuit board 7A. 1In Fig. 66, first a relatively large
sub chip 1J is mounted on a lead fréme 3, then two
relatively small sub chips 1K and 1L are mounted

frace smene —on

opposedly to each other on the sub chip 1J.

e e
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wel |l as a technique which is particularly useful in produci ng such
: DRAM package. There have been_known a DRAM chi p having as a
% basic configuration a nmenory array coﬁb?iEing | attice- | i ke arranged
dynami c nenory cells, as well as a DRAM package havi ng such DRAM
: chip as a basic configuration. In the conventional DRAM package,
usually one DRAM chip I s nounted thereon, and bondi ng pads used

i thereln are
Corresponding pads of the sub chips 1J and 1K, 1L are
connected together through'a solder bump 10. Further,

bonding pads of the sub chip 1J are connected to

i corresponding external terminals, i.e., outer ieads 33,-
é  through boﬁding wires 5. On the other hand, in Fig. 67,
: first a sub chip iN is die-bonded onto a-cifcuit board
7B, and pads provided on the sub chip 1N are bonded to
corresponding metallized portions 11 of the circuit

board 7B through bonding wires 8. Then, the sub chip 1N

is coated with a molding resin 9, and after the surface

oﬁ the coating was flattened, a sub chip 1M is laminated
onto the thus—flattened surface of the coating.

The chip mounting methods illuétrated in Figs.
66 and 67 are described in Japanese Patent Laid Open

"Nos. 284951/86 and 283634/87, respectively.

i

@ - However, with progress of higher integration

; density and larger capacity of semiconductor chips, the
present inventors found out that-the following problems
were involved in the foregoing chip mounting methods. |
In Fig. 65, since plural sub chips

1E-1T are mounted on the same plane, the area of the
circuit board 7A increasés with increase in the number
of semiconductor chips mounted thereon, and hence the

. \\
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-2 - connected to corresponding leads of a lead franme integral with

external term nals. As to thesDRAM package carrying a singl e DRAM
chip thereon, it is described, for exanple, in US. Serial No. 496,280
filed March 20, 1990. The recent tendency to higher integration

density and | arger capacity of a DRAMchip is

packagé size also becomes laréer.

In Fig. 66, the loﬁer sub chip 1J must be larger than
the upper sub chips 1K and 1L by an amount corresponding
to the pad portiop required for drawing out-the bonding

wires 5. Therefore, it is impossible to constitute a

package using the same size of sub chips formed in the

same manufacturing process, like a DRAM chip for

example. In Fig. 67, the heat

radiation of the lower sub chip 1IN is obstructed, and

restriction is placed on ﬁhé reduction of the package
size because it is necessary to use the circuit board
7B. In all of these methods, moreover, the
manufactufing process is complicated and the product

: yield is detefiorated in comparison with, for example,

the conventional packaging method involving direct wire

bonding to a lead frame. .

§ Therefore, the present invention seeks to'provide
a chip mounting method which may permit the mounting of

a plurality of sub chips of the same size without

Sacrifiéing the heat radiation characteristic of a

won-oius itd Fen e g AR A

package and the product yield.
The present invention may also permit the
achievement of large capacity and low power

consumption of a DRAM package and simplify the

-
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remdr kabl e, and the chip area is going on increasing. At the same tine,
.the DRAM package which carries a DRAM_chip thereon al so tends to becone
| arger in size. As a result, there octurred a problemthat the packagi ng
efficiency of a nenory systemor the like conprising a DRAM package was
not greatly inproved. To cope with the above problem as shown in
Figs. 65 to 67, there have proposed several nethods for nounting on a
singl e package a plurality of sub chips (in the case where one package is
conposed of plural sem conductor chips, those plural constituent
manufacturing process for the same package while
suppressing the increase in size of the package.
The present invention may further permit the
production. of a DRAM package having a memory
capacity plural times that of a package of about the
same size and comprising a single DRAM chip and thereby
M expand the limit of memory capacity of DRAM chips, etc.
The present invention may
furthermore enhance the packaging eﬁficiency of a
memory system or the like having a DRAM package as a
basic configuration and reduce the cost thereof.
The presen£ invention
may also provide means for an effective
address system and a manufacturing process both suitable
for the new chip mounting method and provide several
application examples of this chip mounting method.
The present invention '
may also provide an effective manufacturing method
suitable for the new chip mounting method.
A typical aspect of the present
invention will now be described briefly. A pair of
DRAM chips are mounted opposedly on both sides of'wiring~
means such as a lead frame substantially integral with
- external terminals, then these DRAM chips and lead frame
are connected together by a conventional wire bonding
[
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sen conductor chips will each be referred to herein as "sub chip"). Mre
particularly, in Fig. 65, a plurality f sub chips 1E to 11 are nounted on
the surface of a circuit board 7A. In ¥ig. 66, first a relatively large
sub chip 1J is nmounted on a tead frame 3, then two relatively small sub
cgips 1K and 1L are nmounted opposedly to each other on the sub chip 1J.

method for example. Plural pairs of such DRAM chips and

lead frames thus connected are stacked and corresponding

leads of the lead frames are connected in common to

provide a laminate. Further, plural DRAM chips thus

mounted are activated selectively in‘accordance with a

predetermined chip select signal. Additionally, partial

DRAM chips capable of normally functioning partially are
. combined, utilizing_this chip mounting method} to

constitute a single DRAM package.

: According to the above means it is possible to
provide an effective chip mounting method capable of
mounting plural sub chips of the same.size without
sacrificing the heat rédiation characteristic of the
package and the product yield. Besides, it is possible
to attain large capacity and low power consumption of
the DRAM package and simplify the manufacturing process
for the package, Moreover, it is possible to realize a
DRAM package having a memory capacity plural times that
of a package comprising a single DRAM chip and thereby
expand the limit of memory capacity of DRAM chips; at
the same time it is possible to enhance the packaging
efficiency of a memory system having a DRAM package as a
basic configuration and reduce the cost thereof.

Further, it is possible to utilize partial DRAM chips

[
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Correspondi ng pads of the sub chips 1J and 1K, 1L are connected together
t hrough a sol der bunp 10. Further, bonding pads of the sub chip 1J are
‘connected to corresponding external tefmnals, i.e., outer |eads 3B,
through bonding wires 5. On the other hand, in Fig. 67, first a sub chip
"IN is die-bonded onto a circuit board 7B, and pads prOV|ded on the sub
chip 1IN are bonded to correspondi ng netalllzed portions 11 of the circuit
board 7B t hrough bonding wires 8. Then, the sub chip 1N

without waste and enhance a substantial product yield of

DRAM chips, etc.

In the drawings:

Fig. 1 is a block diagram showing a first
example of a 128M DRAM package according to the present
invention;

Fig. 2 is a‘timing chart in the DRAM package
of Fig. 1;

Fig. 3 is a standafd specification table of
64M DRAM sub chips which constitute the DRAM package of
Fig. 1; .

Fig. 4 is a blockldiagram showing an example
of a DRAM sub chip of Fig. 3;

FPig. 5 is a substrate layout diagram in the
DRAM sub chip of Fig. 4;

Fig. 6 is an address allocation diagram in the
DRAM sdb chip of Fig. 4;

Fig. 7 is a productllist showing variations of
the 128M DRAM package;

Fig. 8 is a block diagram showing a second
example of a 128M DRAM package according to the present

invention;

—_—
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Is coated wwth a nmolding resin 9, and after the surface of the coating was
flattened, a sub chip 1IMis lamnated onto the thus-flattened surface of

.the coati ng. The chip nnunt§ng methods illustrated in Figs. 66
and 67 are described in Japanese Patent Laid Open Nos. 284951/86 and
283634/ 87, respectively. However, w th progress of higher

integration density and |arger capacity of sem conductor chips, the
present inventors found out that the follow ng problens

Fig. 9 is a block diagram showing a third
example of a 128M DRAM package according to the present
invention; |

Fig. 10 is a block diagram showing a fourth
example of a 128M DRAM package according to the present

" invention;

Fig. 11 is a block diagram showing a fifth
example of a 128M DRAM package according to the p;esent
invention;

Fig. 12 is a block diagram showing a sixth
example of a 128M DRAM package according to the present
invention; |

| Fig. 13 is a sectional perspective view of the-
DRAM paékage of Fig. 1;
Fig. 14 is a plan view thereof;
Fig. 15 is a structural sectional view takeh

on line A-B in Fig. 14;

%. Fig. 16 is a plan view cut away along line C-D
3 . in Fig. 15;

Fig. 17 is a plan view cut away along line E-F
in Fig. 15, showing a first example of the DRAM package
of Fig. 14;

Fig. 18 is a plan vieﬁ cut away along line E-F

e

in Fig. 15, showing a second example of the DRAM package

of Fig. 14;

M




were involved in the foregoing chip nounting nmethods. |In Fig. 65, since
plural sub chips 1E-1I are nounted on the sane plane, the area of the

circuit board 7A increases with

i Nncreas® i-n the nunmber of semnm conduct or

chi ps nounted thereon, and hence the

Fig. 19 is a processing diagram showing a

first manufacturing process for the DRAM package

illustrated in Fig. 13;

Fig. 24 is

package of Fig. 13;
_ Fig. 25 is
DRAM’package further
Fig. 26 is
DRAM package further
Fig. 27 is
DRAM package further
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% Fig. 20 is a processing diagram showing a
: second manufacturing process for the DRAM package
illustrated in Fig. 13;

Fig. 21 is a processing diagram showing a
third manufacturing process for the DRAM package
illustrated in Fig. 13; | _

Fig. 22 is a processing diagram showing a
fourth manufacturing process for the DRAM package
illustrated in Fig. 13; .

Fig. 23 is a processing diagram showing a
fifth manufacturing process for the DRAM package

illustrated in Fig. 13;

a plan view showing an example of a

lead frame and an insulating £ilm both used in the dram

a structural sectional view of a
embodying the invention;
a stfuctural sectional view of a
embodyihg the invention;
a structural sectional view of a

embodying the invention;
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paékage size al so becones | arger.
t he upper sub chi ps
to the pad portion required for draw

be | arger than

In Fig. 66,

the |l ower sub chip 1J nust
and 1L by an anount correspondi ng
g out the bonding wres 5.

Therefore, it is inpossible to constitute a package using the sane size of
sub chips fornmed in the sanme manufacturing process, like a DRAM chip for
exanpl e. In Fig. 67, the heat radiation of the |lower sub chip INis
obstructed, and restriction is placed on the reduction of the package

R

Fig. 28 is a plan view of a lead frame

included in a DRAM package further embodying the

invention;

Fig.

DRAM package referred to in Fig. 28;

Fig. 30 is
DRAM package further

Fig. 31 is

29 is a structural sectional view

a structural sectional view

embodying the invention;

a structural sectional view

DRAM package further embodying the invention;

Pig. 32 is

of the

of a

of a

a list of connections, showing

bonding options of the DRAM sub chips shown in Fig. 3;

Fig. 33 is
DRAM package of Fig.

Fig. 34 is

DRAM package of Fig.

Fig. 35 is
DRAM package of Fig.
Fig. 36 is

DRAM package of Fig.
| Fig. 37 is

DRAM package of Fig.
Fig. 38 1is

DRAM package of Fig.

Fig. 39 is

a connection diagram of pads in the

1;
a connection diagram
8;

a connection diagram

9;

a connection diagram
10;
a connection diagram
11;
a connection diagram

12;

of pads
of pads
of pads
of pads

of pads

in the

in the

in the

in the

in the

a partial circuit diagram of an X

address buffer included in the DRAM sub chip of Fig. . 4;
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! size because it is necessary to use the circuit board 7B. In all of these
- methods, noreover, the manufacturing process is conplicated and the

product vyield is deteriorated in conpéﬂison with, for exanple, the

conventi onal packagi ng nmethod involving direct wwre bonding to a | ead

franme. Therefore, the present invention seeks to provide a chip

nmounti ng net hod which may permt the nmounting of a plurality of sub chips

of the same size without sacrificing the heat radiation characteristic of

. a package and the product vyield.

3 Fig. 40 is a block diagram showing a seventh

example of a 64M DRAM package according to the
invention;

Fig. 41 is a timing chart in DRAM sub chips

illustrated in Fig. 40;

Fig. 42 is a block diagram showing an eighth
example of a 64M DRAM package according to the
invention; |

Fig. 43 is a timing chart in a write mode of

DRAM sub chips illustrated in Fig. 42;

Fig. 44 is a timing chart in a read mode of
the DRAM sub chips illustrated in Fig; 42;

Fig. 45 is a partial signal system diagram in
a conventional DRAM package;

Fig. 46 is a partial signal system diagram in
the DRAM package of fig. 1;

Fig. 47 is a block diagram showing a first

$ example of a 64M DRAM package consisting of two DRAM

partial chips according to the invention;
Fig. 48 is a partiél circuit diagram of an X
address buffer included in the DRAM package of Fig. 47;

Fig. 49 is another partial circuit diagram of

S AR L Mt b vt e

the X address buffer inciuded in the DRAM package of

Fig. 47;

-_—
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ﬂ_]!¥ﬁg—;:;;;;;#invention may al so permt the achievenent of |arge capacity
and Iom/pomer consunption of a DRAM package and sinplify the
% manuf acturing process for thejsane package while

Fig. 50 is a block diagram showing a second
e#ample of a 64M DRAM package consisting of two DRAM
partial chips according to the invention;

Pig. 51 is a partial circuit diagram of a ¥
address buffer included in the DRAM package of Fig. 50;

Fig. 52 is another partial circuit diagram of
the Y address buffer included in the DRAM package of
Fig. 50; '

Fig. 53 is a list of connections, showing

bonding options of the DRAM partial chips shown in Figs.
47 and 50; |

Fig. 54 is a list of producfs, showing
variations of a 64M DRAM package consisting of two DRAM
partial chips: |

Fig. 55 is a block diagram showing a third
example of a 64M DRAM package consisting of two DRAM

partial chips according to the invention;

¢ Fig. 56 is a block diagram showing a fourth
example of a 64M DRAM package consisting of two DRAM
partial chips according to the invention; |

Fig. 57 is a block diagram showing a fifth
example of a 64M DRAM package consisting of two DRAM

partial chips according to the invention;
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suppressing the increase in size of the package. The present
invention may further permt the pradygtion of a DRAM package having a
menory- capacity plural tines that of a package of about the sane size and
conprising a single DRAM chip and thereby expand the |imt of nenory
capacity of DRAM chi ps, etc. The present invention may furthernore
enhance the packaging efficiency of a memory systemor the Iike having:a
DRAM package as a basic configuration and reduce the cost thereof.

The present '”Ve”t#PE. 58 is a block diagram showing a sixth

example of a 64M DRAM package consisting of two DRAM
partial chips according to the invention;

Fig. 59 is a block diagram showing a seventh
example of a 64M DRAM package consistin§ of two DRAM
partial chips according to the invention;

Fig. 60 is a plan view showing an example of a
wafer from which a DRAM chip is formed;

Pig. 61 is a block,diagram_showing an example
of a DRAM package consisting of two function-divided sub
chips; s

Fig. 62 is a.block diagram showing an example
of a DRAM package consisting of two bit-divided sub
chips;

Fig. .63 is a block diagram showing an example
of a conventional microcomputer package;

| Fig. 64 is a block diagram showing an example
of a microcomputer package consisting of two function-
divided sub chips;

Flg. .65 is a plan view of a substrate in a
conventional multi-chip module;

Fig. 66 is a structural sectional view showing
another example of a conventional multi-chip module; and

Fig. 67 is a structurél sectional view showing

a further example of a conventional multi-chip module.
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i my al so provi de means for an effective address systemand a
.manuf acturing process both suitable for the new chip mounting nethod and

provi de several application exanples &# +his chip nounting nethod.

The pr esent i nvention may also provide an effective manufacturing
met hod suitable for the new chip nounting nethod. A typical
aspect of the present invention wll now be described briefly. A pair of

DRAM chi ps are nount ed opposedly on both sides of wiring neans such as a
| ead frame substantially integral with

1. 128M DRAM Package according to Double Chip Packaging
Method |
1.1. Outline of DRAM Package
Fig. 1 is a block diagram showing an example

of a 128M ("M" or "mega" is assumed equal to the

twentieth power of 2 herein) DRAM package according to
the present invention, and Fig. 2 is'a.timing chart in
the said DRAM package. With reference to these figures,
an outline of this DRAM packége and an explanation of a
chip selecting method will first be gi&en below. The
chip mounting method according to the present invention
will herein be designated a double chip packaging
method. For concrete contents of the double chip
packaging method and features thereof, see "1.4. Package

Form of DRAM Package."

N

1.1.1. Block Configuration

A DRAM package 1 according to this embodiment
includes two DRAM sub chips 1A and 1B. These sub chips
each have a memory capacity of 64 mega. Write data and
read data are inputfed or outputted each in the unit of

~one bit through a data input terminal Din or a data

output terminal Dout. The sub éhips A and B adopt a so-
called multiplex method, wherein the address space is

\_
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xt er nal termnals, then these DRAM chips and lead frame are connected

oget her by a conventlonal wi re bondi ng -
- met hod for exanple. Plural pairs gr'such DRAM chi ps and | ead

‘rames thus connected are stacked and correspondi ng

designated alternatively in accordance with 13-bit X
address signals (row address signals) X0 to X12 and Y
address signals (column address signals) Y0 to Y12 which
are fed time-sharingwise through thirteen address.input
terminals A0 to Al2. Data input pads Din and data
output pads Dout of the sub chips A and B are connected
in common to a data input terminal Din and a data output
terminal Dout, respectively, of the DRAM package, and
(P address input pads A0 to Al3 are conpected in common to
address input terminals A0 to A-13, respectively, of the
DRAM package.

As start control signals, anxéw address strobe'
signal RASB (as to an inversion signal br inversion
signal line whose level is rendered low when it is made
effective, the mark "B" is attached to the end of the
name, and this will apply élso in the following) and a

column address strobe signal CASB, as well as a write
J. enable signal WEB, aré fed to the DRAM sub chips A and B
from external terminals RASB and CASB as well as WEB
throuéh corresponding bonding pads; An X address signal
X13 as a chip selection signal is fed from an address
input tefﬁinal Al3 through a corresponding bonding pad,
and an external source voltage VCC is fed from two |
external terminals VCCl and VCC2 through corresponding

bonding pads VCCl and VCC2. Further, an earth potential

This Sheet Has Been R
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| eads of the |lead franes are connected in conmon to
pl ural DRAM chi ps thus nounted are activated selectively in
accordance with a predeterm ned chipl8etect signal. Additionally, partial
DRAM chi ps capabl e of normally functioning partially are conbined,
utilizing this chip mounting nethod, to constitute a single DRAM package.
According to the above neans it is possible to provide an effective chip
nount i ng net hod capabl e of nounting plural sub chips of the sane size

Furt her,

mﬁthout

) m

sacrificing the heat radiation characteristic of the
of the circuit is fed from external terminals VSSl and

VSS2 through corresponding bondihg pads VSSl and VSS2.
The external source voltage VCC is Set at a positive
voltage like +5V for example, and as will be described
later, it is dropped by a voltage dropping section of |
each of the sub chips A and B, then serves as a source
voltage for the operation of each sub chip.
1.1.2. Chip Selecting Method

When the row address strobe signal RASB and
the column address strobe signals CASB are made low in

level, the sub chips A and B are selectively brought

into a selected state, and the operation modé thereof is

set in accordance with a logical level of the.write
enable signal WEB. To the address input terminals A0- .
Al2 are fed X address signals X0-X12 in synchronism with
the trailing edge of the row address strobe signal RASB,
while Y address signals YO-YiZ are fed in synchronism
with the trailing edge of the column address strobe
signal CASB, as shown in Fig. 2. |

In this embodiment, moreover, the selected
state of the sub chip A and that of the sub chip B are
selectively designated iﬁ accordance with a logical
level of the chip selection signal, i.e., the X address
signal X13. More specificaliy, when the level of the X

address signal X13 is made low, the level of an internal

e
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package and the product yield. Besides, it is possible to attain |arge
capacity and | ow power consunption of e DRAM package and sinplify the
manuf acturi ng process for the package.”‘Mbreover, it is possible to realize
a DRAM package having a nenory capacity plural tlnes that of a package
~conprising a single DRAM chip and thereby expand the linmt of nmenory
capacity of DRAM chips; at the sane tine it is possible to enhance the
packaging efficiency of a nenory system having a DRAM package as a basic

configuration and reduce the cost thereof. Further, it is possible to
utilize pad9nirBrAIFHRbCS in the sub chip A is made hlgh to

select the sub chip A in the DRAM package, as indicated
by solid line in FPig. 2. On the other hand, when the
level of the X address signal X13 is made_high, fhé
level of an internal control signal CS in the sub chip B
is rendered high to select the sub chip B, as indicated
by dotted line in Fig. 2. Thus, the 64M DRAM sub chips
A and B are selected in an alternative manner, with the

h result that the DRAM package possesses a memory capacity
twice that of each sub chip, namely, 128 méga x 1 bit.
Since the sub chips A and B are selected alternatively,
the power consumption of the DRAM package is relatively
small, corresponding to the power consumption of one of
the two sub chips.
1.2. Outline of DRAM Sub Chips

Fig. 3 tabulates a standard specification of
64M DRAM sub chips which constitute the DRAM package of
i. Fig. 1; Fig. 4 is a block diagram showing an example
thereof; Fig. 5 is a sﬁbstrate layout view of the 64M
DRAM suﬁ chip shown in Fig. 4; and ?ig. 6 is an address
allocation diagram in the same sub chip. With reference
to these figures, the following description is now

provided about a concrete configuration and

specification of the 64M DRAM sub chips A and B which

constitute the DRAM package of this embodiment as well
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-7L w t hout waste and enhance a substantial.product yield of DRAM
chi ps, etc. In the draw ngs: —18 Fig. 1 is a block diagram show ng
a first -

as an address selecting method and an outline of
operation. In the description of this chapter there
will be made no distinction between the sub chips A and
B because both are basically of the same configuration.
1.2.1. Standard Specification

The 64M DRAM sub chips in this embodiment can
each take three kinds of bit'configurations-which are 64
megawords x 1 bit (hereinafter referred to simply as,
‘ for example, "64 mega x 1 bit"), 16 mega x 4 bits and 8

mega x 8 bits because bonding to predetermined pads is

executed selectively, as shown in Fig. 3. When the sub -

address space thereof is'designated alternatively'by the
13-bit X address signals X0-X12 and Y address signals i
Y0-¥12 in the manner described above. On the other

hand, when the sub chip has a bit configuration of 16

mega x 4 bits, the address space thereof is designated

N
chip has a bit configuration of 64 mega x 1 bit, the !
|
|
I

alternatively by the 13-bit X address signals X0-X12 and
11-bit Y address signals'YO—YlO.' Further, when the sub

chip has a bit configuration of 8 mega x 8 bits, the

address space thereof is designated alternatively in

accordance with the 13-bit X address signals X0-X12 and

10-bit Y address signals Y0-¥9. Thus, in the 64M sub
chips in this embodiment, a row address space is always

designated by 13-bit X address signals, and a refresh
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exénple_of a 128M DRAM package according to the present invention;

Fig. 2 is atimng chart in the DRAM package of Fig. 1; Fig. 3
is a standard specification table of 1%4M DRAM sub chi ps which constitute
t he DRAM package of Fig. 1; Fig. 4 is a block diagram show ng
an exanple of a DRAM sub chip of Fig. 3; Fig. 5i$ a substrate

| ayout diagramin the DRAM sub chip of Fig. 4;

cycle thereof is unified to 8 kiio ("kilo" is assumed
equal to the tenth power of 2 herein) cycle with a
period of 64 ms (millisecond = 1/1000 second).

As the package form of the 64M DRAM sub chip
there is adopted a so-called SOJ (Small Out—liné J-bend)
type package, and an external size thereof is set at 300
mil x 850 mil (mil = 1/1000 inch) though it is not
&. specially limited. A maximum of 32 pins, or external

terminals, are provided in the package. For the sub
chip there is adoptea an address multiplex method as
mentioned previously, and a row address thereof is

designated by 13-bit X address signals X0-X12

irrespective of bit configuration. Therefore, the

number of pins used as address input terminals is
fourteen, including the X address signal X13 serving as
a chip selection signai, irrespective of the bit
configuration of the sub chip. On the other hand, when
the sub chip has a bit configuration of 64 mega x 1 bit,
write data and read data are inputted or outputted in
the unit of one bit through the data input terminal Din
or the data output terminal Dout, as noted previously.
When the sub chip has a bit configuration of 16 mega x 4
bits or 8 mega x 8 bits, write data and read data are
inputted our'outputted in the unit of 4 or 8 bits

through common data input-output terminals DIOO to DIO3

—
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Fig: 61is
Fig. 7 1s
Fig. 8is
accordi ng

an address allocation diagramin the DRAM stub chip of Fig. 4;
a product list showi ng variations of the 128M DRAM package;

a bl ock diagram showi ng a sez®rd exanple of a 128M DRAM package
to the present invention; _

or DIOO to DIO7. At this time, an output enable signal
OEB for setting an output timing of read data is fed to
the sub chip, and the number of pins provided for the
supply of start control signals or clocks is four.
Consequently, the total number of pins used in each sub
chip is 23 in the bit configuration of 64 mega x l.bit,
26 in the bit configuration of 16 mega x 4 bits, 32 in
the bit conflguratlon of 8 mega x 8 bits.

The 64M DRAM sub chips are each prov1ded with
a predetermined test mode and a parallel test function
of comparing and collating 8-bit storage data read out
simultaneously, with given expected vélue data in the
said test mode. At this time, the results of the
parallel test are outputted in common from all the
output or input-output terminals. On the sub chips are
each provided with a high—speed column mode, or Fast
Page mode, as well as Static Column mode and Nibble
mode, for continuously inputting or outputting storage
data with respect to plural memory cells connected to
selected word lines. Nibble mode is made effective when
the sub chip has a bit configuration of 64 mega x 1 bit,
and it inputs or outputs a maximum of 32 bits of storage
data continuocusly. Fast Page mode and Static Column

mode are made effective in any bit configuration and can
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-8- Fig. 9 is a block diagramshowing a third exanple of a

' 128M DRAM package according to the present invention; Fig. 10 is
. a bl ock diagram showing a fourth eXé§§1€ of a 128M DRAM package accordi ng
 to the present invention; Fig. 11 is a block diagram show ng a
fifth exanple of a 128M DRAM package according to the present.

input or output a maximuh of 8K bits, i.e., 8192 bits,

continuously.

1.2.2. Block Configuration

The 64M DRAM sub chips in this embodiment have
each a hemory array 201 as a basic configuration wherein
the address space comprises 8K, or 8192, row addresses
and column addresses, as shown in Fig. 4. This memory
array includes 8192 word lines disposed sqbsténtially in

* parallel with the vertical direction in the same figure

and corresponding to the row addresses and 8192 sets of

complementary bit lines disposed in parallel with the
horizontal direction and correspondiné-to the column
addresses. At the intersecting points of these word
lines and complementary bit lines there are disposed

8192 x 8192, or 67108864, i.e., 64M, dynamic memory

cells in a lattice shape. Thus, the sub chip has a

memory capacity of 64 megabits. As will be described

«i. later, a memory array in each DRAM sub chip of this
embodiment is actually divided into four meﬁory blocks,

- which are each further divided into four mats each
consisting of four sub arrays. The following
description on the block configuration will be made on
the assumption-that.the memory array is a single memory.

array.
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i nvention; Fig. 12 is a block diagram show ng a sixth exanple of

a 128M DRAM package according to the present invention; Fig. 13
is a sectional perspective view of the 2BRAM package of Fig. 1; .
Fig. 14 is a plan view thereof; Fig. 15 is a structural

sectional viewtaken on line A-B.in Fig. 14; Fig. 16 is a plan

view cut away along line &GD in Fig. 15

The word lines which constitute the memory
array 201 are connected to.an X address decoder 203
through a word driver 202. Predetermined predecoded
signals are fed to the X address decoder from an X
predecoder 204, and also fed thereto is an internal
cont:ol signal XDG from a RAS2 clock generator 210. To
the X prédecoder are fed internal address signals BX0-

BX12 from an X address buffer 205, and also fed thereto

'+!' is an internal coﬁtrol signal CS whigh is formed on the
basis of the X address signal X13. Further, X address
signals X0-X13 are fed to the X address buffer time-
sharingwise through'address input padé A0-Al13, and also
fed thereto are internal control signals TCD and CSA

from a mode setter 223.

The X address buffer 205 takes therein the X

addresé signals X0-X13 which are fed time-sharingwise
through the address input pads A0-Al3, and on the basis
of these X address signals the X address buffer forms
the internal address signals BX0-BX12 and the internal
control signal CS. The infernal control signal CS is
fed to the X predecoder 204, RAS2 clock generator 210,
write amplifier 218 and data output buffer 221 and is
used as a so—-called chip selection signal fof operating
these blocks selectively. In this embodiment, as will

be described later, a logical condition for making the
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I
Fig- 17 is a plan view cut away along Iine E-FF in Fig. 15, showing a first
exanpl e of the DRAM package of Fig. 14; Fig. 18 is a plan view
cut away along line E-F in Fig. 15 _shgw ng a second exanple of the DRAM
package of Fig. 14;

o e et S AP P

level of the internal control signal CS high is changed
over selectively by selective execution of bonding to

the internal control signals CSA and TCD, i.e., pads Fl

i
H
¥

to F3 and TC. As to these bbnd;ng options, see "1.5.
Bonding Options of DRAM Sub Chips."

The X predecoder 204 decodes the internal
address signals BX0-BX12 fed from the X address buffer

205, in combination of two or three bits at a time to

form predetermined predecoded signals. These predecoded
signals are fed to the X address decoder 203 and some of
them are used for activating the memory biocks, mats and
sub arrays selectively. The predecoder 204 is operated
selectively in accordance with the internal control
signal CS fed from the X address buffer, whereby the
waste operating current is cut down when the sub chip is
brought into an unselected state and thus the reduction

in power consumption of the DRAM package is attained.

The X address decoder 203 combines the
predecoded signals fed f;om the X predecoder 204 to form
selection signals for selectihg corresponding word lines
of the memory array in an alternative manner. These
selection signals are transferred to corresponding word
lines of the memory array through the word driver 202,
whereby the corresponding word lines are brought into a

predetermined selection level. As well known, when the
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Fig. 19 is a processing diagram show ng a first

manuf act uri ng process for the DRAM package illustrated in Fig. 13;

Fig. 20
for the

i s a processing di agram showgng a second manuf acturing process

DRAM package illustrated in Fig. 13; Fig. 21 is a

processi ng di agram showi ng a third manufacturing process for the DRAM

package

the word lines are brought into the selection level, the
8192 memory cells connected to the word lines are
brought into the selected state all together, and the
data held therein are outputted to the corresponding
complementary bit lines. If these data are left as they
are, they will be destroyed, but their signal amplitudes
are amplified to a predetermined level by corresponding
unit amplifier circuits of the sense amplifier 206,
whereby the data are rewritten into the corresponding
memory cells. In the DRAM sub chips, when the 81§2 unit
amplifier circuits of the sense amplifier 206 are
operated all together, a relatively l;rge operating
current is required. Therefore, whéther each sub chip
is activated or not is judged by whether the sense
amplifier is brought into an operating state or not, in
other words, whether the word line selecting operation
is performed or not. Heedless to say, it is important
in reducing the power consumption that the sub chip'
which is brought into an unselected state be not
activated. However, at some particular input timing of
a chip selection signal there arises the case where the
two sub chips which constitute the DRAM package must be
activated at a time. 1In this case, only the sﬁorage
data inputting or outputting operation is executed

selectively by the write amplifier 218 or the data

\
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il lustrated in Fig. 13; Fig. 22 is a processing diagram

showi ng a -fourth manufacturing process for the DRAM package

illustrated in Fig. 13; -R%-~ 23 is a processing di agram show ng
a fifth manufacturing process for the DRAM package illustrated in
Fig. 13; Fig. 24 is a plan view showing an exanple of a | ead
frame and an insulating filmboth used in the dram package of Fig. 13;

Fig. 25 is a structural sectional view of a

output buffer 221 in .accordance with the internal
control signal CS.

Next, the complementary bit_lines of the
memory array are connected to the corresponding unit
amplifier circuits of the sense amplifier 206 and
further connected to a common io line 217 through
corresponding switches MOSFETs. The sense amplifier 206
includes 8192 unit amplifier circuits provided in
corresponding relatidn t§ the complementary bit lines of
the memory array and the same number of switch MOSFET
pairs. The unit amplifier circuits of the sense
amplifier are operated seleétively ané all together by a
predetermined internal control signal (not shown) fed
from the RAS2 clock generator 210. In this operating _
state, the unit amplifier circuits amplify fine read
signals which are outputted through the corresponding
complementary bit lines of the memory array 201 from the
!’ 8192 memory cells connected to the selected word lines,

to provide ﬁinary read signals of high or low level. On

the other hand, to the switch MOSFET pairs of the sense

amplifier are fed bit selection signals from the Y

address decoder 207. These MOSFET switches are turned

ON selectively when the corresponding bit line selection

signals are rendered high in level, to sélectively

\\
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package further enbodying the invention; Fig. 26 is a

istructural sectional view of a DRAM package further enbodying the
‘i nvention; Fig. 27 is a structural sectional view of a DRAM
Package further enbodyi ng t he |nvent|on 26 -

';10-

connect the corresponding complementary bit lines of the
memory array with the common IO line 217.

To the Y address decoder 207 are fed
predecoded éignals from a Y predecoder 208 and also fed

is an internal control signal YDG from a CAS clock

generator 213. To the Y predecoder 208 are fed internal
address signals BY0-BY12 from a Y address buffer 209,

_ while to the Y address buffers 209 are fed Y address
‘.*.. signals Y0-Y12 time-sharingwise through the address
input pads A0-Al2.

The Y address buffer 209 takes therein the Y
address signals ¥0-Y12 which are fed éime—sharingwise
through the address input pads AO-Alz,lthen on the basis
of these.Y address signals it forms internal address
signals BY0-BY12 and supplies them to the Y predecoder
208. The Y predecoder 208 decodes the internal address
signals BY0-BY12 by combining them in the unit of two or
three bits at a time to form predetermined predecoded
signals and supplies these predecoded signals to the Y
address decoder 207, which in turn éombines these
predecoded signals to make the.level of the
corresponding bit line selection signals high in an
alternative manner.

The common I0 line 217 for connecting

designated complementéry bit lines of the memory array
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Fig.-28 is a plan view of a |lead frane i ncl uded in a DRAM package further

~enbodyi ng the invention; Fig. 29 is a structural sectional vieM/%
of the DRAM package referred to in Ei g7 28; Fig. 30 is a . i
structural sectional view of a DRAM package further enbodying the %
I nvention; . Fig. 31 is a structural sectional view of a DRAM :
package further enbodying the invention; Fig. 32 is a list of

connections, show ng

201 selectively is connected to an output terminal of
the write amplifier 218'and also connected to an input
terminal of a main'amplifiér 220. An input terminal of
the write amplifier 218 is connected to an output
terminal of a data input buffer 219, while an input

} terminal of this data input buffer is connected to the
data input pad Din. To the write amplifier 218 is fed
the internal control signal CS and also fed is an

-internal control signal WP from a WP clock generator

~215. On the other hand, an output terminal of the main
amplifier 220 is connected to an input terminal of the
data output buffer 221, and an output.terminal of the
data output buffer 221 is connected to the data output
pad Dout. To the data output buffer 221 is fed an
internal control signal DOC from the -CAS clock generator

213 >

‘When the DRAM sub chips are each brought into
a selected state in the write mode, the data input '
buffer 219 transfers write data fed through the data

input pad Din, to the write amplifier 218. The write

amplifier 218 is operated seleétively when the DRAM sub
chip is brought into a selected state in the write mode
and the internal controls signals CS and WP are made
high in level. 1In this operating state, the write

amplifier forms a predetermined complementary write
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bondi ng options of the DRAM sub chi ps shown in Fig. 3; Fig. 33

IS a connection diagramof pads in the DRAM package of Fig. 1; 3
Fig. 34 is a connection diagram of padszbn t he DRAM package of Fig. 8; 3
Fig. 35 is a connection diagramof pads“n the DRAM package of Fig. 9; :
Fig. 36 is a connection diagramof pads in the DRAM package of Fig. 10;

Fig. 37 is a connection diagramof pads in the DRAM package of Fig. 11;

signal on the basis of the write data transferred from
the data input buffer 219 and writes it into one
_ selected memory cell in the memory array 201 through the
3 _ common IO line 217. On the other hand, when the DRAM
sub chip is brought into a selected state in the read
mode, the main amplifier 220 further amplifies a read

signal which is outputted through the common IO line 217

from one selected memory cell in the memory array 201,
and transfers it as read data to the_data output buffer
221. The data output buffer 221 is operated selectively
when the DRAM sub chip is brought into a selected state
* in the read mode and the level of the-internal control

signal DOC is made high. 1In fhis operéting state, the
A | | data output buffer 221 transmits the read data provided

from the main amplifier 220 to the exterior of the sub
chip through the data output pad Dout. Thus, in the |
DRAM sub chip of this embodiment, the write amplifier
218 and the data output buffer 221 are operated
selectively in accordance with the internal control
signal CS serving as a chip selection signal, whereby
the storage data inputting or outputting operation is
executed.selectively.

The DRAM sub chip is further prbvided with, as

components of the control circuit, RAS buffer 212, RAS1

clock generator 211, RAS2 clock generator 210, CAS

—
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4”'Fig.-38 is a connection diagramof pads in the DRAM package of Fig. 12;
Fig. 39 is a partial circuit diagramof an X address buffer included in
t he DRAM sub chip of Fig. 4, - 29 -

buffer 214, CAS clock generator 213, WE buffer 216 and
WE clock generator 215, as well as mode setter 223 and
voltage dropping section 222. To the RAS buffer 212 is
fed a row address strobe signal RASB through the input
pad RASB, and an output signal from the RAS buffer 212
is fed to the RAS1l clock generator 211. An output

signal from the RAS1 clock generator is fed to the RAS2

' clock generator 210 and also fed to predetermined
* portions of the sub chip. Further fed to the RAS2 clock
generator 210 is the internal control signal éS, and an
output signal From the RAS2 clock generator 210 is fed
as an internal cohtrol signal XDG to the X address
decoder 203 and also fed to predetermined portions of
the sub chip. On the basis of the row address strobe
signal RASB inputted through the RAS buffer 212 the RAS1
clock generator 211 and the RAS2 clock generator~ 210

~  form various internal control signals necessary for the

’*' word line selecting operation and the control of the
sense amplifiers 206. As mentioned previously, the
operation of the RAS2 clock generator 210 is controlled
by the internal control signal CS. As a result, the
operations of the X address decoder 203, word driver 202
and sense amplifier 206 are executed selectively,

whereby the sub chip is activated selectively.

\
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Fig: 40 is a block di agram showing a seventh exanple of a 64M DRAM package

_according to the invention; Fig. 41 is a timng chart in DRAM
sub chips illustrated in Fig. 40; - 30 - Fig. 42 is a block diagram
showi ng an eighth exanple of a 64M DRAM package according to the
I nvention; Fig. 43 is atimng chart in a wite node of DRAM sub
chips illustrated in Fig. 42 Fig. 44 is atimng chart in a read
node of

On the other hand, to the CAS clock generator
213 is fed a column address strobe signal CASB through |
the input pad CASB, and an outpue signal from the CAS
clock generator 213 is fed to the Y address decoder 207
and the data output buffer 221 as internel control
signals YDG and DOC, respectively, and also fed to
predetermined portions of the sub chip. On the basis of
the column address strobe signal CASB inputted through
the CAS buffer 214 the CAS clock generator 213 forms
various internal control signals necessary for tﬁe
complementary bit line selecting operation and for the
control of the main amplifier 220 and'data output buffer
221. Likewise, to the WE buffer 216 is fed a write
enable signal WEB through the input pad WEB, and an
output signal from the WE buffer 216 is fed to the WE
i clock generator 215. Further, an output signal from the
WE clock generator 215 is fed as an internal control
'#D signal WP to the write amplifier 218 and also fed to
predetermined portions of the sub chip. On the basis of
the write enable signal WEB inputted through the WE
buffer 216 the WE clock.generator 215 forms an internal
cohtrol signal WE, etc. necessary for the control of the
write amplifier 218.
To the mode setter 223 are fed a predetermined

mode control signals through the pads F1-F3 and TC, and
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. the DRAM sub chips illustrated in Fig. 42; Fig. 45 is a partial
signal systemdiagramin a conventional DRAM package; Fig. 46 is
a partial signal system diagram~i 31 +he DRAM package of Fig. 1, .
Fig. 47 is a block diagramshowing a first exanple of a 64M DRAM package !
consisting of two DRAM partial chips according to the invention; g
Fig. 48 is a partial circuit diagramof an X address buffer included in . :
t he -DRAM package of Fig. 47; Fig. 49 is another partial circuit
di agram of -

output signals from the mode setter 223 are fed as
internal control signals CSA and TCD to the X address

buffer 205. On the basis of the mode control signals

fed through the pads F1-F3 and TC the mode setter 223
forms various internal control Signals for setting the
bit configuration of the sub chip and chip selecting
conditions. On the other hand, the voltage dropping
section 222 forms a predetermined internal source 1L
voltage VCL on the basis of exterﬁal_source voltages VCC |

fed through the source voltage input pads VCCl and VCC2,

i oy e e e e

and supplies it as an opérating power to various
portions of the sub chip. The internél source voltage ; ;
VCL is set at a positive voltage of a relatively small
absolute value such as +3.3V for example. : i
1.2.3. Basic Layout

In each of the 64M DRAM sub chips according to
this embodiment, the memory array'201 is divided into R 3& é
four memory blocks 0-3, which are further divided into |
four mats 0-3 each consisting of four sub arrays 0-3.
The sub arrays 0-3 constituting each memory block and

mat are disposed to extend the word lines in the

direction of X axis of the semiconductor substrate
surface, i.e., in the shorter side direction, as shown
in Fig. 5, and a sense amplifier (not shown) is disposed E%

between two adjacent sub arrays 0 and 1 and also between
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the X address buffer included in the DRAM package of Fig. 47;
- 12 - Fig. 50 is a block diagramshowi ng a second exanple
of a 64M DRAM package consisting ef32wo DRAM

sub arrays 2 and 3. 1In borresponding relation to each
of these sense amplifiers there are provided two sets of
common IO ‘lines 217. Inside the sub arrays 0-3 there
are disposed corresponding word driver 202 and X address
decoder 203. The mats 0-3 which constitute each memory
block form pairs each consisting of two mats,.and ayY
address decoder 207 is disposed between the mats of each
pair. These ¥ addreés decoders are used in common by
two mats on both sides, namely, eighg sub arrays. In an
intermediate portion of each memory block there is

. disposed a read-write circuit including a write
amplifier 218 and a main amplifier 226.' Centrally in
the direction of Y axis, l.e., in the longer side
direction, of the semiconductor substrate surface there

are disposed a plurality of bonding pads in a straight

line form. As will be described rater, the paired sub
chips A and B which constitute the DRAM package are
mounted in opposed relation to each other. By this
central, linear arrangement of the bonding pads, not
only a planar symmetry of the bonding pads can be
ensured but also the chip mounting method based on the
conventional LOC (Lead On Chip) method can be applied.
The basic layout of Fig.5 does not restrict the layout
size of each portion or an absolute number of bonding

pads.

—_—
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partial chips according to the invention; _ Fig. 51 is a partia
<circuit diagramof a Y address buffer included in the DRAM package of Fig.

50; Fig. 52 is another parti33l—circuit diagramof the Y address
buffer included in the DRAM package of Fig. 50; Fig. 53 is a
list of connections, showi ng bonding options of the DRAM partial chips
shown in Figs. 47 and 50; Fig. 54 is a list of products,

showi ng variations of a 64M DRAM package consi sting of two DRAM

In this embodiment, though not specially

limited, the sub arrays 0-3 sdbstantiélly include 512
word lines and 2048 sets of complementary bit lines,
each having a memory capac1ty of 1 megablts. That is,
each mat has a memory capac1ty of 1M x 4 bits, i.e., 4
megabits, and each memory block has a memory capacity of
4M x 4, i.e., 16 megabits. Thus, the DRAM sub chips
each have a memory capacity of 16M x 4, i.e., 64
megabits. In this embodiment, as in@icated by hatched
lines in Fig. 5, when the DRAM sub chip is brought into
a selected state, four sub arrays are activated
simultaneously and two sets, a total 6f éight sets, of
complementary bit lines adjacent to the four sub arrays
are connected selectively to two sets, a total of eight
sets, of common IO lines. That is, each read-write

{ circuit includes two, a total of eight, write amplifiers
218 and main amplifiers 220 which are provided in

! correspondence to those common IO lines. These write
amplifiers and main amplifiers are operated in
predetermined combinations, whereby the bit
configuration of the DRAM sub chip is changed over
selectively.
1.2.4. Address Assignment

To the DRAM sub chip are fed 13-bit X address

signals X0-X12 and Y address signals Y0-Y12, as
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partial chips; Fig. 55 is a block diagram showing a third
exanpl e of a 64M DRAM package consisting of two DRAM partial chips .

according to the invention; - 34 Fig. 56 is a block diagram show ng a-

fourth exanple of a 64M DRAM package consisting of two DRAM partia

chi ps

according to the invention; Fig. 57 is a block diagram show ng a

fifth exanple of a 64M DRAM package consi sting of two DRAM partla
according to the invention;

mentioned above, and ﬁhe address space of the sub chi§
is designated selectively. In this embodiment, though
ndt specially limited, the 512 word lines which
constitute the sub arrays 0-3 are designated in an
alternative manner in accordance with 9-bit X address
signals X0-X8, while the 2048 sets of complementary bit
lines are designated in an.alternative manner in
accordance with 11-bit Y_addreés signals Y0-Y1l0, as
shown in Fig. 6. fhe four sub arrays 0-3 which
constitute each mat are designated in an alternative
manner in accordance with 2-bit X address signals X9 and
x10; while the four mats 0-3 which coﬁstitute each
memory block are designated in an alternative manner in
accordance with 1-bit X address signal X11 and Y address
signal ¥11. Further, the four memory blocks 0-3 are
designated in an alternative manner in accordance with

_ 1-bit X address signal X12 and Y address signal Y12.

'q’ As to the 2048 sets of complementary bit lines
which conétitute each sub array, as mentioned above, two
adjacent sets are brought into a selected state
simultaneously, but afe substantially designated in an
alternative manner in accordance with Y address signals

Y0-Y8 because the two corresponding main amplifieré are

selected in accordance with Y address signal YO0.

Actually, the selection of memory blocks 0-3 by the most

chi ps
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-13- Fig. 58 is a block diagramshowi ng a sixth exanple of a
64M DRAM package consisting of two DRAM partial chips according to the

i nventi on; Fig. 59 is a blg k_ dlagran1shomnng a seventh exanple
of a 64M DRAM package consi sting of”

significént bit X and Y address signals X12, ¥12 is also
realiéed by the selection of corresponding main
amplifiers.
1.2. variations of DRAM Package

In Fig. 7 there is illustrated a list of 128M
DRAM package products comprising the 64M DRAM sub chips
shown in Figs. 3 to 6. Figs. 8 to 12 are block diagrams
of the DRAM packages shown in the product list of fig.
7. With reference to these figures, the following
description is now provided about the kind,
configuration and outline of 128M DRAM paékages each
capable of being constituted by two 64& DRAM sub chips.
In the block diagrams of Figs. 8 to 12 there are shown
only address signals aﬁd signal lines relating to input
and output data.
1.3.1. Kind of 128M DRAM Packages Capable of Being

Constituted

’ | The 64M DRAM sub chips in this embodiment can

each take three kinds of bit configurations of 64M x 1

bit, 16M x 4 bits and 8M x 8 bits because prescribed
bondings are executed selectively, as noted previously. }
By combining the two DRAM sub chips of the same bit
configuration and accessing them simultaneously or
selectively it is possible to configure a total of six
kinds of 128M DRAM packages which are shown in Fig. 7.

[

"l



partial chips according to the invention; Fig. 60 is a plan view
showi ng an exanple of a wafer fromwhich a DRAM chip is forned,
Fig. 61 is a block diagram show ngsg1_exanple of a DRAM package consisting

of two function-divided sub chips; Fig. 62 is a block diagram
showi ng an exanple of a DRAM package consisting of two bit-divided sub
chi ps; Fig. 63 is a block diagram show ng an exanple of a

conventional m croconputer package;

The 128M x 1 bit DRAM package constituted by combining
two 64M x 1 bit DRAM sub chipé and accessing these sub
chips selectively in accordance with a chip selection
signal, i.e., X address signal X13, corresponds to the
embodiment shown in Fig. 1, will not be_explained here.

1.3.2. Outline of Various DRAM Packages

(1) 64M x 2 bit DRAM package wherein two 64M x 1 bit

DRAM sub chips are accessed simultaneously:

Such a 128M DRAM package oﬁ 64M x 2 bits as
shown in Fig. 8 can be constituted'by combining two 64M
DRAM sub chips A and B each having a bit configuration
of 64M x 1 bit and then accessing thesé sub chips

simultaneously.. In this variation, 13-bit X address

signals X0-X12 and Y address signals ¥Y0-Y12 are fed to

address input pads A0-Al2 of the sub chips A and B in

common and time-sharingwise, and data input and output
pads Din, Dout are connected to corresponding data input
terminals Dihl, Din2 and data output terminals Doutl,
Dout2 of the DRAM package. As a result, the sub chips A
and B are brought into a selected state simultaneously z
and execute storage data inputting and outputting

operations in the unit of 1 bit and in parallel. Thus,

the DRAM package has a bit configuration of.64M x 2

bits, wherein 2-bit storage data are inputted or

outputted simulfaneously. At this. time, refresh
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Fig. 64 is a block diagram showi ng an exanple of a mcroconputer package
consisting of two function- divided sub chi ps; Fig. 65 is a
plan view of a substrate in a conventipnal nulti-chip nodul e;

Fig. 66 is a structural sectional view showi ng another exanple of a
conventional nulti-chip nodule; and Fig. 67 is a structural
sectional view showng a further exanple of a conventional nmulti-chip
nodul e.

operations for the sub chips are also executed in

parallel, the refresh cycle as DRAM package becomes 8K

cycle/64 ms. It goes without saying that the power

consumption of the DRAM package as a whole is about

twice that of the 64M DRAM sub chips. |

(2) 32M.x 4 bit DRAM package wherein'two 16M x 4 bit
DgAM sub chips are accessed selectively:

By combining two 64M DRAM sub chips A and B
each having a bit configuration of leM x 4 bits and then
accessing these sub chips selectively there can be
constituted such a 128M DRAM package of 32M x 4 bits as
shown in Fig. 9. In this variation, i3-bit X address
signals X0-X12 and 11-bit Y address signals ¥Y0-Y10 are
fed to address input pads AO—Alé of the sub chips A and
B in common and time-sharingwise, and further fed is an
X address signai X13 which serves as a chip selection
signal through an addfess input pad Al3. Data input-

'. output pads DIO0 to DIO3 of each sub cﬁip are connected
in common to corresponding data input-output terminals
DIO0-DIO3 of the DRAM package. As a result, the such
chip A is broughf into a selected state selectively when
the level af the X address signal X13 is made low, and
it executes alone a storage data inputting or outputting
operation. On the other hand, the sub chip B is brought

into a selected state selectively when the level of the
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- 14 - 1. 128M DRAM Package according to Double Chip Packagi ng
.Method 1.1. Qutline of DRAM Package ~ Fig. 1is a block diagram
showi ng an exanple of a 128M ("M ok 38sga" is assuned equal to the

X address signal X13 is made high, and it executes alone
a storage data inputting or outputting operation. Now,
the DRAM package has a bit configuration of 32M X 4 bits
and inputs or outputs 4-bit storage data simultaneously.
At this time, refresh operations for the sub chips A and
B are executed selectively, so the refresh cycle as the
DRAM package becomes 16K cycle/64 ms. The power

consumption of the DRAM package as a whole is almost

equal to that of one sub chip becausg the 64M DRAM sub
chips A and B are activated selectively, whereby the
reduct%on of power consumption can be attained.
(3) 16M x 8 bit DRAM package wherein.two 16M x 4 bit
DRAM sub chips are accessed simultaneously:
.By combining two 64M DRAM sub chips A and B

each having a bit configuration of 16M x 4 bits and then

accessing these sub chips simultaneously there can be

- constituted such a 128M DRAM package of 16M x 8 bits as
'E. shown in Fig. 10. 1In this variation, 13-bit X éddress
signals X0-X12 and 1l1l-bit Y address signals ¥Y0-Y10 are
fed to address input pads A0-Al2 iﬂ common and time-
sharingwise. Data input-output pads DIO0-DIO3 of each
sub chip are connected to corresponding input-output
terminals DIO0-DIO7 of the DRAM package. As a result,
the sub chips A and B are brought into a selected state
simultaneously and execute a 4-bit storaée data

—_—
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twenti eth power of 2 herein) DRAM package according to the present

I nvention, and Fig. 2 is atimng chart in the said DRAM package. Wth
reference to these figures,” an outline of this DRAM package and an
expl anation of a chip selecting nethod will first be given bel ow. The
chip nmounting nmethod according to the present invention wll herein be
desi gnated a doubl e chip packagi ng nethod. For concrete contents of the
doubl e chip packaging nethod and features thereof, see "1.4. Package Form
of DRAM Package.™ 1.1.1. Block Configuration

inputting or outputting operation in a parallel manner.

Now, the DRAM package has a bit configuration of 16M x 8

bits and it inputs or outputs 8-bit storage data
simultaneously. At this time, refresh operations for

the sub chips A and B are also executed in parallel, so

the refresh cycle as the DRAM package becomes 8K

cycle/64 ms. The power consumbtion as the entire DRAM
package is about twice that of the sub chips.

(4) 16M x 8 bit DRAM package wherein two 8M x 8 bit

DRAM sub chips are accessed selectively:
By combining two 64M DRAM sub chips A and B

each having a bit cohfiguration of 8M x 8 bits and then
accessing these sub chips selectively there can be
‘constituted such a 128M DRAM package of 16M x 8 bits as

shown in Fig. 11. 1In this variation, 13-bit X address
signals X0-X12 and 10-bit Y address signals Y0-Y9 are

fed to address input pads. A0-A12 of the sub chips A and

B in common and time-sharingwise. Further, an X address

signal X13 which serves as a chip selection signal is

fed through an address input pad Al3. Data input-output
pads DIO0-DIO7 of each sub chip are connected in common
to corresponding data input-output terminals DIO0-DIO7
of the DRAM package. As a result, the sub chip A is
brought into a selected state selectibely when the level

of the X address signal X13 is made low, and it executes
. -
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A DRAM package 1 according to this enbodi nent includes two DRAM sub chi ps
. 1A and 1B. These sub chips each have a nenory capacity of 64 nega. Wite
data and read data are inputted or eAputted each in the unit of -one bit
through a data input termnal Din or a data output term nal Dout. The sub

chips A and B adopt a so- called nultiplex nmethod, wherein the address
space i s

alone an 8-bit storage data inputting or outputting
operation, while the sub chip B is brought into a
selected state selectively when the level of the X
address signal is rendered high, and it executes along
an 8-bit storage data inputting or outputting operation.,
Now, the DRAM pac}age has a bit configuration of 16M x 8
bits and inputs or outputs 8-bit storage data
simultaneously. At this time, the refresh cycle as the
DRAM package is 16K cycle/64 ms and the power
consumption as the entire package is almost equal to
that of one sub chip. Thus, the reduction of power

consumption can be attained.

(5) 8M x 16 bit DRAM package wherein two 8M x 8 bit
DRAM sub chips are accessed simultaneously:

By combinihg two 64M DRAM sub chips A and B
each having a bit configuration of 8M x 8 bits and then
accessing these sub chips simultaneously there can be
constituted such a 128M DRAm'package of 8M x 16 bits as
shown in_Fig; 12. In this wvariation, ;3—bit X address
signals X0-X12 and 10-bit Y address signals Y0-Y9 are
fed to address input pads A0-Al2 of the sub chips A& and
B in common and time-sharingwise. Input-output pads
DIOO~DIO7 of the sub chips are connected to
corresponding data input-output terminals DIO0-DIO7 and

DIO8-DI0O15 of the DRAM package. As a result, the sub

\\\\
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- 15, - designated alternatively in accordance with 13-bit X address
signals (row address signals) XOto X12 and-Y address signals (colum %
‘address signals) YOto Y2 which are_fgd_ time-sharingw se through thirteen
address input termnals AOto Al2. Data input pads Din and data output
pads Dout of the sub chips A and B are connected in common to a data input
termnal Din and a data out put

chips A and B are brought into a selected state
simultaneously and executes an 8-bit storage data
inputting or outputting operation in a parallel manner.
Now, the DRAM package has a bit configuration of 8M x 16
bits and inputs of outputs 16-bit storage data
simultaneously. At this time, the refresh cycle as the
DRAM package is BK cycle/64 mé and the power consumption
-of the package as a whole is about twice that of.the sub
’ chips. _
1.4. Package Form of DRAM Package and Manufacturing
Method for Same
Fig. 13 is a structural perépective view of a
128M DRAM package embodying the invention and Fig. 14 is
a plan view thereof. Fig. 15 is a structural sectional
view of the DRAM package shown'in Figs. 13 and 14, and
Figs. 16 to 18 are cut-away plan views thereof.
Further, Figs. 19 to 23 are processing diagrams relating
to manufééturing processes for the DRAM paékage
illustrated in Figs. 13 and 14 , and Fig. 24 is a plan
view showing an example of a lead frame used therein.
Figs. 25 to 31 are structural sectional views and plan
view of other package forms of DRAM packages embodying
the invention. With.reference to these figures, the
following description is provided about the package

form, manufacturing method and features of the DRAM
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term nal Dout, respectively, of the DRAM package, and address input pads
AO to Al3 are connected in conmon to address input termnals AOto A-13,

‘respectively, of the DRAM package. 4 As start control signals, a
row address strobe signal RASB (as fo A i nversi on signal or inversion
signal line whose level is rendered |low when it is made effective, the
mark "B" is attached to the end of the nane, and this will apply also in

the following) and a colum address strobe signal CASB, as well as a wite
enabl e signal WEB, are fed to the DRAM sub chips A and B

packages, including modifications. These examples place
no limitation on concrete shape and size of the package
as well as in what order the bonding pads are to be
arranged.
1.4.1. Outline of Lead Laminated Type Package

This 128M DRAM package basically comprises two
64M DRAM sub chips A (lA: first semiconductor chip) and
B (1B: first semiconductor chip), as mentioned

previously. As shown in Pig. 15, these sub chips are

mounted opposedly to each other on both sides of a lead

frame 3 which serves as wiring means. The lead frame 3

comprises inner leads 3A in the interior of the package
and outer terminals or leads 3B in the exterior of the
package. That is, the lead frame 3 as wiring means has
a structure which is substantially integral with
external terminals of the package. The DRAM package
after sealing is a so-called SOJ type package, having
outer dimensions of 300 mils in short side and 850 mils
in long side, as shown in Fig. 14. Fig. 15 corresponds
to a structural sectional view taken on line A-B of the
plan view of Fig. 14, while Figs. 16 and 17 correspond
to cut-away plan views taken along lines C-D and E-F in
the structural sectional view of Fig. 15. It goes
without saying that in the following structural

sectional views, including Fig. 15, the sectional views

R
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fromexternal termnals RASB and CASB as well as WEB through correspondi ng
bondi ng pads. An X address signal X13 as a chip selection signal is fed
froman address input term nal Al3 TH%%Ugh a correspondi ng bondi ng pad,
and an external source voltage VCCis fed fromtwo external termnals VCC
and VCC2 t hrough correspondi ng bonding pads VCCO and VCC2. Further, an
earth potenti al

of the sub chips 1A and 1B are taken in the short side
direction of the sub chips.

In Fig. 15, the sub chip 1A is connected to
inner leads 3Ra of one lead frame (first lead frame)
through an insulating £ilm 4 of polyimide sandwiched in
between adhesive layers of a thermoplastic polyimide.
This lead frame is made integral with the external
terminals or outer leads 3B of the DRAM package without
being cut. Plural bonding pads provided centrally of Y
axis of the sub chip 1A in a straight line form are
connected to corresponding inner leads 3Aa through
bonding wires 5. .As shown in Fig. 16; the inner leads
are separated into relatively short inner leads 3Al
which are provided correspondingly to ordinary external
terminals and relatively long inner leads 3A2 for the
supply of source voltage and earth potential provided
between externals VCCl and VCC2 and between external
terminals VSS1 and VSS2. The inner leads 3Al are used
for bonding to inputting or outputting pads, while the
inner 1eads 3A2 are used for the supply of source
voltage and earth potential and for bonding to mode
setting pads F1-F3 and TC. Thus, in this package, the
source voltage and earth potential can be supplied in
any desired positions through the inner leads 3A2, so it

is possible to shorten the source voltage or earth
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- 16 - of the circuit is fed fromexternal termnals VSSI and VSS2
t hrough correspondi ng bondi ng pads VSSL and VSS2. The external source
voltage VCC is set at a positive volTage™like +5V for exanple, and as w ||
be described later, it is dropped by a voltage dropping section of each
of the sub chips A and B, then serves as a source voltage for the
operation of each sub chip. 1.1.2. Chip Selecting Mthod

potential feed lines to suppress power source noises and

attain speed-up of the operations of the DRAM sub chips

1A and 1B. As the bonding wires 5 there are used

aluminum, gold-or copper wires or coated wires obtained

by coating the surfaces of such metal wires with an

insulating resin. For the bonding between inner leads

and pads there is adopted a conventional method used for

LOG type packages, and the bonding is effected by a’

bonding method comprising both pressure bonding under

heating and ultrasonic vibration. 1In a LOC type
package, the inner leads 3A can be extended freely
without being restricted by the'shape of the'DRAM sub
chips 1A and 1B, so the sub chip size can be increased
accordingly; in other words, the package size can be
reduced.

On the other hand, the sub chip 1B is
connected to inner leads 3Ab of the other lead frame
(second lead-frame) also through the insulating £ilm 4.
Though not specially limited, this lead frame.is cut
along the outer edges of the sub chips 1A and 1B and
connected to corresponding inner leads 3Aa of the lead
frame which corresponds to the sub chip 1A. Thus,
according to the package form of thié package, two
opposed lead frames are cut and bonded, so this package

is named a lead laminated type package. The inner leads

[
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When-t he row address strobe signal RASB and the columm address strobe
signals CASB are nade lowin level, the sub chips A and B are sel ectively
brought into a selected state, and thegeperati on node thereof is set in
accordance with a logical level of the wite enable signal WEB. To the
address input termnals AO Al2 are fed X address signals X0-XI 2 in
synchronismwith the trailing edge of the row address strobe signal RASB,
while Y address signals YO-Y12 are fed in synchronism wth the trailing
edge of the columm address strobe signal CASB, as shown in Fig. 2.

3Ab may be cut outside the sub chips 1A and 1B and
inside a resin sealed type packége 2, as shown in Fig.
18. As mentioned previously, bonding péds of the sub
chips 1A and 1B are arranged centrally of the Y axis, or
the lond side, in a straight line form. For the bonding
of the sub chips 12 and 1B, therefore, predetérmined.
external terminals of the sub chips are connected to
left~ and right-hand inner leads 3Aa, 3Ab, respectively,
.Q;' . in the sub chips 1A and 1B for examp;e‘ Such different
| bondings in the sub chips 1A and 1B permit overlapping

of leéds of corresponding functions when the sub chips
- 1A and 1B are lapped together in oppoéed relation to

each other. '

The sub chips 1A and 1B thus bonded together
through the lead frames are sealed with a molding resin

2. As the molding resin 2 there is used an epoxy resin

incorporating therein a phenolic curing agent, a
silicone rubber and a filler for attaining a reduced
stress of the package. The silicone rubber functions to
decreasé the elastic modulus and the coefficient of
thermal expansion of the epoxy resin. The filler, which

is formed as spherical silicon oxide particles, also

functions to decrease the thermal expansion coefficient.
In a predetermined position of the package there is

formed a cut-in portion serving as an index ID. The
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In this enbodi nent, noreover, the selected state of the sub chip A and
that of the sub chip B are selectively designated in accordance with a

logical level of the chip selection siggal, i.e., the X address signal
X13. More specifically, when the level of the X address signal X13 is nade
|l ow, the | evel of an internal - 17 -

package is designed so that the cut portion of the lead
frame corresponding to the sub chip 1B and the portion
thereof bonded to the lead frame corresponding to the
sub chip 1A are located in the interior of the resin—
sealed package, i.e.,_the molding resin 2, whereby the
said lead frame cut portion and bonded portion can be
protected and hence it is possible to enhance the
durability of the DRAM package.

1.4.2. How to Produce Lead Laminated Type Package

The 128M DRAM package of this embodiment is
produced through the following processes.
(1) Bonding to Pellet o

The sub chips 1A and 1B are bonded to the
correéponding inner leads 3ARa and 3Ab through the
insulating f£film 4. As shown in Fig. 19, the insulating

film 4 is of a three-—-layer structure wherein polyimide

is sandwiched in between adhesive layers of a
thermoplastic polyimide. The insulating film 4 is
heated and pressurized in advance by means of a heater
press, then bonded to the inner leads 3Aa or 3Ab and
thereafter bonded to the ﬁub chip 1A or 1B by a heat
press 20.
(2) Wire Bonding

Next, as shown in Fig. 20, there is performed

a bonding processing between the bonding pads arranged

__________—_____,__,__
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control signal CSin the sub chip Ais made high to select the sub chip A
I n the DRAM package, as indicated by splidline in Fig. 2. On the other
hand, when the Ilevel of the X address signal X13 is nmade high, the |Ievel
of an internal control signal CSin the sub chip B is rendered high to
select the sub chip B, as indicated by dotted line in Fig. 2. Thus, the
64M DRAM sub chips A and B are selected in an alternative manner, with the
result that the DRAM package possesses a menory capacity

centrally of the Y axis or the long side of the sub
chips 1A, 1B and the inner leads 3Aa, 3Ab. The inner
leads 3Aa and 3Ab are each bent beforéhand in a
direction away from the corresponding sub chip. After
completion of the bonding, the sub chip 1B bonded to the
inner leads 3Ab is inverted onto the sub chip 1A bonded
to the inner leads 3Aa, whéreby the two sub chips 1A and
1B are opposed to each other on both sides of the lead

. frames and the inner leads corresponding to eaéh other
come into contact with each other. -

(3) Cutting and Bonding of Leads

For mutual contact of the cdrresponding leads,
the inner leads 3Ab superimposed on the inne; leads 3Aa
are cut in the outer edge position of each sub chip by a
YAG laser beam 22 emitted from a laser device 21 and at
the same time they are welded to the inner leads 3Aa.
Now, the corresponding leads of the inner leads 3Aa and
3Ab are connected together electrically.

(4) Sealing

The sub chips 1A and 1B thus laminated
together opposedly with the lead frames put therebetween
are then sealed with the molding resin 2, as shown in
Fig. 22. At this time, the cut portions of the inner
leads 3Ab and the bonded portions thereof to the inner

leads 3Aa are protected within the molding resin 2,
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twce that of each sub chip, nanely, 128 nega x 1 bit. Since the sub chips
A and B are selected alternatively, the power consunption of the DRAM
package is relatively small, correspondﬁ g to the power consunption of one
of the two sub chips. 1.2. Qutline of DRAM Sub Chips Fig. 3
tabul ates a standard specification of 64M DRAM sub chi ps which constitute
t he DRAM package of Fig. 1; Fig. 4 is a block diagram show ng an exanpl e
thereof; Fig. 5 is a substrate |ayout view of the 64M DRAM sub chip shown

in Fig. 4, and Fig. 6 is an address
whereby the entry of water, etc. through the bonded

portions is prevented and hence it is possible to
enhance the durability of the DRAM package.
(5) Lead Forming

In the package thus sealed with the molding
resin 2, as shown in Fig. 23, the outer leads 3B of the
lead frame corresponding to the sub chip 1A are formed
by a predetermined pressing machine to obtain a DRAM
package 1 of the so-called SOJ structure.
1.4.3. Lead Frame and Inéulating Film

The lead frames used in the lead laminated
type package of this embodiment are désigned so that the
distance between adjacent inner and outer leads 3A, 3B
is almost equal throughout the lead frames, as shown in

Fig. 24.  As a result, the parasitic capacity between

leads is unified, the amount of noise induced between
, leads is suppressed, and the signal transfer time as the
q DRAM package is shortened accordingly.

On the other hand, the insulating f£ilm 4 used
for bonding between the sub chips 1A, 1B and the inner
leads'BA is cut in the shape of a comb along Ehe inner
leads 3Al,_as indicated by oblique lines in Fig. 24.

The thérmal expansion coefficient of the insulating film
is relatively gfeatly different from that of the

semiconductor substrate which forms each sub chip or the
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" allocation diagramin the same sub chip. Wth reference to these figures,

the followi ng description is now provided about a concrete configuration
and specification of the 64M DRANIsub‘%%rps A and B which constitute the
DRAM package of this enbodi mrent as well _ ' - 18-

lead frame. Therefore, in the case where the
substantial bonding area of the insulating film is
large,'the bonded portion of the insulating film may Be
peeled off by expansion and contraction caused by |
temperature changes over a long period. By cutting the
insulating film 4 in the shape of a comb along the inner
leads 3Al to reduce its substantial bonding area, it is
made possible to suppress the separatién of the
insulating film and enhéncé the durability and
reliability of the DRAM package.
1.4.4. Other Package Forms

There may be adopted such modified forms of
128M DRAM packages as shown in Figs. 25 to 31. 1In Fig.
25, the back side of a sub chip 1B is bonded to the
upper surface of a lead frame 3A1 coated with an

insulating film 4 of a polyimide resin, while to the

lower surface of the lead frame 3A1 is bonded the
surface side of a sub chip 1A. At this time, the sub
chip 1B and the inner leads 3Al, as well as the inner
leads 3Al and the sub chip 1A, are shifted from each
other by a predétermined distance required for wire
bondiﬁg. The;eafter, the inner leads 3A1 and the sub
chip 1A are wire-bonded together according to the LOC

technique, and the inner leads 3Al and the sub chip 1B

are wire-bonded by a conventional method.
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. as an address selecting nethod and an outline of operation. In the

description of this chapter there wll be nade no distinction between the
sub chips A and B because both are bg§g§aLly of the same configuration.
1.2.1. Standard Specification he 64M DRAM sub chips in this
enbodi mrent can each take three kinds of bit configurations which are 64
megawords x 1 bit (hereinafter referred to sinply as, for exanple, "64
mega x 1 bit"), 16 nega x 4 bits and 8 nega x 8 bits because bonding to
predeterm ned pads is

On the other hand, as shown in Fig. 26, when
the lower sub chip 1A and the inner leads 3Al are bonded
together using solder bumps 10, it is not necessary to

" substantially shift the sub chips 1A and 1B in the
3 manner described above.
In the foregoing lead laminated type package,
the two lead frames corresponding to the sub chips 1A
and 1B can be extended up ﬁo the outer leads 3B without

being cut, as shown in Fig. 27. In this case, for

retaining the durability of the DRAM package, it is
necessary to prevent the ingreés of water, etc. through
the lead frame bonded portion. |

In the case where it is possible to realize a
lead frame which permits two sub chipsllA and 1B to be
arrahged side by side on the same plane, as shown in

Fig. 28, there can be formed such a DRAM package as

shown in Fig. 29 by bending the lead frame along a fold

line upon completion of bonding and wire bonding of

those sub chips. In this case, the backs of the sub
chips 1A and 1B are bonded and fixed using an insulating

film 4 of a polyimide resin, followed by sealing with a

molding resin 2.
Further, as shown in Fig. 30, the sub chips 1la
and 1B can each be bonded to a lead frame as a circuit

board through solder bumps 6, as shown in Fig. 30. As
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X~'~E;EEGFgaﬂ;;]ectively, as shown in Fig. 3. Wien the sub <chip has a bit

| configuration of 64 mega x 1 bit, the address space thereof is designated

¢ .alternatively by the 13-bit X address signals X0-X 2 and Y address signals !
Y0-Y12 in the manner described above.~Gi the ot her hand, when the sub chip j
has a bit configuration of 16 mega x 4 bits, the address space thereof is
designated alternatively by the 13-bit X address signals X0-X12 and
11-bit Y address signals YO-Y10. Further, when the sub <chip has a bit
configuration of 8 nega x 8 bits, the address space thereof is designated
alternatively in

shown in Fig. 31, moreover, it is also possible to
realize a DRAM package comprising four sub chips by
stacking two pairs of sub chips 1A, 1B and 1C, 1D bonded
according to the lead laminated packaging method, in the
direction perpendicular to the sub chip surfaces and
then connecting corresponding leads of the lead frames
in common. Also in this case, for enhancing the
durability of the DRAM package it is_desiiable that the

'-+-ﬁ cut portion of the lead frame correspondihg to the sub
chip 1C and the bonded portion thereof to the lead frame
cor;esponding to the sub chip 1A be located in the
interior of the molding resin 2. -
1.5. Bonding Options of DRAM Sub Chips

Fig. 32 is a list relating to bonding options
of 64M DRAM sub chips to which the-invention is applied.

Figs. 33 to 38 are connection diagrams of pads of the

128M DRAM packages illustrated in Fig. 1 and Figs. 8 to

12. With reference to these figures, the following

description is provided about bonding options of the
DRAM sub chips and the connection of pads therein. The
pad connection diagrams of Figs. 33 to 38 are for

explaining the relation of connection between pads and

leads, placing no limitation on concrete arrangements

and sizes of pads and leads.
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accordance with the 13-bit X address signals X0-X12 and
signals YO-Y9. Thus, in the 64Msub <chips in this enbodi nent, a row
address space is always designated_by,13-bit X address signals, and a

refresh

In each of the 64M DRAM sub chips according to
this embodiment there are provided four bonding pads Fl-
F3 and TC for setting the bit configuration thereof and
conditions for chip selection. As is apparent from Fig.
32, the pads Fl and F2 are used for setting the bit

configuration of each DRAM sub chip; the pad TC sets

whether the DRAM sub chips are to be accessed

selectively or_simultaneously; and the pad F3 ié used
for setting on which logical level of the X address
signal X13 as a chip selection signal the DRAM sub chips
are to be brought into a selécted state in the case
where the sub chips are accessed seleétively. In the
initial state of the sub chips the pads F1-F3 and TC are
brought into a non—-connected state NC (No Connect) not
connected to any of the leads, and if necessary, they
are wire-bonded selectively to an inner lead 3A2 for the
sdbply of source voltage, or a source voltage supplying
lead VCC.

When the pads Fl and F2 are both connected to
the source voltage supplying lead VCC, the associated
DRAM sub chip has a bit configuration of 64M x 1 bit and
inputs or outputs storage data in the unit of 1 bit
through data input pad Din or data output pad Dout. At
this time, as shown in Fig. 33, when the pad TC is

connected to the source voltage supplying lead VCC, the

10-bit Y address
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H"cycle thereof is unified to 8 kilo ("kilo" is assunmed equal to the tenth
power of 2 herein) cycle with a period of 64 ns (mllisecond = 1/1000

second) . As the package fogmof the 64M DRAM sub chip there is
adopted a so-called SO (Small Qut-line J-bend) type package, and an
external size thereof is set at 300 ml x 80 ml| (ml| = 1/1000 i nch)

though it is not specially limted. A maximumof 32 pins, or external
termnals, are provided in the package. For the sub chip there is adopted
an address nmultiplex nmethod as nentioned previously, and a row address

{ thereof ISb chip is activated selectively in accordance with the

chip selection signal, i.e., X address signal 13. Thus,
the illustrated sub chips correspond to the sub chips A
(1A) and B (1B) which constitute the DRAM package of
Fig. 1. When the pad F3 is connected to the source
voltage supplyiﬁg lead VCC, the sub chip is brought into

a selected state selectively on condition that the  level

of the X address signal X13 is a low level, while when
the pad F3 is brought into the unconnected state NC, the
sub chip is brought into the selected state selectively
on condition that the level of the X address signal X13
is a high level H. The data input pads Din of the sub
chips A and B are connected in common to leads
corresponding to data input terminals Din of the DRAM
package, while the data output pads Dout are.connected
in common to leads corrésponding to data output
terminals Dout of the DRAM package.

On the other hand, as shown in Fig. 34, when
the pads F1 and F2 are both connected to the source
voltage supplying leads VCC and the pad TC is brought
into the non—connected state NC, thé associated sub chip
has a bit configuration of 64M x 1 bit and is held in
the selected state irrespective of the logical level of
the X address signal X13. Thus, the sub chips

correspond to the sub chips A and B which constitute the

—_—
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ﬁfﬁdesignated by 13-bit X address signals X0-X12 irrespective of bit
- configuration. Therefore, the nunber of pins used as address i nput
‘termnals is fourteen, including thesd address signal X13 serving as a

- chip selection signal, irrespective of the bit configuration of the sub

chip. On the other hand, when the sub chip has a bit configuration of 64 i

' nega X 1 bit, wite data and read data are inputted or outputted in the

t er m nal

unit of one bit through the data input terminal Din or the data output

Dout, as noted previously. Wen the sub chip has a bit

Configuraléﬁﬂmoﬁaé@aﬂggéhéwﬂ_in Fig. 8. At this time, the data

input and output pads DPin, Dout of the sub chip A are
connected respectively to leads corresponding to data
input and output terminals Din0, Dout0 of the DRAM
package, while the data input and output pads Din, Dout
of the sub chip B are connected respectively to leads
corresponding to daté input and output terminals Dinl,
Doutl of the DRAM package.

When the pad F1 is connected to the source

voltage supplying lead VCC and the pad F2 is brought

into the non-connected state NC, the associated DRAM sub
chip has a bit configuration of 16M x.4 bits and inputs
or outputs storage data in the unit of 4 bits through
data input-output pads DIO0 to DIO3. At this time, as
shown in Fig. 35, once the pad TC is connected to the
source voltage supplying lead VCC, the sub chip is
activated selectively in accordance with the X address
signal X13. Thus, the sub chips correspdnd to the sub
chips A and B which constitute the DRAM péckage shown in
Fig. 9. Further, when the pad F3 is connected to the
source voltage supplying lead VCC, the associated sub
chip is brought into a selected state selectively on
cbndition that the level of the X address signal X13 is
a low level L, while when the pad F3 is brought into the

non—connected state NC, the sub chip is brought into the

I
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bits or 8 mega x 8 bits, wite data and read data are .inputted our
outputted in the unit of 4 or 8 bits__through conmon data I nput - out put
terminals DIQ0 to DI OB - 55 - - 20 - or
DIC0 to DIO7. At this time, an output enable signal

seiected state selectively on condition that the level
of the X address signal X13 is a high level H. The
input-output pads DIO0-DIO3 of the sub chips A and B are
respectively connected in common to leads corresponding
to.the data input-output terminals DIO0-DIO3 of the DRAM
package.
On the other hand, as shown in Fig. 36, when
the pad F1 is connected to the souice voltage supplying
" lead VCC and the pads F2 and TC are_brought into'the
non—-connected state NC, the associated sub.chip has a
bit configuration of 16M x 4 bits and is held in the
selected state. Now, the sub chips c&rrespond to the
sub chips A and B which constitute the DRAM package
shown in Fig. 10. At this time, the data input-output
pads DIO0-DIO3 of the sub chip A‘afe connected
respectively to leads corresponding.to the data input;
output terminals DIO0-DIO3 of the DRAM package, while |
‘. | the data input-output pads DICO-DIOB of the sub chip B
are coﬁnected respectively to leads corresponding to the
data input-output terminals DIO4-DIO7 of the package.
Further, when the pads F1 and F2 are both
brought into the non-connected state NC, the associated
DRAM sub chip has a bit configuration of 8M x 8 bits and
inputs or outputs storage data in the unit of 8 bits

through the input-output pads DIO0-DIO7. At this time,
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OCEB for setting an output timng of read data is fed to the sub chip, and
t he nunber of pins provided for the supply of start control signals or
clocks is four. Consequently, the toggl_ nunber of pins used in each sub
chipis 23 in the bit configuration of 64 mega x 1 bit, 26 in the bit
configuration of 16 mega x 4 bits, 32 in the bit configuration of 8 nega x
8 bits. The 64M DRANIsub chips are each provided with a
predeterm ned test node and a parallel test function of conparing and
collating 8-bit storage data read out sinultaneously, with given expected

val ue dat%;';ﬁé%n in Fig. 37, when the pad TC is connected to the

source voltage supplying lead VCC, the sub chip is
activated selectively in accordance wiﬁh the X address
signal X13. Now, the sub chips of this DRAM package
correspond to the sub chips A and B which.constitute the.
DRAM package illustrated in Fig. 11. Further, when the
pad F3 is connected to the source voltage supplying lead
VCC, the associated sub chip is brought into a selected

state on condition that the level of the X address

signal is a low level L, while when the pad F3 is
brought into the non;connected state NC, the sub chip is %
brought into the selected state on coﬁdition that the

level of the X address signal is a high level H. The

data input—output pads DIO0-DIO7 of the sub chips A and

B are respectively connected in common to leads

corresponding to the input-output terminals DIO0-DIO7 of

_ the DRAM package.

ib As shown in Fig. 38, when the pads Fl, F2 and

| TC are brought into the non-connected state NC, the
associated sub chip has a bit configuration of 8M x 8
bits and is held in the selected state. Now, the sub
chips of this package correspond to the sub chips A and
B which constitute the DRAM package illustrated in Fig.
12. At this time, the data input-output pads DIO0~DIO7
of the sub chip A are connected respectively to leads

—_—
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said test node. At this tine, the results of the parallel test are
~outputted in coomon fromall the output or input-output termnals. On the
sub chips are each provided with a™hPdgh-speed col um node, or Fast Page
node, as well as Static Colum node and Ni bble node, for continuously
I nputting or outputting storage data with respect to plural nenory cells
connected to selected word lines. N bble node is made effective when the:
sub chip has a bit configuration of 64 nmega x 1 bit, and it inputs or
outputs a maxi num of 32 bits of storage data continuously. Fast Page node
and St ati cca@otespending to the data input—-output terminals DIOO-
DIO7 of the DRAM package, while the data input-output
pads DIO0-DIO7 of the sub chip B are connected
respectively to leads corresponding to the data input-
output terminals DIO8-DI15 of the package.
1.6. Concrete Methods for the Selection of Chip
Fig. 39 is a circuit diagram of the X address
buffer 205 included in the 64M DRAM sub chip embodying
!- the invention, and Pigs. 40 to 44 are block diagrams and
timing charts illustrating other chip selecting methods

in DRAM package. With reference to these figures, the

following description is provided about concrete chip
selecting methods in the 64M DRAM package. In each of
the circuit diaérams of the figures which:follow, the
MOSFET (a metal oxide semiconductor type field effect
transistor; the term "MOSFET" is used herein as a
generic term for insulated gate type field effect
transistors) with an arrow attached to Ehe channel (back
gate) portion is a P-channel type and is distinguished
from an N-channel MOSFET with an arrow not attached
thereto. |
1.6.1. Selective Activation Method and Configuration of
X Address Buffer.
The chip selection for the 64M DRAM sub chip

of this embodiment is substantially determined

X\
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mode are rade effective in any bit configuration and can
- 21 - | nput or output a naxinun1o% 8K bits, i.e., 8192 bits,
continuously. 1.2.2. Block Configurafi -

selectively in accordance with the logical level of the
internal control signal CS which is outputted from the X
address buffer 205. The logical level of the internal
control signal CS is set selectively iﬁ accordance with
i | the logical level of the X address signal X13 and
whether the bonding relating to the bonding pads TA and
F3 is executed or not.
) As shown in Fig. 39, the pad TC is connected
* to a corresponding input circuit IC3_of the mode setter
223, and the level of an outpﬁt signal, or an internal
control signal TCD, from the input circuit IC3 is made
high or low selectively according to éhe state of
bonding. More specifically, when the pad TC is brought
into the non-connected state NC, the 1e§e1 of the
internal control signal TCD is made low, while when the
pad TC is connected to the source voltage supplying lead
: VCC, the level of the internal control signal TCD is.
‘." made high. Likewise, the pad F3 is connected to a
corresponding input circuit IC2 of the mode setter 223,
and the level of an output signal, or an internal
control signal CSA, from the input circuit IC2 is made
low when the pad F3 is brought into the non-connected
p' state NC, while when the pad F3 is connected to the
source voltage supplying lead VCC, the level of the

internal control signal CSA is rendered high. The

—_—
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The 64M DRAM sub chips in this enbodi rent have each a nenory array 201 as
a basic configuration wherein the addLQ§§_§pace conprises 8K, or 8192, row
addresses and col um addresses, as shown in Fig. 4. This nenory array

i ncl udes 8192 word |ines disposed substantially in parallel with the
vertical direction in the same figure and corresponding to the row
addresses and 8192 sets of conplenentary bit |ines disposed in parallel
with the horizontal direction and corresponding to the colum addresses.

At the intersecting _points of these word I|ines and conplenentary bit |ines
there are di $pse&gal control signals TCD and CSA are fed to the X

address buffer 205.

- The X address buffer 205 includés an input
circuit ICl having an input terminal connected to an
address input pad Al3. The input circﬁit ICl is brought
into a transfer state selectively when the level of a

row address strobe signal RASB and that of an internal

. control signals RASO are made high, and it takes in the
quf chip selection signal, i.e., the X address signal X13,
which is fed time-sharingwise through the address input
pad X13. An output signal from the input circuit ICl is
fed as an internal signal X13 to one inputLterminal of a
selector SELl, while at the same time, after being
inverted by an inverter, the thus-inverted output signal
is fed as an inverted internal signal X13B to the other

input terminal of the selector SELl. To a first control

terminal of the selector SEL1l is fed the internal
control signal CSA from the mode setter 223, while to a
. second control terminal thereof is fed an output signal,
or an internal signal RCS, from a NOR gate NOl. |

To one input terminal of the NOR gate NOl is
fed.an internal control signal CASl which is formed in
accordance with a column address strobe signal CASB,
while to the other input terminal thereof is fed an

output signal from a NAND gate NAl. To a pair of input
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" 8192 x 81

shape. Th
descri bed
is actual
di vi ded

descripti
t he menor

92, or 67108864, i.e., 64M dynamc nenory cells in a lattice
us, the sub chip has a nenory capacity of 64 negabits. As will be
|ater, a menory array in ggach DRAM sub chip of this enbodi nent

ly divided into four nenory bl ocks, which are each further

nto four mats each consisting of four sub arrays. The foll ow ng
on on the block configuration will be nmade on the assunption that
y array is a single nmenory array.

terminals of the NAND gate NAl are fed inverted internal
control signals RASOB and RAS1B which are formed on the
basis of the row address strobe signal RASB. As a
result, the level of the output signal Irom the NAND
gate NAl is rendered high selecﬁively when the levél of
either the inverted internal control signal RASOB or
RAS1B is made low, while the level of the output signal
from the NOR gate NOl, i.e. the internal signal RCS, is

rendered low selectively when the level of the output

.signal from the NAND gate NAl or that of the internal

control signal CAél is made high. 1In other wdrds,
during the period in which the DRAM sﬁb chips are held
in an unselected state and also during the period from
the time when the DRAM sub chips are brought into a
selected state until when the level of the inverted
internal control signal RASOB or RAS1B is made low or
that of the internal_control signal CAS1l is made high,
the level of the ;nternal control signal RCS is kept
high, while it is rendered low while the DRAM sub chips
are substantially held in a selected state.

When the level of the internal signal RCS is
made high, the selector SELl1l is brought into a transfer
state, while when the level of the internal signal RCS
is rendered low, the selector SELl is brought into a

non~transfer state. In the transfer state, when the

—
This Sheet H;

LT



- 22 - The word lines which constitute the nmenory array 201
are connected to an X address decoder 203 through a word driver 202.
Predet ermi ned predecoded signals are-f@®d-to the X address decoder from an
X predecoder 204, and also fed thereto is an internal

level of the internal control signal CSA is low, the
selector SELl1 further inverts the inverted internal
signal X13B and transfers the thus-inverted signal to a
latch circuit LT1 which follows, while when the level of
the internal control signal'CSA is high, the seiector'
SEL1l inverts the internal control signal X13B and
" transfers the thus—-inverted signal to the latch circuit.
Thus, when the pad F3 is brought into the non-connected
state NC, the selector SELl further inverts the inverted
internal signal X13B, i.e., an inverted signal of the X
address signal -X13, and transfers the thus-inverted
signal to fhe latch circuit LT1; in o£her words, the X
address signal X13 is transferred to the latch circuit
LT1 directly without being inverted. When the pad F3 is
bonded to the source voltage supplying 1ead‘VCC, the
selector SEL1l inverts the internal signal X13, i.e., the
X address signal X13, and transfers it to the latch
circuit LT1. The X address signal X13 transfer
operatipn of the selector SELl is stopped upon lapse of
a predetermined time after the DRAM sub chips are
brought into a selected state and when the level of the
internal signal RCS is made low.

The latch circuit LT1 is brought into a latch
form selectively in accordance with an inverted signal

of the output signal from the NAND gate NAl, i.e., an

N



control signal XDG froma RAS2 cl ock generator 210. To the X predecoder
are fed internal address signals BX0- BX12 froman X address buffer 205,
and also fed thereto is an internal co@®rol signal CS which is forned on
the basis of the X address signal X13. Further, X address signals X0-X13
are fed to the X address buffer tine- sharingw se through address input
pads AO0-Al13, and also " fed thereto are internal control signals TCD and CSA
froma node setter 223. The X address buffer 205 takes therein
‘the X address signals X0-X13 which are fed tine-sharingw se '
: inverted internal signal RSB. More specifically, the

latch circuit LTl is brought into a latch form
selectively when the level of the inverted internal
signal RSB is made low, in éther words, upon lapse of a
predetermined time after the DRAM sub chips were brought
into a seiected state; In this state the latch circuit

LT1 holds the internal signal X13 or inverted internal

signal X13B transferred through the selector SELl. An
ocutput signal from the latch circuit_LTl is fed to one
input terminal of a NAND gate NA2. To the other input
terminal of the NAND gate NAZ2 is fed the output signal
from the NAND gate NAl, i.e., internal'signal RS. An :
output signal from the NAND gate NA2 is outputted

" through a transfer gate TGl which receives the internal
control signal TCD at a control terminal thereof and
further fhrough one inverter, and serves as an internal
control signal CS. An outpuE terminal of the trasnfer
gate TGl is connected to an earth potential of the
circuit through an N-channel MOSFET which receives at a
gate thereof an inverted signal of the internal control
signal TCD.

Thus, the internal signal X13 or inverted

internal control signal X13B held by the latch éircuit

" LTl is transmitted to the transfer gate TGl on condition

that the level of the internal signal RS and that of the
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_.through the address input pads AO-Al3, and on the basis of these X address
signals the X address buffer forns 1lgg Lnternal address signals BX0-BX12
.and the internal control signal CS. The internal control signal CSis fed
to the X predecoder 204, RAS2 clock generator 210, wite anplifier 218 and
data output buffer 221 and is used as a so-called chip selection signal

for operating these blocks selectively. In this-enbodinment, as will be
described later, a logical condition for nmaking the

internal control signal TCD are made high, in other
words, on condition that the level of the row address
strobe signal RASB is made iow and the pad‘Té is bonded
to the source voltage supplying lead VCC. The internal
signal X13 or inverted internal signal X13B thus
transferred serves as the internal control signal CS.
That 1s, the level of the internal control signal CS is
| kept low while the level of the row address strobe

!‘i signal RASB is high, and upon lapse of a predetermined
T time after the level of the row address strobe signal
RASB was made low, the level of'the internal control
signal CS is rendered high or loﬁ seléctively in
accordance with the X address signal X13 on éondition
that the pad TC is bonded to the source voltage
supplying lead VCC. That is, when the pad F3 is in the
unconnected state NC, the level of the internal control
signal CS is renderedlhigh on condition that the level
of the inverted internal signal X13B is low, in other
words, on condition that the level of the X address
signal 213 is high, while when the pad F3 is bonded to
the source voltage supplying lead VCC, the level of the
internal cbntrol signal CS is rendered high selectively
on condition that the level of the ihternél signal X13
is low, in other words, on condition that the level of

the X address signal X13 is low. As a result, the
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- 23- | evel of the internal control signal CS high is changed over
sel ectively by sel ective execution_ gf4 bonding to the internal control
signals CSA and TCD, i.e., pads FI to F3 and TC. As to these bonding
options, see "1.5. Bonding Options of DRAM Sub Chi ps." The X
predecoder 204 decodes the internal

internal control signal CS is formed in accordance with
the conditions illustrated in Fig. 32 and can determine
conditions for the selection of the paired sub chips
which constitute the DRAM package.

In the DRAM sub chips of this embodiment, the
internal control signal CS is formed selectively in
accprdance with the X address signal Xl3, as mentioned
above, and this X address signal X13 is fed at a
relatively quick timing in synchronism with the trailing
edge of the row addreés strobe signal RASB. As
indicated at @ in Fig. 4, the internal control signal
CS can be utilized for causing the forﬁation of the
internal control signal XDG to be executed selectively
by the RAS2 clock generator 210, causing the selection
of word lines to be executed selectively by the X
address decoder 203 and thereby activating each sub chip
selectively. In the case wheré there is a further
. margin in the input timing of the X address signal X13,

it is also possible to operate the X predecoder 204
selectivély in accordance with the internal control
.signal CS, as indicated at O in Fig. 4, and cut down
another 10% or so the power consumption of the sub chip
which is rendered inactive. On ﬁhe other hand, in the
case where there is no margin in the input timing of the

X address signal X13 or when a chip selection signal is
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address signals BX0-BX12 fed fromthe X address buffer 205, in conbination
of two or three bits at a tine to formgpredeterm ned predecoded signals.
These predecoded signals are fed to the X address decoder 203 and sone of
them are used for activating the nenory bl ocks, mats and sub arrays
selectively. The predecoder 204 is operated selectively in accordance with
the internal control signal CS fed fromthe X address buffer, whereby the
wast e operating current is cut down when the sub chip is brought into an

unsel ected state and thus the reductio ower consunptigQn of the DRAM
package is i art 3% the column I}:ldres g¥§n§i, 1]31,(§ _

address signal, the two sub chips which constitute the
DRAM package must be activated simultaneously, and_in
this case either the storage data inputting operation of
the write amplifier 218 or the ouﬁputting operation of
the data output buffer 221 can merely be done
selectively, as indicated at @ in Fig. 4.

1.6.2. Other Chip Selecting Methods

* In the 64M DRAM package of the above
embodiment, the chip selection signal for selectively
accessing a pair of DRAM sub chips is fed as the X
address signal X12, and the number of address input
terminals is substantially increased by one. A method
for coping with this increase may be optimizing the.
number of external terminals of the DRAM package by
setting the number of bits of the X and Y address
signals so as to be equal to ééch oﬁher, including the
'ibb chip selection signal. 1In this case, it is necessary
that the DRAM package should be constituted by the kth
power of sub chips having an address space comprising
ith power of 2 of row addresses and the i-kth power of 2
of column addresses, or the i-kth power of 2 of row
addresses and the ith power of 2 of column addresses.

Thus, the sub chips are accessed selectively in
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The X address decoder 203 conbi hes the predecoded signals fed fromthe X
predecoder 204 to form selection sign (§_for sel ecting correspondi ng word
lines of the nmenory array in an alternative manner. These selection

signals are transferred to corresponding word |ines of the nenory array
t hrough the word driver 202, whereby the corresponding word |ines are
brought into a predeterm ned selection |evel. As wel|l known, when the

accordance with the difference, k bit, between row and
column address signals.

In the embodiment illustrated in Fig. 40, the
address space of the DRAM package comprises the first
power of 2, namely, two 32M DRAM sub chips A and B which
are selectively designated by X address signals X0-X11
of i-1 bits or 12 bits and Y address signals YO—Y12 of.i
bits or 13 bits, and the chip selection signal is fed to
the DRAM package as X address signal_XlZ of the most

significant bit. At this time, as shown in Fig. 41, the

X address signals X0-X11l and the X address signal X12 as
the chip selection signal are fed in éynchronism'with
the trailing edge of the row address strobe signal RASB,
while the Y address signals Y0-Y12 are fed in
synchronism with the trailing edge of the column address
strobe signal CASB. Since the internal control signal
CS can be formed at a relatively quick timing, it

becomes possible to activate the sub chips A and B

selectively in accordance with the internal control
signal CS. Consequently, it is possible to attain the
reduction of power consumption of the DRAM package while

optimizing the number of external terminals of the

package.
On the other hand, in the embodiment

illustrated in Fig. 42, the address space of the DRAM
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istate all

L the word lines are brought into the selection |evel, the 8192
“menory cells connected to the word lines are brought into the sel ected
together, and the data hel d-tfferein are outputted to the

‘corresponding conplenentary bit lines. If these data are left as they

are, they will be destroyed, but their signal anplitudes are anplified to
a predeterm ned | evel by corresponding unit anplifier circuits of the
sense anplifier 206,

package comprises the first power of 2, or two, 32M DRAM
sub chips designated selectively by X éddress'signals
X0-X12 of i bits or 13 bits and Y address signals Y0-Y1l1l
of i-1 bits or 12 bits, and the chip selection signal is
fed to the DRAM package as Y address signal Y12 of the
most significant bit. At this time, as shown in Figs?
43 and 44, the X address signals X0-X12 are fed in
synchronism with the trailing edge of the row address
strobe signal RASB, while the Y éddress signals ¥Y0-Y1l
and the Y address signal Y12 as the chip selection
signal are fed in synchronlsm w1th the trailing edge of
the column address strobe 51gna1'CASB. As a result, the
internal control signal CS is formed selectively at a
relatively slow timing and so it is impossible to
activate the sub chips A and B selectively in accordance
with the internal control signallcs. In this case, the
storage data inputting and outputting operations can be
executed selectively by formiﬁg the internal control
signal WP fed to the write amplifier 218 or the internal
control signal DOC fed to the data output buffer 221,
selectively in accordance with the chip selection
signals i.e., Y address signal Y12.
1.7. Evaluation

In the DRAM package described above there is

adopted a so-called double chip package method wherein a

-
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whereby the data are rewitten into the corresponding nenory cells. In the
DRAM sub chi ps, when the 8192 unit anplifier circuits of the sense

anplifier 206 are operated all togetle&r~ a relatively |arge operating
current is required. Therefore, whether each sub chip is activated or not
I's judged by whether the sense anplifier is brought into an operating
state or not, in other words, whether the word line selecting operation
is perforned or not. Heedless to say, it is inportant in reducing the
power consunption that the sub chip which is brought into an unsel ected

state be NPisjc configuration comprises a pair of DRAM sub chips
disposed opposedly on both aides of a lead frame serving
as wiring means. These sub chips are activated
selectively in accordancé with the X or Y address signal
of the most significant bit which is fed as a chip
selection signal, or execute the storage data inputting

or outputting operation selectively. As a result, the

following effects can be attained.

QE' (1) There can be realized.an effective chip
- mounting method capable of mounting plural sub chips of
the same size without sacrificing the heat radiation .
characteristic of the package and the product yield.
(2) 1It is possible_to attain a large
capacity and low power consumption of the DRAM package
while suppressing the increase of the package size.

(3) As compared with a package comprising a
single DRAM chip and of about the same packége size, it
is possible to realize a DRAM package having a memory
capacity plural times that of such 51ngle chip package,
and thus the limit of memory capacity in DRAM chips,
etc. can be expanded.

(4) In the case where a package is
constituted by a single'semiconductor chip, a signal is
transmitted with a relatively large delay time which is

determined by resistor R and parasitic capacity C, as
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activated. However, at sone particular input timng of a chip selection
signal there arises the case where t two sub chips which constitute the
DRAM package nust be activated at atine. In this case, only the storage

data inputting or outputting operation is executed selectively by the

wite anplifier 218 or the dat a

shown in Fig. 45, while in the case where a package is
constituted by k number of sub chips and these sub chips
are activated selectively, as shown in Fig. 46, the
resistor R and'parasitic capaéity C can substantially be
cut down to 1/k, so the delay time as the package can be
substantially reduced to one per the second power of k
and the operating speed thereof can be made high.

(5) Since the bonding pads of the paired sub
chips are arranged centrally in a st;aight line form
along the X or ¥ axis of the semiconductor substrate
surface, a planar symmetry thereof can be realized
easily and it is possible to utilize the bonding
according to the conventional LOC techniqué.

(6) .Since the paired sub chips are bonded to
the corresponding lead frames and fhereafter these.sub
chips and lead frames are laminated together, a double
chip package system can be realized eésily by using the
1‘! conventional wire bonding technique.

(7) In the case of laminating the lead frames
together, one lead frame is cut and bbnded to the other
lead frame and the cut and bonded portions are protected
in the interior of a sealing resin, so it is possible to
prevent the entry of water, etc. and thereby enhancing

the durability of the package.
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out put buffer 221 in accordance with the internal control signal CS

Next, the conplenentary bit lines of the nenory array are connected to the
corresponding unit anplifier circuit+s7®f-the sense anplifier 206 and
further connected to a cormon |10 line 217 through corresponding sw tches
MOSFETs. The sense anplifier 206 includes 8192 unit anplifier circuits
provided in corresponding relation to the conplenentary bit |ines of

(8) Since plural pairs of sub chips each
laminated through the lead frames are stacked in the
direction perpendicular to the surface thereof and the
corresponding leads of the lead frames are connected in
common, it is possibie_to laminate pldral pairs of sub
chips easily and promote the attainment of a large
package capacity.

(9) Since the address space of éach memory
package is constituted by kth power of 2 of memory sub
chips designated selectivély in accordance with row
address signals of i-k bits and column address signals
of i bits, or réw address signals of i bits and column
address signals of i-k bits, and these sub chips are
activated selectively in accordance with the differences

k bit, between the row and column address signals, it is

&
E: )

possible éo optimize the number of external terminals
while promoting thé reduction of power consumption of
each memory package coﬁprising plural sub chips.

(10) Since the insulating film for bonding a

sub chip and a corresponding lead frame with each other

is cut in the shape of a comb along the leads of the
lead frame, it is possible to reduéé the substantial

g ' bonding area and prevent the separation of the

: insulating film caused by changes of temperature. As a

result, it is possible to enhance the packaging
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the menory array and the sane nunber of switch MOSFET pairs. The unit
anplifier circuits of the sense anplifier are operated selectively and all
together by a predeterm ned internal ‘control signal (not shown) fed from
the RAS2 cl ock generator 210. In this operating state, the unit anplifier
circuits anplify fine read signals which are outputted through the
corresponding conplenentary bit lines of the nenory array 201 fromthe
8192: nenory cells connected to the selected word Iines, to provide binary
read signals of high or lowlevel. On the other hand, to the switch MOSFET
pairs of tdffbeimrcy of a memory system or the like including a

DRAM package as a basic configuration and thereby

promote the reduction of cost thereof.

2. 64M DRAM Package using Partial Chips

Embodiments have been described above with

respect to 128M DRAM packages wherein a large capadity

as package and low power consumption are promoted by the

combination of so-called full chips having address

spaces all capable of functioning normally. "The double

chip package system according to the present invention

can also be used as means for the relief partial chips

by combining so-called partial chips each having an

address space capable of partially functioning normally

to constitute a DRAM package.

2.2. 64M DRAM Package Using Two 64M DRAM Partial Chips

Accessed Selectively
Fig. 47 is a block diagram éhowing a first

*‘i ' example of a 64M DRAM package according to the present
invention. Figs. 48 and 49 are partial circuit diagrams
showing an X address buffer 205 and a mode setter 223
which are included in the DRAM package of Fig. 47. Figq.
53 is a list of connections, showing bonding options of
64M DRAM partial chips which constitute the DRAM package

of Fig. 47. With reference to these figures, the

following description is now provided about an outline

—_—
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anplifier are fed bit selection signals fromthe Y address decoder 207.
These MOSFET switches are turned ON selectively when the correspondi ng bit
line selection signals are rendered HTJ@ in level, to selectively

- 26 - '

of the DRAM package of this embodiment and a concrete
chip selecting method. In these figures, the 64M DRAM
partial chips which constitute the DRAM package
basically follow the 64M DRAM sub chips which constitute
the foregoing 128M DRAM package. Further, as in the
case of the 128M DRAM package, a pair of parﬁial chips
constituting the DRAM package’aré mounted according to
the double chip package method. In the block diagrams -
of these figures, moreover, the portions which are not
normal are indicated by oblique lines.
2.1.1. Block Configuration

As shown in Fig. 47, the 64M.DRAM package of
this embodiment is constituted basically by two 64M DRAM
partial chips A and B wherein one half of each row
address space can function normally. The portion of
each partiai chip capable of functioning normally is not
specially limited, but it is a portion designated by a
" low address side, or X address signal X12, in the row
address space when the levél of the signal is made low.
Address input pads A0 to Al3 of the partial chips A and
B are connected in common to corresponding address input
terminals A0 to Al3 of the DRAM package, and data input
pads Din and data output pads Dout thereof are connected
in common to a data input terminal.Din and a data output

terminal Dout of the DRAM package.

—_—
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connect the correspondi ng conplenentary bit lines of the nenory array with
the common 10 |ine 217. To the Y address decoder 207 are fed
predecoded signals froma Y predecoder 208 and also fed is an internal
control signal YDG froma CAS cl ock 'g@@erator 213. To the Y predecoder 208
are fed internal address signals BYO-BY12 froma Y address buffer 209,
while to the Y address buffers 209 are fed Y address signals YO-Y12
ti me-shari ngwi se through the address input pads AO-Al2. The Y
address buffer 209 takes therein the Y _ '

In addition of the mode setting pads of the
64M DRAM sub chips in the previous embodiment, the
partial chips A and B are each provided with three mode
setting pads PTA, PTX and PTY. As shown in Fig. 53, the
pads PTX and PTY are normally held in an unconnected
state NC and are selectively bonded to a source voltage
supplying lead VCC when the row or column address space
of each partial chip partially functions normally. On
{"i the other hand, the pad PTA is bonded to the source
voltage supplying lead VCC in a normal condition of thé
portion which is designated by a low address side, or X
address signal X12 or Y address signal Y12, in the row
or column address space when the level of the signal is
made low, and the pad PTA is brought into the non-

connected state NC in a normal condition of the portion

which is designated by a high address side, or X address

signal X12 or Y address signal ¥12, when the level of
b the signal is rendered high. As in the foregoing 128M

DRAM package, bonding_pads TC and F3 are used for

selectively activating the partial chips A and B or for

setting chip selecting conditions selectively.

In Fig. 47, the pads PTA and PTX of each of
the partial chips A and B are both bonded to the source
voltage supplying'lead VCC, while the pad PTY is brought

into the non-connected state NC. In each partial chip,

%
H
%
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addr ess signals YO-Y12 which are fed time-sharingwi se through the address
i nput pads AO-Al2, then on the basis of these Y address signals it forns
i nternal address signals BYO-BY12 aﬁd7§prIies themto the Y predecoder
208. The Y predecoder 208 decodes the internal address signals BYO-BY12 by
conbining themin the unit of two or three bits at a tine to form '
predeterm ned predecoded signals and supplies these predecoded signhals to
~the Y address decoder 207, which-in turn conbines these predecoded
. signals to make the level of the corresponding bit line selection signals
t high in an therefore, as will be described later, the level of an :
internal address signal BX12 is rendered low forcibly
and the row address space on the low address side
capable of functioning normally is designated steadily.
On the other hand, in the partial chips A and B, the
pads TC are both bonded to the source wvoltage supplying
lead VCC, and the pad F3 on the partial chip A side is
connected to the lead VCC, while the pad F3 on the
h! partial chip B side is brought into the non-connected
state NC, whereby the level of an internal control
signal CS in the partial chip A is rendered high on
condition that the level of the X address signal X12 is
low, and the level of an internal control signal CS in
the partial chip B is rendered high on condition that
the level of the X address signal X12 is high.
| i Thus, the partial chips A and B function
‘.‘ substantially in the same manner as the 64M DRAM sub
: chips A and B which constitute the foregoing 128M DRAM
package shown in Fig. 1 except that their memory

capacity is halved to 32 megabits. As a result, the

DRAM package of Fig. 47 function as a so—-called 64M DRAM

package. In this case, as is apparent from Fig. 47, the
DRAM package has an interface which is just the same as
that of a 64M DRAM package constituted by a single 64M

DRAM chip wherein all the address spaces can function
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.alternative manner . The comon 10 line 217 for connecting
desi gnated conplenentary bit |ines gf the nmenory array
-27- 201 selectively is connedPed to an out put term nal of

normally. The refresh cycle is also 8K cycle/64 ms, and

it is also possible to conduct a parallel test. This
indicates that this DRAM package comprising two partial
chips can be substituted for the 64M DRAM package
comprising one full chip and that the double chip
packaging method is effective in subétantially improving
the product yield of 64M DRAM chips.
2.1.2. Selectively Activating Method and_Configuration
of X Address Buffer _

In Fig. 48, the pads F3, TC, PTA and PTX of
each partial chip aré connected to input terminals of
corresponding input circuits IC2-IC5 iﬁ the mode settef
223, and their output signals, or internal control
signals CSA, TCD, PAD and PXD, afe rendered high or low
in level selectively. More specifically, the internal
control signals CSA, TCD, PAD and PXD are made low in
level when the corresponding pads F3, TC, PTA and PTX
are brought into the non-connected state NC, and they
are made high in level when the corresponding pads are
bonded to the source voltage supplying lead VCC. The
internal control signals CSA, TCD, PAD and PXD are fed
to the X address buffer 205. On the other hand, the
address input pad Al2 is connected to an input terminal
of an input circuit IC6 of the X address buffer 205, as i

shown in Fig. 48. The input circuit IC6 is brbught into
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the wite anplifier 218 and al so connected to an input termnal of a ma
amplifier 220. An input terminal of_ de wite anplifier 218 is connected
to an output termnal of a data input buffer 219, while an input term:
of this data input buffer is connected to the data input, pad Din. To thé
wite anplifier 218 is fed the internal control signal CS and also fed is
an internal control signal WP froma W clock generator 215. On the other
hand, an output termnal of the main anplifier 220 is connected to an

iznput termnal of the data qutput buffer 221, and an qytput term nal of
tthe a transfer state selectively when the level of an

internal control signal RASO is made high, and it

transmits the X address signal X12 which is fed time~

R L e

sharingwise through the address input pad Al2, to one
input terminal of a selector SEL2. The other input_ {
terminal of the selector SEL2 is connected to an output .
terminal thereof through an inverter to form a latch
circuit. Further, an internal control signal XL is fed
to a control terminal of the selectog SEL2. As a
result, the selector SEL2 is brought info a transfer
state on condition that the level of the internal
control signal XL is made low, and it is brought into a
latch form when the level of the internal control éignal
XL, is rendered high} An inverted output signal from
this latch circuit is inverted by an inverter into.an
internal signal X12, while a non—inverted output signal
from the latch circuit is inverted by an inverter into
an inverted internal signal X12B.
The inverted internal signal X12B outputted
from the selector SEL2 is fed to one input terminal of a
NAND gate NA5 through a transfer gate TG2, while the
internal signal X12 is fed to the other input terminal
of a selector SEL3 which will be described later and is
also fed to one input terminal of a NAND gate NA6

through a transfer gate TG3. To control terminals of
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data out put buffer 221 is connected to the data output pad Dout. To the
data out put buffer 221 is fed an internal control signal DOC fromthe CAS
cl ock generator 213. When 7tzhe DRAM sub chi ps are each brought
into a selected state in the wite node, the data input buffer 219
transfers wite data fed through the data input pad Din, to the wite
anplifier 218. The wite anplifier 218 is operated selectively when the
DRAM sub chip is brought into a selected state in the wite node ‘and the
internal controls signals CS and WP are nade '

the trasnfer gates TG2 and TG3 is fed the internal
.control signal PXD. Further, an internal control signal
AG is fed in common to the other input terminals of the
NAND gates NAS and NA6. As a result, the inte:nal
signal X12 and the inverted internal siénal X12B are
transmitted to one input terminals of the corresponding
ﬁAND gates NA5 and NA6 on condition that the level of
the internal control signal PXD is made 1qﬁ, and further
it becomes the inverted internal control signal BX12B or
internal address signal BX12 on condition that the level
of the internal:control signal AG is rendered high.
Between one input terminals 6f the NAND gates
NAS5, NA6 and the source voltage and earth pbtential of
the circuit there are provided level sétting circuits
LSl and LS2 each comprising a pair of P and N channel
MOSFETs which receive in a predetermined combination an
output signal or an inverted signal_thereof.from a NAND
i, ‘gate NA3 or NA4. To one input terminal of the NAND gate
NA3 is fed the internal control signal PAD, while an
inverted signal thereof is fed to one input terminal of -
the NAND gate NA4. To thelother input terminals of the
NAND gates NA3 and NA4 is fed the internal control
signal PXD in common. As a result, when thé level of
the internal control signal PXD is rendered low, one
input terminals of the NAND gates NA5 and NA6 assume a
[ ——————
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high in level. In this operating state, the wite anplifier forns a
predeterm ned conpl enentary wite - 28 -
signal on the basis of the wite dajq transferred from the data input

buf fer 219 and wites it into one '

level conforming to the level of the inverted internal o
signal X12 or the internal signal X12 which is fed
through the transfer gate TG2 or TG3, while when the
level of the internal control signal PXD is rendered
high, the said one input terminals are rendered high ©OF
low in level selectively aﬁd forcibly in accordance with
the internal control signal PAD.

That is, when the level of the internal

control signal PAD is made low, the level of the output
signal from the NAND gate NA4 becomes low and the N
channel MOSFET of the level setting circuit LSl and the
P channel MOSFET of the level setting-circuit LS2 are
turned ON simultaneously. Consequently, the level of

one input terminal of the NAND gate NA5 is made lov.

while the level of one input terminal of the NAND gate
NA6 is made high. As a result, the leQel of the
inverted internal address signal BX12B is made lo¥/, |
while the level of the internal address signal B%X12 is |
kept high. On the other hand, when the level of th# i
internal control signal PAD is rendered high, the level )
of the output signal from the NAND gate NA3 becomes low,

and the P channel MOSFET of the lével setting circuit

LS1 and the N channel MOSFET of the level setting

circuit LS2 are turned ON simultaneously. Therefores

is

w

the level of one input terminal of the NAND gate HA

S
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selected nmenory cell in the nenory array 201 through the common IO line 3
217. On the other hand, when the DRAM sub chip is brought into a selected
state in the read node, the maip_anplifier 220 further anplifies a read
signal which is outputted througﬂ9tﬁe common 1O line 217 fromone sel ecte§
menory cell in the nenory array 201, and transfers it as read data to theg
data out put buffer 221. The data output buffer 221 is operated selectivel g
when the DRAM sub chip is brought into a selected state in the read node
and the level of the internal control signal DOC is made high. In this
operating state, the
rendered high, while the level of one input terminal of

the NAND gate NA6 is rendered low. As a result, the
level of the internal address signal BX1l2 is made low

forcibly, while the level of the inverted internal

address signal BX12B is kept high. That is, in each
partial chip, as shown in Fig. 53, the level of the
internal address signal BX12 is rendered high forcibly
on condition that the pad PTX is bonded to the source
voltage supplying lead VCC and the pad PTA is brought
iﬁto the non-connected state NC, while it is rendered
low forcibly on condition that the pads PTX and PTA are
both bonded to the source voltage suppiying lead VCC.
When the pad PTX is brought into the non-connected state
NC, the level of the internal address signal BX1l2 is
rendered high or low in accordance with the X address
signal X12.

Next, the address input pad Al3 is connected
to an input circuit IC1l of the X address buffer 205, as
shown in Fig. 49. The input cifcuit IC1 is brought into
a transfer state selectively on condition that the level
of the internal control signal RASO is rendered high,
and it transfers an X address signal X13 which is fed
time-sharingwise through the address input pad Al3, to
one input terminal of the'sélectér SEL3 as an internal
signal X13. To the other iﬁput terminal of thé selector

-_
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data output buffer 221 transmits the read data provided fromthe main
anplifier 220 to the exterior of the sub chip through the data output pad
Dout. Thus, in the DRAM sub chip“tﬁ this enbodinment, the wite anplifier
218 and the data output buffer 221 are operated selectively I n accordance
with the internal control signal CS serving as a chip selection signal
whereby the storage data inputting or outputting operation is executed
sel ectively. ' The DRAM sub chip is further provided with, as
conponents of the control circuit, RAS buffer 212, RAS

SEL3 is fed the internal signal X12, and to a control

terminal of the selector SEL3 is fed an internal signal

PX, i.e., the internal control signal PXD.
Conseqﬁently, when the level of the internal control

signal PXD is made low, the selector SEL3 transfers the

o A et ————

internal signal X13 as an inverted internal signal X123B
to a selector SEL4, while whén.the level of the internal
control. signal PXD is rendered high, the selector SEL3
transfers the internal signal X12 as an iﬁverted
internal signal X123B to the selector SELA4.

The inverted internal signal X123B is fed to
one input terminal of the selector SEﬁ4 and at the same
time, after inversion by an inverter, it is fed to the
qther input terminal of the selector SEL4. To a first
control terminal of the selector SET4 is fed the
internal control signal CSA from the mode setter 223,
while to a second control terminal thereof is fed an
output signal or an internal signal RCS from a NOR gate
NOl. Thus, the selector SEL4 substantially fulfills the
same function as the selector SELl1 shown in Fig.39 and
transfers the inverted internal signal X123B or an
inverted signal thereof to a latch circuit LT1
selectively as an internal signal PCS in accordance with
the internal control signals CSA and RCS. The NAND

gates NAl, NA2, NOR gate NOl, latch circuit LT1 and

_—
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cl ock generator 211, RAS2 cl ock generator 210, CAS - 29-

buf fer 214, CAS clock generator 213, WE buffer 216 and VEE cl ock
generator 215, as well as node sett 8l 223 and vol t age dropping section
222. To the RAS buffer 212 is

transfer gate TGl shown in Fig. 49 6orrespond directly
to the NAND gates NAl, NA2, NOR gate NO1l, latch circuit
LT1 and transfer gate TGl, respectively, illustrated in
Fig. 39 and fulfill the same functions.

In the same manner as in Fig.39, when the
level of the internal control signal PXD is rendered
low, the level of the intermal control signal CS is made
high or low selectively in accordance with the X address
signal X13, while when the level of Fhe internal control
signal PXD is rendered high, the level of the internal
control signal CS is made high or low selectively in
accordance with the X address signal xiz. That is, when
‘the internal control signals TCD ahd CSA are rendered
high in level, the level of the internal control signal
CS is brought into the same logical level as that of the
X address signal X12 and is rendered high selectively on
condition that the level of the X address signal 12 is
high. On the other hand, when the level of the internal
control signal TCD and that of the internal control
signal CSA are made high and low, respectively, the
level éf the internal control signal CS is brought into
an inverted logical level of the X address signal X12
and is rendered high selectively on condition that the
level of the X address signal X12 is low. ' Thus, as

shown in Fig. 53, when the pad TC is bonded to the
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fed a row address strobe signal RASB through the input pad RASB, and an

out put signal fromthe RAS buffer 21 Is fed to the RASI cl ock

generator 211. An output signal®>fromthe RASI clock generator is fed
to the RAS2 cl ock generator 210 and also fed to predeterm ned

portions of the sub chip. Further fed to the RAS2 cl ock generator 210
Is the internal control signal CS, and an out put signal Fromthe RAS2
cl ock generator 210 is fed as an internal control signal XDGto the X
addr ess decoder 203 and also fed to predeterm ned portions of t he

sub chi pso@aceheobhsge esippRyingwleddr ¥€€ endofyhe pad PTX is in
the non-connected state NC, each partial chip is brought
into a selected state selectively in accordance with the
X address signal X13, while when the pads TC and PTX are
both bonded to the source voltage supplying lead VCC,
each partial chip is brought into the selected state
according to the state of bonding of the pad ?TA and
upon receipt of the X address signal X12 which is either
high or low in level.
2.2. 64M DRAM Package Using Two 64M DRAM Partial Chips
Accessed Simultaneously

Fig. 50 is a block diagram showing a second
example of a 64M ﬁRAM package according to the present
invention. Figs. 51 and 52 are partial circuit diagrams
showing a Y address buffer 209 and a mode sétter 223
which are included in the DRAM package of Fig. 50. Fig.
53 is a list of connections, showing bonding options of
64M DRAM partial chips which constitute the DRAM package
of Fig. 56. With reference to these figures, the
following description is now provided about an outline
of the DRAM package of this embodiment and a concrete

~ method for selective IO execution.

2.2.1. Block Configuration

As shown in Fig. 50, the 64M DRAM package of

this embodiment is constituted basically by two 64M DRAM
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signal RASB inputted through the RAS buffer 212 the RAS cl ock

generator 211 and the RAS2 cl ock genegat or 210 form various internal
control signals necessary for the word |ine selecting operation and the
control of the sense anplifiers 206. As nentioned previously, the o
operation of the RAS2 cl ock generator 210 is controlled by the internal
control signal CS. As a result, the operations of the X address decoder
203, word driver 202 and sense anplifier 206 are executed sel ectively,

whereby the sub_chip is activated selectively. _
partial chips A and B wherein one half of each column

address space can function normally. The portion of
each partial chip capable of functioning normally is not
specially limited, but it is a portion designated by a

low address side, or Y address signal Y12, in the column

address space when the level of the signal is made low.
Address input pads A0 to Al3 of the partial chips A and
B are connected in common to corresponding address input
terminals A0 to Al3 of the DRAM package, and data input
pads Din and data output pads Dout thereof are connected
in common to a data input terminal Din and a data output
terminal Dout of the DRAM package. -

In Fig. 50, pads PTA and PTY of ea#h of the
partial chips B and B are both bonded to a source
voltage supplying lead VCC, while a pad PTX is brought
into a non-connected state NC. In each partial chip,
therefore, as will be described later, the level of an’
g internal address signal BY12 is rendered low forcibly
and the column addresé space on a low address side
capable of fundtioning normally is deéignated steadily.
On the other hand, in the partial chips A and B, pads TC
are brought into the non-connected state NC, and a pad
F3 on the partial chip A side is bonded to the source
voltage supplying lead VCC, while a pad F3 on the

partial chip B side is brought into the non-connected

_—
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- 30- On the other hand, to the CAS clock generator 213 is fed
a colum address strobe signal CASBg4tbrough -the input pad CASB, and an

out put signal fromthe CAS clock generator 213 is fed to the Y address
decoder 207 and the data output buffer 221 as internal control

state NC. As a result, in the partial chip A, as will
be described later, the level of an internal control
signél WP for selectively executing a storage data
outputting operation of a write amplifier 218 or the
level of an internal control signal DOC for selectively
executing a storage data outputting operation of a data
output buffer 221 is rendered high on condition that the
level of the Y address signal Y12 is low, while in the
partial chip B, it is rendered high on condition that
the level of the Y address signal Y12 is high.

Thus, the partial chips A and B function
substantially in the same manner as tht 64M DRAM sub
chips A and B which constitute the foregoing 128M DRAM

. package shown in Fig. 1 except that their memory
‘capacity is halved to 32 megabits} As a result, the
DRAM package of Fig. 50 function as a so—-called 64M DRAM
package. In this case, as is apparent from Fig. 50, the
DRAM package has an interface which is just the same as
that of a 64M DRAM package constituted by a single 64M
DRAM chip-wherein all the address spaces can function
normally. The refresh cycle is also 8K cycle/64 ms.
This indicates that this DRAM package can be substituted
for the 64M DRAM package comprising one full chip and
that the substantial product yield of the 64M DRAM chips

can be improved. In this embodiment, a parallel test
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signals YDG and DOC, respectively, and also fed to predeterm ned portions
of the sub chip. On the basis of the columm address strobe signal CASB
i nputted through the CAS buffer 214 BRe~CAS clock generator 213 forms
various internal control signals necessary for the conplenmentary bit line
selecting operation and for the control of the main anplifier 220 and data
output buffer 221. Likewise, to the W buffer 216 is fed a wite enable
signal VEB through the input pad WEB, and an output signal fromthe WE
buffer 216 is fed to the WE clock generator 215. Further, an output signal
fromthe for the storage data in each sub chip is executed in the
unit of four bits, so the time required for parallel
test in the entire DRAM package is twice that required
in the 64M DRAM package comprising one full chip.
2.2.2., Method for Selective IO Execution and-
Configuration of V Address Buffer
In Fig. 51, the pads F3, TC, PTA and PTY of
each partial chip are connected to input terminals of
!? corresponding input circuits IC2-IC4 and IC7 in the mode
. setter 223, and their output signals, or internal
control signals CSA, TCD, PAD and PYD, are rendered high
or low in level selectively. More speeifically, the
internal centrol signals CSA, TCD, PAD and PYD are made
low in level when the corresponding pads are F3, TC, PTA
and PTY are brought into the non-connected state NC, and
they are made high in level when the corresponding pads
are bonded to the source voltage supplying lead VCC.
The internal control signals CSA, TCD, PAD and PYD are
fed to the Y address buffer 209..
On the other hand, the address input pad Al2
is connected to an input terminal of an input circuit
IC6 of the Y address buffer 209. The input circuit IC6
is brought intola transfer state selectiﬁely when the
level of an internal control_signal RASO is rendered
high, and it transmits the Y address signal Y12 which is

\
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WE cl ock generator 215 is fed as an internal control signal WP to the
wite anplifier 218 and also fed +@6 predeterm ned portions of the sub
chip. On the basis of the wite enable signal WEB inputted through the WE
buffer 216 the WE cl ock generator 215 fornms an internal control signal VE,
etc. necessary for the control of the wite anplifier 218, To
the node setter 223 are fed a predeterm ned node control signals through
the pads FI-F3 and TC, and

fed time-sharingwise through the address input pad Al2,
to one input terminal of a selector SEL5. The other
input terminal of the SELS5 is connected to an output
terminal thereof through an inverter to form a latch
circuit. Further, an internal control signal YL is fed
to a control terminal of the selector SEL5. As a
results the selector SEL5S is brought into a transfer
" state on condition that the level of the internal
control signal YL is rendered low, apd it is brought
into a latch Form when the level of the internal control
signal YL is rendered high. An inverted output signal
from the this latch circuit is inverted by an inverter
into an internal signal Y12, while a non-inverted signal
from the latch circuit is inverted by an inverter into
an inverted internal signal Y12B.

The inverted internal signal Y12B outputted
from the selector SRL5 is fed to a first ihput terminal
of a NAND gate NAl2 which will be described later and is
also fed to one input terminal of a NAND gate NA9
through é transfer gate TG4. Likewise, the internal
signal Y12 is fed to a first input terminal of a NAND
gate NAll which will be.deSCribed later and is also fed
to one input terminal of a NAND gate NAlO through a
transfer gate TGS. Té control terminals of the transfer

gates TG4 and TGS is fed the internal control signal
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- 31- out put signals fromthe node setter 223 are fed as interna
control signals CSA and TCD to the X address buffer 205. On the basis of

t he node control signals fed through Q%é‘pads FI -F3 and TC the node setter
223 forms various internal control signals for setting the bit
configuration of the sub chip and chip selecting

PYD. Further, an internal control signal AG is fed in

common to the other input terminals of the NAND gates

NA9 and HAl0. As a result, the internal signal Y12 and
§1 the inverted internal signal Y12B are transmitted to one
: input terminals of the corresponding NAND gates NA9 and
NAlO on condition that the level of the internal control

signal PYD is rendered lows and further it becomes an

inverted internal address signal BY12B or internal
address signal BY12 on condition that'the level of the
internal control signal AG is rendered high.

Between one input terminais of the NAND gates
NA9, NAlO and the source voltage and éarth potential of

the circuit there are provided level setting circuits

LS3 and LS4 each comprising a pair of P and N channel
MOSFETs which receive in a predetermined combination an
output signal or an inverted signal thereof from a NAND
gate NA7 or NA8. To one input terminal of the NAND gate
*.' NA7 is fed the internal control signal PAD, while an
inverted signal thereof is fed to one input terminal of
the NAND gate NA8. To the other input terminals of the
NAND gates NA7 and NAB is fed the internal control
signal PYD in common. As a result, when the level of
the internal control signal PYD is rendered low, one
input terminals of the NAND gateé NA9 and NAl0 assume a

level conforming to the level of the inverted internal
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conditions. On the other hand, the voltage dropping section 222 fornms a
predeterm ned internal source voltagegy/C on the basis of external source -
vol tages VCC fed through the source voltage input pads VCCO and vCC2, and
supplies it as an operating power to various portions of the sub chip. The
I nternal source voltage VCL is set at a positive voltage of a relatively
smal | absol ute val ue such as +3.3V for exanple. 1.2.3. Basic Layout

In each of the 64M DRAM sub chi ps according to this enbodi nent, the nmenory

array 201'§%§%£T(¥T¥§'gf)the internal signal Y12, while when the

i pbbt e

level of the internal control signal PYD is made high,
the said one input terminals ére rendered high or low in
level selectivéiy and forcibly in accordance with the
internal control signal PAD.

That is; when the level of the internal
control signal PAD is made low, the level of the NAND

gate NA8 becomes low and the N channel MOSFET of the

level setting circuit LS3 and the P channel MOSFET of
the level setting circuit LS4 are turned ON
simultaneously. Consequently, the level of one input
terminal of the NAND gate NA9 is renderedwlow, while the
level of one input terminal of the NAND gate NAlO is
made high. As a result, the level of the inverted
internal address signal BY12B is rendered lbw-forcibly,
while the level of the internal addréss signal BY1l2 is

kept high. On the other hand, when the level of the

3" internal control signal PAD is made high, the level of
the output signal from the NAND gate NA7 becomes low,
and lthe P channel MOSFET of the level setting circuit
LS3 and the N channel MOSFET of the level setting
circuit LS4 are turned ON simultaneously. Therefore,
the level of one input terminal of the NAND gate NA9 is
rendered high, while the level of one input terminal of

the NAND gate NAlO is rendered low. As a result, the

 mimi




four menory bl ocks 0-3, which are further divided into four mats 0-3 each
consisting of four sub arrays 0-3. The sub arrays 0-3 constituting each
“menory block and mat are disposed Lgggextend the word lines in the _
direction of X axis of the sem conductor substrate surface, i.e., in the
shorter side direction, as shown in Fig. 5 and a sense anplifier (not
shown) is disposed between two adjacent sub arrays 0 and 1 and al so

bet ween B

level of the internal address signal BYl2 is made low
forcibly, while the level of the inverted internal
address signal BY12B is kept high. That is, in each
partial chip, as shown in Fig. 53, the level of the
internal address signal BY12 is rendered high forcibly
on condition that the pad PTY is bonded to thé source
voltage supplying lead VCC and the pad PTA is brought
into the non-connected state NC, while it is rendered
low forcibly on condition that the pads PTY and PTA are
both bonded to the source voltage supplying lead VCC.
When the pad PTY is brought.info the non-connected state
NC, the level of the internal address éignal BY12 is
rendered high or low in accordance with the Y address
signal Y12,

As shown in Fig. 52, the Y address buffer 209
further includes three 3-input NAND gates NAll-NAl3. To
the first input terminals of the NAND gates NAll and
‘ NAl2 are fed the internal signal Y12 and the inverted

internal signal Y12B, respectively, as mentioned

previously, while to the third'input terminals thereof
is fed the internal control signal PYD in common.
Further, the internal control signal CSA is fed to the
second inpuﬁ terminal of the NAND gate NAl2 and an
inverted signal thereof is fed to the second input

terminal of the NAND gate NAll. On the other hand, an

[
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- 32 - sub arrays 2 and 3. In corresponding relation td each of these
sense anplifiers there are prOV|d two sets of comon 10 |ines 217.
I nside the sub arrays 0-3 there ™ § e~ di sposed correspondi ng word driver 202
and X address decoder 203. The nmats 0-3 which constitute each nenory
bl ock form pairs each consisting of two mats, and a Y address decoder 207
I s di sposed between the mats of each :

output signal from the NAND gate NAll is fed to the

first input terminal of the NAND gate NAl3, and an

output signal from the NAND gate NAl2 is fed to the

second input terminal of the NAND gate NAl3. To the

third input terminal of the NAND gate NAl3 is fed the

internal control signal PYD. ‘An output signal from the

NAND gate NAl3 is fed as an internal control signal IOC

in common to one input terminal of. a NAND_gafe NAl4 in a

WE clock generator 215 and that of a NAND gate 15 in a

CAS clock generator 213. To the other input terminal of

the NAND gate 14 is fed an internal control signal WPI

which is formed by a front-stage circuit (not shown) in

the WE clock generator 215, while to the other input

terminal of the NAND gate 15 is fed an internal control

signal DOCI which is formed by a front-stage circuit

(not shown) in the CAS clock generator 213. An output

signal from the NAND gate NAl4 is inverted by an

inverter and then fed as the internal control signal WP

to the write amplifier 218. Likewise, an output signal

. from the NAND gate NAlS5 is inverted by an inverter and

then fed as the internal control signal DOC to the data

output buffer 221. The level of the internal control

signal WPI is rendered high temporarily at a

predetermined timing when the partial chips A and B are

brought into a selected state in the write mode, while
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bair. These Y address decoders are used in common by two nmats on bot h
sides, nanely, eight sub arrays. gn I nternmedi ate portion of each nenory
bl ock there is disposed a read- MWI? Tircuit including a wite anmplifier
218 and a main anplifier 220. Centrally in the direction of Y axis, |.e.,
in the |onger side direction, of the sem conductor substrate surface there
are disposed a plurality of bonding pads in a straight Iline form As wll
be described rater, the paired sub chips A and B which constitute the DRAM
package are nmounted in opposed relation to each other. By this

the level of the internal control signal DOC is rendered

‘high at a predetermined timing when the partial chips

are rendered into the selected state in the read mode.

Therefore, when the level of the internal

control signal PYD is made high, the level of the

internal control signal IOC is rendered high seiectively

on condition that the level of the internal control

signal CSA and that of the internal signal Y12 are

rendered low and high, respectively, or it is rendered

high selectively on condition that the level of the

internal control signal CSA and that of the inverted

internal signal Y12B are both made high. " In the case

where the level of the internal control signal PYD is

made low, the level of the internal control signal IOC

is made high steadily independently of the internal

control signal CSA, internal signal Y12 and inverted

internal signal Y12B. Further, on condition that the

level of the internal control signal IOC is made high,

the level of the internal control signal WP is rendered

high in accordance with an internal control signal WPI

and the level of the internal control signal DOC is made

high in accordance with the internal control signal

DOCI. That is, as shown in Fig. 53, when the pad PTY is

brought into the non-connected state NC, the partial

chips A and B execute the storage data inputting or
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central,
~symmetry of the bonding pads can be ensured but also the chip nounting

nmet hod based on the conventional LQCgflead On Chip) nethod can be appli ed.
The basic layout of Fig.5 does not restrict the |ayout size of each
portion or an absol ute nunber of bonding pads.

| i near arrangenent of the bonding pads, -not only a planar \5\%

outputting operation at a predetermined timing, but in
the case where the pad PRY is bonded to the source
voltage supplying lead VCC, the partial chips A and B
execute the inputting or outputting operation
selectively upon receipt of thé Y address signal Y12 of
high level when the pad F3 is brought into the non-
connected state NC, while when the pad F3 is bonded to
the source voltage supplying lead VCC, the partial chips
execute.the inputting or outﬁutting operation
selectively upon receipt of the ¥ address signal Y12 of
low level. '
2.3. Variations of 64M DRAM Package Uéing Partial Chips
In Fig. 54 there is illustrated a list of 64M
DRAM package products capable of being constituted on
the basis of two 64M DRAM partial chips.  Figs. 55 to 59

are block diagrams of the DRAM packages described in the

- product list of Fig. 54. With reference to these

figures, the following description is now provided about
the kind, configuration and outline of 64M DRAM packages
each capable of being constituted by two 64M DRAM
partial chips. 1In the block diagrams of Figs. 55 to 59
there are shown only normal portions of the partial
chips as well as address signals and signal lines
relating to input and output data.

2.3.1. Kind of 64M DRAM Packages Capable of Being
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- 33 - In this enbodi nent, though not specially 1limted,
the sub arrays 0-3 substantially include 512 word |lines and 2048 sets of

conplementary bit |ines, each havigy_a nenory capacity of 1 nmegabits. That
is, each mat has a nenory capacity of 1IMx 4 bits, i.e., 4 negabits, and
each nmenory bl ock has a nenory capacity of 4Mx 4, i.e., 16 negabits.

Thus, the DRAM sub chips each have a nenory capacity of 16Mx 4, i.e., 64

~

Constituted

The 64M DRAM chips in this embodiment can take
three kinds of bit configurations of 64M x 1 bit, 1l6M x
4 bits.and 8M x 8 bits because the bonding to pads Fl
and F2 is executed seléctively, as mentioned previously.
Further, since the bonding to pads PTA and PTX or PTY is
executed selectively, the row or column addréss space on
the low or high address side can function selectively
and partially in the unit of one half. Moreover, since
the bonding to pad TC is executed selectively, the
partial chips.are accessed selectively or
simultaneously, and since the bonding ﬁo pad F3 is
executed selectively, conditions for selective
activation or for selective IO execution are designated
selectively. By combining two partial chips of the same
bit'configuration and accessing thése partial chips
selectively or simultaneously there can be constituted
such seven kinds of 64M DRAM packages as shown in Fig.
54. As to the two kinds of DRAM packages having a bit
configuration of 64M x 1 bit, an explanation thereof
will be omitted because they correspond to the
embodiments illustrated in Figs. 47 and 50. Although in
all of these embodiments the row or column address space
on the low address side is normal, there may be made a

combination with the type wherein the row or column
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megabits. In this enbodinent, as indicated by hatched lines in Fig. 5,
when the DRAM sub chip is brought_igyo a selected state, four sub arrays
are activated sinmultaneously and two sets, a total of eight sets, of
conplenentary bit lines adjacent to the four sub arrays are connected
selectively to two sets, a total of eight sets, of common IO Ilines. That
Is, each read-wite circuit includes two, a total of eight, wite
anplifiers 218 and main anplifiers 220 which are provided in
correspondence to those compn 10O |lines. These wite anplifiers and nmain
anp|ifi§¢§rgp§ §parst ea the high address side is normal, or

with the type wherein the row or column address space is
normal on both low and high address sides.
2.3.2. Outline of Various DRAM Packages
(i) DRAM Package of 16M x 45 bits wherein two partial
chips of 16M x 4 bits each having a column address
space half of which is normal are accessed
_ simultaneously:

Such a 64M DRAM package of 16M x 4 bits as-
illustrated in Fig. 55 can be constituted by combining
two 64M DRAM partial chips A and B of 16M x 4 bits in
each of which one half of the column aédress'space can
function normally and then by accessing these partial
chips simultaneously. 1In this variation, 13-bit X
address signals X0-X12 and ll-bit Y address signals YO0-
Y10 are fed to address input pads A0-Al2 of the partial
chips A and B in cbmﬁon and time—sharingwise, and data
input-output pads DIO0 and DiOl of the partial chips are
connected to CO;responding data input-output terminals
DIO0-DIO3 of the DRAM package. An internal address
signal BY10 in each partial chip is fixed to the earth
potential of the circuit, and the ¥ addreés signal Y10
is substantially ignored. As a result, the partial
chips A and B are kept selected simultaneously and

execute storage data inputting and outputting operations
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predet er mi ned conbi nati ons, whereby the bit configuration of the DRAM sub

chip is changed over selectively. 1.2.4. Address Assignnent To
the DRAM sub chip are fed 13-bit X-ad8ress signals X0-X12 and Y address
signals Y0- Y12, as - - 34 -

in parallel. Consequently, the DRAM package has a bit

configuration of 16M x 4 bits and inputs or outputs 4-

bit storage data simultaneously. At this time, a

refresh operation for the partial chips A and B is

executed in a parallel manner and the refresh éycle as
the DRAM package is 8K cycle/64 ms.

{2) DRAM Package of 16M x 4 bits wherein two DRAM
partial chips of 16M x 4 bits each having a row
address space half of which is normal are accessed
selectively:

Such a 64M DRAM package of 16M x 4 bits as
shown in Fig. 56 can be constituted by-combining two 64M
DRAM partial chips A and B of 16M x 4 bits in each of
which one half of the row address space can function
normally and then by accessing these partial chips
selectivély. In this variation, 13-bit k address
_ signals X0-X12 and 1ll-bit Y address signals YO-YlO'are
iﬁ fed to address input pads A0-Al2 of the partial chips A
| and B in common and time-sharingwise. Data input-output
pads DIO0-DIO3 of the partial chips are connected in
common to corresponding data input-output terminals
DIO0-DIO3 of the DRAM package. The level of an iﬁternal
control signal CS in the partial chip A is rendered high
selectively on condition that the level of the X address

signal is made low, while the level of an internal
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menti oned above, and the address space of the sub chip is designated
selectively. In this enbodinent, %gugh not specially limted, the 512
word lines which constitute the Sub®arrays 0-3 are designated in an
alternative manner in accordance with 9-bit X address signals X0-X8, while
the 2048 sets of conplenentary bit I|ines are designated in an alternative
manner in accordance with 11-bit Y address signals YO-Y10, as shown in
Fig. 6. The four sub arrays 0-3 which constitute each nat are designated

in an alternative
control signal CS in the partial chip B is rendered high
on condition that the level of the X address signal X12
is made high. The level of an internal address signal
BX12 in each partial chip is fixed to the earth
potential of the circuit, i.e., low level. Thus, the
partial chip A is brought into a selected state
electively when the level of the X address signal X12 is
rendered low, and executes alone a storage data
inputting or outputting operation in;the unit of 4 bits.
The partﬁal chip B is brought into a selected state
selectively when the level of the X address signal X12
is rendered high, and executes alone a‘storage data
inputting or outputting operation in the unit of 4 bits.
As a result, the DRAM package has a bit configuration of
16M x 4 bits and it inputs or outputs 4-bit storage data
simultaneously. At this time, a refresh operation for
the partial chips A and B is executed selectively, but
since one half of the row address space of each partial
chip is normal, the refresh cycle as the DRAM package is
8K cycle/64 ms.
(3) DRAM Package of 16M x 4 bits wherein two DRAM
partial chips of 8M x 8 bits each having a column
address space half of which is normal are accessed

simultaneously:

—_—
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manner in accordance with 2-bit X address signals X9 and X10, while the
four mats 0-3 which constitute each ﬂennry bl ock are designated in an
al ternative manner in accordance With™l-bit X address signal X11 and Y

address signal YIl. Further, the four nenory blocks 0-3 are designated in
an alternative manner in accordance with 1-bit X address signal X12 and Y
address signal Yl12. As to the 2048 sets of conplenentary bit

lines which constitute each sub array, as nentioned above, two adjacent
sets are brought into a selected state sinultaneously, but are
substantial ly desi §nahed 6AMaPRAM package of 16M x 4 bits as

shown in Fig. 57 can be constituted by combining two 64M
DRAM partial chips A and B in each of which one half of
the column address space can function normally and then

by accessing these partial chips simultaneously. 1In

this variation, 13-bit X address signals X0-X12 and 10-
bit Y address signals Y0-Y9 are fed to address input
pads A0-Al2 of the partial chips A and B in common and
.time—sharingwisg, and data input—output pads DIO0-DIO3

of the partial chips are connected to corresponding data

ihput—output terminals DIO0-DIO3 of the DRAM package.
The level of an internal controls sigﬂal IOC in the
partial chip A is rendered high selectively on condition
that the level of the Y address signal ¥9 is made low,
while the level of an internal.control'signal I0C in the
partial chip B is rendered high selectively on condition
that the level of the Y address signal Y9 is made high.

The level of an internal address signal BY9 in each

partial chip is fixed to the earth potential of the
circuit, i.e., low level. As a result, the partial
chips A and B are kept selected simultaneously and
execute 4-bit storage data inputting or outputting
operation selectively in accordance with the Y address
signal Y9. Consequently, the DRAM package has a bit

configuration of 16M x 4 bits and it inputs or outputs

-
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‘alternative manner in accordance with Y address signals Y0-Y8 because the
two corresponding nmain anplifiers e selected in accordance with 'Y
address signal YO0. Actually, the seiection of menory bl ocks 0-3 by the

- 35 -

4-bit storage data simultaneously. At this time, a
refresh operation for the partial chips A and B is
executed in a parallel manner, so the refresh cycle as
the DRAM package is 8K cycle/64 ms.

(4) DRAM Package of 8M x 8 bits wherein two DRAM
partial chips of 8M x 8 bits each having a column
address space half of which is normal are accessed
simultaneously:

Such a 64M DRAM package of.8M x 8 bits as
shown in Fig. 58 can be constituted by combining two 64M
DRAM partial.chips A and B of 8M x 8 bits in each of
which half of the column_address spacé can function
normally and then accessing these partial chips
simultaneously. In this variation, 13-bit X address
signals X0-X12 and 10-bit Y address signals Y0-¥9 are
. fed to address input pads A0O-Al2 of the partial chips A
and B in common and time-sharingwise, and data input-
output pads DIOO-DIO3 thereof are connected to
corresponding data input-output terminals DIO0-DIO3 and
DIO4-DIO7 of the DRAM package. The level of an internal
address signal BY9 in each partial chip is fixed to the
earth potential of the cifcuit, i.e., low ievel, and the
Y address signal ¥9 is substantially ignored. Aas a
result, the partial chips A and B are brought into a v
selected state simultaneously and execute a 4-bit

\
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significant bit X and Y address signals X12, Y12 is also realized by the
sel ection of corresponding main anplifiers. 1.2. Variations of DRAM
Package In Fig. 7 thengggajllustrated a list of 128M DRAM
package products conprising the 64M DRAM sub chips shown in Figs. 3 to 6.
Figs. 8 to 12 are bl ock diagrans wof the DRAM packages shown in the product
list of Fig. 7. Wth reference to these figures, the foll ow ng
description is now provided about the kind, configuration and outline of
128M DRAM packages each

storage data inputting.or outputting operation in a
parallel manner. Consequently, the DRAM package has a
bit configuration of 8M x 8 bits and it inputs or
outputs 8-bit storage data simultaneously. AE this -
time, a refresh operation for the partial chips A and B
is executed in a parallel manner, so the refresh cycle
as the DRAM package is 8K cycle/64 ms.

(5) DRAM Package of 8M x 8 bits wherein two DRAM
partial chips of 8M x 8 bits each having a row
address space half of which is normal are accessed
selectively:

Such a 64M DRAM package of 8ﬁ.x 8 bits as
shown in Fig. 59 can be constituted by combining two 64M
DRAM partial chips A and B of 8M x 8 bits in each of
which half of the row address space can function
nérmally and then by accessing these partial chips
selectively. In this variation, 13-bit X éddress
signals X0-X12 and 10-bit Y address signals Y0-Y9 are
fed to address input pads A0-Al2 of the partial chips a
and B in common and time-sharingwise, and data input-
output pads DIO0-DIO7 thereof are fed to corresponding
data input-output terminals DIO0-DIO7 of the DRAM
package in common. The ievel of an internal control
signal CS in the partial chip A is rendered high on

condition that the level of the X address signal X12 is
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capabl e of being constituted by two 64M DRAM sub chips. In the block

diagrans of Figs. 8 to 12 there are shown only address signals and signal |

lines relating to input and outpdfldata. 1.3.1. Kind of 128M DRAM

Packages Capabl e of Being Consti tuted The 64M DRAM sub
chips in this enbodi nent can each take three kinds of bit configurations

of 64Mx 1 bit, 16Mx 4 bits and 8M x 8 bits because prescri bed bondings |
are executed selectively, as noted previously. By conbining the two DRAM '

sub chips of the sanme bit
made low, while the level of an internal control signal

CS in the partial chip B is'réndered high on condition
that the level of the X address signal X12 is made high.
The level of an internal address signal BX1l2 in eﬁch
partial chip is fixed to the earth potential of the
circuit, i.e., low level. As a result, the partial chip
A is brought into a selected state selectively when the
level of the X address signal X12 is made:low and it
executes alone a storage data inputt;ng or outputting
operation in the unit of 8 bits, while the partial chip
B is brought into a selected state selectively when the
level of the X address signal X12 is rendered high and
it executes alone a.storage data.inputting or outputting
operation in the unit of 8 bits. Consequently, the DRAM
package has a bit configuration of 8M x 8 bits and it
inputs or outputs 8-bit stofage data simultaneously. At
this time, a refresh operation for the partial chips A
and B is executed selectively, but since one half of the
row address space in each partial chip is normal, the
refresh cycle as the DRAM package is 8K cycle/64 ms.
2.4. Evaluation

Thus, the 64M DRAM package of this embodiment
is constituted by mounting two 64M DRAM partial chips in
each of which one half of the row or column address

space can function normally, onto a single package
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configuration and accessing them simultaneously or selectively it is

. possible to configure a total of siXx ;4 nds of .128M DRAM packages whi ch are
shown in Fig. 7. - 36 - The 128M x 1
bit DRAM package constituted by conbining

according to the double chip packaging method. 1In the
two partial chips which constitute the DRAM package,
since predetermined bondings are executed selectively,
the portion incapable of functioning normally are
nullified selectively, while conditions for the
selection of the portions capable of functioning
normally are set selectively. As a result, there can be
attained the following effects. _

-‘ (1) By combining DRAM chips partially
incapable of functioning normally there can be
constituted a DRAM package having the same interface as
that of a DRAM package constituted by éne full chip in
which all the addréss spaces can function normally, and
also having interchangeabiliff with such single chip
DRAM package.

(2) As illustrated in Fig. 60, since DRAM
chips partially incapable of functioning normally can be
*.’ utilized and relieved as partial chips, it is possible
to improve the product yield of DRAM chips. For
example, in connection wifh Fig. 60, fourty five 64M
DRAM packages can be obtained from one wafer according
to the conventional method not utilizing DRAM chips
partially incapable of functioning normally, but in the
case where two partial chips are combined together

according to the double chip packaging method, there can
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two 64M x 1 bit DRAM sub chips and accessing these sub chips selectively
in accordance with a chip selection signal, i.e., X address signal X13,
corresponds to the enbodinent showa G2 Fg. 1, will not be expl ai ned here.
1.3.2. Qutline of Various DRAM Packages (1) 64Mx 2 bit DRAM package
wherein two 64Mx 1 bit DRAM sub chi ps are accessed sinultaneously:
Such a 128M DRAM package of 64M x 2 bits as shown in Fig. 8 can be
constituted by conbining two 64M DRAM sub chips A and B each having a bit
configuration of 64Mx 1 bit and then accessing these sub chips-

be obtained a total of seventy five 64M DRAM packages.
As a resulf, it is possible to improve the product yield
of DRAM chips and attain the reduction of cost of the
DRAM package.

(3) Since predetermined bondings are executed
selectively, it is possible to selectively nullify the
portions of partial chips incapable of functioning
normally and selectively set conditions for the
selection of the'portions capable of.functioning
normally; and hence it is possible to optionally combine
and utilize partial chips having same portions incapable
of functioning normally.

3. Application Examples of the Double.Chip Packaging
Method

In each of the embodiments described above, a
single DRAM package is constituted by combining plural
sub chips or partial chips having the same function and

? . formed under the same conditions, but the plural

| semiconductor chips which constitute the package are not
always required to have the same function, nor is it
necessary for them to be fabricated under the same
conditions. Application examples of the double chip
packaging method wherein a plurality of different
semiconductor chips are combined together will be

- outlined below.

forg T M A i e
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simul taneously. In this variation, 13-bit X address signals X0-X12 and Y
address signals YO-Y12 are fed to - address input pads AO-Al2 of the sub
chips A and Bin comon and time-sharingwi se, and data input and out put
pads Din, Dout are connected to corresponding data input termnals Dinl,
Din2 and data output termnals Doutl, Dout2 of the DRAM package. As a
result, the sub chips A and B are brought into a selected state

si mul t aneously and execute storage data inputting and outputting

operati ons ll n ggﬁipura %:’Vlt F%g%tl%rpqr aIdRe\M P-gy'k%ge t he DRAM package

has a bit “¢onfigu atlon o
Fig. 61 is a block diagram showing a first

example of a DRAM package consisting of two different
semiconductor chips. In Fig. 61, the DRAM package,
indicated at 310, comprises two sub chips 310A (first
sub chip) and 310B (second sub chip) as a basic
configuration. Though not specially limited, the sub
chip 310A is constituﬁed by a block of a relatively high
integration density, including memory array 201, word
driver 202, X address decoder 203, X predecoder 204, X
address buffer, sense amplifier 206, Y address decoder
207, Y predecoder 208, write amplifier 218,ﬁdata input
buffer 219, main amplifier 220, and data oufput buffer
221. Therefore, the sub chip 310A is named an array sub
chip and is formed by a so-~called 0.5 um manufacturing
process. On the other hand, the sub chip 310B is

constituted by a block of a relatively low integration
* density, including so-called indirect peripheral
circuits such as RAS2 clock generator 210, RAS1 clock
generator'211, RAS buffer 212, CAS clock generator 213,
CAS buffer 214, WE clock generator 215, WE buffer 216,
voltage aropping section 222, and mode setter 223.
Therefore, the sub chip 310B is named a control circuit
sub chip and is formed by a so-called 0.8 um

manufacturing process.
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bits, wherein 2-bit storage data are inputted or outputted sinultaneously.
At this time, refresh - 104 — -37-

operations for the sub chips are also executed in parallel, the refresh
cycl e as DRAM package becones 8K

The sub chips 310A and 310B are made integral
with each other to constitute a single DRAM package
according to the double chip packaging method. 1In this
case, these sub chips are conneéted to external
terminals of the DRAM package by-wire bonding through
plural pads, and are connected to each other by wire
bonding through other plural pads.

Thus, by functionally dividing the plural
constituent blocks of the DRAM package into plural sub
chips according to their integration densities and !
manufacturing processes and by making these sub chips
integral with each other according to fhe double chip

packaging method, it is possible to simplify the

manufacturing process while making an optimal functional
division of the DRAM package. The sub chips 310A and
310B are different in the integration density and
manufacturing pfocess so are different in the product
yield. If these blocks are accommodated in a single
semiconductor chip as in the prior art, the product
yield of the block included in the sub chip 310B and
capable of being expected to be relatively high is
lowered by a relatively low product yield of the block
~included in the sub chip 310A. As in this embodiment,
by accommodating blocks different in product yield in

two semiconductor chips and making these semiconductor
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cycle/ 64 nms. It goes wi thout saying that the power consunption of the DRAM
package as a whole is about tw celdhat of the 64M DRAM sub chips. (2) 32M
X 4 bit DRAM package wherein two 16M x 4 bit DRAM sub chips are
accessed sel ectively: By conbi ning two 64M DRAM sub chi ps A and
B each having a bit configuration of 16Mx 4 bits and then accessing

t hese sub chips selectively there can be constituted such a 128M DRAM
package of 32Mx 4 bits as shown in Fig. 9. In this variation, 13-bit X

addr essgp, $L9na BedPaX1@i fRdeddn Potndr 2ddEB33185908! 8hd0adB1ar e
chip packaging method it is made possible to improve the
product yield as the entire DRAM package.

3.2. Chip Division by Bit in DRAM Package

Fig. 62 is a block diagram showing a éecond
example of a DRAM package consisting of two different
semiconductor chips. In Fig.61, the DRAM package 311,
indicated at 311, comprises two sub chips 311A (third
sub chip) ana 311B (fourth sub chip) as a basic
configuration. The sub chip 311A is a DRAM chip of a
relatively high integration density having a bit
configuration of 84 x 8 bits and is formed by the 0.5 x
manufacturing'process. On the other hand, the sub chip
311B is a DRAM chip of a relatively low integration
density having a bit configuration of 8M x 1 bit and is
formed by the 0.8 um manufacturing process.

The sub chips 311A and 311B are rendered
integral with each other to constitute a single DRAM
package according to the double chip packaging method.
In this case, address input pads A0-Al2 of these sub

- chips are connected in common to address input terminals
AO0-Al2 of the DRAM package. Data input-output pads
DIO0-DIO7 of the sub chip 311A are connected to
corresponding data input—-output terminals DIO0-DIO7 of

the DRAM package, while a data input-output pad DIO of

_—
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fed to address input pads AO-Al2 of the sub chips A and B in conmon and
time-sharingw se, and further fed 74080~ X address signal X13 which serves
as a chip selection signal through an address input pad Al3. Data input-
output pads DIQ to D03 of each sub chip are connected in common to -
correspondi ng data input-output termnals DI Q0-DI 03 of the DRAM package.
As a result, the such chip Ais brought into a selected state sel ectively
when the level of the X address signal X13 is nmade low, and it executes
al one a sher agd daiip i3IAUB tisrg-annenitqulittd g dadperimpwirokrputhe ot her hand,
the sub chip B is brought
terminal for parity bit of the DRAM package.
Thus, by dividing the plural constituent
blocks of Ehe DRAM package in correspondence to
predetermined bits of storage data and making these sub
chips integral with each other according to the doublé
chip packaging method there can be easily realized a
DRAM package having a non-general bit configuration.
| Further, the relief of a partial chip can be done by
using a partial chip formed according to the same
manufacturing process as that for the sub chip 311A, in
place of the sub chip 311B.
3.3. Chip Division by Function in Microcomputer Package
Fig. 64 is a block diagram showing an example
of a microcomputer package comprising two different
semiconductor chips. In Fig.64, the microcomputer
package, indicated at 320, comprises two sub chips 320A
‘ (Eifth sub chip) and 320B (sixth sub chip) as a basic
configuration. The sub chip 320A is constituted by a
block of a relatively high integration density,
including a data RAM (data ROM) 321 and an instruction
ROM 322. Therefore, the sub chip 320A is named a memory
sub chip and is formed by the 0.5 wgm manufacturing

process. On the other hand, the sub chip 320B is

constituted by a block of a relatively low integration

'\
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into a selected state selectively when the |level of the

- 38- X address signal X13 is madg7high, and it executes alone a
storage data inputting or outputting operation. Now, the DRAM package has
a bit configuration of 32Mx 4 bits :

density, including arithmetic logical operation unit
327, multiplication unit 325, general-purpose register
323, RAM pointer (ROM pointer) 324, internal bus 326,
i multiplication unit output register 328, accumulator
329, control (timing) logic 330, program counter 331, IO .
register 332, and IO buffer 333. Therefore, the sub
chip 320B is named an ALU sub chip and is formed by the
0.8 um manufacturing process. _
I*" | The sub chips 320A and 320B are made integral
| with each other to constitute.a single microcomputer
package according to the double chip packaging method.
In this case, these sub chips are connected.to external
? terminals of the microcomputer package by wire bonding
through plural pads and are connected to eéch other
through other plural pads.

Thus, by functionally dividiﬁg the plural

constituent blocks of the microcomputer package into

plural sub chips according to their integration
densities-and manufacturing processes and by making
these sub chips integral with each other according to
the double chip packaging method, it is possible to
simplify the manufacturing process while making an
optimal functional division of the microcomputer
package. The sub chips 3204 and 320B are different in

the integration density and manufacturing process so are

\\
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and inputs or outputs 4-bit storage data simultaneously. At this time,
refresh operations for the sub chips A and B are executed selectively, so
the refresh cycle as the DRAM pat QGE‘becones 16K cycl e/ 64 ns. The power
consunption of the DRAM package as a whole is alnmost equal to that of one
sub chip because the 64M DRAM sub chips A'and B are activated sel ectively,
whereby the reduction of power consunption can be attained. (3) 16Mx 8
bit DRAM package wherein two 16M x 4 bit DRAM sub chi ps are accessed
si mul t aneousl y: By conbi ning two 64M DRAM sub chips A and B

different in the product yield. As shown in Fig. 63,

the product yield as the entire microcomputer package is

improved in comparison with the conventional

microcomputer package having such blocks accommodated in

a single semiconductor chip.

The present invention has been described above

concretely on the basis of plural embodiments thereof,

but it goes without saying that the invention is not

limited thereto and that various modifications may be

made within the scope not departing from the gist of the

invention. Por example, in the DRAM package block

diagrams of Fig. 1 and other figures, the memory

capacity and bit configuration of each sub chip can be

set optionally, and the memory capacity and bit

configuration as DRAM package are also optional. For

example, a 64M DRAM package can be constituted using two

32M DRAM sub chips, and a 256M DRAM package can be

constituted using two 128M DRAM sub chips. Further,

each sub chip and DRAM package can have a bit

‘configuration of, say, x 16 bits or x 32 bits. In such

a multi-bit DRAM package it is possible to considerably

reduce the number of bonding pads formed on each sub

chip by, for example, accessing two sub chips

simultaneously and executing a storage data inputting or

outputting operation in a parallel manner. The DRAM
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each having a bit configuration of 16Mx 4 bits and then accessing these

sub -chi ps sinultaneously there canfg@ _constituted such a 128M DRAM package
I

of 16Mx 8 bits as shown in Fig n this variation, 13-bit X address
signals XO X12 and 11-bit Y address signals YO Y10 are fed to address

I nput pads AO-Al2 in common and tinme- sharingw se. Data input-output pads
DI OO DI 03 of each sub chip are connected to correspondi ng i nput - out put
termnals DI OO DI 07 of the DRAM package. As a result, the sub chips A and

B are brought into.a selected state S|nultaneousI¥ and. execute a 4-bit
st or age Ragage and DRAM sub chips do not require the adoption

of an address multiplex mode as an essential condition
nor is their block configuration restricted by the above
embodiments. Also as to the refresh cycle, parallel
test and high-speed column mode for the DRAM package and
DRAM sub chips, what method and kind are to be adopted
is optional. 1In Figs. 5 and 6, the memory array
dividing method for each DRAM sub chip can take various
other modes, and this is also true of related layout and
address allocation. As to the arrangement of bonding
pads provided on the semiconductor substrate surface,
various modes of arrangement may be adopted on condition
that they are arranged in the form of planar symmetry.
In Figs. 13 to 18,_£he-DRAM package can take any other
package form than SOJ, and concrete structures thereof
are not restricted by the above embodiments. In Figs.
19 to 23, the DRAM package manufacturing processes using
the double chip packaging ﬁethod afe mere examples and
the present invention is not limited therebf at all. 1In
the 64M DRAM package block diagrams of Fig. 47 and other
'figures, there may be used partial chips in each of
which one  fourth of the row or column address space can
function normally. In thié case, pads for designating
the normal portion and for setting conditions for the

selection must be provided accordingly. In the circuit

_—
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- 39- I nputting or outputting operation in a parallel
DRAM package has a bit configuratianjiqfg 16Mx 8 bits and it
outputs 8-bit storage data sinultaneously. At this time, T
operations for

diagrams of Figs. 39, 48, 49,-51 and 52, the logical
configqurations of the X and ¥ address buffers are not
restricted by those embodiments, and the combination and
polarity of source voltages as well as the cdnductivity

type of MOSFET can take various forms. In Fig. 61, as

bt et aeAameimel I AN S s gyt el

to the functional division of DRAM package, for example
_ the X address buffer 205 and the Y address buffer 209

é may be included in the sub chip 3lOB.. In Fig. 64, the
#ﬂ block configuration of the microcomputer is not
restricted by the illustrated embodiment and the
functional division thereof is optlonal.

Although in the above descrlptlon the present
invention is applied to DRAM packages and microcomputer
packages in the utilization field as the backgrdund
field, the invention is not limited thereto. For
example, the present invention is also applicable to
various memory packages including a static type RAM,

etc. as a basic configuration and various digital

integrated circuit package including a gate array

ntegrated circuit, etc. as a basic configuration. The

o

Present invention is widely applicable to semiconductor
davices each comprising plural semiconductor chips and
also to digital systems each including such

s=miconductor device.

x‘\
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the sub chips A and B are also executed in parallel, so the refresh cycle
as the DRAM package becones 8K cychej64 ns. The power consunption as the
entire DRAM package is about twice that of the sub chips. (4) 16Mx 8 bit
DRAM package wherein two 8M x 8 bit . DRAM sub chi ps are accessed

sel ectively: By conbi ning two 64M DRAM sub chips A and B each
having a bit configuration of 8Mx 8 bits and then accessing these sub
chi ps selectively there can be constituted such a 128M DRAM package of 16M

x 8 bits as shownyl 0l 0oelhpalchibe K3U dMted Sidsrgodcess

each other while wiring means such as lead frames
substantially integral with external terminals are put

therebetween, then these DRAM chips and lead frames are

-connected together by the conventional wire bonding pad

method, for example. Further, plural pairs of DRAM

chips and lead frames thus bonded are stacked and

corresponding leads of the lead frames are connected in
, common to form a laminate. Then, the plural DRAM chips
thus mounted are activated selectively in accordance
with a predetermined chip selection signal or are
allowed to execute a storage data inpu£ting or
outputting operation selectively. Utilizing this chip
mounting method, a single DRAM package is constituted by
combining partial DRAM chips capable of pértially
functioning normaily. Consequently, there can be
realized an effective chip mouﬂting method which permits
" the mounting of plural sub chips of the same size
without sacrificing the heat radiation characteristic of
package and the product yield; besides, it is possible
to attain a large capacity of a DRAM package, etc.,
promote the reduction of power consumption thereof and
simplify the manufacturing process, while suppressing
the increase in size of the package. Moreover, it is

possible to realize a DRAM package having a memory

—_—
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signals XO X12 and 10-bit Y address signals YO Y9 are fed to address input
pads AO- Al2 of the sub chips A and ' common and time-shari ngw se.
Further, an X address signal X13 M%Iéh serves as a chip selection signal
is fed through an address input pad A13. Data input-output pads D Q0-Dl 07
of each sub chip are connected in common to correspondi ng data

I nput -output termnals DI OO DI07 of the DRAM package. As a result, the sub
chip Ais brought into a selected state selectively when the level of the

X address signal X13 is nade low, and it executes
capacity which is plural times that of a package of the

same size and constituted by a single DRAM sub phlp, and
thus the limit_in memory capacity of a DRAM chip, etc.
can be expanded. So it is possible to enhance the
packaging efficiency of a memory system, etc. including
‘a DRAM package as a- basic configuration and reduce the
cost thereof. Additionally, partial DRAM chips can be
utilized effectively without waste and hgnce it is
possible to improve the substantial prgduct yield of

DRAM chips, etc.
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- 40 - al one an 8-bit storage data inputting or outputting operat;;n

while the sub chip Bis brought into a selected state sel ectively whea’t he

BSbi1 ot of Age data | nput i1 o or out Ut ng Q'pﬂllllﬁ‘lﬂlll Ul ﬁll‘ﬁﬂllles e

CLAIMS

1. A semiconductor device comprising a pair of
semiconductor chips mounted with wiring means put
therebetween, said wiring means being substantially
integral with external terminals.

2. A semiconductor device according to claim
1, wherein said wiring means comprise lead frames.

3. A semiconductor device according to claim

2, wherein said paired semiconductor chips are mounted
in opposed relation to each other so that their surfaces
on which bonding pads are formed are positidned on the
lead frame side. |

4. A semiconductor device according to claim
3, wherein the bonding pads of the paired semiconductor
chips are disposéd in planar symmetry with each other.

5. A semiconductor device according to claim
4, wherein the bonding pads of the paired semiconductor
chips are disposed in 5 straight line form centrally of
X or Y axis of the surfaces of the semiconductor chips.

6. A semiconductor device according to claim
5, wherein the bonding pads of the parted semiconductor
chipé are connected to corresponding leads of
corresponding said lead frames by wire bonding.

7. B semiconductor device according to claim
5, wherein the bonding pads of the paired semiconductor

T
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"Now, the DRAM package has a bit configuration of 16Mx 8 bits and inputs
or outputs 8-bit storage data sinultaneousTy. At this tine, the refresh

cycle as the DRAM package is 18Kk 14/l e/ 64 wﬁ ‘ consunption as:
the entire package is al nost equal to thatrﬂl Hf nu Thus, the
reduction of power consunption can be attalnedc 5" 8M x*16 bit DRAM :

package wherein two 8M x 8 bit DRAM sub chi ps are accessed % %i

si mul t aneousl y: By conbining two 64M DRAM sub chips A and B
each having a bit configuration of 8Mx 8 bits and .then

chips are connected to corresponding leads of '

corresponding said lead frames by CCB bonding.
8. A semiconductor device according to claim
6, wherein said lead frames comprise first and second

lead frames which are made integral with each other by

being connected together after the completion of

bonding.

9. A semiconductor device according to claim

8, wherein said second lead frame_is_cut inla
predetermined position and thereafter connected to said
first lead frame.

10. A semiconductor device éccording to claim
9, wherein the cut portion of the second lead frame and
the connection thereof with the.first lead frame are
protected in the interior_of'a sealing resin.

11. A semiconductor device according to claim

6, wherein said lead frames permit the paired

semiconductor chips to be mounted on the same plane on

both sides of a central line thereof and are bent along !

said central line after the completion of bonding,
thereby permitting the paired semiconductor chips to be
mounted in opposed relation to each other. L
12. A semiconductor chip according.to claim
2, including plural pairs of semiconductor chips with

corresponding said lead frames put therebetween, said

_—
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‘accessing these sub chips sinultaneously there can be
128M DRAM package of 8M x 16 bits as shown in Fig. 12. m .,j"ﬁ!% il i!l
13-bit X address signals XO X12-dA® 4#0-bit Y address si

fed to address input pads AO- Al2 of the sub chips A and B in common and
ti me-sharingw se. | nput-output pads DI 00-DI 07 of the sub chips are

connected to Corresponding data input-output termnals Dl Q-DI07 and
Dl 08-DI O15 of the DRAM package. As a result, the sub

plural pairs of semiconductor chips béing stacked in a
direction pérpendicular to the surfaces thereéf, and
corresponding leads of said lead frames being mutually
connected in common, to form a laminate.

13. A semiconductor device according to.claim
12, wherein each of said semiconductor chips is a memory
chip having an optimal chip size and a maximum memory
capacity, said semiconductor device being a memory
package including at least two said memory chips and
haviﬁg a memory capacity at least twice thét of the
memory chips.

14. A semiconductor device ;ccording to claim
1, wherein each of said Semiconductor chips is a partial
memory chip in which part of an address space thereof
can function normally, said semiconductor device being a
memory package having a memory capacity equal to that of
a single memory chip in which the whole of an address
space thereof can function normally.

15. A semiconductor device according to claim
14, wherein said memory package has the same interface
as that of a memory package including one memory chip in
which the whole of an address space thereof can function
normally.

16. A semiconductor device according to claim

13, wherein the bit configuration and/or conditions for

_
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- 41 - chips A and B are brought into a sel ected state—sinultaneously
and executes an 8-bit storage data- Lbputting or outputtlnlgo eratlon in a

DS and {mpuis or ouiputs 16-bi storage daa s oot oAU PIELT R

time, the refresh cycle as the

selection df each of the memory chips which constitute
said memory package are changed over selectively by
selective execution of a predetermined bonding.
17. A semiconductor device according to claim
16, wherein the plural memory chips which constitute
said memory package are activated simultaneously and
execute storage data inputting operation and/or
. outputting operation ip'parallel.'
P ' '18. A semiconductor device according to claim
, 16, wherein the plural memory chips which constitute |
said memory package are designated selectively in
accordance with a predetermined chip sélection sigﬁal.
19. A semiconductor device according to claim
18, wherein said memory package and said memory chips
are based on an address multipiex system iﬁ which a row
address signal and a column address signal are inputted
time-sharingwise through a common address input
i’ terminal.
20. A semiconductor device according to claim
18, wherein said chip selection signal is fed as part of
a row address signal, and a word line selecting
operation of the plural memory chips which constitute
said memory package is substantially executed

selectively in accordance with said chip selection

-
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tructura

M package is 8K cycle/64 ms and t he power consunption
whol e is about twice that of the su chips. 1.4. Package Form
Package and Manufacturing Methdd % or Sane

perspective view of a 128M DRAM package errbody“m‘

signal whereby the memory chips are activated
selectively.

21. A semiconductor device according to claim
20, wherein a row address signal decoding operation of
the plural memory chips which constitute said memory
package is executed selectively in accordance with said
chip selection signal. |

22. A semiconductor device according to claim
18, wherein said chip selection signal is fed as part of
a column address signal, and the plural memory chips

which constitute said memory packagé are activated

'simultaneously and execute storage data inputting

operation and/or outputting operation selectively in
accordance with said chip selection siénal.

23. A semiconductor device according to ciaim
18, whereiﬁ said memory package includes the kth power
of 2 of memory chips in each of which an address space
is designated selectively in accordance with an i-k bit
row address signal or an i bit column address signal, or
an i bit-row address signal and an i-k bit column
address signal, and said chip selection signal is fed as
a signal of k bit corresponding to the difference in the
number of bit between said row address signal and said

column address signal.

- This Sheet Has Been Rerlaced

R

g

ind Fig. 14 is a plan view thereof. Fig. 15 is a structural sectlonal

| ew of the DRAM package shown in Figs. 13 and 14, and Figs. 16 to 18 are
ut-away plan views thereof. Further, Figs. 19 to 23 are processing

i agrams rel ating
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!o nahufacturihg processes for the DRAM package |Ilustrm‘¢=d N E'gs. 1
nd 14 , and Fig. 24 is a plan view showi ng an ex a d frane
sed therein. Figs. 25 to 31 are stracttfat sectlonal V|eiﬂ" M| "ﬂ uﬂlnﬂﬂ
f other package forms of DRAM packages embodying the inv roll
eference to these figures, the following descriptionis prOV|ded about
he package form nanufacturing nmethod and features of the DRAM

— = N~ 0

24, A semiconductor device according to claim
1, which include plural blocks and wherein said
semiconductor chips are sub chips formed by dividing and
combining said plural blocks according to functions
and/or manufacturing processes thereof. '

25. A semiconductor device according to claim
24, which is a memory package including a first sub chip

| and a second sub chip,_said first sub chip including a
* memory array and a direct peripheral circuit thereof and

having a relatively high integration density, said
second sub chip including a control section and having a
relatively low integration density. ‘

26; A semiconductor device according to claim
24, which is a memory package inputting or outputting
plural bits of storage.data simultaneously and includihg

a third sub chip éﬁd-a fourth sub chip, said third sub

chip being provided in correspondence to a predetermined
bit of said storage data and having a relatively high
integration density, said fourth sub chip being provided
in correspondence to another predetermined bit of said
storage data and having a'relatively low integration
density.

27. A semiconductor device according to claim
24, which is a microcomputer package iﬁcluding a fifth

sub chip and a sixth sub chip, said fifth sub chip
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i packages—-rﬂﬁ+ﬂd+ﬁg—ﬂnd|f|catlons These exanpl es place no

limgation on and si ze jofg t.he package as well as in what
t he bo Eﬁﬂ Eﬁ." ﬁm arranged. 1.4.1. Qutline of Lead
' Thi s 128M DRAM package basically

i ses two 64M DRANIsub chlps A (1A first sem conductor chip) and

including a data RAM and having a relatively high
integrafion density, said sixth sub chip including an
arithmetic logical operation unit andihaving a
relatively low integrétion density.

28. A method for manufacturing a
semiconductér device, ééméfising the steps of:

(1) preparing first and second semiconductor
chips having plural bonding pads arranged in a straight
line form centrally of X or Y axis oﬁ the chip surfaces,
and first and éecond lead frames each having plural
leads;

(2) bonding the surface of said first
semiconductor chip and said first lead frame with each
other through a predetermined insulating material;

(3) bonding the surface of said second
semiconductdr chip and said second lead frame with each -
other through a predetérmined insulating material;

(4) connecting the bonding pads of said first
semiconductor chip.and corresponding leads of said first
lead frame electricélly with each other;

{5} connecting the bonding pads of said
second semiconauctor chip and corresponding leads of
said second lead frame electrically with each other;

{6) laminating said first and second lead

frames together so that the surface of said first

-
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TB (iB: tlgzlzggnLeeﬁdUETBF/chip), as nentioned previously. As shown in
Fig. 15, ese sub Los Il e nnuntqglaepgsedly to each other on both sides
of a |l ead r\\\‘m ‘\Sm“tr-ves as wiing neans. The lead frane 3
conprises\& "8A tn the interior of the package and outer
ternminals of |eads 3B in the exterior of the package. That is, the |ead
rame 3 as wiring neans has a structure which is substantially integral

&Ath external term nals of the package. The DRAM package after sealing is

a so-called SQJ type package, having outer dinensions of 300 mls in short
i de and 886MAfpaductor chip and that of said second semiconductor

chip are opposed to each other; and

(7) sealing said first and second
semiconductor chips and said first and second lead
frames, using a sealing resin.

29. A method according to claim 28, wherein a
cut portion of said second lead frame and a bonded

' portion thereof with said first lead portion are
.* protected in the interior of said sealing resin.

30. A method according to claim 28, wherein
said insulating material is cut so that alsubstantial
bonding area thereof is a minimum reqﬁired area.

31. A method according to claim 30, wherein
said insulating material is cut in the fdrm of a comb
along the bonded portions of the leads of said lead
frames. '

32. A method according to claim 30, wherein
& said insulating material is an insulating £ilm of a
three—-layer structure comprising a polyimide layer and
thermoplastic polyimide layers formed on both sides of
said polyimide layer.

33. A semiconductor device comprising:

(a) first and second semiconductor chips each

having a plurality of external terminals arranged in a

row centrally of a main surface thereof;

-
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l'ong side, as shown in Fig. 14. Fig. 15 corresponds to a structural

fectlonal

view taken on line A-B of the plan view of Fig. 14, while Figs.

and I7 correspond To cut-away plamyyiews taken along lines CGD and E-F

tional view of Fig. 15. It goes wthout saying that
m “H; lrﬂﬂt ural sectional views, including Fig. 15, the
c

vVitewst s

.(b) a plurality of first leads positioned on
the main surface of said first semiconductor chip and a
plurélity of second leads positioned on the main surface
of said second semiconductor.chip;_

(c) a first connecting means for connecting
said first leads and the external terminals on said
first semiconductor chip electrically with each other
and a second connecting means for connecting said second
- leads and'the external terminals on said second
semiconductor chip eiectricaily with each other; and

(d) a sealing member for sealing said first
and second semiconductor chips and par£ of said first
and second leads,

wherein said first and second leads of same
functions are mutually connected, and the main surfaces
of said first and second semiconductor chips are opposed
tb each other.

34. A semiconductor device according to claim
33, wherein the function of said first semiconductor
chip and that of said second semiconductor chip are
equal to each othgr.

35. A semiconductor device according to claim
33, wherein said first and second connecting means are

bonding wires.

-
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'43“‘*“‘—91—£DE_EEE_EPips 1A and 1B are taken in the short side direction
of the sub chips: . In Fig. 15;,bhe sub chip 1A is connected to
|nnﬁj Mﬂﬂ | ead frame (flrsg |'ead frame) through an insulating
fil m"mm #m ndwi ched in between adhesive |ayers of a
thernnpléstﬁc Molsyi This lead frame is nade integral with the
external termnals or outer | eads 3B of the DRAM package w t hout

36. A.semiconductor device according to claim
33, wherein said sealing member is formed of a resin.

37. A semiconductor device according to claim
36, wherein both ends of one of said first and second

leads are positioned within said sealing member.

- .
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I bei ng*cut. Plural bonding pads provided centrally of Y axis of the subLf
chip 1A in a straight line formare connected to corresponding inner Lsgﬁs

3Aa through bonding wires 5. As shown in Fig. 16, the inner leads ar '
separated into relatively short inner |eads 3Al which are provided
correspondingly to ordinary external teryhpals and relatively Iong inner
| eads 3A2 for the supply of source voltage and earth potential provided
| between ext eygpy @WT@@ M e 3lb DREPRSD POk SARGFASPERT Q! SaMSSL and
t VSS2. The inner leads 3Al are used for bonding to |nputt|ng or outputting

pads, while the ABSTRACT

A pair of DRAM chips 1A and 1B are mounted
opposedly to each other with wiring means such as lead
frames put therebetween, the lead frames being

substantially integral with external terminals 3B.

Saaape b ve it

Then, these DRAM chips and lead frames are connected
together by the conventional wire bonding method.
Piural_pairs of the thus—connected DRAM chips and lead
frames are stacked ana corresponding.leads of the lead

frames are connected in common to form a laminate. The

plural DRAM chips thus mounted are activated selectively
in accordance with a predefermined chi§ selection
signal. Additionally, partial DRAM chips capable of
partially functioning normally are combined together by
utilizing the above chip mounting method to consﬁitute a

single DRAM package.
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| nnes §igads A2 are used for the sh’p‘ﬁﬁ of source voltage and earth '
pot e epl ding to node 'setting pads FlI-F3 and TC. Thus, Fﬁ/this
“packgu ” e voltage and earth potential can be supplied in any

.desi hrough the inner leads 3A2, so it is possible to
:shorten the source voltage or earth -44-

FIG. T

_ _
vcel é:
VGG 2
CASE B 1284 DRAM PACKAGE
%’?g ll:; (128mega x 1bit)
Dout <
AD D
i E
3> 1A 1B
? EXTERNAL VCC10 veel
 TERWINAL ng%EFJ L*3§2§§
CASB RASE
e
in
Dogs S
A10 Al
A2(] A2
A3 OA S
64M DRAM at Had  oa oRAM
SBCHIP A AR Sag SUBCHIPB
| (64mega x 1bit) ATO— JAT  (64mega x Ibit) |
A i
A100 1AL 0
AT1C AL 1
Al20 AL 2
A130 A1 3
F10 OF 1
FI0 IF 2
iR
vssS IO —IVSS1
vssati || i@vssz
T BONDING PAD
A3D—
AL
A5
A
ATD
A8D
A9D
ATOD
A11D
Al25-
Al3D
vVSsSib
VSSZT




pot ent i a—feedtines to suppress power Ed;éfnoises and attain speed-up
of the.ﬂﬁgratlons of the DRAM sub chips A and 1B. As the bonding wires 5

t here ar iy gol d or copper wires or coated wires obtained by
coat i ng such netal wires with an insulating resin. For the
bondi ng | eads and pads there is adopted a conventiona

imet hod used for ype packages, and the bonding is effected by a
pondi ng net hod conpr|5|ng bot h pressure bondi ng under

 X0~X12
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..... JEp
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mw TEM SPECIFIGURATION
BIT CONFIGUCATION 64megaword x 1bit | 16megaword x 4bits | Bmegaword x 8bits
CHIP . X13 X13 X13
ADDRESS ROW X0~X12 X0~X12 X0~X12
COLUMN ' YO~Y12 “YO~Y10 Y0~Y9
PACKAGE 32PINS  SOJ 300 x 850 mil
23PINS . 26PINS - 32PINS
NUMBER OF PINS USED r CLOCK : 3| CLOCK .4 | CLOCK 4
ADDRESS < 14 | ADDRESS : 14 | ADDRESS : 14
1/0 . 2| I/0 - 4| I/0 . 8
POWER SOURCE: 4 | POWER SOURCE: 4 | POWER SOURCE: 6
REFRESH _ 8192 CYCLE / 64 ms
STANDARD PARALLEL TEST 8-bit PARALLEL PROCESSING (ALL 1/0 SAME DATA OUTPUT)
| FAST PAGE . FAST PAGE FAST PAGE
STATIC COLUMN STATIC COLUMN . STATIC COLUMN
HIGH SPEED COLUMN MODE | NIBBLE .

eating and ultrasonic vibration. In ébgé*f;ype package, the inner |eads
A canThesiRitRyBRARépRel y W thout being restricted by the shape of the
1B, so the sub chip size can be increased
wor ds, the package size can be reduced.
ot sub chip 1B is connected to inner |eads 3Ab of the
ther lead frame (second |lead frane) also through the insulating film 4.

lhough not specially Iimted, this lead frame is cut along the outer edges
f the sub chips 1A and 1B and

FIG. 3

STANDARD SPECIFICATION OF 64M DRAM SUB CHIP

THE COLUMNDEPTH IN FP AND SC MODES IS 8K bits AT MOST




conneeted—to correspondi ng i nner. Iead'A’ L%‘Afa%f the lead frane which

th

is

45

according to the package form of

corresponds g . Rensed chip 1A  Thus,
pposed | ead frames are cut and bonded,
is na “ mH nat ed type package. The inner | eads

FIG. 4

so this package

219, 218,
DATA
Din Cr-{IvUT {—{M
BUFFER
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3Ab may be cut outside the sub chip§5kb+§ﬁd 1B and inside—a—+esin-sealed _
type package 2, as shown in Fig. 18.'As nentioned previpusly, bonding pads

of the sub <chips 1A and 1B are arranged centrally of t is Beeg Replacad:
l ond side, in a straight line form For the bonding of t I H A
and 1B, therefore, predeterm ned external termnals of t ' re

connected to left- and right-hand inner |eads 3Aa, 3Ab, respectively, in
the sub chips 1A and 1B for exanple. Such different bondings in the sub

chips 1A and 1B permt overl appi ng /:IC; f;

| | BASIC LAYOUT OF 64M DRAM SUB CHIP
i 2 0 7
Do 0
=2 O
| 2 O
, — 0
;‘. =& 0 -
= 0 =
* 5 READ-WALTE CIRGUIT O READ-WRITE CIRCULT =
=] 0O &
O
O
f—— D
O
o
O
L. - D _ -
- Des U o]
3% 8 =
> -
=~ d i
K /= a .
o o~ d ol
| N O o
= READ-WRITE CIRCULT o READ-WRITE CIRGUIT| . |=
o= 7] =
S = —~ |8
z = =
g SUB ARRAY 0 ]
SUB ARRAY | =
7 e SR 7| =
- r 1} SUB ARRAY 3 1 -
7722 SINULTANEOUS 3 202 WORD DRIVER
ACTIVATION ARRAY 203 X ADDRESS DECODER

BONDING PAD




of | eads of correspondi ng functions ‘@vﬁc‘a"ﬁi he sub chips 1A and 1B are
| apped together in opposed relation t each ot her. This Sheet HA3® iy ps
1A and 1B thus bonded together through the |ead frames a a

nholding resin 2. As the nolding resin 2 there is used anUWﬂjﬂmlm]

i ncorporating therein a phenolic curi:ng agent, a silicon

ti |ler for attaining a reduced stress of the package. The silicone rubber
unctions to decrease the elastic nmodulus and the coefficient of thernal

expansion of the epoxy resin. The flli__llﬁ whiéch

CONCEPTUAL DIAGRAM OF 64M DRAM SUB CHIP SELECTION
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I'$ fornmed as spheri cal silicon'oxig£ aé?tlcles al so  fuReki 5.k 1Se
the thernal expansion coefficient. |Ilin a predetermned pg

package there is fornmed a cut-in portion serving as an | IHHTIIM) ,

- 146 -

VARIATIONS OF 128M DRAM PACKAGE
4H DRAN SUB CHIP 128H DRAM PACKAGE
] REMARKS
| 0RO BT KOS | wRo B CORRESPONDING
_ CONFIGURATION | CONFIGURATION CONFIGURATION | CONFIGURKTION | DIAGRAM
{ inega 1 | SELECTIVE | 128neqa X | 6. |
| bhnege ! [SITAEOUS|  6dmege x 1 FI6. 8
{bnega o4 | SHECTIVE | 3lnegs ' d FI6. §
{tega x4 | SIOUTMEOS |  16megs ' 8 FIG. 10
fnega 8 | SHECTIVE | f6nege ' 8 FIG. 11
Bnega 8 | SILTMEOUS|  neoa o 18 6. 12

FIG. 8

128M DRAM PACKAGE
(64mega x 2bits)
~Dinl
Dout] ==
Din(
Dout(Q -
ﬁ Dout Din Dout Din
] |
64M DRAM SUB CHIP A 64M DRAM SUB CHIP B
(64mega x 1bit) {64mega x 1bit)
; XO~KI2  Y0~YI2. X0~K12  YO~YI2
VS At S S
.. Al2




backage I s designed so that the éﬁﬂ‘bﬁition of the |ead

corresponding to the sub chip 1B and the portion thereof b hmm
§l ead frame corresponding to the sub chip 1A are located in H
{he resin- sealed package, i.e., the nolding resin 2, mher

§ ead franme cut portion and bonded portion can be protected and hence it |s
possible to enhance the durability of the DRAM package. 1.4.2. Howto
§r oduce Lead Lam nated Type Package The 128M DRAM package of this

£nbodi ment is produced through tqﬁaqgilomgyg processes.

128M DRAM PACKAGE
(32mega x 4bits)
DIO3 =
DIO2 =
DIO]l =
DIO) =
r 4
DIO0 DIOL DIO2 DIO3 DIOD DIOI DIO2 DIO3
| - |
64M DRAM SUB CHIP A 64M DRAM SUB CHIP B
(16mega x dbits) (16mega x 4bits)
CS X0~X12 Y0~Y10 CS X0~X12 YO~Y10
as) 4p  4p.  wsb 4 {]
A0~ —
Al3 - —
? 128M DRAM PACKAGE
3 (16mega x 8bits) 5
* DIQOT7 =
DIOE =
DIOSY == i
DIO4 - {
DIO3 = |
DIQ2 == %
DIO]l = ’
DIO0 =
; J [ i V ) 4
: ' DIO0 DIOL DIO2 DIO3 DIO0 DIO1 DIO2 DIO3
. |
64M DRAM SUB CHIP A 64M DRAM SUB CHIP B
(16mega x 4bits) (16mega x 4bits)
X0~X12 YO~Y10 X0~X12 Y0~Y10

SN I R S S




,A"l) Bonding to Pell et %%LLEEb chips 1A and 1B aLe_bgnded—%e—%he————
gorresponding inner |eads 3Aa and 3Ab through the insulating film 4.

ghown in Fig. 19, the insulating film4 is of a three- Id&eﬁhst lmxd
Yherein polyimde is sandw ched in between adhesive Iayer
her nopl astic polyimde. The insulating film4 is heated

gn advance by neans of a heater press, then bonded to the |nner Ieads
" 3Ab and thereafter bonded to the sub chip 1A or 1B by a heat press 20

FIG. 11

128M DRAM PACKAGE
(16mega x 8bits)

| 1815 1
| U

DI00~DI07 DIOO~DI07

 64M DRAM SUB CHIP A 64M DRAM SUB CHIP B
(8mega x 8bits) (8mega x 8bits)
€S X0~XI2 YO~Y9 S X0~X12 YO~
B ) S K A A
AlTs |

FIG. 12

128M DRAM PACKAGE
(8mega x 16bits)

U

DIOO~DIOT DI0Q~DIOT
l I
64M DRAM SUB CHIP A 64M DRAM SUB CHIP B
(8mega x 8bits) (8mega x 8bits)
X0~X12 Y0~Y9 X0~X12 YO~Y9

At S St
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there is perforned
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NS o
hown in Fig.

:

a bbndi ng processi ng between the bondi ng pads arranged

(C

as

Next ,

centrally of the Y axis or the |long side of

(2°'vvre Bondi ng
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|

hi ps 1A, 1B and the inner |eads 3Aa, 3Ab. ‘The inner | ead§ siAcuRRen mgae
ach bent beforehand in a directiom '

omthe corres
After conpletion of the bonding, the sub chip 1B bonded t M%IEEEE
| eads 3Ab is inverted onto the sub chip 1A bonded to the
whereby the two sub chips 1A and 1B are opposed to each other on hoth
S

i des of the lead franes and the inner | eads corresponding to each other
one into contact with each other. (3) Cutting and Bondi ng of Leads
or nmutual contact of the correspondi ng | eads,

FlG. 14

0.850"
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- e i l,

B=- 3B 2
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£ 3Ab AN AN BN N QJZ F

I__.._ = > }

c 3Aa 3A é
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tfhe i nner | eads 3Ab superi nposed on tquidqéf | eads 3Aa are cut in the

t errhedget BaSBeén Repla@fl each sub chip by YAG | aser beam 22 emtted froma
| laser at the sane tinme they are welded to the inner |eads
3pha. - spondi ng | eads of the inner |eads 3Aa and 3Ab are
cpnnec gether electrically. (4) Sealing The sub chips 1A
ahd 1B thus |am nated together opposedly with the |ead franes put '

t herebetween are then sealed with the nolding resin 2, as shown in Fig.
2. At this tine, the cut portions of the inner

Ve
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project l4ved di ng resin 2, whereby the entry

of t er], I t he bonded portions is prevented and hence it is
. pos I bl

| ealls % and the bonded portions there?ES Q*hpe |nner | eads 3Aa are

18
4 / ‘\_'"::1,1’) ';2 M
VSS1 5 vCe
1707 1/00
1/06 | 1/01
1/05 1702
1/04 J 1703
cAs 4> " WE
OF | ! 17y, RAS
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ﬁ&z } ar
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Al 7S A3
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enha ce—%he—du%ab#%#%y—e%—the DRAM1mﬁ4kbb€; (5) Lead Fornming In

t he a e ssaled with the nol di'ng resin 2, as shown in Fig. 23,

t he ‘m?he | ead frame corresponding to the sub chip 1A are
n1ned pressing nmachine to obtain a DRAM package 1

for
of t e tructure. 1.4.3. Lead Frame and Insulating Film
The ead franes used in the | ead | am nated type package of this

enbodi ment are designed so that the di stance between adj acent inner and
outefd | eads 3A, 3B

B w2
A N
* ( _ s NI ) |
VSS1 b 5 B | vee
/07 1/00
. 1/05 1/02
i | 1/04 - 1/03
| cas [* WE
OE A RAS
3A1 — I=F 174 3,
A12 NC
A8 A9
AT A0
A6 A1
A5 A2
Al A3
VSS2 5
— y




R ——
i $ al nost equal throughout the |ead ¥$5¥%§$ as shown in Fig. 24. As a
r @sul trhis Sieet Haa Bees Repl apacity between | eads is unified, the amount of
ngi se i : - leads is suppressed, and the signal transfer tine
as the bl i s shortened accordingly. On the ot her

hand, the insulating film4 used for bonding between the sub chips 1A 1B -
anld the inner leads 3Ais cut in the shape of a conb along the inner _
| gads 3A1, as indicated by oblique lines in Fig. 24. The thermal expansion

cdefficient of the insulating film is relatively greatly different from

that of the F/G 79

PROCESS 1: BONDING TO PELLET

HEATER HEATER
2 PRESS PRESS 20

I\ v aﬁm
O O
O 27T I 2EZ

1B

4
§7 POLYIMIOE

THERMOPLASTIC |
POLYIMIDE
(ADHESIVE)

FIG. 20

PROCESS 2: WIRE BONDING

A

>

03 ;3Ab
1A S = 18




ductor substrate which forns each sub”e %Torﬂu

sem con s Gheet Has Beetl
- 49- | ead frame. Therefore, in the case ere the “\\!“
area of the insulating filmis large, the bonded portl

fllmmay be

FIG. 21

PROCESS 3: LEAD CUTTING AND BONDING
v
- (1B
YAG LASER ) -
2277 N 3Ab

—3Aa

1A

FIG. 22

PROCESS 4: SEALING (LEAD CUT AND BONDED PORTIONS
ARE LOCATED WITHIN RESIN.)

FIG. 23

PROCESS 5: LEAD FORMING

Replaced

ondi ng
| at i ng




ng the inner |leads 3Al to reduce its substantial b

de possible to suppress the separation of the insul

emhance the durability and reliability of the DRAM package. 1.4.4. Qher
Paickage Forns : There may be adopted such nodified forns of 128M
{AM packages as shown in Figs. 25 to 31. In Fig. 25, the back side of a

chip 1B is bonded to the

o 2 -
pgel ed of f by expansi on and cont¥ thbh‘naused by teppegat yre changes over
aflong period. By cutting the indulating film4 int it’ﬁﬁﬁ’m ?ﬂ :

S
I _

FIG. 24
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'&;-per surface of a lead frame LAllcoated with an insuFating—fitm4-of—=a—

Pl yimde resin, while to the |ower surface of the Ie%g Q. am S
®nded the surface side of a sub chip 1A. At this ting, iB
ahd the inner |eads 3Al, as well as the inner |eads 3A41 | hi

3 f

: are shifted fromeach other by a predeterm ned di st or
§re bonding. Thereafter , the inner |eads 3Al and the sub Chlp 1A are
g4 re- bonded together according to the LOC technique, and the inner |eads
¥ and the sub chip 1B are wire-bonded by a conventional nethod.

FIG. 25
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Aner described above. In the foregoing | ead Tammated t+ype—_
gkage, the two lead frames corresponding to the sub cﬁ%g§h1§ %nd 1B can

Jextended up to the outer |eads 3B without being cut, laced -
4 In this case, for retaining the durability of the S
gessary to prevent the ingress of water, etc. through t

@ded portion. . In the case where it is possible to realize a

| e®d frame which permts two sub chips 1A and 1B to be arranged side by
si e on the sane plane, as shown in

/7
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”niggiﬁi—llﬁﬁfiéﬁiifﬁgfOr”Ed such a’tﬁAMﬁﬁgckage as shown in Fig. 29 by
gendi ng the along a fold 1|ine upon conpletion of bonding and

8 rBhistShartliiR BeQiRe Mggse sub chips. In this case, the backs of the sub chips
- and fixed using an insulating film4 of a polyimde
SIH"MQWE sealing wwth a molding resin 2. Further, as
ghown | y"the sub chips 1A and 1B can each be bonded to a | ead
ffame as a circuit board through s?[%t? bquﬁgf as shown in Fig. 30. As

18 1
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FIG. 32

BONDING OPTIONS OF 644 DRAM SUB CHIPS

Fi | F2 | F3 | TC | BIT CONFIGURATION | CHIP SELECT | I/0 TERMINAL
vee {vee | -- | N x 1 NORMAL SELECT | Din/Dout
vee | NC | - | NC x 4 NORMAL SELECT | DI0O~DI03

NC | NG| -- | NC x 8 NORMAL SELECT | DI0O~-DIOT

| -] e fvee - SELECT AT X13=H -

== b -= 1vee | vee -- SELECTAT XILL | -

NC: NO SELECT
--: DON'T CARE



-

- shown in Fig. 31, noreover, ?’?/‘ %)Xal SO possible to realize a DRAM
p lfﬁgﬁhe&mdeﬁk cédour sub chi ps by stacking two pairs of sub chips 1A

1

according to the | ead | am nated packagi ng nmethod, in
t hp m‘m endl cular to the sub chip surfaces and
J ] (1A (SUB CHIP A 1B I(SUB CHIP B)
| Din — Din M 1 Din Din
S e mallgr
u ) : -
o | C
, O a
| O |
1 O O
| _ O ' O
L 0 0 —
Fl — Fl
+—F] : -
F2 F2
+4—F] St
k3 F3
+T—t] 0
vcc—t—+| & (+]-vss VSS | T T\_fvcc
O ? .... S O N AU O ? .... i
BONDING PAD BONDING PAD (CORRESPONDING
| 10 FI6.1)
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T I{BONDIHG PAD BONDING PADE (CORRESPONDING

T0 FI6.8)




tfi s cas l2g¢d t he durability of the DRAM package it is

dgsi r abl t portion of the lead frame corresponding to the sub

chip 1C portion thereof to the lead frane corresponding to

~the sub chip 1A be located in the interior of the nolding resin 2. 1.5.

B@ndi ng Opti ons of DRAM Sub Chlpsﬁ \J . 32 is alist relating to
to

then cqtmg%gtgii correspondl ng Ieads o’;'bl‘uq'gead franmes in common. Also in

bqndi ng optlons of 64M DRAM sub ¢ t he |nvent|on S applled
F|gs 33 t 0.2 cohnnec on—gl-aaf-ahis-—0 Dad a SM-_DRAM ges
i flustrated in Fig. 1 anc'i(rﬁl@s(SU%CHIG A) _£1B (SuB CHIP 3)
DI —'g_— DI — D100 DI0Q
; ~t] — — G
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B

112' Wth reférence to, these figurgé%':ﬁ;)follomdng description is provided
abouThis Slredi Hag B

ft'herei uﬁﬁ

the re '

jon concrete arrangenents

of the DRAM sub chi ps and the connection of pads
nnection diagrans of Figs. 33 to 38 are for explaining
ection between pads and |eads, placing no limtation
and sizes of pads and | eads.

FIG. 37
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-!2 - In each of t 6@54 BRAM sub chi ps accordin
en’bodl ment there are provided four“bonfli ng pads Fl - F3 i ee E for setti ng
t le bit configuration thereof and conditions for chip s asﬁd
apparent from Fig. 32, the pads F1 and F2 are used for KB
configuration of each DRAM sub chip; the pad TC sets sub
chj ps are to be accessed sel ectively or siml taneousl y and the pad F3 is

: FIG. 39
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for setting on which logical |evel of the X address '_S| n as el chip
é{.electlon signal the DRAM sub chi ps ,(grq* be brougt S ted
#state in the case where the sub ch accessed s ‘"t he

@nitial state of the sub chips the pads F1-F3 and TC'f nto a
#on-connected state NC (No Connect) not connected to any of the | eads,
#nd i f necessary, they are W re-bonded selectively to an inner |ead 3A2
gdor the supply of source voltage, or a source voltage supplying | ead

¥ CC. When the pads F1 and F2 are both connected to

FIG. 40

64M DRAM PACKAGE |
! _ (32mega x 2bits)
_Din S—
Domt < . : 1
y
Dout Din | Dout  Din
l I
J2M DRAM SUB CHIP A 321 DRAM SUB CHIP B :
(32mega x 1bit) {32mega x 1bit)
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t%e source vol tage supplying |l ea. tm? associ at ed m
aibit configuration of 64Mx 1 bit an i nput's or OUtTRISRecSHRk: d]a
the unit of 1 bit t hrough data i'nput pad Din or data
tﬁnstlrre as shown in Fig. 33, when the pad TCis oﬁ,mmmjg?m
s%urce vol t age supplyi-ng I ead VCC, the .
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ub chip is activated selectively i
i gnal , i.e., X address signal 13.

yckage of Fig. 1. Wen the pad F3
upplying | ead VCC,

pw | evel, while when the pad F3 is

i%usé
; rrespond to the sub chips A (1A) and B (1B) which co
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oL%<
0 the non-connected state NC, t%e associ ated sub chip Thi htatlﬂnstBeenReplaced
nf i guration of 64Mx 1 bit and is held in the selected s mm

irrespective of the logical level of the X address si gnal
sub! chi ps correspond to the sub chips A and B which constitute t
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} N V] %
\M package shown in Fig. 8. At ?’m \t¥|§e the data input and output pads

Diri, Dout of the sub chip A are connected respectivel y;l@el ee
coriresponding to data input and output term nals Di no’lmu “"!

epl an

EﬂAM

package, while the data input and output pads Din, Dout iﬁﬂ' ip B
ut put

are connected respectively to | eads corresponding to d

termnals Dinl, Doutl of the DRAM package. When the pad Fl is
connected to the source vol tageF | yi ﬁ&ead VCC and the pad F2 is
brought into the non-connected /st NC, e associ ated DRAM sub
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1 0 ‘ -
chip?has a bit configuration of £%fo hkgits and i npufs Or outputs storage

datajin the unit of 4 bits through data input-output S t | (3. At
thisitime, as shown in Fig. 35, once the pad TCis cgﬁs etalsc?n acg
sour.¢ce vol tage supplying lead VCC, the sub chip is ac m ﬂ sl vel y

I n agcordance with the X.address signal X13. Thus, th |

correspond to the sub chips A and B which constitute the DRAM package
sho in Fig. 9. Further, when the pad F3 is connected to the source
vol t age supplying | ead VCC, the associated sub chip is brought into a
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confition that the | evel of thé&%?ab&kggs 5|gnal X13 is- a Iow | evel L,
while when the pad F3 is brought in

o the non-connect Rﬂﬁ%(b b
chip is brought into the
sel@cted state selectively on condition that the |evel
i
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of the X address signal X13 is a high level H The input-out pu‘t“pads\
DI OO- DI 03 of the sub chips A and B are respectively connecy commn to

| eads corresponding to the data input-output term nals D CI) laced
DRAM package. On the other hand, as shown in Fi

pad FI is connected to the source voltage supplylng | ead V!

F2 and TC are brought into the non-connected state NC, the associ at ed sub
Chlp has a bit configuration of 16M it551’ is held in the selected
state Now, the sub chips. correspond e
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sub chips A and B which constitute t%é{ §ackage shown in Fig. 10. Af
this: time, the data input-output pads DI OO Dl 03 of the FhbsiehiHsBeed REplaced
connected respectively to |eads corresponding to the dat t
termnals D OO D 03 of the DRAM package, while the data’ jmgﬂmm uﬂ'mds
DI OO-DI 03 of the sub chip B are connected respectively t

corresponding to the data input-output termnals DI 04-DI07 of the package.
Further, when the pads FI and F2 are both brought into the non-connected

state NC, the associated DRAM sub chip has a bit configuration of 8Mx 8
bi tsi and

FIG. 52

§ WE GLOCK GENERATOR 215~_| . NAYL
. ! WPI—W'—»WP
; CAS CLOCK GENERATOR 213~__ " NATS
BOCI— %Pott-»DoC
% -
Y ADDRESS BUFFER 209&
- NA11
# Y12 '
i B d
i | NA12
_g Y12B ‘ NA13 toc
AlE

CSAPYD




I nputs or outputs storage data in a'ﬁ‘s:l.\nﬂf‘%f 8 bits thrmyg,ﬁett e

i nput - out put pads DIOO-DI07. At this tineg, as Been Replaced
- 56- as shown in Fig. 37, when the pad TC i s connect #"”H’"’H”,m ce
vol tage suppiying |l ead VCC, the sub chip is .
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activated sel ectively in accordance mn the X address a Hégﬁmnm@mgﬂ
the,§ub chips of this DRAM package correspond to the su

whi ¢h constitute the DRAM package illustrated in Fig. 11\%

the pad F3 is connected to the source voltage supplying
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of%the MM ed resﬁ% t o | eads
29

57 s Sheft®lat B& to the da tput termnals DIQD- D07 of
the DIR’AI-\%l “ t he data input-out put pads DI Q0-DI 07 of the sub
chip B ar
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r espectivety—to teads correspondi qﬂ,@o( ajdata input- output terninals
rete Methods for the Sel ection of Chip

DI 08- DI 15 pof .th G . +1.6. Conc

Fig. 3 fec Had Bodl X I agram of the X address buffer 205 included in the
64M DRAN mﬂmu dying the invention, and Figs. 40 to 44 are bl ock
di agr anms harts illustrating other chip selecting nethods in

DRAM package. Wth reference to these figures, the follow ng description
i s provi ded about concrete chip selecting nmethods in the 64M DRAM :
pac‘i}<age. In each of the circuit diagrans of the figures which follow, the
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I\/DSFET—ea—n%t—aJ—Jaxi_de_senLconductLgr‘ Jy%ti eld effect transistor; the term

"MOSFET" is used herein as a generic termfor insulated gate type field

ef f ect Thi Been Baplagédt h an arrow attached to the channel (back gate)
portion m type and is distinguished froman N channel MOSFET

with an ached thereto. 1.6.1. Selective Activation Method
and Configuration of X Address Buffer The chip

sel ection for the 64M DRAM sub chip t hi odi nent is substantially
det er mi ned F/G 67Tb
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-58-  selectively—n accordance WIthJ he?ogl cal level of the internal
control signal CS which is outputted fromthe X address buffer 205. The
09irl?,ié;li;mabtel»msaBee{)Rﬁ“&d internal control signal CSis set selectively in

= RO
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t he Ioglcalllevel of the X address signé*2k1§+5§a whet her the bondi ng
rel at i NOrmis@ndelMBasBRGH, iﬂ( pads TA and F3 is executed or not. As

shown in ad TCis connected to a corresponding input circuit
| C3 of thﬁmm !,IE 223, and the level of an output signal, or an

I nt ernal | TCD, fromthe input circuit 1C3 is nade hi gh or

| ow sel ectively according to the state of bonding. Mre specifically, when
the pad TCis brought into the non-connected state NC, the |evel of the
internal control signal TCD is made | ow, while when the
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pad TC is—eonnectedt0 the sour ce J&f%ég}Léa%plying | ead VCC, the level of
t he inter.nal n ro%c%kgpah TCD is nmdet high. Likew se, the pad F3 is

connect &bjs Pheetas onding input circuit IC2 of the npde setter 223,
and the | ‘ I put signal, or an internal control signal CSA from
t he i nputl s made | ow when the pad F3 is brought into the

non-connected state NC, while when the pad F3 is connected to the source
vol tage supplying lead VCC, the level of the internal control signal CSA

i s rendered high. The
FIG. 64
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e 1
iInt ernal control signals TCD and CSA a drﬁthe X address buffer 205
he X address buffer 205 includes an input I rcuit | ClThis®li¢enHasBaen.

tlermi nal connected to an address input pad A13. The mpH",I"i
ought
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into a transfe fPLAGEME%HESHEET/ when the level of a row address ¥¥Piicr?

signal RASB andg fhat of an intgkrpal contr-ol signals RASO are nade hi gh,

and it takes ih th@ 7FEEP 19991 eft}on signal, i.e., the X address signal X13,

which is fed t{ne-sharingw se }hfough the address i nput pad X13. An

out put signal wfr-omthe—mput=<ifcuit IC _ig_fed as an internal signal X13

to one input termnal of a sel eft or SELI, while at the sanme tine, after

being inverted by an:inverter, the thus- |nverted out put signal is fed as

an i nverlt ed REPEAUED SHgEak XI3BJ 0 The of her 'npuiamrc@mm?%mwg SG
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Semiconductor Device and Method for

Manufacturing Same

The present invention relates to a
semiéonductor device and a'methqd for manufacturing thg
same. For example, the present invention is concerned
with a DRAM package (a semiconductor device with one or
plural DRAM chips mounted thereonfwili hereinafter be
referred tb herein as "DRAM_Qadkage") compfising plural
DRAM (Dynamic Random Acceigfhemory) chips (a
semiconductor chip capable of functioning as DRAM will

hereinafter be referped to herein as “DRAM chlp"), as

well as a technique which is particularly useful in

produc;ng such DRAM package.

! There have been known a DRAM Chlp having as a
basic éonfiguration a memory array comprising lattice-
like arranged dynamic memory cells, as well as a DRAM
package having such DRAM chip as a basic configuration.

In the conventional DRAM package, usually one DRAM chip

is mounted thereon, and bonding pads used therein are
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is fed the internal control signal CSA from
a second-control termnal thereof is fed an
signal RCS, froma NOR gate NO.

To one i npuf f b NOR gate NOI is . fed-an internal control

si gnal CASI\M {iph accordance with a colum address strobe

si gnal - CASB =T o-tre her 1 nput termnal thereof is fed an out put

si gnal frorﬁ-a..NANqug,e_M._‘ To a pair of input

t he npde se

ferninal of {EE
out put signdl

-connected to corresponding leads of a lead frame
integral with external terminals.

Aé to the DRAM package carrying a single DRAM
chip thereon, it is described, for example, in U.S.
Serial No. 496,280 filed March 20, 1990.

The recent tendency to higher integration
density and larger capacity of a DRAM chip is
remarkable, and the chip area is going dn_incfeasing.
At the same time, the DRAM package wpich carries a DRAM
chip thereon also tends to become larger in size. As a
result, there occurreé a problem that the packaging
efficiency of a.memory'system or the iike comprising a
DRAM package was not greatly improved.

To cope with the above problem, as shown in
Figs. 65 to 67, there have proposed several methods for

' ﬁounting on a siﬁgle package a plurality of sub chips
(in the case where one package is composed of plural
semiconductor chips, those plural constituent
semiconductor chips will each be referred to herein as
“sub chip"). More particularly, in Fig. 65, a plurality
of sub chips 1E to 1I are mounted on the surface of a
circuit board 7A. 1In Fig. 66, first a relatively large
sub chip 1J is mountéd on a leaa frame 3, then two
relatively small sub chips 1K and 1L are mounted

opposedly to each other on the sub chip 1J.
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D gate NAl are fed inverted internal contro
are fornmed on the basis of the row address

lt, the level of the output signal fromthe

hi ph selectlvely when the |evel of either the

nal RASOB OL.3 -

Rff?riﬁn%é%r

strobe sign
NAND gate
i nverted in

Corresponding pads of the sub chips 13 and 1K, 1L are
connected together through a solder  bump ‘10. Further,
bonding pads. of the sub chip 1J are connected to
corresponding external terminals, i.e., outer leads 3B,
through bonding wires 5. On the other hand, in Fig. 67,
first a sub chip 1N is die-bonded onto a circuit board
7B, and pads provided on the sub chip 1N are bonded to
corresponding metallized portions 11 of the circuit
board 7B through bonding wifes 8. Then, the sub chip 1N
is coated with a mélding resin 9, and after the surface
of the coating was flattened, a sub chip 1M is lamiﬁated
onto the thus-flattened surface of the coating.

The chip mouﬁting methods illustrated in Figs.
66 and 67 are described in Japanese Patent Laid Open

Nos. 284951/86 and 283634/87, respectively.

However, with progress of higher integratioh
density and larger capacity of semiconductor chips, the
present inventors found out that the following p:oblems
were involved in the foregoing chip mounting methods.
In Figqg. 65, since plufal sub chips
1E-1I are mounted oﬁ the same plane, the area of the
circuit board 7A increasés with increase in the number

of semiconductor chips mounted thereon, and hence the
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RASIB is ma %L'%J g*ﬁﬁ “P%QT evel of the output signal fromthe NOR gate
NO, i.e. thelintegrnal - S|gn i RCS, is rendered | ow selectively when the
| evel of th )ut%)ﬁtF &l ffomthe NAND gate NAl or that of the internal
control sigpal CASI is nade hjgh. In other -words, during the period in
whi ch the M sub chips—are held in angnselected state and al so during
the period teom - _the tinme wheh the DRAM sub chips are brought into a

sel ected state until when the level of the inverted internal control
signal RASOB or RAS1B i s'made | ow or that of the internal control signal
CASl is made hi gh,

package size also bécomes larger.

In Fig. 66, the lower sub chip 1J must be larger than
the upper sub chips 1K and 1L by an amount corresponding
to the pad portion required for drawing out the bonding
.wires 5. Therefore, it is impossible to constitute a
package using the same size of{sub chips formed in the
same manufacturing process, like a DRAM chip for
'example. In Fig. 67, the heat

radiation of the lower sub chip 1IN is obstructed, and
restriction is.placed on the reduction of the package
size because it is necessary to use the circuit board
7B. In all of these methods, moreover, the
manufacturing process is complicated and the product
yiéld is deteriorated in comparison with, for example,_
the conventional packaging method involving dlrect w1ré
bondlnq to a lead frame. -
Therefore, the present invéntion seeks to provide

a chipfmounting method which may permit the mounting of

a plurality. of sub chips of the same size without
sacrificing the heat radiation characteristic of a
package and the product yield.

The present invention may also permit the

achievement of large capacity and low power

consumption of a DRAM package and simplify the
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t he | evel of REPLA EMENF E mrol signal RCS is kept high, while-it is

rendered | oy ii %Feéﬁ g Ib-chips are substantially held in a selected
state. 9 el of the internal signal RCS is made high,
the selecto I.s.roughf {nto a transfer state, while when the |evel

of the intefnal signal i rendered | ow _the selector SELI is brought
into a non- _ h the transfer state, when the

manufacturing process for the same package while
suppressing the increase in size of the package.

The present invention may further permit the
production.of a DRAM package having a memory
capacity plural times that of a package of about the
same size and comprising a single DRAM chip and thereby
expand the limit of memofy'cépacity of DRAM chips, etc.

The present invenﬁion may

' fﬁrthermoré enhance the packaging e:ficiency of a

memory system or the like having a DRAM package as a
basic configuration and reduce the cost thereof.

The present invention

| may also provide : means for an effective

aédresé system and a hanufacturing process both suitable
for the new chip mduhting method and provide several
applicatidn examples of this chip mounting method.

The présent invention | '
ﬁay_f also provide an effective manufacturing method
suitable for the new chip mounting method.

A typical aspect of the present
invention will now be described briefly. A pair of
DRAM chips are mounted opposedly on both éide$ of wiring
means such as a leﬁd frame substantially integral with
external terminéls, then these DRAM chips and lead frame

are connected together by a conventional wire bonding
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method for example. Plural péirs of such DRAM Chips and
lead frames thus connected are stacked and corresponding
leads of the lead frames are connected in common to
provide a laminate. Further, plural DRAM chips thus
mounted are activated selectively in ‘accordance with a

predetermined chip select signal. Additionally, partial

-DRAM chips capable of normally functioning partially are

combined, utilizing this chip mounting method, to
constituﬁe a single DRAM package.

- According to the above means it is possible to
provide an effective chip mounting method capable of

mounting plural sub chips of the same size without

‘sacrificing the heat radiation characteristic of the

paékage and the product yield. Besides, it is possible
to attain large capacity and low power consumption of
fhe DRAM package and simplify the manufacturing process
for the package. ,Moreoﬁer, it is possible to realize a
DRAM package having a memory capacity plural times that
of a package comprising a single DRAM chip and thgreby
expand the limit of memory capacify of DRAM chips; at
the same time it is possible to enhance the packaging
efficiency of a memory system having a DRAM package as a
basic configuration énd reduce the cost thereof.

Further, it is possible to utilize partial DRAM chips

ARl nal control signal CSAis low, the 'selector
rted internal. signal Xl 3B and transfers the
tch circuit LTI which follows, while when the

signal Xl 3B_gnd transfers the thus-inverted

—1



Thus, when Ao ”SLEEEWJht into the non-connected state NC, the
sel ector SEfI ffurther inver]s{the inverted internal signal X13B, i.e., an
“inverted si¢gngl 27 REB 1997 alldf ess signal X13, and transfers the
thus-inverted} signal to the |atch circuit LTl; in other words, the X
address si ghaFXES=Fs=tramstefred to the_l-atch circuit LTI directly

W t hout bei [ nverted. When fhe pad F3 is bonded to the source voltage
~supplying lead VCC, the sSerector SELI inverts the internal signal X13,
i.e., the X address signal X13, and transfers it to the latch circuit
LT1. The X address signal X13 transfer _

without waste and enhance a substantial product yield of

DRAM chips, etc.

In the drawings:

Fig. 1 is a block diagram showing a first
example of a 128M DRAM packége according to the present
iﬁvention; : | _ |

Fig. 2 is a timing chart in the DRAM package
of Fig. 1; |

Fig. 3 is a standard specification table of
64M DRAM sub chips which constitute the DRAM package of
Fig. 1; - |

Fig. 4 is a block diagram showing an example
of a DRAM sub chip of Fig. 3;

Fig. 5 is a substrate layout diagram in the
DRAM sub chip of Fig. 4;

Fig. 6 is an address allocation diagram in the
DRAM ghb chip of Fig. 4;

! Fig. 7 is a product list showing variations of
the 128M DRAM package;

Fig. 8 is a block diagram showing.a second
example of a 128M DRAM package according to the present

invention;
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operation of [T eZsebeetd

time after thej DRAM sub ChHT] re brought into a selected state and when
the level of{the27 1997 si gnal RCS is made | ow. The latch
circuit LTI | intoJallatch formselectively in accordance with an
i nverted sidna Tre=sw=put] si gnal frgq&[pe NAND gate NAl; i.e., an

Fig. 9 is a block diagram showing a third
example of a 128M DRAM package according to the present
invention;

Fig. 10 is a block diagram showing a fourth
example of a 128M DRAM package according to the present
invention; |

Fig. 11 is a block_diagram'showing a fifth
e#ample of a 128M DRAM package according to the present
invention;

Fig. 12 is a_block diagram showing a sixth
exémple of a 128M DRAM package according to the present
invention; ' | '

Fig. 13 is a sectional perspective view of the
DRAM package of Fig. 1;

Fig. l4'is.a plan view thereof;

Fig. 15 is a structural sectional view taken
on line A-B in Fig. 14;

. Fig. 16 is a plan view cut away along line C-D
in Fig. 15; “

Fig. 17 is a plan view cut éway along line E-F
in Fig. 15, showing a first example of the DRAM package
of Fig. 14;

Fig. 18 is a plan view cut away along line E-F
in Fig. 15, showing a second example of the DRAM package

of Fig. 14;
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‘nal signal RSB. Mre specifically, the latch

o alatch form selectively when the |evel of the
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he DRAM sub chi ps were brought into a selected
atch circuit . LTlgholds the internal signal X13
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Fig. 19 is a ptocessing diagram showing
first manufaéturing précess'for the DRAM package
illustrated in Fig. 13;

Fig. 20 is a processing diagram showing
second manufactufing'prodess fbr the DRAM package
illustrated in Pig. 13;

Pig. 21 is a processing diagram showing
third manufacturing prbcess for the DRAM package
illustrated in Fig. 13;

Fig.lzz is a processing diagram showing
fourth manufacturing process for the DRAM package
illustrated in Fig. 13; )

Fig. 23 is a processing diagram showing

fifth manufacturing process for the DRAM package

illustrated in Fig. 13;

Fig. 24 is a plan view showing an example of a

lead frame and an insulating film both used in the dram

packége of Fig. 13;

Fig. 25 is a structural sectional view of a

DRAM packagé further embodying the invention;

Fig. 26 is a structural sectional view of a

DRAM package further embodying the invention;

Fig. 27 is a structural sectional view of a

DRAM package further embodying the invention;
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out put
signal

t her eof and

contr ol

si gnal KA (g
NAND gat e NA2§*“#

si gnal
from the

Trpm—

gelaEgFy cuit LTI is fed to one input termnal of a

grtyafjut  termnal of the NAND gate NA2 is fed the
jodte NAl, i.e., internal signal RS. An output
4 ijs outputted through a transfer gate Td

cgntrol signal TCD at a control term na

si gna

orje inverter:léhd serves as an i nternal
drm nal of the trasnfer gate TQ is

connected to an earth potentlal of the -circuit through an N-channel MOSFET
whi ch receives at a :

Fig. 28 is a plan view of a lead frame

included in a DRAM package further embodying the

invention; |

Fig. 29 is a structural sectional view of the
DRAM package iéferred to in Fig. 28;

Fig. 30 is a structural sectional view of a
DRBM package further embodying the invention;

Fig. 31 is a structural sectional view of a
DRAM package further embodying the ipvention;

Fig. 32 is_a list of connections, showing
bonding options of the'DRAM sub chips shown in Fig. 3;

Fig. 33 is a connection diaéram of pads in the
DRAM package of Fig. 1; |

Fig. 34 is a connection diagram of pads in the
DRAM,package of Fig. 8;

Fig. 35 is a connection diagram of ﬁads in the
DRAM package of Fig. 9;

| Pig. 36 is a connection diagram of pads in the

DRAﬁ package of Fig. 10;

Fig. 37 is a connection diagram of pads in the
DRAM package of Fig. 11;

- Fig. 38 is a connection diagram of pads in the

DRAM package of Fig. 12;

Fig; 39 is a partial circuit diagram of an X

address buffer included in the DRAM sub chip of Fig. 4;
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3 or inverted internal control signal X 3B
Tl is transmitted to the transfer gate TA on
the internal signal RS and that of the
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Fig. 40 is a block diagram showing a seventh
example of a 64M DRAM package according to the |
invention; _ |

Fig. 41 is a timing chart in DRAM sub chips
illustrated in Fig. 40; |

Fig. 42 is a block diagram showing an éighth
example of a 64M DRAM package according to the
invention; |

Fig. 43 is a timing chart ;n a wfite mode of
DRAM sub chips illustrated in Fig. 42;

Fig. 44 is a timing chart in a read mode of
the DRAM sub chips illustrated in Fig; 42;

‘Fig. 45 is a partial signai system diagram in
a conventional DRAM package{

Fig. 46 is a partial signél system diagram in
the DRAM package of Fig. i; |

Fig. 47 is a block diagram showing a first
examplé of a 64M DRAM package consisting of two DRAM
partiél chips according to the invention; |

Fig; 48 is a partial circuit diagram of an X
address buffer included in the DRAM package of Fig. 47;

| Fig. 49 is another partial circuit diagram of
thé X address buffer included in'the DRAM package of -

Fig. 47;
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I nt er nal contro ' BUEEAT GEME made high, in other words, on condi ti on
that the IeveI Wy @ss st robe signal RASB is nade | ow and the

pad TCis bond’ ﬁpF urcu vol tage supplying |lead VCC. The internal
signal X13 or i - intferpall signal X 3B thus transferred serves as the
i nternal confrd grad—CS.__{That is, the level of the internal contro
signal CS isi_ke Iom/mhlle the IeveI of 1zhe row address strobe signa
RASB i s high, and Upormteapse-af a predetern1ned

Fig. 50 is a block diagram showing a second
example of a 64M DRAM package consisting of two DRAM
partial chips according to the invention; |

Fig. 51 is a parﬁial circuit diagram of a ¥
_éddress buffer included in the DRAM package of Fig. 50;

Fig. 52 is another partial circuit diagram of
the ¥ address buffer included in the DRAM package of
Fig. 50;

Fig. 53 is a list of connections, showing
bonding options of the DRAM partial chips shown in Figs.
47 and 50;
| Fig. 54 is a list of producfs, showing
variations of a 64M DRAM package consisting of two DRAM
partial chlps,

Fig. 55 is é block diagram showing a third
example of a 64M DRAM package consisting of two DRAM
partial chips according to the invention;

Fig. 56 is a block diagram showing a fourth
eXaméie of a 64M DRAM package consisting of two DRAM
partial chips according to the invention;

Fig. 57 is a block diagram showing a fifth
example of a 64M DRAM package consisting of two DRAM

partial chips according to the invention;
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onngct ed statled NC, the | evel of the internal
i gh on condition that the level of the
fow, in other words, on condition that
X13-is high, while when the pad F3 is

Fig. 58 is a'block diagram showing a sixth
éxample of a 64M DRAM package consisting of two DRAM
partial chips according to the invention;

Fig. 59 is a block diagram showing a seventh
example of a 64M DRAM package consisting of two DRAM
partial chips according to the invention;

Fig. 60 is.a plan view showing an example of a
wafer from which a DRAM chip is formed;

Fig. 61 is a block diagram_showing an example
of a DRAM package consisting of two function—divided sub
chips; |

Fig. 62 is a block diagram showing an example
of é DRAM package consisting of two bit-divided éub
chips;

| Fig. .63 is a bldck diagram showing an example
" of a conventional microcomputer package;

Fig. 64 is a block diagram showing an example
of a microcomputer package consisting of two function-
divided sub chips;

Fig. .65 is a plan view of a substrate in a
conventional multi-chip module;

Fig. 66 is a structural sectional view showing
another example of a conventional multi-chip module; and

Fig. 67 is a structural sectional view showing

a further example of a conventional multi-chip module.
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1. 128M DRAM Package according to Double Chip Packaging
Method
1.1.  Outline of DRAM Package
" Fig. 1 is a block diagram showing an example

of a 128M ("M" or "mega" is assumed equal to the
twentieth éower of 2 herein) DRAM package_according to
the present invention, and Fig. 2 is_a-timing chart in
the said DRAM package. With reference to these figures,
an outline of this DRAM package and an explanation of a
chip selecting method will first be given below. The
chip mounting method according to the present invention
will hereiﬁ be designated a double chip packaging
method. For concrete contents-of the double chip
packaging method and features thereof, see "1l.4. Package
Form of DRAM Package."
1.1.1., Block Configuration

. A DRAM package 1 according to this embodiment
includes two DRAM sub chips 1A and 1B. These sub chips
each have a memory capacity of_64 mega. Write data and
read data are inpﬁtted or outputted each in the unit of
one bit through a data input terminal Din or a data
output terminal Dout. The sub chips A and B adopt a so-

called mulﬁiplex method, wherein the address space is
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= -Q%EE'. ari 1 is formed in accordance with the condi tions

i1 lTustfa e%gln Fig. 32]apd can deternine conditions for the selection of

' ZkFEBﬂ]QW ch constitute the DRAM package. . In the
DRAM spbj chi ps of this| ehbodi ment, the internal control signal CSis
formed sel ectir very=rm= gccordance with theiX address signal X13, as

ment i ored—ahoye, and tHis X address signal X13 is fed at a ‘relatively
quick timng in synchroflismwith the trailing edge of the row address
strobe signal RASB. As indicated at [err] in Fig. 4, the internal contro

si gnal

designated alternatively in.accordance with 13-bit X

'~ address- signals (row'address signals) X0 to X12 and Y
address signals (cblumn address signals) Y0 to Y12 which
are fed time-sharingwise through thirteen address input
terminals A0 to Al2. Data input pads Din and data
output pads.Dout of the sﬁb chips A and B are connected
in dommon.to a data input terminal Din and a data output
.terminal Dout,'respectively, of the DRABM package, and
address input pads A0 to Al3 are connected in common to
address input terminals A0 to A-13, respectively, of the
DRAM péckage.

As start control signals, a row address strobe
siggal RASB (as to an inversion sighal or inversion
signal line whose level is rendered low when it is made
effective, the mark "B" is attached to the end of the

| name, and this will apply also in the following) and a
column address strobe signal CASB, as well as a write
enable siénal WEB, are fed to the DRAM sub chips A and B
from.external terminals RASB and CASB as well as WEB
through corresponding bonding pads. An X address signal
X13 as a chip selection signal is fed from an address
input terminal Al3 through a corresponding bonding pad,
and an external source voltage VCC is fed from two
external terminals VCCl and VCC2 through corresponding

bonding pads VCCl_and VCC2. Further, an earth potential



CS can be ut|I
signal XDG to

causing the se|fsggl
addr ess decodef

t he case where
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Lannil

i zed for cau5|ng the formation of the internal control
T i vely by the RAS2 cl ock generator 210,

activating each sub chip selectively.
r margin i@ dhe input timng of the X

he internal control signal CS, as

consunption of"

err] in Flg. 4, arfd cut down another 10% or so the power
€ sub chrp '

of the circuit is fed'from'gxternal terminals VSS1 and

VSS2 through corresponding bonding pads VSSl and vSs2.

" The external source voltage VCC is set at a positive’

voltage like +5V for example, and as will be described
later, it is dropped by a voltage dropping section of
each of the sub chips A and B, then serées as a source
voltage for the operation of each sub chip.
1.1.2. Chip Selecting Method

When the row address strobe signal RASB and
the column address strobe signals CASB are made low in |

level, the sub chips A and B are selectively broﬁght'

into a selected state, and the operation mode thereof is.

set in accordance with a logical level of the write

enable signal WEB. To the address input terminals AQ- .

Al2 are fed X address signals X0-X12 in synchronism with

-the trailing edge of the row address strobe signal RASB,

while Y address signals YD-Yiz are fed in synchronism
with :the trailing edge of the column address strobe
signél CASB, as shown in Fig. 2.

In this embodiment, moreover, the selected
state of the sub éhip A and that of the sub chip B are
selectively designated in accordance with a logical
level of the chip seleétion signal, i.e., the X address
signal X13. More specifically, when the level of the X

address signal X13 is made low, the level of an internal

nes to be executed selectively by the X

In

possi ble to operate the X predecoder 204
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control signal CS in the'sub.chip A is made high to
select the sub chip.A in the DRAM package, as'indiéatéd
by solid line in Fig. 2; On the other hand, when the
level of the X address signal X13 is made high, the
level of an internal control signal CS in the sub chip B
is rendered high to.select the sub chip B, as indicated
by dotted line in Fig. 2. Thus, the 64M DRAM suS chips
A and B are selected in an alternative maqner; with the
result that the DRAM package possesses a memory capacity
twice that of each sub chip, namelf, 128 mega x 1 bit.
Since the sub chips A and B are sélected alternatively,
the power_consumption of the DRAM package is relatively
small, corresponding to the power consumption of one of
the two sub chips. |

1.2. Outline of DRAM Sub Chips

Fig. 3 tabulates a standard specification of

64M DRAM sub chips which-ponstitute the DRAM package of
Fig. 1; Fig. 4 is a block diagram showing an example
theréof; Fig.. 5 is a substrate layout view of the 64M
DRAM sub chip shown in Fig. 4; and Fig..6 is an address

~allocation diagram in the same sub chip. With reference
to these figures, the following description is now

- provided about a cdhcrete configuration and
specification of the 64M ﬁRAM sub chips A and B which

constitute the DRAM packége of this embodiment as well
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addr ess sigl;*;_r“-v e sQﬁ;thps whi ch constitute the DRAM package nust
be activat egd :T-”?“;négdsrﬁﬁ;and in this case either the storage data

i nputting opel ah E thd ite anplifier 218 or the outputting operation
of the datf jou 68 EEUFW@r!ZZl can nerely be done selectively, as

indicated aft ferr] in Fig. %44 1.6.2. Obarg Chip Sel ecti.ng Met hods

u—&

In the 64M|DRAM package ol tHe above enbodi nent, the chip selection signal
for sel ectibwely—accessing alpair of DRAM sub ChIpS is fed as the X
address signal X12, and the nunber of address input

as an address selecting method and an outliné of
operation. In the description of this chapter there
will be made no distiﬁction Between the sub chips A and
B because both are basically of the same configurationf
1.2.1. Standard Specification
The 64M DRAM sub chips in this eﬁbodiment can

each take three kinds of bit configurations which are 64
megawords x 1 bit (hereinafter referred to éimply as,
for éxample, "64 mega x 1 bit"), 16 mega x 4 bits and 8
mega x 8 bits because bonding to prédetermined pads is
executed selectively, as.shown in Fig. 3. When the sub
chip has a bit configuration of 64 meéa x 1 bit, the
address space thereof is designated alternatively by the
13-bit X address signals X0-X12 and ¥ address signals
Y0-¥12 in the manner described above. On the other
hand, when the sub chip has‘a bit'configuration of 16
mega x 4 bifs, the addresé space thereof is designated
alternatively by the 13-bit X address signals X0-X1l2 and
ll—bi£ Y address signals Y0-Y10. Further, when the sub
éhip has a bit configuration of 8 mega x 8 bits, the
address space thereof is designated alternatively in

~ @ccordance with the 13-bit X address signals X0-X12 and
10-bit Y address signals Y0-Y¥9. Thus, in the 64M sub
chips in this embodiment, a row address space is always

designated by 13-bit X address signals, and a refresh
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Ttreased by one. A method for coping with this
nunmber of ‘external term nals of the DRAM

1] of bits of the X and Y address signals so.
1997el, jincluding the chip selection signal. In this
t hat |t he DRAM package shoul d be constituted by the
- ¥ an address™ Ce conprising ith power of 2
power of 2 of columm addresses, or the
resses and'the i[err] power of 2 of columm

cycle thereof is unified to 8 kilo ("kilo" ié assumed
equél to the tenth powef of 2 herein) cycle with a
period of 64 ms (millisecond = 1/1000 second).

As the package form of the 64M DRAM sub chip
there is adopted a so—called SOJ (Small Out—liné J-bend)
type package, and an external size thereof is set at 300
mil x 850 mil (mil = 171000 inch) though it is not
specially iimited. A maximum of 32 piﬁs,_or externai
terminals, are provided in the package. For the sub

~chip there is adopted an address multipléx method as
mentioned previously, and a row aédress thereof is
designated by 13-bit X address signals X0-X12
irrespective of bit configuration. Therefore, the
number of pins used as address input terminals is
fourteen, including thé X address signal X13 serving as
a chip selection signal, irrespective of the bit
configuration of the sub chip. On the other hand, when
the éub chip has a bit configuration of 64 mega x 1 bit,
wriée data and read data are inputted or outputted in
#he unit of one bit through the data inéut terminal Din
or the data output terminal Dout, as noted previously.
When the sub chip has a bit éonfiguration of 16 mega x 4
bits or 8 mega x 8 bits, write data and read data are
inputted our outputted in the unit of 4 or 8 bits

through common data input-output terminals DIOO to DIO3
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or DIOO to DIO7. At this time, an output enable signal -
OEB for setting an output timing of read data is fed to
the sub chip, and the number of pins provided for the
supply of start céntrol signais or clocks is four.
Consequéntly, the total number of pins uéed in each sub
chip is 23 in the bit configuration of 64 mega x 1 bit,
26 in the bit configuration of 16 mega x 4 bits, 32 in
the bit configuratidn of 8 mega x 8 bits.

The 64M DRAM sub chips are each provided with
a predetefmined test mode and a parallel test function
of comparing and collating 8-bit storage data read out
simultaneously, with given expected vglué data in the
said test mode. At this time, the results of the

parallel tes£ are outputted in common from all the

output or input—oﬁtput terminals. On the sub chips are

each provided with a high-speed column mode, or Fast
Page mode, as well as Static Column mode and Nibble
mode, for continuously inputting or outputting storage
data with respect to plufal memory cells connected to
selected word lines. Nibble mode is madeleffective when
the sub chip has a bit configuration of 64 mega x 1 bit,
and it inputs or outputs a maximum of 32 bits of storage
data continuously. Fast Page mode and Static Column

mode are made effective in any bit configuration and can
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Nﬁﬁa§k¢ge conprises the first power of 2, nanely,
are selectively designated by X

12 bits and Y address signals YO-Y12
chip selection signal is fed to the DRAM
P of the no.
Hress signals X0-Xl| and the X address signal

significant bit. At this tine,

are fed in synchronismwith the trailing

while the Y address signals

input or output a maximum of 8K bits, i.e., 8192 bits,

continuously.

1.2.2. Block Configuration

The 64M DRAM sub chips in this embodiment have

each a memory array 201 as a basic configquration wherein

the address space comprises 8K, or 8192, row addresses

and column.addreéses, as shown in Fig. 4. This memory

array includes 8192 word lines disposed substantially in

parallel with the vertical direction in the same figure

and corresponding to the row addresses and 8192 sets of

complementary bit lines disposed in parallel with the

horizontal direction and corresponding to the column

.  addresses. At the intersecting points of these word

lines and complementary bit lines there are disposed

8192 x 8192, or 67108864, i.e., 64M, dynamic memory

cells in a lattice shape.

memory capacity of 64 megabits.

Thus, the sub chip has a

As will be described

later, a memory array in each DRAM sub chip of this

embodiment is actually divided into four memory blocks,

which are each further divided into four mats each

consisting of four sub arrays.

The following

description on the block configuration will be made on

the assumption that the memory array is a single memory

array.
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i{h the internal control signal CS
bt : v to attain 1Rg _reduction of power consunption
package whi 1 bt i m zi ng the nunber of external term nals of

the packagd®.
in Fig. 22,

he other hand, in the enbodinment illustrated

t he address space of the DRAM

The word lines which constltute the memory
array 201 are connected to an X address decoder 203
through a word driver 202. Predetermined predecoded
signals are fed to the X address decoder from an X
predecoder 204, and also fed thereto is an internal
control signal XDG from a RAS2 clock generator 210. To
the X predecoder are fed internal address signais BX0~

BX12 from an X address buffer 205, and also fed thereto

~is an internal control signal.cs which is formed on the

basis of the X address signal X13. Further, X address
signals X0-X13 are fed to the X address buffer time-
sharingwise through address inpuf padé A0-Al3, and also
fed thereto are internal control signals-TCD and CSA
from a mode setter 223. _ |

The X address buffer 205 takes theréin the X
éddress signals X0-X13 which are fed time-sharingwise
through the address input pads A0-Al3, and on the basis
of these X address signals.the X address buffer forms
the.internal address signals BX0~-BX12 and the internal
control signal CS. The internal control signal CS is
fed to the X predecoder 204, RAS2 clock generator 210,
write amplifier 218 and data output buffer 221 and is
used as a so-called éhip selection signal for operating
these blocks selectively. 1In this embodiment, as will

be described later, a logical condition for making the
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level of the internal control signal CS high is changed
over selectively by selective execution of bonding to
the internal control signals CSA and TCD, i;e.. pads Fl
to F3 and TC. As té these bonding options, see "1.5.
Bonding Options of DRAM Sub Chips."

' The X predecoder 204 decodes the internal
address signals BX0-BX12 fed from the X addre;s buffer
205, in combinatién of two or three bits at a time to
form predetermined predecoded signals. Thesg predécoded
signals are fed to the.x address decoder 203 and some of
them are used for activating the memory blocks, mats and
sub arrays selectively. The predecoder 204 is operated
selectively in accordance with the internal control
signal CS fed from the X addreés buffer, whereby the
waste operating current is cut down when the sub chip is

"brought into ah unselected state and thus the reduction
in power consumption of the DRAM package is attained.

The X addfess decoder 203 combines the

predeboded signéls féd from the X prédecoder 204 to form
selection signals for selecting corresponding word lines
of the memory array in an alternative manner. These
selection signals are transferred to corresponding word
lines of the memory array through the word driver 202,
whereby the corresponding word lines are brought into a

predetermined selection level. As well known, when the



;Y address signal Y12 of the nost significant

bit. At thi g™ i fin Figs. 43 and 44, the X address signals
X0- X12 aref dﬁgzéqﬁiﬂﬂgrofl mw th the trailing edge of the row address
strobe si gnal hg Y address signals YO YII and the Y address
signal Y12 a ip selecfion signal-a&4&-fed in synchronismwth the
trailing address strobe signal CASB. As a result, the

i nternaly con CS ifs forned selectively at a relatively slow
timng and so it is i npossible to acti-vate the sub chips. A and B
sel ectively in accordance

the word lines are broughﬁ into the selection level, the
8192 memory cells connected to the wérd-lines are
brought into the selected state all together, and the
data held therein are outputted to the corresponding
complementary bit lines. If these data are left as they
are, they will be destroyed, but their signal amplitudes
are amplified to a predetermined level by corresponding
unit amplifier circuits of the sense amplifier 206,
whereby the data are fewritten ihtd the-corresponding
memory cells. In the DRAM sub'chips, when the 8192 unit
amplifier circuits of -the sense amplifier 206 are
operated all together, a relatively lgrge operating
current is required. Thérefore, whether each sub chip
is aétivated or not ié judged by whether the sense
amplifier ié brought into an operating state or not, in
‘other words, whether the word line selecting operation
is performed or not. Heedless to say, it is important
in reducing the power consumption that the sub chip
which is brought into -an unselected state be not
activated. However, at some particular input timing of
a chip selection signal £here arises the case where the
two sub chips which constitute the DRAM package must be
activated at a time. 1In this case, oﬁly the storage
data inputting or outpdtting operation is executed

selectively by thg write amplifier 218 or the data
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with the it geaakodtiWl §HEBfdnal CS. In this case, the storage data

I nputting @ ut't “Bpéfations can be executed selectively by formng
t he interngl ._,_rﬁﬂam WP fed to the wite anplifier 218 or ‘the .
internal - - ol signal~0Od fed to the data output buffer 221,

sel ectiveljy Tﬁ*ﬁ‘*“ 2 wifth the chip selsggtion signals i.e., Y address
si gnal Y1Zew I n the DRAM package descri bed above
there i s adopted a so-

ed doubl.e chip package net hod wherein a

output buffer 22l:in accordance with the internal
cdntrollsignal CS..

- Next, the complementary bit lines of the
memory array are connected to thé corresponding unit
amplifier circuits of the sense amplifier 206 and
further connected to a common IO line 217 through
éorre;ponding switches MOSFETs. The sense amplifier 206
includes 8192 uﬁif amplifier circuits provided in
corresponding relation to the complémentary bit lineé of
the memory afray and the same number of switch MOSFET
pairs. The unit amplifier circuits of the sense
amplifier are'operated sglectively ané all together by a
predetermined internal control signal (not shown) fed
from the RAS2 clock generator 210. In this operating |
state, the unit amplifier circuits amplify fine read
signals which are outputted through the corresponding
complementary bit 1ines:of the memory array 201 from the
8192 memory cells connected to the selected word lines,
to prov1de binary read signals of high or low level. On
the other hand, to the switch MOSFET pairs of the sense
amplifier are fed bit selection signals frbﬁ the ¥
address decoder 207. These MOSFET switches are turned
ON selectively wheﬁ the corresponding bit line selection

signals are rendered high in level, to selectively
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connect the corresponding complementary bit lines of the -
memory array with the common IO line 217.

'To the ¥ address decoder 207 are fed

_predecoded signals from a Y predecoder 208 and also fed

is an internal control signal ¥DG from a CAS clock

generator 213. To the Y.predecoder 208 are fed internal
address signals BY0-BY1l2 from a Y address buffer 209,
while Eo the ¥ address buffers 209 are fed Y address
signals Y0-Y12 time—shafingwise fhroggh the address
input pads A0-Al2. _

The Y addreés'buffer 209 takes therein the i
address signals ¥0-Y12 which are fed éime—sharingwise
through the address input pads A0-Al2, then on the basis
of these Y address signals it forms internal address

signals BY0-BY12 and supplies them to the Y predecoder

.208. The Y predecoder 208 decodes the internal address

signals BY0-BY12 by COmbining.them in the unit of two or
threejbits at a time to form predetermined predecoded
signais and supplies these predecoded signals to the Y
address decoder 207, which in turn combines these
predecoded signals to make the level of the
corresponding bit line selectibn signals high in an
alternative manner...

The éommoﬁ IO line 217 for connecting

designated complementary bit lines of the memory array
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iR fa) "ﬁﬁﬁ*““ gt e the storage data inputting or outputting

Eel ectiVely-=Ag p result, the followi ng effects can be attai ned.
aﬂ_zﬁw d kbn effective chip nounting nethod capabl e of
f S i gs jof the sane size without sacrificing the heat

n FratFeretesistdic jof t he paCkage_ng the product yield.

possible to attgin a large capaCity and | ow power .consunption of

t he DRAM package White=sdppressi ng the increase of the package size.
(3) As conpared with a package conprisi-ng a

201 sélectively is connected to an output terminal of
the write amplifier 218 and also connected to an input
terminal 6f a main amplifiér 220. An input terminal of
the write amplifier 218 is connected to an output
terminal of a data input buffer 219, whilé_an”input
terminal of this data input buffer is connected to the
data input pad Din. To the write amplifier 218 is fed
the internal control signal CS and also fed is an |
_internal control signél WP from a WP'clock generator
215. On the other hand, an'output terminal of the main
amplifier 220 is connected to an ihput_terminal of the
data ouiput buffer 221, and an outpufiterminal of the
data output buffer 221 is connected to the data output'
pad Dout. To the data output buffer 221 is fed an
inﬁernal control. signal DOC from the -CAS clock generator
213. ‘

Wheﬁ the DRAM sub chips are each brought into
a seyécted state in the‘write mode, the data input '
buffer 219 transfers write data fed through the data
input pad Din, to the write amplifier 218. The write
amplifier 218 is operated selectively whenlthe DRAM sub
chip is brought into a selected state in.the write mode
and the internal coﬁtrols signals CS and WP are made
high in level. 1In this operating state, the write

amplifier forms a predetermined complementary write



bout the same package size, it 1is possible to

si ngl e {B®)

real i ze qving a nenory capacity plural times that of such
single | thus the limt of menory capacity in DRAM chi ps,
etc. C3 (4) I'n the case where a package is

consti{ sem conductor chip, a signal is transmtted with a

rel ati el -Iarge delay t/me which.is detébined by resistor R and
parasit?ﬁ%%ﬁ?ﬁﬁt??vhia-—as

signal on the basis of the write data transferred from
the data input buffer 219 and writes it into one .
selected memory cell in the memory array 201 through the
common IO line 217. On the other hand, when the DRAM
sub chip is brought into a selected state in ﬁhe read
mode, the main amplifier 220 further amplifies a read
signal which is outputted through the common IO line 217
from one selected memory cell in the memory array 201,
and transfers it as read data to the.data output buffer
221. The data output buffer 221 is operated selectively
when the DRAM sub chip is brought into a seieqted state
in the read mode and the level of the.internal control
signal DOC is made high. 1In this operating state, the
data.output bﬁffer 221 transmits the read data.provideﬁ
from the main amplifier 220 to the exterior of the sub
chip through the data output pad Dout. Thus, in the
DRAM sub chip of this embodiﬁenﬁ, the write amplifier
218 and the data output buffer 221 are operated
selec%ively in accordance with the internal control
signal CS serving as a chip selection signal, whereby
the storage data inputting or outputting operation is
executed selectively.

The DRAM sub chip is further provided with, as
components of the control circuit, RAS buffer 212, RAS1

clock generator 211, RAS2 clock generator.ZlO, CAS
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consti tju el “@f sub- chi ps and ‘these sub chips are activated

sel ectijvgl y. Fig. 46, the resistor R and parasitic capacity C
can substfa - down to 1/k, so the delay tinme as .the package can
be sulpstant:

i to one per the sasond power of k
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buffer 214, CAS clock'geﬁerator 213, WE buffer 216 and
WE clock generator 215, as well as mode setter 223 and
voltage dropping section 222. To the RAS buffer 212 is
fed a row address strobe signal RASB through the input
éad RASB, and an output signal from the RAS buffer 212
is fed to the RAS1l clock generator 211. An output
signal from the RAS1 clock generator is fed to the RAS2
clock generator 210 and also fed to predetermined
portions of the sub chip. Further fed to thé RAS2 clock
generator 210 is the internal control signal'és, and an
output signal From the RAS2 clock generator 210 is fed
as an internal control signal XDG to éhe X address
decoder 203 and also fed to predetermined portions of
the sub chip. On the bésis of the row address strobe
signal RASB inputted through the RAS buffer 212 the RAS1
‘clock generator 211 énd the RAéz clock generator'210
form various internal control signals necesséry for the
word line selecting operation and the control of the
sense'amplifiers 206.. As mentioned previously, the
operation of the RAS2 clock generator 210 is controlled
by the internal control signal CS.. As a result, the
operations of the X address decoder 203, word driver 202
and sense amplifier 206 are executed selectively,

whereby the sub chip is activated selectively.



. : ) ereof can be made hi gh. (5) Since the
pagds  of the palred sub chips are arranged centrally in a straight
Y axis of the sem conductor substrate surface, a
gn be realized easily and it is possible to

ding to the corsvamid onal LOC techni que. '
hi ps are bonded to the corresponding | ead franes
and t here f —chips and lead franes are | am nated together, a
doubl e chip package system can be realized easily by using the

On the othef hand, to the CAS clock generator
213 is fed a column addfess strobe signal CASB through
the input pad CASB, and an outpu£ signal from the CAS
clock genegato: 213 is fed to the Y address decoder 207
and the data output buffer 221 as internal control
signals ¥DG and DOC, respectively, agd also fed Eo
predetermined portions of the sub chip. On the basis of
the columﬁ address strobe signal CASB inputted through
the CAS buffer 214 fhe CAS clock generator 213 forms
Qarious internal control signals necessary for the
.complementary bit line selecting operation and for the
control of the main amplifier 220 and.data output buffer
221. Likewise, to the WE buffer 216 is fed a write
enable signal WEB through the input pad WEB, and an
output signal from the WE buffer 216 is fed to the WE
‘clock generator 215. Further, an output signal from the
"WE clock generator 215 is fed as an internal control
signal WP to the write amplifier 218 and also fed to
predetermined portions of the sub chip. On the basis of
the write enable sighal WEB inputted through the WE
buffer 216 the WE clock generator 215 forms an internal
control signal WE, etc. necessary for the control of the
write amplifier 218.
To the mode settér 223 are fed a predetermined

mode control signals through the pads F1-F3 and TC, and
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ﬁﬁegkﬂ ﬂ1 %ép;échnique. (7) In the case of

th together, one-lead franme is cut and bonded to
gﬁi%%gﬁkgz d tjhe cut and bonded portions are protected in the

asealing redirn, soit is possible to  prevent the entry of

and thereby €entancing the duraghility of the package.

output signals from the mode setter 223 are fed as
internal control signals CSA and TCD to the X address
buffer 205. On the basis of the mode control signals
fed through the péds F1-F3 and TC the mode setter 223
forms Qarious internal control signals for sefting the
bit configuration of the sub chip and chip selecting
conditions. On the other hand, the voltage dropping
sectioﬁ 222 forms a predetermined internal source
voltage VCL on the basis of external source voltages VCC
fed through the éoq;ce voltage inpﬁt pads VCCl and VCC2,
and supplies it as an operating power to various
portions of the sub chip. The internél source voltage
.VCL is set at a positive voltage of a relatively small
absolute value such as +3.3V for example.
1.2.3. Basic Layout
In each of the 64M DRAM sub chips according to
this embodiment, the memory arrayl201 is divided into
four -memory blocks 0-3, which are further divided into
four’mats 0-3 each consisting of four sub arrays 0-3.
The sub arrays 0-3 constituting each memory block and
mat aré disposed to extend the word lines in the
direction of X axis of the semiconductor substrate
surface, i.e;, in the shorter side direction, as shown
in Fig. 5, and a sehse.amplifier (not shown) is disposed

-between two adjacent sub arrays 0 and 1 and also between
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(8) Sincel}
are stacked
correspongli
possi ble §o

Lé(ib chips each |aninated through the |ead franes

B

I tThe™ “dlrec | bn perpendicular to the surface thereof and the
02 FFEB @I he [ead franes are connected in conmon, it is
| amhate plurfal jpairs of sub chips easily and pronote the

attai nnen FFge—patkhge capacity. - 32 -~ (9) Since the address
space of gach_nenor ackape is constituted by kth power of 2 of nenory
sub

sub arrays 2 and 3. In correspondiﬁg reiation to each
of these sense amplifiers there are provided two sets of
common IO -lines 217. 1Inside the sub arrays 0-3 there
are disposed corresponding word driver 202 and X address
decoder 203. The mats 0-3 which constitute each memory
block form pairs each consisting of two mats,'and ay

address decoder 207 is disposed between the mats of each

pair. These Y address decoders are used in common by

two mats on both sides, namely, eight sub arrays. 1In an
intermediate portioh of each memory block there is
disposed a read-wrlte c1rcu1t 1ncludlng a write
amplifier 218 and a main amplifier 220. Centrally in
the direction of Y axis, l.e., in the longer side
direction, of the semiconductor substrate surface there
are disposed a plurality of bonding pads in a straight_
line form. As will be described rater, the paired sub
chips A and B which constitute the DRAM package are
mounted in opposed relation to each other. By this
cenb;al, linear arrangement of the bonding pads, not
only a planér'symmetry of the bonding pads can be
ensured but also the chip ﬁdunting method based on the
conventional LOC (Lead On Chip) method can be appiied.
The basic layout of Fig.5 does not restrict the layout
size of each portion or an'absolute numbér of bonding

pads.
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chi ps dedf's -’Q&Mgﬁﬁéghgﬁé5y in accordance with row address signals of i-k
bits andjcdl um address §ignals of i bits, or row address signals of i
bits andjc 'sfgnals of i-k bits, and these sub chips are
activategq $ agcordance with the differences k bit, between
the row §nd

of exter

eFessfsignals, it isy3possible to optimze the nunber

I §e pronoting the reduction of power consunption
of each nenory package cohprising plural sub chips. (10) Since
the insulating filmfor bonding a sub-chip and a corresponding |lead frane
wi.th each ot her ‘

In this embodiment, though not speéially
limited, the sub arrays 0-3 substantially include 512
word lines and 2048 sets of complementary bit lines,
each having a memory capacity of 1 megabits.' That is,
each mat has a memory capécity of 1M x 4 bits, i.e., 4
megabits, and each memory block has a meﬁory capacity of
44 x 4, i.e., 16 megabits. Thus, the DRAM sub chips
each have a memory capacity.of 16M x 4, i.e., 64
megabits; In this_embodimenﬁ, as-in@icated by hatched
lines in Fig. 5, when the DRAM sub chip is brought into
a selected state, four sub arrafs are activated
simultaneously and two sets, a total éf eight sets, of
complementary bit lines adjacent to the four sub arrays
are connected:selectively to two sets, a total of eight
sets, of common IO lines. That is, each read-write
‘circuit includés two, a total of eiéht, write amplifiers
218 and main amplifiers 220 which are proﬁided in
correspondence to those common IO lines. These write
amplifiers and main amplifiers.are operated in
predetermined combinations, wheréby the bit
configuration of the DRAM sub chip is changed over.
selectively.
1.2.4. Address Assignment

To the DRAM sub chip are fed 13~bit X address

signals X0~X12 and Y address signals ¥0-Y12, as
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Is cut in tglE HAGB}’EEI:J} SHE nb along the leads of the lead frane, it is
possible tp E&?ﬁﬁQUbSt ntial bonding area and prevent the separation
of the inpu gfﬁg sied by changes of tenperature. As a result, it
i s possiblp _a_enhance_LhZF ckagi ng -71-
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mentioned above, and the Address'space of the éub chip
is designated sélectively. " In this embodiment, though
not specially limited, the 512 word lines which
constitute the sub arrays 0-3 are designated in an
alternative manner in accordance with 9-bit X address
signals X0-X8, while the 2048 sets of complementary bit
lines are designated in an alternative manner in
accordance with 11-bit Y address signals Y0-Y1l0, as
shown in Fig. 6. The four sub arrays 0-3 which
constitute each mat are designated in an alternative
manner in accordance with 2-bit X address signals X9 and
X10, while the four mats 0-3 which coﬂétitute each
memory block are desighated in an alternative manner in
accordance with l-bit X address signal X1l and Y address
signal ¥Y1l. Further, the four memory'blocks'O-B are
designated in an alternativehmanher in accordance with
1-bit X address signal X12 and ¥ address'signal Yl2.

' As to the 2048 sets oflcomplementary bit lines
_which,éonstitute each sub array, as mentioned above, two
adjacent sets are brought into a selected state
simultaneously, but are substantially designated in an
alternative manner in accordance with Y address signals
Y0-Y8 because the two corresponding main amplifiers are
selected in accordance Qith Y address signal YO.

Actually, the selection of mémory blocks 0-3 by the most
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mor the like including a DRAM package as a
gu;gzi tihgr eby pronote the reduction of cost thereof.

M fﬁg@ Partial Chips - Enbodi ment s have been
_ dspect to 128M DRAM packages wherein a | arge
capacity | as package and | power consu on are pronoted by the

conbi nat i | | chips-havigsfaadress spaces all capabl e of
functioning normally. The double chip package system according to the
present invention can also be used as- mmeans for the relief partial chips
by conbining so-called partial chips each having an

significant bit X and Y address signals X12, Y12 is also
realized by the selection of corresponding main
amplifiers.
1.2. Variations of DRAM Package
In Fig. 7 there is illustrated é list.of 128M
DRAM package products comprising the 64M DRAM sub chips
shown in Figs. 3 to 6.  Fi§s. 8 to 12 are block diagrams
of the DRAM packages shown in the produét_list of Fig.
7. With reference to these figures, the following
description is now provided about the kind,
~configuration and outline of 128M DRAM packages each
capable of being constituted by two 64ﬁ DRAM sub chips.
In the block diagrams of Figs. 8 to 12 there.are shown
‘only address signals and signal lines relating to input
and output data. |
1.3.1. Kind of 128M DRAM Packages Capable of Being
Constituted |
" The 64M DRAM sub chips in this embodiment can
each’ take three kinds of bit configurations of 64M x 1
bit, 16M x 4 bits and 8M x 8Ibits because prescribed
bondings are executed selectively, as noted previously.
By combining the two DRAM sub chips of the same bit
configuration and accessing them simultaneou#ly or
selectively it is possible to éonfigure a total of six

kinds of 128M DRAM packages which are shown in Fig. 7.



gggaéﬁmn:(ﬁﬂggﬁtially functioning normally to constitute a
gd. 2.2 TB64NTDRAM Package Using Two 64M DRAM Partial Chips
ellecRiZFEB 1997 Fig. 47 is a bl ock diagram showing a first
64M DRAM packade according to the present invention. Figs. 48
and 49 ar rttrar—<crrew=¢ (i agrans showing an X address buffer 205 and a
mode sett eg223 which are ificluded in the DRAM package of Fig. 47. Fig. 53
is a list of connections, showi ng bonding options of 64M DRAM partia
chi ps which constitute the DRM package -of Fig. 47. Wth reference to these
figures, the follow ng description is now provi ded about an outline

Accessed
exanpl e of

The 128M x 1 bit DRAM package constituted by combining
two 64M x 1 bit DRAM sub chips and accessing these sub
chips selectively in accordance with a chip selection
signal, i.e., X address signal X13, corresponds to the
embodiment shown in Fig. 1, will not be explained here.
1.3.2. Outline of Various DRAM Paékéges

(1) 64M x 2 bit DRAM package wherein two 64M x 1 biE

DRAM sub chips are accessed simultanqousiy:

Such a 128M DRAM package of 64M x 2 bits as
shown in Fig. 8 can be éonstituted by-combining two 64M
DRAM sub chips A and B each having a bit configuration
of 64M x 1 bit and then accessing ﬁhes; sub chips
simultaneously. In this variation, 13-bit X address
signals X0-X12 and Y address signals Y0-Y12 are fed to
address input pads R0-Al2 of the sub chips A and B in

| common and time-sharingwise, and data input and output.
'pads Din, Dout are connected to corresponding data input
terminals Dinl, Din2 and data output terminals Doutl,
Dout2 of the DRAM package. As a result, the sub chips A
and B are brouéht into é éelected state simultaneously
and execute storage data inputting and outputting
operations in the unit of 1 bit and in parallel. Thus,
the DRAM package hés a bit configuration of 64M x 2
bits, wherein 2-bit storage data are inputted or

outputted simultaneously. At this. time, refresh
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& ‘%ﬁgﬁﬁ e of this embodi nent and a concrete chip
EEEgi:E l|gures the 64M DRAM partial chips which

qigﬁﬁﬁ%ggﬁka'eﬁ basically foll ow the 64M DRAM sub chi ps whi ch
he* I'ngl’ 1®8M DRAM package. Further, as in the
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‘operations for the sub chips are also executed in

parallel, the refresh cycle as DRAM package becomes 8K

cycle/64 ms. It goes without saying that the power

consumption of the DRAM packége as a whole is about

twice that of the 64M DRAM sub chips. |

(2) 32M x 4 bit DRAM package wherein two 16M x 4 bit
DRAM. sub chips are adcessed selectively:

By combining two 64M DRAM sub chips A and B .

~each having a bit configuration of 16M x 4 bits and then

accessing these sub chips selectively there can be
constituted such a léSM DRAM package of 32M x 4 bits as
shown in Fig. 9. 1In this variation, i3-bit X address
signals X0-X12 and 1ll-bit Y address signals YO-XlO aré
fed to addréss input pads AO—Alé of the sub chips A and
B in common and time-sha;ingwise, and further fed is an
X address signal X13 which serves as a chip selection
signal through an.address input pad Al3. Data input-
output pads DIOO to DIO3 of each sub chip are connected
in ¢ommon to corresponding data input—output terminals
DIO0-DIO3 of the DRAM package. As a result, the such
chip A is brought into a selected state selectively when 
the level éf the X address signal X13 is made low, and
it executes alone é storage data iﬁputting or outputting
operation. On the other hand, the sub chip B is brought

into a selected state selectively when the level of the
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ig. 47, the 64MiDRAM packages@f. this embodirrent is

constituted bastcalTy By two}64M DRAM partial chips A and B wherein one

hal f of eadh-

Low—address—space can function nornmally. The portion of . each

‘partial. chip

capable of functlonlng normal ly is not

X adéfess signal X13 is made high, and it executes alone -
a storage data inputting or outputting operation. Now,
the DRAM package has a bit configuration of 32M x 4 bits
and inputs or outputs 4-bit storagé data simultaneously.
At this time, refresh operations for the sub chips A and
B are executed selectively, so the refresh cycle as the
DRAM package becomes 16K cycle/64 ms. The power
consumption of the DRAM package as a whole is almost
equal to that of one sub chip because the 64M DRAM sub
chips A and B are activated selectively, whereby the
reduction of power cohsumption can be attained.
(3) 16M x 8 bit DRAM package wherein-two 16M x 4 bit
DRAM sub chips are accessed simultaneously:

By combining two 64M DRAM sub chips A and B
each having a bit configuration of 16M x 4 bits and then
accessing these sub chips simultaneously there can be
constituted such a 128M DRAM package of 16M x 8 bits as
shown in Fig. 10. In this variation, 13-bit X address
signais X0-X12 and 1ll-bit Y address signals ¥Y0-Y1l0 are
fed to address input pads A0-Al2 in common and time-
sharingwise. Data input-—output pads DIO0-DIO3 of each
sub chip are connected to corresponding input-output
.ferminals DIO0-DIO7 of the DRAM-package. As a result,
the sub chips A and B are brought into a selecﬁed staﬁe

simultaneously and. execute a 4-bit storage data
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inputting or outputting operation in a parallel manner.
Now, the DRAM package haé a bit configuration of 16M x 8
bits and it inputs or outputs 8-bit storage data
simultaneously. At this time, refresh operations for
the sub chips A and B are also executed in parallel, so
the refresh cycle as fhe DRAM package becomes 8K
cycle/64 ms. The power consumption as the entire DRAM
package is about twice that of the sub chips. |
(4) 16M x 8 bit DRAM package wherein two 8M x 8 bit
DRAM sub chips are accessed selectively:

By combining two 64M DRAM sub chips A and B
each having a bit configuration of 8M?x 8 bits and then
accessing these sub chips selectively there can be
constituted such a 128M DRAM package of 16M x 8 bits as
shown in Fig. 11. Iﬁ this variation, 13-bit X address
signals X0-X12 and 10-bit ¥ address signals Y0-Y9 are
fed to address input pads A0-Al2 of the sub chips A and
B in:common and time-sharingwise. Further, an X address
signél X13 which serves as a chip selection signal is
fed through an address input péd Al3. Data input-output
pads DIO0-DIO7 of each sub chip are connected in common
to corresponding data input-output terminals DIO0~DIO7
of the DRAM package. As a result, thé sub chip A is
brought into a selected state selectively when the level

of the X address signal X13 is made low, and it executes
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|ng pads of the 641M DRAM sub chips in the
rtial chips A and B are each provided with

, PTX and PTY. As shown in Fig. 53, the pads
d in an unconnected state NC and are

o

O o0 e

jce vol t age - suppl yi ng | ead VCC when the row or

alone an 8-bit storage data inputting or outputting
operation, while the sub chip B is brought into a
selected state selectively when the level of the X
address signal is rendered high, and it executes along

an 8-bit storage data inputting or outputting operation.

- Now, the DRAM package has a bit configuration of 16M x 8

bits and inputs or outputs 8-bit storage data
simultaneously. At this time, the refresh cycle as the
DRAM package is.16K cycle/64 ms and the power
consumption as the entife package is almost equal to
that of one sub chip. Thus, the reduction of power
consumption can be attained. -
(5) 8M x 16 bit DRAM package wherein two 8M x 8 bit
DRAM sub éhips are accessed simultaneously:

By combining twb 64M DRAM sub chips A and B

‘each having a bit configuration of 84 x 8 bits and then

accessing these sub chips simultaneously there can be
con;&ituted such a 128M DRAM package of 8M x 16 bits as
shown in Fig. 12. 1In this variation, 13-bit X address
signals X0-X12 and 10-bit Y address signals Y0-Y9 are
fed to address input pads A0-Al2 of the sub chips A and
B in common and time—sharingwise. Input-output pads
DI00-DIO07 of the sﬁb chips are connected to
corresponding data input-output terminals DIO0-DIO7 and

DIO8-DIO15 of the DRAM package. As a result, the sub
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y functions normally. On the other hand, the
ce voltage supplying lead VCC in a nornal
ch is designated by a | ow address side, or X
ess signal Y12, in the row or colum address
e signal is made |ow, and the pad PTA is brought

into the. ni nnected state NC in a netfal-condition of the portion
~which is de5|gnated y gh address side, or X address signal X12 or Y

address signal Y12, when the level of -the signal is rendered high. As in
t he foregoing 128M :

pad PTA is
condi tion
addr ess -si gn§
space when{th

_ X12 or Y ador

chips A and B are brought into a selected state
simultaneously and executes an 8-bit storage data
inputting or outputting operation in a parallel manner.
Now, the DRAM package has a bit confiquration of 8M x 16
bits and inputs or outputs 16-bit storage data
simultaneously. At this time, the refresh cycle as the
DRAM package is 8K cycle/64 ms and the power consumption
of the package as a whole is about twice that oflthe sub
chips. _
1.4.-.Packégé Form of DRAM Package and Manufacturing
Method for Same
Fig. 13 is a structural perspectlve view of a
128M DRAM package embodying the invention and Fig. 14 is
a plan view ihereof. Fig. 15 is a structural sectional
. view of the DRAM.package shown in Figs. 13-and 14, énd
Figs. 16 to 18 are cut-away plan views thereof.
Further, Figs. 19 to 23 are processing diagrams relating
to ménufacturing processes for the DRAM package
illdétrated in Figs. 13 and 14 , and Fig. 24 is a plan
view showing an éxample of a lead frame used therein.
Figs. 25 to 31 are structural sectional views and plan
view.of other package forms of DRAM packages embodying
the invention. With reference to these figures, thé
following description is providéd about the package

form, manufacturing method and features of the DRAM
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'TC and F3 are used for sel ectively activating

chfps A and B qr for setting chip selecting conditions

27FEB 1997 IIn JFi g. 47, the pads PTA and PTX of each of the
A and arg Qhoth bonded to the source voltage supplying |ead
- Brought into_tfhieg _non-connected state NC. In each

packages, including modifications. Theée examples place
no limitation on concreEe shape and size of the package
as well as in wbat order the bonding pads are to be
arranged.
1.4.1. Outline of Lead Laminated Type Package

This 128M DRAM package basically comprises two
64M DRAM sub chips A (1A: first semiconductor chip) and
B (1B: first semiconductor chip), aé mentioned
previously. As shown in Fig. 15, these sub chips are
mounted opposedly to each other on both sides of a lead
frame 3 which serves as wiring means. The lead frame 3
comprises inner leads 3A in the interior of the packége
and outér terminals or leads 3B in the exterior of the
package. That is, the lead frame 3 as wiring means has
a structure which is suBstantially integral with
external terminals of the package. The DRAM package
after sealing'is a so-called SOJ type package, having
outer dimensions of 300 mils in short side aﬁd 850 mils

in long side, as shown in Fig. 14. Fig. 15 corresponds

'to a structural sectional view taken on line A-B of the

plan view of Fig. 14, while Figs. 16 and 17 correspond
to cut—away plan views taken along lines C-D and E-F in
the structural sectlonal view of Fig. 15. It goes
without saying that in the following structural

sectional views, including Fig. 15, the sectional views



therefore, 4fH
signal BX12 §i

addr ess si dd
t he ot her hdnd
to the sourcd

pred | ater, the level of an internal address
A"'crcibly and-the row address space on the | ow

céﬁﬁp%E Q@aiﬁ{ctionjng normally is designated steadily. On
% tdaf chips A and B, the pads TC are both bonded

age su--?y ng lead VOG5 a and the pad F3 on the partial

chip A sidefis

he | ead- VCC mhlle t he pad F3 on the

of the sub chips 1A énd.lB are taken in the short side -
direction of the sub chips.

In Fig. 15, the sub chip 1A is connected to
inner leads 3Ra of one lead frame (first lead frame) -
through an insulating £ilm 4 of polyimide sandwiched in
between adhesive layers of a thermoplastic polyimide.
This lead frame is made integral with the external
terminals or outer leads 3B of the DRAM package without
being cﬁt. Plural bonding pads_prov;ded centrally of ¥
axis of the sub chip 1A in a straight.line form are
connected to corresponding inner leads 3Aa through |
bonding wires 5. As shown in Fig. 16; the inner leads
are separated into relatively short inner leads 3Al

which are provided correspondingly to ordinary external

terminals and relatively long inner leads 3A2 for the

supply of source voltage and éarth potential provided
between externals VCCl and VCC2 and between external
terminals VSS1 and VSS2. The inner leads 3Al are used
for bonding to inputting or outputting pads, while the
inner leads 3A2 afe used for the supply of source
voltage and eafth potential and for bonding to mode
setting pads F1-F3 and TC. Thus, in this package, the
source voltage and earth potential can be supplied in
ahy aesifed positions through the inner leads 3A2, so it

is possible to shorten the source voltage or earth



partialﬁﬁﬁﬁﬁlfffhﬁff?f, ought into the non-connected state NC, whereby

t he | ejelrof—af—-hRteEEl jcontrol signal CS in the partial chip Ais

render d hi@%&@ﬁlﬁﬁd‘“’on that the level of the X address signal X12 is

| ow, and k angi nternal control signal"CSin the partial chip B
is rendeted high on_copdition that the Leygl_of the X address signal X12

I s high. ™ Thus] the partial chips A and B function substantially
in the > 64M DRAM sub  chips A and B which constitute the

foregO|ng'128M'DRAM package shown in Fig. 1 except .that their menory

potential feed lines to suppress power source noises and -
attain speed-up of the operations of Ehe DRAM sub chips
1A and 1B. As the bqnding wires 5 there are used
aluminum, gold.or copper wires or coated wires obtained
by coating the surfaces of such metal wires with an
insulating resin. For the bonding between inner leads
and pads there is adopted a convehtional method used for
LOG type packages, and the bonding is effected by a’
bonding method comprising both pressure bonding under
heating and ultrasonic vibration. 1In a LOC type
package, the inner'léads 3A can be extended freely
without being restricted by the shape of the-DRAM sub
chips 1A and lB,.so the sub chip size can be increased
accordingly; in other words, the package size can be
reduced. _ _

On the other hand, the sub chip 1B is
connected to inner leads 3Ab of the other lead frame
(second ieadlframe) also through the insulating film 4.
Thoudh not specially limited, this lead frame is cut
along the outer edges of the sub chips 1A and 1B and
connected to corresponding inner leads 3Ra of the lead
frame which borresponds to the sub chip 1A. Thus,
according to the package form of this package, two
opposed lead frames are cut and bonded, so this package

is named a lead laminated type package. The inner leads
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capaci t =+6-2827 fregabits. As a result, the DRAM package of Fig.
47 functipn d 64M DRAM package. |In this case, as is apparent
from Fi . ackage has an interface which is just the sanme as
t hat of, clade constituted by a S|ngle 64M DRANIChIp wherein
all thg_address spaces cqn function -45 - 15 -

3Ab may be cut outside the sub chips 1A ﬁnd 1B and
inside a resin sealed type package 2, as shown in Fig.
18. As mentioned previously, bonding péds of the sub
éhips 1A and 1B are arranged centrally of the Y axis, or
the lond side, in a straight line form. For the bonding
of the sub chips 1A and 1B, therefore, predetermined.
external terminals of the sub chips are connected to
left—-.and right-hand inner leads.3Aa, 3Ab,-réspectively,
in the sub chips 1A and 1B for example. Such different
bondings in the sub chips 1A and 1B permit overlapping
of leads of corresponding functions when the sub chips
1A and 1B are lapped together in oppoged.relation té
each other.

The sub chips 1A and 1B thus bonded together
through the lead frames are sealed with a molding resin
2. As the molding resin 2 there is used an epoxy resin
incorporating therein a phenolic curing agent, a
silicone rubber and a filler for attaining a reduced
stress of the package. The silicone rubber functions to
.decrease the elastic modulus and the coefficient of
thermal expansion of the epoxy resin. The filler, which
is formed as SPherical silicon oxide particles; also
functions to decréasé the thermal expansion coefficient.
In a predetermined position of the package there is

formed a cut-in portion serving as an index ID. The
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nornal ly. R ! is also 8K cycle/64 ns, and it is also

possi bl e to“ﬁgjﬂhtxi@g £gitllel test. This indicates that this DRAM package
conpri sing tiwo _ééghé chi ps can be substituted for the 64M DRAM package
conprising gne®ff l) ng that the double chip packaging nmethod is

—

effectivejin substantially fnproving the ggaduct yield of 64M DRAM chi ps.
2.1.2. Selfectivel'y A¢tivati hg Met hod and Confi guration of X
Addr ess Biftes—

package is designed so that the cut portion of the lead
frame corresponding to the sub chip 1B and the portion
thereof bonded to the lead frame corresponding to the
sub chip 1A are located in the interior of the resin~
sealed package, i.e., thg'moldihg resin 2, whereby the
said lead frame cut portion and bonded portion can be
protected and hence it is possible to enhance the
durability of the DRAM package.

1.4.2. How to Produce Lead Laminated Type Package

The 128M DRAM package of this embodiment is
produced through the followihg'processes.
(1) Bonding to Pellet .

The sub chips 1A and 1B are bonded to the
corresponding inner leads 3Aa and 3Ab throdgh the
insulating film 4. As shown in Fig. 19, the insulating
film 4 is of a three-layer structure wherein polyimide
is sandwiched in between adhesive layers of a
thermoplastic polyimide. The insulating film 4 is
heatéd and pressurized in advance by means of a heater
press, then bonded to the inner leads 3Aa or 3Ab and
thereafter bonded to the gub chip 1A or 1B by a heat
press 20. |
(2) Wire Bonding

Next, as shown in Fig. 20, there is performed

a bonding processing between the bonding pads arranged’
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;HEEI PTA and PTX of each partial chip are

i nput terningl g of corresponding input circuits | C2-1C5 |n
te27E’EB19ﬁ7\dt eir output signals, or internal control

| TCD, PAD and |PXD, are rendered high or low in level
SMreTspeetFrEalll y, the internal control signals CSA TCD, PAD

| eyel when the Toftteéspondi ng pads F3, TC, PTA and

PTX are brought

I nto the non-connected state NC, and they are made high

in level when the corresponding pads are bonded to the source voltage
supplying | ead VCC. The

centrally of the Y axis or the long side of the sub
chips 1A, 1B and Ehe innér leads 3Aa, 3Ab. The inner
leads 3Ba and 3Ab are each bent beforehand in a
direction away from the correspbnding sub chip. After
completion of the bonding, the sub chip 1B bonded to the
inner leads 3Ab is inverted onto the sub chip 1A bonded
to the inner leads 3ARa, whereby the two sub chips 1A and
1B are opposed to each other on both sides of the lead
frames and the inner leads correspon@ing to each other
come into contact with each other. |
(3) Cutting and Bonding of Leads

For mutual contact of the cdrresponding leads,
the inner leads 3Ab superimposed on the inner leads 3Aa

are cut in the outer edge position of each sub Chip by a

¥YAG laser beam 22 emitted from a laser device 21 and at

the same time they are welded to the inner leads 3Aa.
Now, the corresponding leads of the inner leads 3Aa and
3ab ére connected together electrically.

(4) ' Sealing

The sub chips 1A and 1B thus laminated

together opposedly with the lead frames put therebetween

are Ehen sealed with the molding resin 2, as shown in
Fig. 22. At this time, the cut portions of the inner
leads 3Ab and the bonded portions thereof to the inner

leads 3Aa are protected within the molding resin 2,
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whereby the entry of water, etc. through the bonded
portions is prevented and hence it is possible to
enhance the durability of the DRAM package.
(5) Lead Forming

In the package thus.sealed with the molding
resin 2, as shown in Fig. 23, the outer leads 3B of the
lead frame corresponding tb the sub chip 1A are formed
by a predetermined preésing machine to obtain a DRAM
package 1 of the so-called SOJ structure.
1.4.3. Lead Frame and Insulating Film

The lead frames used in the lead laminated
type package of this émbodiment are.désigned so that the

distance between adjacent inner and outer leads 34, 3B

- is almost equal throughout the lead frames, as shown in

Fig. 24. As a result, the parasitic capacity between

leads is unified, the amount of noise induced between

leads is suppressed, and the signal transfer time as the
DRAM package is shortened accordingly.

. On the oﬁher hand, the insuiating film 4 used
for bonding between the sub chips 1A, 1B and the inner
leads 3A is cut in the shape of a comb along the inner
leads 3Al, as indicated by oblique lines in Fig. 24.

The thermal expansion coefficient of the insulating f£ilm
iS'relatively'greatly different from that of the

semiconductor substrate which forms each sub chip or the
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Fcuit. Furfﬁéf, arj internal contrd® -signal XL is fed to a control
‘Jt:thezse#ee#er-SELZ. As a result, the selector SEL2 is brought

y when the level of an internal control signa
transmts the X address signal X12 which is fed
t he address input pad Al2, to one input :

The other input: termnal of the selector SEL2
term nal -thereof through an inverter to forma

into a transfer

lead frame. Therefore, in the case where the
substantial bonding area of the insulating film is

large, the bonded portion of the insulating £ilm may be

‘peeled off by expansion and contraction caused by

temperature changes over a long period. By éutting the
insulating £ilm 4 in the shape of a comb along the.inne:
leads 3Al1 to reduce its substantial bonding afea,'it is
made poséible to suppress the separation of the
insulating f£ilm and enhance the durability and
reliability of the DRAM package.
1.4.4. Other Package Formé

There may be adopted éuch modified forms of
128M DRAM packagés as shown in Figs. 25 to 3l. In Fig.

25, the back side of a sub chip 1B is bonded to the

.upper surface of a lead frame 3Al coated with an

insulating film 4.of a polyimide resin, while to the
lower surface of the lead frame 321 is bonded the
surfaée side of a sub chip 1lA. At this time, the sub
chiple and the inner leads 3A1, és well as the inner
leads 3Al and the sub chip 1A, are shifted from each
other by a predétermined.distance required for wire
bodding. Thereéfte:, the inner léads 381 and the sub
chip 1A are wire-bonded together according to the LOC
Eechnique, and the inner leads 3Al and the sub chip 1B

are wire-bonded by a conventional method.
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SHEET o
'=~;¥he | evel of the internal control signal XL is

made | o ght into a latch formwhen the | evel of the

i nt erna XL i s rendered high. An inverted output signal
from this_latch circuif §s inverted by an inverter into an interna
signal K12, while a non-ipverted output_signal fromthe latch circuit is

i nvert eti=by—fAf—thxerlaLNt 0 an inverte I nternal signal X12B

The inverted internal signal X12B outputted fromthe selector SEL2 is fed
to one input terminal of a NAND gate NAS through a transfer gate TG,
whil e the L _

On the other hand, as shown in Fig. 26, when

 the lower sub chip 1A ahd the inner leads 3Al are bonded
together using solder bumps 10, it is not necessary to |
substantially shift the sub chips 1A and 1B in the
manner described above. |

In Ehe foregoing lead laminated type package,
the two lead frames corresponding to the sub chips 1A
and 1B can be extended up to the outer leads 3B without
being cut, as shown in Fig._27.' In Fhis case, for
reﬁaining the durabi;ity of the DRAM package, it is
necessary to prevent the ingress of waEer, etc. through
the lead frame bonded portion.

In the case where it is possible to realize a
lead frame which permits two sub chips 1A and 1B to be
grranged side by side on.the same plane, as shown in-
Fig. 28, there can be formed such a DRAM package as
shown in Pig. 29 by 5ending the lead frame along a fold
line qbon completion of bonding and wire bonding of
those sub chips. 1In this case, the backs of the sub
chips 1A and 1B are bonded and fixed using an insulating
£ilm 4 of a polyimide resin, followed by sealing with a
molding resin 2.

Further, as shown in Fig. 30, the sub chips 1A
and 1B can each be bonded to a lead frame as a circuit

board through solder bumps 6, as shown in Fig. 30. As
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"shown in Fig. 31, moreover, it is also possible to

realize a DRAM package comprising four sub chips by

SEL3 -
of a

stacking two pairs of sub chips 1A, 1B and lC, 1D bonded

according to the lead laminated packaging method, in the
direction perpendicular.to the sub chip surfaées and
then connecting corresponding leads of the lead frames
in common. -Also in this case, for enhancing the
durability of the DRAM.package it is desirable that the
cut portion of the lead frame corresponding to the sub
chip 1C and the bonded portion thereof to the lead frame
corresponding to the sub chip 1A be located in the
interior of the molding resin 2. .
1.5. Bonding éptions of DRAM Sub Chips

Fig. 32 is a list relating to bonding options
of 64M DRAM sub chips to which the.ipvention is applied.
Figs. 33 to 38 are connection diagrams of pads of the
128M DRAM packages illustrated in Fig. 1 and Figs. 8 to
12. with reference to these figures, the follbwing
description is provided about bonding options of the
DRAM sub chips and the connectibn of pads therein. The
pad connection diagrams of Figs. 33 to 38 are for
explaining the relatiqn of connection between pads and
leads, placing no limitation on concrete arrangements

and sizes of pads and leads.



t he tra3@§ " @RlEgTISdr@Al TG is fed the internal control signal PXD
Fur t her {*ap/Mmternal®entyol signal AGis fed in conmon to the other input
termnals:;o pates NA5 and NA6. As a result, the internal signa
X12 and t,he 2 LRED @97, }e_ nal signal X12B are transmitted to one input
term nal sj of the corresponding NAND gates NA5 and NA6 on condition that

t he Ieval'ﬁf'the‘lﬁté“naﬁ cont rol signaJs%WI)is made | ow, and further it
becomes|the inverted internal control signal BX12B or internal address
signal- BX12 on condition that the level-- of the internal control signal AG
I s rendered high. .

In each of the 64M DRAM éub.chips according to
ﬁhis embodiment there are provided four bonding pads Fl-
F3 and TC for setting the bit configuration thereof and
conditions for chip seleétidn. As is apparent from Fig.-
32, the pads Fl and F2 are used for setting the bit |
cénfiguration of each DRAM sub chip; the pad TC sets
whether the DRAM sub chips are to be accessed
selectively or simultaneously; and the pad F3 is used
for setting on which logical level of the X address
signél X13 as a chip sele;tion_signal the DRAM sub chips
are to be brought into a selected state in the case |
where the sub chips are accessed seleétively. In the
initial state of the sub chips the pads Fl-F3 and TC are
brought into a non—connected state NC (No Connect) not
connected to any of the leads, and if necessary, they

"ére wire-bonded selectively ﬁo an inner lead 3A2 for the
sﬁpply of source voltage, or a source voltage supplying
lead YCC.

) When the pads El.and F2 are both connected to

tﬁe source voltage supplying lead VCC, the associated

DRAM sub chip_has a bit configuration of 64M x 1 bit and

inputs or outputs storage data in the unit of 1 bit
through data input pad Din or data output pad Dout. At
this time, as shown in Fig. 33, when the pad TC is

connected to the source voltage supplying lead VCC, the
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mfmaﬁﬁﬁﬂ of the NAND gates NA5, NA6 and the sour ce
otentfal of the circuit there are provided |evel
1 S2 each conprising a pair of P and N channel.

MOSFETs Whijch receive infajpredeterm ned conbination an output signal or

an inverfed

“signe " froma NAND ga&te_NA3 or NA4. To one input

term nal afthe NAND gate [|NA3 is fed the internal control signal PAD

while an inverted signal thereof is fed to one input ternminal of the NAND
gate NAA. To the other input termnals of the NAND gates NA3 and NAd is
fed the internal control

sub chip is activated selectively in accordance with the
chip selection signal, i.e., X address signal 13. Thus,
the illustrated sub chips correspond to the sub chips A
(1) and B (1B) which constitute the DRAM package of
Fig. 1. When the pad F3.is'connected to the source
voltage supplying lead VCC, the sub chip is brought into
a selected_state selectively on condition that the level
of the X address signal X13 is a low level, while when
the pad F3 is brought into the unconpected state NC, the
sub chip is brought into the selected étate selectively
on condition that the level of the X address signai X13
is a high level H. The data input pads Din of the sub
chips A and B are connected in common to leads
corresponding to data input terminals Din of the DRAM_
‘'package, while the data output pads unt are connectedl
in common to leads corresponding to data output
terminals Dout of the DRAM package.

On the other hand, as shown in Fig. 34, when
the péds F1 and F2 are both connected to the source
voltage supplying leads VCC and the pad TC is brought
into the non-connected state NC, the associated sub chip
has a bit configuration of 64M x 1 bit and is held in
the selected state irrespective of the logical level of
the X address signal X13. Thus, the sub chips.

correspond to the sub chips A and B which constitute the
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DRAM package shown in Fig. 8. At this time, the data
input and output pads Din, Dout of the sub chip A are
connected respectively to leéds corfesponding to data
inpﬁt and output terminals Din0, DoutO.of the DRAM
package, while the data.input and outéut pads Din, Dout
of the sub chip B are connected respectively to leads
corresponding to data input and output terminals Dinl,
Doutl of the DRAM package.

. When the pad Fi is connected to the source
voltage supplying leéd VCC and the pad F2 is_brought
into the non-connected state NC, the associated DRAM sub
chip has a bit configuration of 16M x‘4 bits and inputs
or outputs storage data iﬂ the unit of 4 bits through
data input-output pads DIO0 to DIO3. At this time, as

shown in Fig. 35, once the pad TC is connected to the

source voltage supplying lead VCC, the sub chip is

activated selectively in accordance with the X address
signal_XlB. Thus, the sub chips correspond to'the sub
chipé A and B which constitute the DRAM package shown in
Fig. 9. Further, when the pad F3 is connected to the
source voltage supplying lead VCC, thé associated sub
chip is brought into a selected state selectively on
condition that the level of the X address signal X13 is
a low level L, while whén the pad F3 is brought into the

non-connected state NC, the sub chip is brought into the
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si gnal XlAﬁﬁLAfhﬁﬂﬂﬁfgﬂﬁﬁﬁ signal X12 which is fed through the transfer
gate TG jorf TG3,~WhTte Wt the level of -the internal control signal PXD
i s renderjeq qqp 527 one input termnals are rendered high or |ow
in |evel selectrvgﬁy H rcibly in accordance with the internal contro
si gnal PADkrm=—== i's, when the laxel of the internal contro
signal PAD is nade | ow, level of the output signal fromthe NAND gate
NA4 beco channel MOSFET of the level setting circuit LS
and the P channel MOSFET of -the | evel -setting circuit LS2 are

i
dif

selected state seleCtively on condition tha£ the level
of the X address signal X13 is a high level H. The |
input-output pads DIO0-DIO3 of the sub chips A and B are
respectively connected in common to leads corresponding
- to the data input-output terminals DIO0-DIO3 of the DRAM
package. | |
On the other hand, as shown in Fig.'36, when
the pad F1 is connected to the source voltage supplying
lead VCC and the pads F2 and TC are prought into the
non-connected state NC, the associated sub chip has a
bit configuration of 16M x 4 bits and is held in the
selected state.. Now, the sub chips cérrespond to the
sub chips A and B which constitute the DRAM package
shown in Fig. 10. - At this time, the data input-output
pads DIO0-DIO3 of the sub chip A are connected
‘respectively to leads corresponding-to the data input-
output terminals DIO0-DIO3 of the DRAM package, while
the data input—output.pads DIO0-DIO3 of the sub chip'B
are cﬁnnected respectively to leads corresponding to the
data input-output terminals DIO4-DIO7 of the package.
Further, when.the pads F1 and F2 are both
brought into the non-connected state NC, the associated
DRAM sub chip has a bit configuration of 8M x 8 bits and
inputs or outputs storage data in the unit of 8 bits

through the input-output pads DIO0-DIO7. At this time,



de low, while the |evel of one input term nal of
rade high. As a result, the level of the inverted
BX12B is nade low, while the Ievel of the interna
kept high. On thﬁ gother hand, when the level of the
- PAD i s rendered hig the level of the output

'“_fnfy, CbnseqUentIy, the |l evel of ~one input term nal of

si gnat=TTom t he NAND gate NA3 becones | ow, and the P channel MOSFET of the

| evel

setting circuit LSl and the N channel MOSFET of the |level setting

as shown in Fig. 37, when the pad TC is connected to the -
source voltage supplying lead VCC, the sub chip is
activatéd selectively in accordance with the X address
signal X13. Now, the sub chips of this DRAM package
correspond to the sub chips.A and B which constitute the.
DRAM package illustrated in Fig. 1ll. Further, when the
pad F3 is connected to the source voltage supplying lead
VCC, the associated sub chip is brought into a selected
state on condition that the level of the X address
signal is a low level L, while when the pad F3 is
brought into the non-connected state NC, the sub chip is
brought into the selected state on coﬁdition that the
ievel of the X address signél is a high level H. The
daté input-output pads DIOb-DIO? of the sub chips A and
B are respectlvely connected in common to leads
correspondlng to the input-output terminals DIO0-DIO7 of
the DRAM package.

As shown in Fig. 38, when the pads Fl, F2 and
TC are brought into the non-connected state Nc; the
associated sub chip has a bit configuration of 8M x 8
bits anduis held in the selected state. Now, the_sﬁb

chips of this package correspond to the sub chips A and

- B which constitute the DRAM package illustrated in Fig.

12. At this time, the data input-output pads DIO0-DIO?7

of the sub chip A are connected respectively to leads
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corresponding to the data input-dutput terminals DIOQO-

DIO7 of the DRAM package, while the data input-output
pads DIOd-DIO? of the sub chip B are connected
respectivelj to';eads corresponding to the data input-
output terminals DIO8-DI1S 65 the packége.
1.6. Concrete Methods.for the Selection of Chip

Fig. 39 is a circuit diagram of the X address
buffer 205 included in the 64M DRAM sub chip embodying
the invention, and Figs. 40 to 44 are block diagrams and
timing charts illustrating other chip selecting methods
in DRAM package. With ;eferenée to these figures, the
following description is provided About concrete chip
selecting methods in the 64M DRAM package. In each of
the circuit diagrams of the figures which follow, the
MOSFET (a metal oxide semiconductor type field effect
fransistor; the term "MOSFET" is usea herein as a
generic term for insulated géte type field effect
transistors) with an érrow attached to the channel (back
gate)’' portion is a P-channel -type and is distinguished
from an N-channel MOSFET with an arrow not attached
thereto. |
1.6.1. Selective.Activation Method and Configuration of

X Address Buffer
The chip selection for the 64M DRAM sub chip |

of this embodiment is substantially determined



| evel of t#ggiffﬁuiff?$g§%{as signal BX12 is nade | ow forcibly, while
the level pf]jthe_inverted | nternal address si.gnal BX12B is kept high.
That ‘is, i ¥idl ichip, as shown in Fig. 53, the level of the
internal a 2 is rendered high forcibly on condition that
t he pad PT sour ce. Mag age supplying |l ead VCC and the
pad PTA i si.brqught intg tthe non-connected state NC, while it is rendered
| ow forcibly on condition that the pads PTX and PTA are bot h bonded to

the source vol tage supplying lead VCC.-- When the pad PTX is brought into
t he non-connected state : .

selectively in accordance wiﬁhuthe logical level of the
internal control signal CS which is outputted from the X
zddress buffer 205. The logical level of the internal.
control signal CS is set selecti?ely in accordance with
the logical level of the X address signal X13 and
whether the bonding relating to the bonding pads TA and
F3 is executed or not;

As shown in Fig. 39, the pad TC is connected
to a corresponding inpﬁt circuit IC3.of the mode setter
223, and the level of én outpﬁt signal, or an internal
control signal TCD, from the input circuit IC3 is made

. high or low selectively according to.éhe state of
bonding.' Mbre.specificaily, when fhe pad TC is brought
into the non~connected state NC, the level of the
internal control signal TCD is made low, whilé when the
pad TC is connected to tﬁe source voltage supplying lead
vVCC, the level of the internal control signal TCD is
made high. Likewise, the pad F3 is connected to a
correséonding input circuit IC2 of the mode setter 223,
and fhe level of an output.signal, or an internal
control signal CSA, from the input circuit IC2 is made
low when the pad F3 is brought into the non-connected
.state  NC, while when the pad F3 is connected to the
source voltage supplying lead VCC, the level of the

internal control signal CSA is rendered high. The
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NC, the | w”?“ﬁﬁq fgkma_'l address signal BX12 is rendered high or

| ow i n acp® u“._;gmm“ﬁg : addr ess si gnal X12. Next, the
addr ess i pppt d dnnected tocan input circuit 1C of the X
address buffe i&fﬁ%? shown,in Fig. 49. The input circuit IC is
brought ipntp a transfer state sel ectisggely on condition that the |evel

of the i {erﬁar tOﬂTTU?“ gnal - RASO is rendered high, “and it transfers
an X addriess—s : mhich is fed  tine-sharingw se through the

addr ess i nput pad A13 ‘to one input-termnal of the.selector SEL3 as an
i nternal - : _

internal control signals TCD and CSA are fed to the X
address buffer 205. |

The X address buffer.205 includes an input
circuit ICl having an input terminal connected to an
address input pad Al3. The input circuit ICl is brought
into a transfer state selectively when the level of a
row address strobe signal RASB ‘and that of an internal
control sighals RASO are made high; and it takes in the
éhip selection signal, i.e., the X address signal X13,
which is féd.timé-sharingwise'through the'addresé input
pad X13. An output Signai from. the input circuit ICl is
fed as an internal signal X13 to one'input terminal of a
selector SEL1l, while at the séme time, after being
inverted by an-invertér;'thé thus-inverted output signal
is fed as an invertéd internal signal X13B to the other
input terminal of the selector SEL1l. To a first control
terminal of the selector SELl is fed the internal
control signal CSA from the mode setter.223, while to a
second'control terminal thereof is fed an output signal,
or an internél signal RCS, from a NOR gate NOl.

To one input terminal of the NOR gate NOl is
fed an -internal control signal CASl whiéh is formed in
accordance with a'colﬁﬁn addréss strobe signal CASB,
while to the other input terminal thereof is fed an

output signal from,a NAND gate NAl. To a pair of input
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ently, when the level of the internal control
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terminals of the NAND gate NAl are fed inverted internai
control signals RASOB and RAS1B which are formed on the
basis of the row address strobe signal RASB. As a
result, the level of theloutput signal Irom the NAND
gate NAl is réndered high selectively when the level of
either the inverted internal control signal RASOB or
RASlB is made low, whiie the level of the output'signal
from the NOR gafe NOl, i.e. the internal signal RCS,.is
rendered low selectively when the level of the output
signal from the NAND gate NAl or that of the internal
control signal QASl is made high. . In other words,
during the period in which the DRAM sﬂb chips are held
in an unselected state and also during the period from
the time when the DRAM sub chips are brought into a
selected state until wﬁen the level bf the inverted
internal control signal RASOB or RAS1B is made low or
that of the internal control signal CASl is made high,
the le?el oﬁ the internal control signal RCS is kept
high, hhile.it is rendered low while the DRAM sub chips-
‘are substantially held in a selected state.

When the levél of the internal signal RCS is
made high, the selector:SELl is brought into a transfer
state, while when the level of the internal signal RCS
is rendered low, the selector SEL1l is brought into a

non-transfer state. 1In the transfer state, when the
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si gnal PXB gsinafel oW 1.

X13 as an}i nternal] signal X123B ‘to a sel ector SEL4, while when
the- |l evel , Ral control signal PXD is rendered high, the

sel ect or transfers JtHe internal signal X12 as an inverted internal

signal XIp3Bto tne sefrectdr SELA4. - 61 — The inverted internal signal
X123B is | term nal of the selector SEL4 and at the sane

~tine, after inversion by an inverter, it is fed to the .other input
termnal of the selector SEL4. To a first <control termnal of the selector
- SET4 is fed the

level of the internal control signal CSA is low, the
selector SEL1 further inverts the inverted internal
signal X13B and transfers the thus-inverted signal to a
latch circuit LT1 which'follows, while when the level of -
the internal control signal CSA is high, the selector
SELl inverts the internal control signal X13B and
transfers ghe thus~-inverted signal to the latch circuit.
Thus, when the pad F3 is brought into thé.non—eonnected
state NC, the selector SElefurther';nverts the inverted
internal signal X13B, i.e., an inverted signal of the X
address signal X13, and transfers the thus-inverted
signal to the latch circuit LT1l; in oéher words, the X
address signal X13 is transferred to the latch circuit
LTl directly without being invertea. When the pad F3 is
bonded to the source voltage supplying lead VCC, the
selector SEL] inverts the internal signal X13, i.e., the
X address signal X13, and transfers it to the latch
circuitILTl. The X address signal X13 transfer .
operation of the selector SELl is stopped upon lapse of
a predetermined time after the DRAM sub chips are
brought into.a selected state and when the level of the
internai signal RCS is made low.

The latch cMrcuit LT1 is bfought into a latch
form selectively in accordance with an inverted signal

of the output signal from the NAND gate NAl, i.e., an
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A fromthe nDde setter 223, while to a second
Is fed an output signal or an internal signal RCS
'hyis, the selector SEL4 substantially fulfills the

|037aEEBH897seI e¢tor SELI shown in.Fig.-39 and transfers the
nt ernal signa

123B or an inveeted signal thereof to a latch

L

sel'ectively as an internal signal PC$ in accordance with the

A and RCS. The NAND gates NAl, NA2, NOR gate

inverted internal signal RSB. More specifically, the .
latech circuit LT1 is broﬁght into a latch form
selectively when the level of the inverted internal
signal RSB is made iow, in other words, upon lapse of a
predetermined time after the DRAM sub chips were brought
into a selected state. In this state the latch circuit
LT1 holds ﬁhe internal signal X13 or inveftéd internal
signal X13B transferred through the selector SELl. An
output signal from the latch circuit LT1 is fed to one
input terminal of a NAND gate NA2. To the other input
terminal of the NAND-géte NA2 is fed the output signal
from the NAND gate NAl, i.e., internal'signal RS. An
output signal from the_NAND gate NAZ is outputted
through a transfer gate TGl which receives the internal
control signal TCD at a control terminal thereof and
further through one iﬁverter, and serves as an internal
control.signal CS. An output terminal of the trasnfer
gate TGl is connected to an earth potential of the
circuit through an N-channel MOSFET which receives at a
gate thereof an inverted signal of the internal control
signal TCD. |

Thus, the internal signal X13 or inverted
internal control signal X13B held by the latch circﬁit
LT]1 is transmitted to the tfansfer gatg TGl on condition

that the level of the internal signal RS and that of the
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-81- ggﬁéégﬁﬁﬂﬂﬁg.mmww ~shown in Fig. 49 correspond directly to the
NAND gat gs {NAT, NAZ, - Togdate NOL, latch circuit LTl and transfer gate
TA, resfgeqti 2@_EEBi19pp‘st rgted in Fig. 39 and fulfill the same functions.
In the sgmg manner as injFijg.39, when the
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internal control signal TCD are made high; in other
words, on condition that the level of the row address
strobe signal RASB is made low and the pad TC is bonded
to the source voltage supplying lead VCC. The internal
signal X13 or inverted internal signal X13B éhus
transferred serves as the internal control signal CS.
That is, the level of the internal control signal CS is
kept low while the level of the row address strobe
signal RASB is high, and upon lapse gf.a predetermined
time after the level of the row address strobe signal
RASB was made low, the level of the internal control
signal CS is rendered high or low seléctively in
accordance with the X addfess signal X13 on condition
that the pad TC is bonded to the source voltage
supplying lead VCC. That is, when the pad F3 is in ﬁhe
‘unconnected state NC, the level of the internal control
signal CS is rendered high on condition that the level
of the inverted internal signal X13B is low, in other
words} on condition that the level of the X address
signal X13 is high, while when the pad F3 is bonded to
the source voltage supplying 1ead_VCC, the level of the
internal control signal CS is rendered high selectively
on condition that the level of the internal signal X13
is low, in other words, on condition t@at the level.of

the X address signal X13 is low. As a result, the
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j& trol signal PXDis rendered |ow, the |evel of the

| evel . QlELNR |

i nt er nkl f€ontrol si gna is made high or |low selectively in accordance
with-thei X 208 4997%i pnhl X13, while when the | evel of the internal
controf isighal PXD isjrgndered high, the level of the internal contro

si gnal | C8=fs—merte=trgir' o} | ow sel ecti vely6Am .accordance with the X address
signal §X12. That is, whep the internal control signals TCD and CSA are

render gh in lTevel, the level of the internal control signal CSis
brought into the sanme | ogical level as-that of the X address signal X12
and is rendered high selectively on

internal contrql signal CS is formed in accordance with
the conditibns illustrated in Fig. 32 and can determine
conditions for the selection of the paired sub chips
which constitute the DRAM package.

In the DRAM sub chips of this embodiment, the
internal control signal CS is formed selectively in
accordance with the X address signal X13, as mentioned
above, and Ehis X address signal X13 is fed af a
relatively qdick timing in synchronism with thé trailing
edge of the row address strobe signal RASB. As
indicated at @ in Fig. 4, the internal control signal
CS can be utilized for causing the forﬁation of the
internal control signal XDG to be executed seiectively
by the RAS2 clock generator 210, causing the selection
of word lines to be executed selectively by the X
address decoder 203 and thereby_activating each sub chip
selectively. 1In the case where there is a further

_margin;in the input timing of the X address signal X13,
it is;élso possible to operate the X predécoder 204
-selectively in accordance with the internal control
signal CS, as indicated at @ in Fig. 4, and cut down
another 10% or so the power consumption of the sub chip
which is rendered ina#tive. On the other hand, in the
case where there is no margin in the input timing of the

X address signal X13 or when a chip selection signal is
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condi ti on thatLAREMISeDIBtiithe X address signal 12 is high. On the ot her
hand, when ft e Tevel" of Thé Enternal control signal TCD and that of the
internal cqntro? 7 BER®97 CpAjare nade high and | ow, respectively, the

| evel of tReflinternal contfof signal CSis brought into an inverted

| ogi cal | efel® e$s signal Xl2gsand is rendered high selectively
on conditi@n that the |evel{of the X address signal X12 is |low. Thus, as

. shown in Fig. 53, when the pad TC is bonded to the

fed as part of the column address signal, i.e., Y
address signal, the two sub chips which cbnstitute the
DRAM package must be activated simultaneously, and in
this case either the storage data inputting operation of
the write amplifier 218 or the outputting operation of
the data output buffer 221 can merely be done
selectively, as indicated at €)) in Fig. 4.
1.6.2. Other Chip Selecting Methods
In the 64M DRAM package of the above
embodiment, tﬂe chip selection signal for selectively
accessing a pair of DRAM sub chips is fed as the X
addréss signal X12, and the number of address input
terminals is substantially increased by one. A method
for coping with this increase may be optimizing the
number of external terminals of the DRAM package by
setting the number of bits of the X and Y address
signals so as to be equal to each other, including the
chip seiection signal. In this case, it is necessary
that &he DRAM package should be constituted by the kth
power of sub chips having an address space compiising_
ith power of 2 of row addresses and the i-kth power of 2
of column addresses, or the i-kth power of 2 of row
addresses and the itﬂ"power of 2 of column addresses.

Thus, the sub chips are accessed selectively in
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- 82 - =ZHe; supplying lead VCC and the pad PTX is in .the
non- CONNECHE EBREh partial chip is brought into a selected state
selectiv i ith the X address signal X13, while when the
pads TC _ onded to the source vol tage supplying | ead VCC
each par ught into the sel<e6ted state

accordance with the difference, k bit, between row.and
column address signals. -

In the embodiment illustrated in Fig. 40, the
address_space of the DRAM package comprises the first
power of 2, namely, two 32M DRAM sub chips A and B which
are selectively designated by X address signels X0-X11
of i-1 bits or 12 bits and ¥ add;ess signals Y0-¥12 of i
bits or 13 bits, and the chip selection signal is fed to
the DRAM_package as X address signal'x12 of the most
significant bit. At this tiﬁe,'as shown in Fig. 41, the
X address siénals XO-Xll.and ihe X address signal X12 as
the chip selection signal are fed in eynchronism'with
the trailing edge of the row addrees strobe signal RASB,
while the Y address signals ¥0-Y12 are fed in
synchronism with the trailing edge of the column address
‘strobe signal CASB. Since the internal control signal
CS can be formed at a relatively quick timing, it
becomes possible to activate the sub chips A and B
selegfively in accordance.with the internal contfol
signal CS. Consequently, it is possible to attain the
reduction of power consumption of the DRAM package while
optimizing the number of external terminals of the
package. |

On the other hand, in the emeodiment

illustrated in Fig. 42, the address space of the DRAM



according to the state of bonding of the-pad PTA and upon receipt of the X
address si gag: X2 phi-eh—ts—either high-or lowin level. 2. 2. 64M DRAM
Package Lbiﬁﬁgﬂgbm OBMBEPar ti al Chips Accessed Simul taneously

Fig. 50 islarprock-oiragran] showi ng a second exanple of a 64M DRAM package
according fo}t nyention. Figg7 21 and 52 are partial circuit

di agr anms 'h;wpggﬁgaiqggéras; buffer 209 and a node setter 223 which are

i ncl uded | i ejof Fig. 50. ‘Fig. 53 is a list of connections,

showi ng bofjdi ng opti ons of

package comprises the first power of 2, or two, 32M DRAM
sub chips designated selectively by X address signals
X0-X12 of i bits or 13 bits and !_addfess'signals Y0-¥1l
of i-1 bits or 12 bits, and the chip selection signal is
fed to the DRAM package as Y address signal Y12 of the
most significant bit. At this ﬁime, as showﬁ in Figs.
43 and 44, the X address signals X0-X12 are fed in
synchronism with the trailing edge of the row address
strobe signal RASB, while the Y éddrgss signals Y¥0-Y1ll
and the Y address signal'le as the chip selection
signal are fed in synchronism.with the trailing edge of
- the column address strobe signal CASB; As a result, the
internal control sigﬁal CS is formed selectively at a
‘relatively slow timing and so it is impossible to
~activate the sub chips A and B selectivelylin accordance
with the internal control signal CS. In this case, the
storage data inputting and outputting operations can be
executed selectively by forming the internal control
signal,WP fed to the write aﬁplifier 218 or the internal
control signal DOC fed to ﬁhe data output buffer 221,
" selectively in accordance with the chip selection
signals i.e., Y address signal Y12. |
1.7. Evaluation
In the DRAM paékage described above there is

adopted a so-called,double chip package method wherein a
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64M DRAM pa

-constltute t he DRAM package of Fig. 50. Wth
reference t

he follow ng description is now provi ded

about an ouj* package of this enbodi nent and a concrete

met hod for ion. 2.2.1. Block -Configuration- As
shown in Fip. package of _this enbodi nent «is constituted
basically b . — 68 -

- basic configuration comprises a pair of DRAM sub chips -
disposed opposedly on both aides of a iead frame serving.
as wiring ﬁeans. These sub chips are actiaated
selectively in accordaﬁce with the X or Y address signal
of the most significant bit which is fad as a chip
selection signal, or execute the storage data inputting
or outputting operation selectively. As a result, the
following effects can be.attained.

(1) There can be realized an effective chip
mounting method capab;e of mounting plural sub chips of
the same size without sacrificing the heat radiation
characteristic of the package and the product yield.

(2) 1It is pessiblé to attain a-iarge
capacity and low power consumption of the DRAM package
whlle suppre551ng the increase of the package size.

(3) As compared w1th a package comprising a
single DRAM chip and of about the same package size, it
is poaéible to realize a DRAM package having a memory
capacity plural times that.of such single chip package,
and thus the limit of memory capacity in DRAM chips,
etc. can be expanded.

(4) In the case where a package is
constituted by a single semiconductor chip, a signal is
transmitted with a relatively large delay time which is

determined by reststor R and parasitic capacity C, as



e

- 83- partial chips A and B wherein one half of each colum address
space can functEpR-Tmr bezportion of each partial chip capable of
functioning_norxfﬁL&EE S@ [€cially limted, but it is a portion
d
A

designated by & ~Fomraddress*s~ b, or Y address signal Y12, in the colum

addr ess space \ywhéen o] he signal_4 s nmade |OM/ Addr ess i nput pads
;%u parﬁ %Eqﬁips 9| '

A0 to Al3 of the and

B 0 e 8 et 1 St Mimd

shown in Fig. 45, while in the case where a package is
constituted by k number of sub.chips and these sub chips
‘are activated selectively, as shown in Fig. 46, the
resistor R and parasitic capacity C can substantially be
cut down to l/k, so the delay time as the package can be
substantially reduced to one per thé second power of k
and the operating speed theredf can be made high.

(5) Since the bonding pads of the paired sub
chips are arranged centrally in a st;aight line form
along the X or ¥ axis of the semiconductor substrate
surface, a planar symmetry thereof can'bé-realized
easily and it is possible to utilize Eﬁe bonding
according to the conventionai LOC technique.

(6) fsince the paired sub chips are bonded to
the_correspéhding lead frames and thereafter these sub
-chips and lead frames are laminated-togethér, a double
chip package system can be realized easily by using the
conventional wire bonding technique.

‘ ~ {(7) 1In the case of laminating the lead frames
together, one lead frame is cut and bonded to the other
lead frame and the cut and bonded portions are protected
in the interior of a sealing resin, so it is possible to

-prevent the entry of‘water, etc. and thereby enhancing

the durability of the package.
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SeoppaEtaeToenespondi ng address input  terminals AO to
Al3 of the DRA'*a;”,}=_;ﬂﬁ@ﬁﬁ€L; I nput pads Din and data out put pads Dout
nelet-ed- 1Tn~comminito a data input ternminal Din and a data
out put term ngl Do . ¥l package. In Fig. 50, pads PTA
and PTY of each| d ?ﬁ%ggggﬁ??hl hi ps A @Ad-B are both bonded to a source
vol t age suppIyV‘d #l g a pad PTX is brought into a
non- connect ed 4‘ dartial chip, therefore, as will be
descri bed | at ers N internal address signal BY12 is rendered
| ow forcibly

I

(8) Since plural pairs of sﬁb_chips each
laminated through the lead frames are stacked in the
direction perpendicular to the surface thereof and the
corresponding leads of the lead frames are connected in
common, it is possible to laminate plural pairs of sub
chips easily and promote the attainment of a large
package capaciéy.

(é) Since the address space of each memory
package is constituted by kth power qf 2 of: memory sub
chips designated selectivély'in accordance with row
address signals of i-k bits and column address signals -
of i bits, or row address signals of i_bits and column °
address signals of i-k bits, and these sub chips are
activated selectively in accordance with the differences
k bit, between the row and column address sigﬁals, it is
possible to optimize the number of external terminals
while promoting the reduction of power consumption of
each memory packagé comprising plural sub chips.

, (10) Since the insulating film for bonding a
sub chip and a correspbnding lead frame with each other
is cut in the shape of a comb along the 1eads of the
lead frame, it is possible to reduce the substantial
bonding'area and prevéht the separation of the
insulating film caused by changes of temperature. As a

result, it is possible to enhance the packaging
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and the col um 55@] ‘“feunﬂ: 73-:5|om1address side capable of functioning
‘normally is des's”- woy i ; % On the other hand, in the partial chips A
and B, pads TC he non-connected state NC, and a pad F3
on the partial § ed to the source voltage supplying | ead
VCC, while a pal | chip B side is brought into the

non- connect ed 1 - 71 - - 84 - .

efficiency of a memory system or the like includiag a
DRAM package as a basic configuration and thareby
promote the reduction of cost thereof,
2. 64M DRAM Package using Partial Chips

Bubodiments have been described above with
respact to 128M DRAM packages wherein a large capacity
as package and low power consumption are promoted by the
combination of so-called fuyll chips having address
spacés all capa;}e of fuﬁctioning normally. The double
chip package system according to the present invention
can also be hsedlas means for the relief partial chips
by cdmbining so—called partial chips each having an
address spé;e capable of partially runctionihg normally
to constitute a DRAM package. o
2.2. 64M DRAM Package Using Two 64M DRAM Pa;tial Chips

Accessed Selectively

Fig. 47 is a block diagram showing a first
example of a 64M DRAM package according to the present
invention. Figs. 48 and 49 are partial circuit diagrams
show&ng an X address buffer 205 and a mode setter 223
which ﬁre included in the DRAM package of Pig. 47. Fig.
53 is a list of connections, showing bonding options of
64M DRAM partial chips_ which constitute the DRAM package

. of Fig. 47. With reference to these figures, the

following description is now provided about an outlina -



state NC. As
the | evel of
storage data
of an interngl

out putting opeg ation of a
condi tion that fﬁ e Tevetr

partial chip

p—
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artial chip A as will Dbe descri bed | ater,
| signal WP for selectively executing a

efajion of a wite anplifier 218 or the |evel

ut ttln _
Jﬁ%; %ﬁﬁg ' for selectively executing a storage data
out put buffer 221 is rendered high on

the Y addresgzsignal Y12 is low, while in the
hi gh on condition that

of the DRAM package of this embodiment and a concrete |
chip selecting method. In these figures, the 64M DRAM
partial chips which constitute the DRAM package
basically follow the 644 DRAM sub chips which constitute
the foregoing 128M DRAM package. Further, as in the’

case of the 128M DRAM package, a pair of partial chipa

constituting the DRAM package are mounted according to
the double chip package method. In the block diagrams
of these figur;;, moreover, the portions which are not
normal are indicated by obligue lines. -
2,1.1. Block COnfiguration.

As shown in Pig. 47, the 64M DRAM package of
this embodiment i{s constituted basically by.two 64M DRAM
partial chips A and B wherein one half of each row

address space can function normally. The portion of

‘each partial chip capable of functioning normally is not
- specially limited, but it is a portion designated by a

low address side, or X address signal X12, in the row
addzress space when the level of the signal is made low.
Addreés input pads A0 to Al3 of the partial chips A and
B are connected in common to corresponding address input.
terminals A0 to Al3 of the DRAM package, and data input
pads Din and data output pads Dout thereof are connected
in common to a data input terminal Din and a data output

terminal Dout of the DRAM package.



t he Iequ_QL_Lhﬂwl;address signal Y12 is high. | Thus, the partia

As a

chips A DR df“bstantlally I n the sane nmanner as the 64M DRAM
sub chifg m,ﬁ;~' onstitute the foregoing 128M DRAM package shown
in Fig. t Weifr nenory capacity is halved to 32 negabits.
resul t, aeegof Fi g. 50 function as a so- call ed 64M DRAM
package.f ds i s apparent frofBFrg. 50, the 'DRAM package has
an interf ace Whi ¢ the sane as that of a 64M DRAM package

consti t t-ag- Lngle M DRAM chi p wherein all the address spaces can
function

In addition of the mode setting pads of the
64M DRAM sub chips in the previous embodiment, the

partial chips A and B are sach provided with thres mode

satting pads PTA, PTX and PTY. BAs shown in Flg. 53, the
pads PTX and PTY are normally held in an unconnected

state NC and are selectively bonded to a source voltage
supplying lead VCC when the row or column address space

of each partial éhip partially functions normally. On

_the other hand, tne pad PTA is bonded to the source

voeltage supplying lead vcc in a normal condition of the
portion which is designated by a low address side, or X

address signal X12 or Y address signal ¥12, in the row

- or column address space when the level of the signal is

made low, and the pad PTA is brought into the noun-
connected state NC in a normal condition of.the portion
which is designated by a high address side, or X address
signal X12 or Y address signal Y12, when the level of
the signél is rendered high. As in the foregoing 128M
DRBM package, bonding pads TC and F3 are used for
gelectively activating the partial chips A and B or for
settihg chip selecting conditions selecti#ely.

In Pig. 47, the pads PTA and PTX of each of
the partial chips A and B are both bonded to the source
voltage supplying lead VCC, while the pad PTY is brought

into the non-connected state NC. In each partial chip,
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normal ly. Th T :.';v —4=s1 al S0 8K cycle/64 ns. This indicates that

t hi s DRAM papk A1 x,uﬂﬁ, sl tuted for the 64M DRAM pacKage conpri sing
one full chip jand—that—thejsubstanti al product yield of the 64M DRAM chi ps
can be i nproyved. glm;ggﬁgyn‘nodi ment, a parallel ‘test
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therefore, as will be.deSCribed later, the level of an -
internal address signal BX12 is rendered low forcibly
"and the row address space on the low address side
capable of functioning normally is designated.éteadily.
On the other hand, in the partial chips A and B, the
pads TC are both bonded to the. source voltage supplying
lead VCC, .and the pad F3 on the partial chip A side is
connected to the iead VCC, while the pad F3 on the
partial chip.B side is brought into the non-connected
state NC, whereby the level of an internal control
signal CS in the partial chip A is rendered high on
condition that the level of the X addréss siénal X12 is
low, and the level of. an internal control signal CS in
the partial chip B is rendered high on condition that
the level of the X address signal X12.is high.
| Thus, the partial chips A and B function
substantially in the saﬁe manner as the 64M DRAM sub
~chip§?A and B which constitute the foregoing 128M DRAM
package shown in.Fig. 1 except that their memory |
capacity is halved to 32 megabits. As a resulﬁ, the
DRAM package of Fig. 47 function as a so-called 64M DRAM
package. 1In this case, as is apparent from Fig. 47, the
DRAM package has an‘interface which is just the same as
that of a 64M DRAM package constituted.by a singlé 64M

DRAM chip wherei® all the address spaces can function
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Nt B Efiysub chip is executed in the- unit of four
bits, so th. Mrequ1red“-o parallel test in the entire DRAM package is
twice that ¢ zgﬁaigg; 6§iM DRAM package conprising one full chip
2.2.2. Meth 've Execution and Configuration of V .
Addr ess Buf ' 51, the paglg F3, TC, PTA and PTY of each

s partial chi are connected tojinput termnals of corresponding input

. circuits’ g ! e node setter 223, and their output signals,
~or interndl

normaily. The fefresh cycle is also 8K cycle/64 ms} and
it is also ?ossible to conduct a parallel test. This
indicates that this DRAM package.comprising two partial
chips can be substituted for the 64M DRAM package
cemprising one full'éhip and that the double chip
packaging method is effective in substantially improving
the product yield of 64M DRAM chips. _
2.1.2. Selectively Activating Method and Configuration

of X Address Buffer . |

In Fig. 48, the pads F3, TC, PTA and PTX of

each partial chip are connected to input terminals of
-correspondiné input circuits IC2-IC5 iﬁ the mode setter
223, and their outpu£ signals, or internal control
signals CSA, TCD, PAD and PXD, are rendered high or low
in level selectively. More specifically, the internal
-control Signals CsA, TCD, PAD and PXD are made low in
level when the corresponding pads F3, TC, PTA and PTX
are prought into the non—cohnected state NC, and they
are ﬁade high in level when the corresponding pads are
bonded to the source voltage supplying ‘lead VCC. The
internal control signals CSA, TCD, PAD and PXD are fed
to the X address buffer 205. On the other hand, the
address input pad Al2 is connected to an input terminal
of an input circuit IC6 of the X addrees buffer 205, as

shown in Fig. 48 The input circuit IC6 is brought into
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control si and PYD, are rendered high or lowin |evel
selectlveI5 y, the internal control signals CSA TCD, PAD
and PYD ar when the correspondi ng pads are F3, TC, PTA .

fnon-connected state NC, and they are nade

suppl yi ng fead VCC' The i ntgrnal control signals CSA, TCD, PAD and PYD are
fed to the —2009. On the other hand, the address
i nput pad Al12 is connected to an input-termnal of an input circuit

a transfer state selectively when the level of an
internal control signal RASO is made high, and it
transmits the X address signal X12 which is fed time-
sharingwise through the address input pad Al2, to one
input terminal of a selector SEL2. The other input
terminal of the selector SEL2 is connected to an output
termihal thereof'through an inverter to form a latch
circuit. Further, an internal control signal XL is fed
to a control terminal of the selector SEL2. - As a
result, the selector SEL2 is brought into a tranéfer
state on condition that the level of the internal
control signal XL is made low, and it is brought'into a'
latch form when the level of the internal control signai
XL is rendered high. An inverted output signal from
this latch circuit is invérted by an inverter into an
internal sigﬁal X12, while a non-inverted output signal
from the latch circuit is inverted by an inverter into
an inverted internal signal X12B.

The inverted internal signal X12B outputted
.from the selector SEL2 is fed to one input terminal of a
NAND gate NA5 through a transfer gate TG2, while the
internal signal X12 is fed to the other input terminal.
of a selector SEL3 which wili be.described later and is
alsc fed to one input terminal of a NAND gate NA6

through a transfer gate TG3. To control terminals of
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| C6 of th
transfer |
RASO is lel
- 86 -

gl 209. The i nput circuit 106 is brought into a
efyffwhen the level of an internal control signal
d@@ﬁ@w Bnfl it transnits the Y address signal Y12 which is

- 77 -

the trasnfer gates TG2 and TG3 is fed the internal
- control signal PXD. Further, an internal control signal
‘AG is fed in common to the other input terminals of the
NAND gates NAS and NA6. As a result, the internal
signal X12 and the inverted internal signal X12B are
transmitted to one input terminals of the corresponding
NAND gates NA5 and NA6 on condition that the level of
the internal control signal PXD is made low, and further
it becomes the inverted internal control signal BX12B or
internal address signal BX12 on condition that the level
of the internal control signal  AG is rendered high.
Between one input termihals Sf the NAND gates
NAS} NA6 and the source voltage and earth potential of
the circuit there are provided level setting circuits
LSl and LS2 each comprisihg a pair of P and N channel
MOSFETs which receive iﬁ a predetermined combination an
output signal or an inverted signal thereof from a NAND
gate NA3 or NA4. To one input terminal of the NAND gate
NA3 ié fed the internal control signal PAD, while an
inverted signal thereof is fed to one inﬁut terminal of
the NAND gate NA4. To the other input terminals of the
NAND gates NA3 and NA4 is fed the internal control
signal PXD in common. As a reéult, when the level of
the internal control signal PXD is rendered low, one

input terminals ofs the NAND gates NAS5 and NA6 assume a



fed tine-g the address input pad Al2, to one input

:é. The other input termnal of the SEL5 is

connect ed h" il nal thereof through an inverter to forma

| atch ci : internal control signal YL is fed to a control
term nal Bl 5. As a resujgs the selector SEL5 is brought
into a trig bndi tion that the level of the internal control
signal YL} and it i-s brought into a |latch Form when the

| evel of the |nternaf control signal -YL is rendered high. An inverted
out put signal

level conforming to the level of the inverted internal
signal X12 or the internal signal X12 which is fed
Lhrough the transfer gate TG2 or TG3, while when the
level of the internal control signal PXD is rendered
high, the said one input terminals are rendered high ©Ff
low in level selectively and forcibly in accordance with
the internal control signal PAD. |
That is, when thé level of the internal
control signal PAD is made low, the level of the output
signal from the NAND gate NA4 becomes low and the N
channel MOSFET of the level setting circuit LSl and the
P channel MOSFET of the level setting-circuit LS2 are
turned ON simﬁltaneously. Consequently, the level of
one input terminal of the NAND gate NA5 is made 10%,
while the level of one input terminal of the NAND gate
NA6 is made high. As a result, the level of the
inverted internal address signal BX12B is made low,
while the level of the internal address signal BZ%12 is
kept high. On the other hand, when the level of the
| internal control signal PAD is rendered high, the level
of the output signal from the NAND gate NA3 becomes lov,
and the P channel MOSFET of the level setting circuilt
LS1 and the N channel MOSFET of the level setting
circuit LS2 are turned ON simultaneously. Therefores

the level of one igput terminal of the NAND gate H&5 15
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it is inverted by'an I nverter into an internal

signal Y{i2h-while a- nonmlqverted signal -fromthe latch circuit is inverted
by an inyefit &7 GERQIAN umverted i nternal signal Y12B. The _

i nverted|ipt erdal S|gnaI4%iZB outputted fromthe selector SRLS is fed to a
first input= : i NAND gate NALZ9mi ch will be described |ater and
S aISoﬁfed to one |nput_-ern1nal of a NAND gate NA9 through a transfer
gate TGA:””“*' “Se, tne rmernal signal Y12 is fed to a first input

tern1na| of a- NAND gate NAI | which will be described later and is also fed

rendered high, while the level of one input terminal of
the NAND gate NA6 is rendered low. As a result, Ehe
level of the internal address signal BX1l2 is made low
forcibly, while the level of the inverted internal
address signal BX12B is kept high. Thét is, in each
partial chip, as shown in Fig. 53, the level of the
internal address signal BX12 is rendered high forcibly
on condition that the pad PTX is bonded to the source
' voltage supplying lead VCC and the pga PTA is brought
into the non-connected state NC, while it is rendered
low forcibly on condition that the pads PTX and PTA are
both bonded to the source voltage suppiying lead VCC.
When the pad PTX is brought into the non-connected state
NC, the level of the internal address signal BXlz-is
rendered high or low in accordance with the X address
signal X12.

Next, the address input pad Al3 is connected
to an input circuit IC1l of the X address buffer 205, as
shown, in Fig. 49.- The input circuit ICl is brought into
a transfer state selectively on condition that the level
of the internal control signal RASO is rendered high,
and it transfers an X address signal X13 which is fed
time-sharingwise thrdﬁgh the address input pad Al3, to
one input terminal of the. selector SEL3'as an interhal

signal X13. To the other input terminal of the selector
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contr ol ej
control &i

si gnal A
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CRaDTer 8 NAND gate NALO through a transfer gate TGs. To

"W nal's of t transfer gates T&4 and TG is fed the internal
i .FEB #97. 87- PYD. Further, an internal contro
s fed in : | _

T ———— a0l

SEL3 is fed the internal signal X12, and to a control

terminal of the selector SEL3 is fed an internal signal
PX, i.e., the'internal contrdi signal PXD.

Consequently, when the level of the internal control .
sigﬁal PXD is made low, the selector SELB transférs the
internal_signal X13 as an inverted internal signal X123B
to a selector SEL4, while when the level of the internal
control signal PXD is.renderéd high, the selector SEL3
transfers the internal signal X1l2 as an iﬁverted
internal signal X123B to the selector SEL4."

The inverted internal signal X123B is fed to
one input terminal of the selector SEL& and at the same
time, after inversion by an inverter, it is fed to the
qther input terminal of the selector SEL4. To a first

control terminal of the selector SET4 is fed the

‘internal control signal CSA from the mode setter 223,

while to a second control terminal thereof is fed an
output signal or an interhal signal RCS from a NOR gate
NOl.,;Thus, the selector SEL4 substantially fulfills the
same function as the selector SELl1 shown in Fig.39 and
transfers the inverted internal signal X123B or an
inverted signal thereof to a latch circuit LT1
selectively as an in®ernal signal PCS in accordance with
the internal control signals CSA and Rqs. The NAND

gates NAl, NA2, NOR gate NOl, latch circuit LTl and
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common to Am~f“dﬁ4;;k§ﬁéﬁaerninals of the NAND gates  'NA9 and HA10. As a
result, tHhe fraterial ™ signal Y12 and the inverted internal signal Y12B
are transrii tit @ ZEEBIF i dput terminals of the correspondi ng NAND gat es
NA9 and JA10 on condi tifol) that the level of the internal contro
si gnal PY% ' crdered—ows jjand further i+ ghecones an i nverted internal
address silignal BY12B or_int grnal address signal BY12 on condition that
the | evel 'of—tte rnternal control signal AGis rendered high.
Bet ween one input term nals of the NAND -gates NA9, NA10 and the source
vol tage and earth potential of

transfer gate TGl shown iﬁ Fig.'49 correspond directly
to the NAND gates NAl, NAZ, gOR gate NOl, latch circuit
'LT1 and transfer gate TGl, respectively, illustrated in
Fig. 39 and fulfill the same functions.

In the same manner as in Fig.39, when the
level of the internal control signal PXD is rendered
low, the level of the internal controi signal CS is made
high or ldw selectively in accordanée with the X address
signal X13, while when the level of Fhe internal control
signal PXD is rendered high, the level of the interhal'
control signal CS is made high or low selectiveiy in
accordance with the X address signal-XiZ.' That is, when
the internal control signals TCD and CSA are rendered
high in level, the level of the internal control signal
CS is brought into the same logical level as that of the

X address signal X12 and is rendered high selectively.on
condition that the level of the X address signal 12 is
high. On the other hand, when the level of the internal
contiol signal TCD and that of the internal cqntrol
signal CSA are made high and low, respectively, the
level of the internal control signal CS is brought into
an inverted logical level of the X address signal X12
and is rendered high selectively on condition that the
level of the X address éignal X12 is l?w. Thus, aé

shown in Fig. 53, when the pad TC is bonded to the



t he circuﬁ## Ak SBEEd{ ded | evel setting circuits . LS3 and LS4 each
conprisirg-a“palr GF'P ampdiN channel MOSFETs which receive in a
predet er i 1 n out put signal or an inverted signal thereof

~froma NANC r INA8. To one input . .term nal of the NAND gate

' NA7 is fdqdInes o] troI si gnal RAD, While an i nverted signal

~thereof igs_fed to one i nput term nal of the NAND gate NA8. To the other
I nput term-rats—of—the NAND gates NA7 and NA8 is fed the internal
control signal PYD in common. As a r%®sult, when the |evel of t he

internal control signal PYD is rendered | ow, one

source voitage supplying lead VCC and the pad PTX is in -
the non-connected state NC, each partial chip is brought
into é selected state selectively in accordance with the
| X address signal X13, while when the pads TC and PTX are
both bonded to the source voltage supplying lead VCC,
each partial chip is brought into the selected state
according to the state of bonding of the pad PTA and
upon receipt of the X éddress signal X12 which is either
high or low in level. |
2.2. 64M DRAM Packagg Using Two 64M DRAM Partial Chips
Accessed Simultaneously

Fig. 50 is a block diagram sﬁowing a second
example of a 64M DRAM package according to the present
invention. Figs. 51 and 52 are partial circuit diagranms
showing a Y address buffer 209 and a mode setter 223
thch are included in the DRAM package of Fig. 50. Fig.
53 is a list of connections, showing bonding optioné of
64M DRAM partial chips which constitute the DRAM backage
of Fig. 50. With reference to these figures, the
follbwing description is now provided about an outline
of the DRAM paqkage-of this embodiment and a concrete
method for selective IO execution.
2.2.1. Block Configuration

As shown in Fig. 50, the 64M DRAM package of

this embodiment i% constituted basically by two 64M DRAM



| nput terp

ai-s-af=thRe—NAND gat es NA9 and NALO assure a | evel conform ng.

to the |epef g;%%@“ert d internal - - 88 - si gnal Y12B or
the inter 2. 4 ile when the - level of the internal control
signal PY _ high, ¥ fthe said one Iinput termnals are rendered high
or low inf : - 83 -~

y

partial chips A and B wherein one half of each column

| address space can function normally. The portion of

each partial chip capable of functioning normally is not

specially limited, but it is a portion designated by a

low address side, or Y address signal Y12, in the column

address space when the level of

Address input pads A0 to Al3 of

the signal is made low.

the partial chips A and

B are connected in common to corresponding address input

terminals A0 to Al3 of the DRAM package, and data input

pads Din and data output pads Dout thereof are connected

in common to a data input terminal Din and a data output

terminal Dout of the DRAM package.

In Fig. 50, pads PTA and PTY of each of the

partial chips A and B are both bonded to a source

voltage supplying lead VCC, while a pad PTX is brought

into a non-connected state NC.

therefore, as will be described
inteﬁnal address signal BY12 is
and ‘the column address.space on

capable of functioning normally

In.each partial chip,
later; the level of an
rendered low forcibly
a low address side

is designated steadily.

On the other hand, in the paftial chips A and B, pads TC

are brought into the non-connected state NC, and a pad

F3 on the partial chip A side is bonded to the source

voltage supplying lead VCC, while a pad F3 on the

partial chip B #ide is brought into the non-connected



| evel sel ecji in accordance with the i nternal control
si gnal PAD. SER , when the |evel of the internal contro
si gnal PAD made ™ llevel of the NAND gate NA8 becones | ow and

t he N channg | evel setting circuit LS3 and the P channel
MOSFET of g circuit LS48ke turned ON si mul t aneousl y.
Consequent | 7 e i nput termnal of the NAND gate NA9 is
‘rendered low, while the | evel of one input term nal of the NAND gate
NA1O is made high. As a result, the®evel of the inverted

the |evel setti

state NC. As a result,.in the partial chip A, as will
be described later, the level of an internal control
signal WP for selectively executing a storage data
outputting operation of a write amplifier 218 or the
level of an internal COntfol signal DOC for selectively
executing a storage data outputting operation of a data
output.buﬁfer 221 is rendered high on condition that the
level of the Y address signal Y12 is loﬁ,_while in the
partial chip B, it is rendeféd high on cbndition that
the level of the Y address signal Y12 is high.

Thus, the partial chips A and B function
substantially in the same manner as thé 64M DRAM sub
chips A and.B which.constitute the foregoing 128M DRAM

.Package shown in Fig. 1 except that their mémory
‘capacity is halved to 32 megabits. As a result, the
'DRAM package of Fig. 50 function as a so-called 64M DRAM
package. In this case, as is apparent from Fig. 50, the
DRAM,péckage has‘an interface which is just the same as
that;of a 64M DRAM package constituted by a single 64M
DRAM chip wherein all the address spaces can function
normally. The refresh cycle is also 8K cycle/64 ms.
This indicates that this DRAM package can be substituted.
for the 64M DRAM package comprising one full chip and
that the substantial product yield of the 64M DRAM chips

can be improved.. In this embodiment, a parallel test
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I nt erna :3128 I's rendered Iom1forcrb|y, while the |evel

i wr Rl
of the n1e&£%I address sjgnal -BY12 is kept high. On the other hand,
when the | nternal control-signal PAD is nade high, the
| evel o t he output Sipnal fromthe NAND gate NA7 becones | ow, and
the P c OSFET-o1° the |evel setting gircuit LS3 and the N channel
MOSFET | : Lijng circuit L are turned ON si mul t aneously.
Therefore of one input terminal of the NAND gate NA9 is .
rendered high, while the | evel of one input term nal of t he 'NAND gat e

NA1O is rendered Tow As a result, the

for the storage data in each sub chip is executed in the
unit of four bits, so the time required for parallel
test in the entire DRAM package is twice that required
in the 64M DRAM package comprising one full chip.
2.2.2. Method for Selective io E#ecution and

Configuratioh of V Address Buffer

- In Fig. 51, the pads F3, TC, PTA and PTY of
each partial chip are connected to input terminals of
corresponding input circuits IC2—IC4_and IC7 in the mode
setter 223, and their output signals, or internal
control signals CSA, TCD, PAD and PYD, are rendered high
or low in level seiectively. More speeifically, the
internal centrol.signals Csa, TCD, PAD and PYD are made
low in level when the cerresponding pade are F3, TC, PTA
and PTY are brought into the non-connected state NC, and
.they are made high.in level when the cor:esponding pads
are bonded to the source voltage supplying lead vCC.
The internal control signals CSA, TCD, PAD and PYD are
fed to the Y address buffer 209.

On the other hand, the address input pad Al2
is connected to an input terminal of an input circuit
IC6 of the Y address buffer 209. The input circuit ICé6
is brought into a transfer state selectively when the
level of an internal control signal RASO0 is rendered

high, and it trarsmits the Y address signal Y12 which is
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forcibly, [whi I$ t‘iﬁﬁ? I the inverted internal address signal BY12B is
kept high rha*zi -iTleal partial chip, as shown in Fig. 53, the |evel
of the . ' :
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fed time-sha;ingwiée through the address input pad Al2,
to one input terminal.of a selector SELS. The other
input terminal of the SELS is connected to an output
terminal Ehereof through an inverter to form a latch
circuit. Further, aﬁ internal control signal YL is fed
to a control terminal of the selector SEL5. As a
results the selector.SELS is brought into a transfer
state on éondition that  the level of the internal
control signal YL is rendered low, apd it is brought
into a latch Form wheh the level of the internal control
signal YL is rendered high. An inverted oGtput signal
from the this latch circuit is inverted by an inverter
into an internal signal Y12, while a non-inverted signal
from the latch circuit is inverted by an inverter into
an inverted internal signal.YlZB. |

The inverted internal signal ilZB outputted
from the selector SRLS is fed to a first input terminal
of a NAND gate NAl2 which.will be described later and is
also ,fed to one input terminal of a NAND gate NA9
through a transfer gate TG4. Likewisé, the internal
signal Y12 is fed to a first input terminal of a NAND
gate NAll which will be described later aﬁd is also fed
to one input terminai of a NAND gate NAlO through a
transfer gate TGS. Ta control termina1§ of the transfer

gates TG4 and TGS,is fed the internal control signal



i nt er nal| RE AQE“TTI (;}1?¥12 is rendered high forcibly on condition that

t he pad|PEé E9°1 he source voltage supplying | ead VCC and the pad
PTA is | gﬁi&éﬁt@f p hon-connected state NC, while it is rendered |ow
forcibly thai the pads PTY and PTA are both bonded to the
source yolktage supplying jead VCC. Wen-t8®-pad PTY is brought into the
non-conpecteéd state NC, Jhe level of the internal address signal BY12 is
render ed=hi-gh—qr_laow.ln.afcordance with the Y address signal Y12.

As shown in Fig. 52, the Y address buffer 209

PYD. Further, an internal control signal AG is fed in
common to the othér-input terminals of the NAND gates
NA9 and HAl0. As a result, the internal signal ¥12 and
the inverted internal signal Y12B are transmitted to one
input terminals of the corresponding NAND gates NA9 and
NAl1O on condition that the level of the internal control
signal PYP is rendered lows and.further it becomes an
inverted internal address signal BY12B or internal
address signal BY12 on condition that the level of the
internai control signal AG is fendered high.

Between one input terminals of the NAND gates
NA9, NAlO and the source voltage and éarth potential of
the circuit thére are provided level setting circuits
LS3 and LS4 each comprising a pair'bf P and N channel

MOSFETs which receive in a predetermined combination an

" output signal or an inverted signal thereof from a NAND

.gate NA7 or NA8. To one input terminal of the NAND gate

NA7 is fed the internal control signal PAD, while an
inverted signal thereof is fed to one input terminal of
the NAND géte NA8. To the other'input terminals of the
NAND gates NA7 and NA8 is fed the internal control
signal PYD in common. As a result, when the level of
the internal control signal PYD is rendered low, one
input terminals of the NAND gates NA9 §nd NAlQ assume a

level conforming,to the level of the inverted internal
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5 NAIl and NA12 ‘are fed the internal signal

QEI put NAND gates NAI|-NA13. To the first input

further LREFEgggkﬁﬁﬁﬁs;‘

Y12

and the inyer _lnternal |signal Y12B, respectively, as mentioned
previ ously v#zjﬁ;égéQie third input termnals thereof is fed the internal

nal

control $i

fed to the secon

~ signal the~eof

PYD in co
1 nput

mpn.  Further, the8i-iternal control signal CSA is
tprmnal of the NAND gate NAl12 and an inverted

lsfed to fhe second input terminal of the NAND gate NAII
On the other hand, an . - _ :

signal Y12B or the internal signal Y12, while when the
level of the internal control signal PYD is made high,
the said one input terminals are rendered high or low in

level seleétively and forcibly in accordance with the

~ internal control signal PAD.

That is, whén_the level of the internal
control signal PAD is made low, the level of the NAND
gate NAS8 becomesllow and thg N channel MOSFET of the
level setting circuit LS3 and the P channel MOSFET of
the level setting circuit LS4 are turned ON
simultaneously. Conéequently, the level of one input
terminal of the NAND gate NAS is rendered low, while the
level of one input terminal of the NAND gate NAlO is
made high. As a résult, the level of the inverted
internal address signal BY12B.is rendered low forcibly,
while the level of the internal address signal BY12 is
kept high. On the other hand, when the level of the
internal control signal fAD is made high, thellevel of
the ohtput signal from the NAND gate NA7 becomes low,
and the P channel MOSFET of the level setting circuit
LS3 and the N channel MOSFET of the level setting
circuit LS4 are turned ON simuitaneousiy. Therefore,
the level of one input terminal of the NAND gate NAS is
rendered high, while the level of one input terminal of

the NAND gate NAlQ is rerndered low. As a result, the
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,Egon1the NAND gate NAIl is fed to the first

| nput ter A te NAL3, and an output signal fromthe NAND
gate NA12 j s} , Seqgond input termnal of the NAND gate NA13. To
the third i : pf the NAND gate NA13 is fed the

|
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jevel of the internal address signal BYl2 is made low
forcibly, while the level of the inverted internal
address signal BY12B is kept high. That is, in each
partial chip, as shown in Fig. 53, the level of the
internal address signal BY1l2 is rendered high forcibly
on condition that the pad PTY is bonded to the source
voltage supplying lead VCC and the pad PTA is brought
into the non-connected state NC, while it is rendered
low forcibly on condition that the pgds PTY and PTA are
both bonded to the source voltage supplying lead VCC.
When the pad PTY is brought in£6 the non-connected state
NC, the level of the internal address éignal BY12 is
rendered high or low in accordance with the Y address
signal Y12.

| As shqﬁn iﬁ Fig. 52, the Y address buffer 209
further includes three 3-input NAND gates NAll-NAl3. To
the first input terminals of the NAND gates NAll and
NAl2. are fed the internal signal Y12 and the inverted
intérnal signal Y12B, respectively, as mentioned
previously, while to Ehe third input terminals thereof
is fed the internal control signal PYD in commbn.
Further, the internal control signal CSA is fed to the
second input terminal of the NAND gate NAl2 and an
inverted signal thereof is fed to the'second input

terminal of the NAND gate NAll. On the other hand, an
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; AaEPYD. An out put signal fromthe NAND gate NA13 is
r .S|gnal IOC in comon to one input termnal of a
NAND gatje NA%%ZFﬁﬁﬁﬁaaE cllock generator 215 and that of a NAND gate 15 in a
CAS cl ogk 2131 To the other input termnal of the NAND gate 14
is fed gn internal controlf signal WPl . whjech is formed by a front-stage

ci rcuit Trmot—shewa—io__tlhe WE cl ock generator 215, while to the other

i nput termnal of the NAND gate 15 is fed an internal control signal DOCl
which is formed by a front-stage circuft (not shown) in the CAS cl ock
generator 213. An out put

i nt er nal
fed as an

output signal from the ﬁAND gate NAll is fed to the
first input terminal of the-NAND gate NA13, and an
output signal from the NAND gate NAl2 is fed to the

- second input terminal of the NAND gate NAl3. To the
third input terminal of the NAND gate NAl3 is fed the
.internal control signal PYD. An output signal from the
NAND gate NAl3 is fed as én internal control signal IOC
in common to one input terminal of a NAND gate NAl4 in a
WE clock generator 215 and that of.a_NAND gate 15 in a
CAS clock generator 213. To the other input tefminal_of
the NAND gate 14 is fed an internal control signal WPI
which is formed by a front-stage circuit (not shown) in
the WE ciock-generator 215, while to the other input |
terminal of the NAND gate 15 is fed an internal control
signal DOCI which is formed by a front-stage éircuit

_ (not showh) in the CAS clock generator 213( An output
signal from the NAND gaté NAi4 is inverted by an
inverter and then fed as the internal control signal WP
to the-write amplifier 218. Likewise, an output signal
from the NAND gate NAlS5 is invérted by an inverter and
then fed as the internal control signal DOC to the data
output’ buffer 221. The level of the internal control
signal WPI is rendered high temporarily at a '
predetermined timing when the partial chips A and B are

brought into a selected state in the write mode, while
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si gnal |4 isinverted by an inverter and then fed as
the intg W- to the wite anplifier 218. Likew se, an .
out put i ND gate NAI5 is-inverted by an inverter and then
fed as signal DOC to the data - output buffer 221. The
| evel o signal WRL gjs_rendered high tenporarily at a
pr edet e the partial chips A and B are brought into a

sel ected state in the Bt e node, while

_the level of the internal control signal DOC is rendered
high at a pfedetermiﬁed timing when the partial chips
are rendered into the selected state in the read mode.

Therefore, when the level of the lnternal
control signal PYD is made high, the level of the
internal control signal IOC is rendered high selectively
on condition that the level of the internal control
signal CSA.and that of the internal signal Y12 are
rendered low and high, reepectively, or it is rendered
high selectively on condition that the levei of the
internal control signal CSA and that of the inverted
internal signal Y12B are beth made higg. In the case
where the level of the internal control signal'PYD is
made loé, the level of the internal control signal IOC
is made high steadily independently of the internal
control signal CSA, internal signal Y12 and inverted
internal signal Y12B. Further, on condition thaﬁ the
level of the internal cantrol signal I0C is made high,
the Level of the internal control signal WP is rendered
high in accordance with an internal control signal WPI

‘and the level of the internal control signal DOC is made
high in accordance with the internal control signal
DOCI. That is, as shown in Fig. 53, when the pad PTY is
brought into the non-connected state NC, the partial

chips A and B execute the storage data inputting or



f—

- 91 - RbﬂQME%ﬂ@WE@HEEPhe i nternal control signal DOC is rendered high
at a precetern1ne ' Wwhen the partial chips are rendered into the

sel ect ed [stfat @ h e4qd | node. Therefore, when the | evel of the
i nt er nal ontrol s1g dl |PYD i s made high, the level of the interna
control $i =Se~s--tehdpred hi gh sel ecigivel y

outputting operation at a predetermined timing, but in
thé'case where the pad PRY is bonded to the source
voltage supplying lead VCC, the partial chips A and B
execute the inputting or outputting operation
selectively upon receipt of the Y address signal Y12 of
high level when thé pad F3 is brought into the noh-
connected state NC, while when the pad F3 is bonded to
the source voltage supplying lead VCC, the part1a1 chips
execute the 1nputt1ng or outputting operatlon
select;vely upon receipt of the Y address signal Y12 of
low level. | |
2.3. Vatlatlons of 64M DRAM Package 051ng Partial Chips
~In Pig. 54 there is illustrated a list of 64M
DRAM package products capable of being constituted on

the basis of two 64M DRAM partial chips. Figs. 55 to 59

are block diagrams of the DRAM packages described in the

product list of Fig. 54. With reférence to these
figures, the following deScription is now provided about
the kind, configuration and outline of 64M DRAM packages
each capable of being éonstitﬁted by two 64M DRAM
partial chips. 1In the block diagrams of Figs. 55 to 59
there are shown only normal portions of the partial
chips as well as address signéls and signal iines
relating to input and output data.

2.3.1. Kind of 64M DRAM Packages Capable of Being
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render ed ;
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e=of the internal cont rol signal CSA and that of
3 rendered | ow and hi gh, respectively, or it is
in condition that the |evel of the internal

at jof the inverted internal signal Y12B are both
made hi gh. hefe the | evel -3 the internal control signal PYD
s mde | he internal control -signal 10C is nmade high

steadily |" of the internal control signal CSA, internal signa
Y12 and inverted i ==Si gnal -Y12B* Further, on condition that the

Constituted

The 64M DRAM chips in this embodiment can.take
three kinds of bit configurations of 64M x 1 bit, 16M x
4 bits and 8M x 8 bits because the bonding to pads Fl
and F2 is éxecuted selectively, as mentioned previously.
Further, since the bending to pads PTA and PTX or PTY is
executed se;ectively,_the row or column address space on
the low or high address side can function seleétively
and partially in the unit of one half. Moreover, since
the bonding to pad TC is executed selectively, the
partial chips are accessed selectively or
simultaneously, and since the bonding £o pad F3 is
executed selectively, conditions for selective
activation or for selective IO execution are designated
selectively. By combining two partial chips of the same
bit configuration and acceésing these partial chips
selectively or simultaneously there can be constituted
such seven kinds of 64M DRAM packages as shown in Fig.
54. Aé to the two kinds of DRAM packages having a bit
configuration of 64M x 1 bit, an explanation thereof
will be omitted because they correspond to the
embodiments illustrated in Figs. 47 and 50. Although in
all of these embodiments the row or column address spaée
on the low address side is normal, there may.be'made a

combination with the type wherein the row or column
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s| 9@F FEB #99And tlhe | evel of the internal control signal DOCis

g Fﬁfaccordah e th the internal control signal DOCI. That is,
EﬁZEtg:=5$;=mge the pad PTY is gfgrought into the non-connected
t he parti al

rol signal 10C is made high, the level of the
Is rendered high in accordance with an internal

address space on the high address side is normal, or

with the type wherein the row or column address space is

normal on both low and high address sides.

2.3.2. Outline of Various DRAM Packages

(1) DRAM Package of 16M x 45 bits wherein two partial
chips of 16M x 4 bits each having a column address
space half of which is normal are accessed
simultaneously:

Such a 64M DRAM package of 16M x 4 bits as
illustrated in Fig. 55 can be constituted by combining
two 64M DRAM partial.chips A and B of 16M x 4 bits in
each of which one balf of the column aadreés space can
function normally and_then'by accessing these partial
chips simultaneously. In this variation, 13-bit X

address signals X0-X12 and 1ll-bit Y address signals ¥Y0-

Y10 are fed to address input pads A0-Al2 of the paftial

chips A and B in common and time-sharingwise, and data
input-output pads DIO0 and DIOl of the partial chips are
connécted to corresponding data input-output terminals
DIO0-DIO3 of the DRAM package. An internal address
signal BY1l0 in each partial chip is fixed to the earth
potential of the circuit, and the Y address signal Y10
is substantially ignored. As a result, the partial
chips A and B are kept selected simultaneously and

executé storage data inputting and outputting operations



 fp—

31F¥ operation at a predetermned tining, but in the

of the Y address signal Y12 of high |evel when
into the non- connected state NC mhi{e when the pad

in parallel. ‘Consequéntly, the DRAM package has a bit

configuration of 16M x 4 bits and inputs or outputs 4-

bit storage data simultaneously. At this time, a

refresh operation for the partial chips A and B is

executed in a parallel manner and the refresh cycle as
"the DRAM package is 8K cycle/64 ms.

(2) DRAM Package of 16M x 4 bits wherein two DRAM
partial chips of 16M x 4 bits each having a row
address space half of which is normal are accessed
selectively:

Such a 64M DRAM package of 16M x 4 bits as
shown in Fig. 56 can be constituted by'combining two 64M
DRAM partial chips A and B of 16M x 4 bits in each of
which one half of the row address space can function
normally and then by accessing these partial chips
'selectively. In this variation, 13-bit X address
signals X0-X12 and 1l1-bit Y address signals Y0-Y10 are
-fed to address input pads A0-Al2 of the partial chips A
and ﬁ in common and time-éharingwise. Data input-output
pads DIO0-DIO3 of the partial chips are connected in
common to corresponding data input-output terminals
DIO0-DIO3 of the DRAM package. The level of an internal
control signal CS in the partial chip A is rendered high
selectively on condition that the level of the X address

signal is made low, while the level of an internal



[CEealit. * It “7§ng | ead VCC, the partial chips execute the
i nput tihgf or_ out uttlnq gperation selectively upon receipt of the Y

addr ess} sf g, level. 2.3. Variations of 64M DRAM Package
Usi ng rkial Chips In Fig. 54 there is illustrated a list of
64M package productjs capabl e of bei constituted on the basis of
two 64 || Figs. 55 to~5%9° Tare bl ock diagranms of the DRAM

packages descrlbed in the product list of Fig. 54. Wth reference to these
figures, the follow ng descrlptlon I s*now provi ded about

control signal CS in the partial chip B is rendered high
" on condition that the level of the X address signal X12
is made high. The level of.an internal address signal
BX12 in each partial chip is fixed to the earth
potential of the circuit, i.e., low level. Thus, the
partial chip A is brought into a selected state
electively when the level of the X address signal X12 is
rendered low, and executes alone a storage daté
inputting or outputting operation in the ﬁnit of 4 bits.
The partial chip B is brought into a selected étate
selectively when the level of the X address signal X12
is rendered high, and executes alone aistorage data
inputting or outputting operation in the unit of 4 bits.
As a result, the DRAM package has a bit configuration of
16M x 4 bits and it inputs or outputs 4-bit storage data
simultaneously. At this time, a refresh opefation for
the partial chips A and B is executed seleétively, but
sincefone half of the row address spaée of each partial
chip is normal, the refresh cycle as the DRAM package is
8K cycle/64 ms.
(3) DRAM Package of 16M x 4 bits wherein two DRAM
paftial chips of 8M x 8 bits each having a column
address space half of which is normal are‘accessed

simultaneously:



t he m
bei ng
Fi gs.
as wel
dat a.

5!-'-

N

m&gm_s&m

C(H

and outline of 64M DRAM backages each capabl e of
64M DRAM partial chips. In the bl ock diagrans of

elate shown only normal portions of the partial chips
225§E%H2ﬁ2 gndl s and signal lines relating to input and out put

64M DRAM Packages Capahl e of Being

Such a 64M DRAM package of 16M x 4 bits as
shown in Fig. 57 can be.constituted by combining two 64M
DRAM partial chips A and B in each of which one half of
the column address space can function normally and then
by accessing these partial chips simultaneously. In
this variation, 13-bit X address signals X0-X12 and 10-
bit ¥ address signals Y0-Y¥9 are fed to address input
pads A0-Al2 of the partial chips A and B in common and
time-sharingwise, and data input-output pads DIO0O-DIO3
of the partial chips are connected to corresponding data
input-output terminals DIO0-DIO3 of the DRAM package.
The level of an interhal controls sigﬂal IOC in the
partial chip A is rendered high selectively on condition
that ﬁhe level of the Y address signal ¥9 is made low,
while the level of an internal control signal IOC in the
partial chip B is rendered high selectively on condition
that the level of the Y address signal Y9 is made high.
The level of én internal address signal BY9 in each
partial chip is fixed to the eafth potential of the
circuit, i.e., low level. As a result, the partial
chips A and B are képt selected simultaneously and
execute 4-bit stofage data inputting or outputting
operation selectively in accordance with the Y address
signal ¥S. Consequenﬁly, the DRAM package has a bit

configuration of 16M x 4 bits and it inputs or outputs
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bnf can take thiree kinds of bit configurations of 64Mx 1 bit, 16M
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s fmentioned previously. Further, since the bonding
~PTY is executed salgectively, the row or colum

Lspace on _the | owW or high address side can function selectively
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4-bit storage data simultaneously. At this time, a

refresh operation for the partial chips A and B is

" executed in a parallel manner, so the refresh cycle as

the DRAM package is 8K cycle/64 ms.

(4) DRAM Package of 8M x 8 bits wherein two DRAM
partial chips of 8M x 8 bits each having a column
address space half of which is normal.are accessed
simﬁltaneously:

Such a 64M DRAM package of 8M x 8 bits as
shown in Fig. 58 can be constituted by combining two 64M
DRAM partial chips A and B of 8M x 8 bits in each of
which half of the column address spacé can function
normally and then accesSing these partial chips
simultaneously. In this variation, 13-bit X address

signals X0-X12 and 10-bit Y address signals Y0-Y¥9 are

fed to address input pads A0-Al12 of the partiai chips A

and B in common and time-sharingwise, and data input-
output pads DIOO0-DIO3 thereof are connected to
correéponding data input-output terminals DIO0-DIO3 and
DIO4-DIO7 of the DRAM package. The level of an internal
address signal BY9 in each partial chip is fixed to the
earth potential of the circuit, i.eﬂ,.low level, and the
Y address signal Y9 is substantially ignored. As a
result, the partial chips A and B are brought into a

selected state simultaneously and execute a 4-bit
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and partjz ELA@%MFNE Sﬁgﬁi of one hal f. Nbreover, .si nce the bondi ng to pad

TC i s execjuted Seréctivél ¥, the partial chips are accessed selectively or
similta GUSEEEFEBdﬁﬁinje the bonding to pad F3 is executed selectively,
condi ti gns for selectlv ' factivation or for selective |10 execution are
. desi gnatfed y conbining twQ partial chips of the sane bit

configurfation and accessi

g these partial chips selectively or

si mul t anéousTy There can be constituted such seven kinds of 64M DRAM
packages as shown in Fig. 54. As to th® two kinds of DRAM packages havi ng

a bit

storage data inputting or'butputting operation in a
parallel manner. Consequently, the DRAM package has a
bit configuration of 8M x 8 bits and it inputs or
outputs 8-bit storage data simultaneoﬁslf. At this
time, a refresh operation for the partial chips A and B
is executed in a parallel manner, so the refresh cycle
as the DRAM packagé is 8K cycle/64 ms.

(5) DRAM Package 6f 8M x 8 bits wherein two DRAM
partial chips of 8M x 8 bits eégh having a row
address space half of thch is normal are accessed
selectively:

Such a 64M DRAM package of aﬁ x 8 bits as
shown in Fig. 59 can be constituted by combining two 64M
DRAM partial chips A and B of 84 x 8 bits in each of
which half of the row address space can function
-normally and then by accessing these partlal chips
selectively. In this variation, 13-bit X address
signals X0-X12 and 10-bit Y address signals Y0-Y9 are
fed éo address input pads A0-Al2 of the partial chips A
and B in common and time-sharingwise, and data inpuf—
output pads DIO0-DIO7 thereof are fed to corresponding
data input-output terminals DIO0-DIO7 of the DRAM
package in common. The level of an internal control
signal CS in the partial chip A is rendered high on

condition that the level of the X address signal X12 is
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‘made low, while the level of an internal control signal -

CS in the partial chip B is rendered high on éondition
that the level of the X address signal X12 is made high.
The level of an internal address signal BX12 in each
partial chip is fixed to the earth potential of the'
circuit, i.e., low ievel. As a result, the partial chip
A is brough; into a selected state selectively when the
level of tﬁe X addrgss signél klz ié made_low and it
executes alone a storage data inputt;ng or outputting
operation.in the unit of 8 bits, while the partiél chip
B is brought into a selected state selectively when the
level of the X address.signal X12 is rendered high and
it executes alone a storage data inputting or outputting
operation in the unit of 8 bits. Consequentiy, the DRAM

package has a bit'¢onfiguration of 8M x 8 bits and it

_inputs or outputs 8-bit storage data simultaneously. At

this time, a refresh operation for the partial chips A
and B ;s executed selectively, but since one half of the
row addreés.space in each partial chip is normal, the
refresh éycle as the DRAM package is 8K cycle/64 ms.
2.4. Evaluation . |

Thus, the 64M DRAM package of this embodiment
is constituted by mounting two 64M DRAM partial chips in
each of which one half of the row or_column address

space can function normally, onto a single package
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~~{gh address side.is normal, or wth the type wherein
ss space is normal on both | ow and hi gh address

of Various DRAM Packages (1) DRAM Package of 16M Xx
aftial chips of 16M x 4 bhits each having a

space hal f of whichiipg wormal are accessed

Such a 64M DRAM package of 16M x 4 bits as

F

according to the double chip packaging method. 1In the
two partial chips which constitute the DRAM package,
since.Predetermined bondings are executed selectively,
the portion incapable of functioning normally are
'nullified selectively, while conditions for the
selection of the portions capable of functioning
normally are set selectively. As a result, there can be
aﬁtained the following effects.

(1) By combining DRAM chips partially
incapable of functioning normally there can be |
constituted a DRAM paékage having the same interface as
that of a DRAM package constituted by éne fuil chip in
~ which all the address spaceé can function normally, and
also having intefchangeability with such single chip
DRAM package. _ _
| (2) As illustrated in Fig. 60, since DRAM
chips partially incapable of functioning normally can be
utilized and relieved as partial chips, it is possible
to improve the product yield of DRAM chips. For
example, in connection with Fig. 60, fourty five 64M
DRAM packéges can be obtained from one wafer according
to the conventional method not utilizing DRAM chips
partially incapable of functioning hormélly, but in the
case where two partial.chips are combined together

according to the double chip packaging method, there can
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parti al
col um
parti al
X0- X12
AO- A12

n be constituted by conbining two 64M DRAM

6M x 4 bits in each of which one half of the
function normally and then by accessing these
opsly. In this variation, 13-bit X address signals

hi ps_si nul tan

-bI'T Y addreps signals YO- Y10 are fed to address input pads
ps -A and B in tofhom and ti me-sharingw se, and

data input-output pads DGO and D01 of the partial chips are connected
to corresponding data input-output terfinals DI Q0-DI03 of the DRAM
package. An internal address

be obtained a total of seventy five 64M DRAM'packages.
As a resuit; it is possible to improve the product yield
of DRAM chips and attain the reduction of cost of the
DRAM package. '
| (3) Since predetermined bondings are executed

.seléctively, it is poésible to selectively nullify the

- portioné of partial chips incapable of functioning

normally and selectively set conditions for the
selection of the portions capable of;functioning
normally, and hence it is possible to optionally combine
and utilize partial chips having same portions incapable
of functioning normally.

" 3. BApplication Examples of the Double Chip Packaging-

Method
| In each of the embodiments described aone, a

singie DRAM package is constituted by combining plural
sub chips or partial chips having the same function and
formgﬁ under the same conditions, but the plural
semi&ohductor chips which constitute the package are not
always required to have the same function, nor is it
necessary for them to be fabricated under the same -
conditions. Application examples of the double chip
packaging method wherein a plurality of différent |
semiconductor chips are combined together will be

outlined below. .
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ss signal Y10 is substantially ignored. As a
hips A and B are kept sel ected sinultaneously and
fnputting and outputting operations - 95-
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3.1. Cﬁip Division by Function in DRAM Package

Fig. 61 is a block diagram showing a first
example of a DRAM package consisting of two different
semiconductor chips. 'In Fig. 61, the DRAM package,
indicated at 310, comprises two sub chips 310A (first
sub chip) and 310B (second sub chip) as a basic
configurétion. Though hot specially limited, the sub
chip 310A is constituted by a block of a relatively high
integration density, including memory array 201, word |
driver 202, X address decoder 203, X predecoder 204, X
address buffer, sense amplifier 206, Y address decoder
207, Y predecoder 208, write amplifier 218,\data input
buffer 219, main amplifier 220, ana data oufput buffer
221. Therefore, the sub chip 310A is named an array sub

chip and is formed by a so-called 0.5 gm manufacturing

‘process. On the other hand, the sub chip 310B is

constituted by a block of a relatively low integration
density, including so-called indirect peripheral
circuits such as RAS2 clock generator 210, RAS1 clock
generator 211, RAS buffer 212, CAS éloék generator 213,
CAS buffer 214, WE clock generator 215{ WE buffer 216,
voltage dropping section 222, énd mode setter 223.
Therefore, the sub.chip 310B is named a control circuit
sub chip and is formed by a so-called 0.8 um

manufacturing process.



the DRAM package has a bit configuration of 16M

I n par af et

X 4 bitf g puts 4- bit storage data sinultaneously. At
this tife ation for the partial chips A and Bis executed
in a pa he refresh cycle as the DRAM package is 8K
cycl e/ 64 wE=== RAMIPgdckage of 16M x 40Bits wherein two DRAM

parti al ChIpS of 16M x 4 Jbits each having a row address space half of
whi ch i'STnO -

sed sel ectively:
. -~

The sub chips 310A and 310B are made integral
with each other to constitute a single DRAM package
according to the double chip.packaging method. In this
case, these sub chips are connected to external
terminals of the DRAM package by wire bonding through
plural pads, and are connected to each other by wire
bonding through other plural pads.

Thus, by functionally dividing the plural
constituent bloéks of the DRAM package into plural sub
.chips according to their integration densities and
manufacturing processes and by making these sub chips
-integral with each other according to.the double chip
packaging method, it is possible to simplify the
manufacturing process while making an optimal fﬁnctional
division of the DRAM package. The sub chips 310A and
310B are different in the integration density and
manufaéturiné process so are different in.the product
yield.. If these blocks.are accommodatéd in a single
semiconductor chip as in the prior art, the product
yield of the block included in the sub chip 310B and
capable of ‘being expected to be relatively high is
‘lowered by a relatively low product yield of the block
included in the sub chip 310A. As in.thiS-embodiment,
by accommodating blocks different in product yield in

two semiconductor chips and making these semiconductor



Such of 16Mx 4 bits as shown in Fig. 56 can be
consth i ng two 64M DRAM partial chips A and B of 16Mx 4
bits i # gne half of the row address space can function
nor maljl ' dcdessing. these partial chips selectively. In this

vari ati ¢ H-Caddjess signals XO-X405 and 11-bit Y address signals

' @ss i nput pads AO Al2 of the partial chips A and B
in co s == ngwi se. Data input-output pads D O0-DI 03 of the
partial chips are connected in comon®to correspondi ng data i nput-output
termnal s : -

chi?s integral with each other according to the double
chip packaginé method it is made possible to improve the
product yield as the entire DRAM package.

3.2. Chip Division by Bit in DRAM Package

Fig. 62 is a block diagram showiné a second
example of a DRAM package consisting of two different
semiconductor chips. In Fig.6l, the DRAM.package 311,
indicated ét 311, comprises two sub chips 311A (third
sub chip) ana 311B (fourﬁh sub chip) as a basic
configuration. The sub chip 311A is a DRAM chip of a
relatively high ihtegration density having a bit
configuration of 8M x 8 bits and is formed by the 0.5 x
manufacturing process. On the other hand, the sub chip
311B is a DRAM chip of a relatively low integration
density having a bit configuration of 8M x 1 bit and is
formed by the 0.8 gm manufacturing process.

The sub chips 311A and 311B are rendered
integral with each other to constitute a single DRAM
package according to .the double chip packaging method;
In this case, address input pads A0-Al2 of these sub
chips are connected in common to address input terminais
AO0-Al2 of the DRAM package. Data input-output pads
DIbO*DIO? of the sub chip 311A are connected to
corresponding data input-output tefminals DIO0-DIO7 of

the DRAM package, while a data input-output pad DIO of
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the sub chip 3118.is connected to a data input-output
terminal for parity bit of.the DRAM package.

Thus, by dividing the plural constituent
blocks of the DRAM package in correspondence to
predetermined bits of storage data and making these sub
lchips integral with each other according to the double
chip packaging method there can be easily realized a
DRAM packaée having a non-general bit configuration.
Further, the relief of a partial chip can be done by
using a partial chip formed according to the same
manufacturing process as that for the sub chip 311A, in
place of the sub chip 311B.

3.3. Chip Division by Function in Microcomputer Package
. Pig. 64 is'a'block diagram showing an example
of a microcomputer packége comprising two different |
semiconductor chips: 1In Fig.64, thé microcomputer
package, indicated at 320, comprises two sub chips 320A
(fifth;sub chip) and 320B (sixth sub chip) as a basic
configuration. The sub chip 320A is constituted by a
block of a relatively high integration density,
including a data RAM (data ROM) 321 and an instruction
ROM 322. Therefore, the sub chip 3202 is named a memory
sub chip and is formed by the 0.5 um manufacﬁuring
process. On the other hand, the sub chip 320B is

constituted by a block of a relatively low integration



{ iHe partial chip Bis rendered high on condition that

. agdiess signal X12 is made high. The level of an

i nt erindl %Fgﬁwgral BX12 in each partial chip is fixed to the earth

potertial e crI'rquijt, i.e., lowlevel. Thus, the partial chip Ais

br oughtt—tnto—sn “ﬂ'eﬂfem state electivel yomwhen the level of the X address
X12 IS | ow, and executes alone a storage data . inputting

ot Tg-operatron in the unit of 4 bits. The partial chip Bis

brought into a selected state selectfvely when the |level of the X address

signal X12

density, including arithmetic logical operation unit
327, ﬁultiplication unit'325, general-purpose register
323, RAM pointer (ROM pointer) 324, internal bus 326,
multiplication unit output register 328, accumulator
329, control (timing) logic 330, program counter 331, IO
register 332, and IO buffer 333. Therefore, the sub
chip 320B is named an ALU sub chip and is formed by'the
-0.8 #m manufacturing process.

The sub chips 320A and 320B are made integral
with each other to constitute a single microcomputer
package according to the double chip packaging method..
In this case, these'sub'chips are connected.to exterhal-
terminals of the microcemputer package by wire bonding
through plural pads and_ere connected to each other
through other plural pads.

' Thus, by functionally dividing the plural
constituent blocks of the microcomputer package into
plural: sub chips according to their_integration
densiﬁies and manufacturing processes and by making
these sub chips integral with each other according to
the double chip packaging method, it is possible to
simplify the manufacturing process while making an
optimal functional division of the microcomputer
package. The sub chips 320A and 320B are different in

~the integration density and manufacturing process so are
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is 1% L ~'PHLSH*%E executes alone a storage data inputting or

outpfu tlgg ﬁerat oh |n the unit of 4 bits. As a result, the DRAM package
has|a}bi ipn of 16Mx 4 bits and it inputs or outputs 4-bit
stofage data S|nul.aﬁeously. At this tinme, a refresh operation for the
par i “EﬁTﬁ“"ﬁTﬁﬁ# B i s executed sel ectjiggely, but since one half of the
rom&ggg£§§§=§gggg_gL_9ach partial chip.-is normal, the refresh cycle as the
DRAM package is 8K cycle/64 ns. (3) DRAM Package of 16M x 4 bits wherein
two DRAM partial chips of 8Mx & bits each having a colum

different in the product yield. 'As shown in Fig. 63,
the product yield as the entire microcomputer package is
improved in comparison with the conventional
microcomputer package having such blocks accommodated in
a single semiconductor chip.

The present invention has been described above
concretely on thé basis of plural embodiments thereof,
but iﬁ goes without saying that the inventioh is not
limited thereto and that various modifications may be
made within the scope not depérting from the gist of the
invention. For example, in the DRAM package block
diagrams of Fig.'l and other figures, ihe memory
capacity and bit configuration of each sub chip can be
set optionally, and the memory capacity and bit
configuration as DRAM package are also optionél._'For
éxamgle, a 64M DRAM package can be constituted using two
32M DRAM sub chips, and a 256M DRAM package can be
constituted using two 128M DRAM sub chips. Further,
each §ub chip and DRAM package can have a bit
configuration of, say, x iG bits or x 32 bits. ‘In such
a multi-bit DRAM package it is possible to cbnsiderably
reduce the number of bonding pads formed on each sub
chip by, for example, accessing two sub chips
siﬁultaneously and.executing'a storage déta inputting or

outputting operation in a parallel manner. The DRAM
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Fig.

Twhich is normal are accessed si mul t aneousl y:
juch a 64M DRAM package of 16M X 4 bits as shown in

. -109 -

package and DRAM sub chips do not require the adoption
of an address multiplex mode as an essential condition
nor is their block configuration restricted by the above
embodiments. Also as to the refresh cyele, parallel
test and high-sbeed column mode for the DRAM package and
DRAM sub chips, what method and kind are to be adopted
is optional. 1In Figs. 5 and 6, the memory array |
dividing method for each DRAM sub chip can_take various

~ other modes, and this is also true of related layout and
addrese allocation. As to Ehe'arrangement of bonding
pads provided on the semiconductor substrate surface,
various modes of arrangement may be adopted on condition
.that they are arfanged in the form of planar symmetry.
In Figs. 13 to 18, the DRAM package can take any other
package form than SOJ, and concrete structures thereof

are not restricted by the above embodiments. In Figs.
19 to'23, the DRAM package manufactﬁring processes using
the double chip packaglng method are mere examples and
the present invention is not limited thereby at all. 1In
the 64M DRAM package block diagrams of'Fig. 47 and other
figures, there may be used partial chips in each of
which one fourth of the row or column address space can
function normally. In this case, pads for designating
the normal portion and for setting conditions for the

selection must be provided accordiﬁgly. In the circuit



Lol

aeand B in each of which one half of the colum address

itfml |y and then by accessing these partial chips

s variation, 13-bit X address signals XO X12 and 10-

dqgﬁsmyal ffO- Y9 are fed to address input pads AO-Al2 of the
chips A and n common and tingygharingwi se, and data
DI 03 of the partial chips are connected to
correspondi ng data input-output termnals DI OO DI-03 of the DRAM package.
The [evel of an internal controls sigmal 10C in the partial chip Ais
rendered high selectively on condition = : _

ciagrams of Figs. 39, 48, 49, 51 and 52, the logical
configurations of the X and Y address buffers are not

.restricted by those embodiments, and the combination and
polarity of source voltages as well as the cdnductivity
type of MOSFET can take various forms. In Fig. 61, as
to the functional division of DRAM package, for example
the X address buffer 205 and the Y address buffer 209
may be included in the sub chip 310B.. In Fig. 64, the
block configuration of the microcompgter is not
restricted by the illustrated embodiment and the
functional division thereof is optlonal. |

Although in the above descrlptlon the present
invention is applied to DRAM packages and microcomputer
packages in the utilization field as.the_background
field, the invention is nbt limited thereto. For
éxample, the present invention is also applicable.té'

- various memory paékages including a static type RAM,
etc. as a basic configuration and various digital
lﬁtegfated circuit package including a gate.airay
integrated circuit, etc. as a basic configuration. The
prasent inventidn is widely applicable to semiconductor
devices each comprising plural semiconductor chips and
&lso to digital systems each including such

semiconductor device.
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t hat ;dhk:é fg; ; il addr ess signal Y9 is made low, while the |evel of

an injefnal “Contror al 10C in the partial chip Bis rendered high

sel ecji eﬁﬁlﬁfﬁrsg?it that the level of the Y address signal Y9 is nmade
hi gh.j {The | evel ™01 gn ji nternal address signal BY9 in each partial chipis
fixed to tThe ~npatgntial of the i.e., lowlevel. As a result,
t he rtial ChIpS A ahd B are kept- séTé@tea si mul taneously and execute

4-Dbit sTOT ' tting or outputting operation selectively in

accordance with the Y address signal #*9. Consequently, the DRAM package

has a bit

A pair qf DRAM chips are mounted opposedly to

each other while wiring means such as leéd frames |
substantially integral'with,external terminals are put
therebetween, then these DRAM chips and lead ffames are
connected together by the con§entiona1 wire bonding pad
method, for example. Further, plural pairs of DRAM
chips and lead frames thus bonded are stacked and
corresponding leads of the lead frames are connected in
common to form é laminate. Then, the plural DRAM chips
thus mounted are activated selectively in accordance
with a predetermined chip selection signal or are
allowed to execute a storage data inpulting or
outputting operation selectively. Utilizing this chip
mounting method, a single DRAM package is constituted by
combining partial DRAM'chips capable of partially
functioning normally. Consequently, there can be
realized an effective Chlp mountlng method whlch pernits
the mounting of plural sub chips of the same size
without sacrificing the heat radiation characteristic of
package and the product yield; besides, it is possible
to attain a large capacity of a DRAM package, etc.,
promote the reduction of power consumption thereof and
simplify the manufacturing process, while suppressing
the increase in size of the package. Moreover, it is

possible to realize a DRAM package having a memory
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capacity which is plural times that of a package of the |
same size and constituted by a single DRAM sub chip, and
thus the limit in memory capacity of a DRAM chip, etc.
can be expanded. So it is possible to enhance the
packaging efficiency of a memory system, etc. including
a DRAM package as a basic configuration and reduce the
cost thereof. Additionally, partial DRAM chips can be
utilized effectively without waste and hence it is
possible to improve the substantial product yield of

" DRAM chips, etc.



thefﬁﬁw%;éffASP" SHEEN cycle/ 64 ns. (4) DRAM Package of 8Mx 8 bits

wherleijn T wo--BleAstse | partial chips of 8Mx 8 bits each having a col um
addregs %gﬁgaimﬁ? f fwhich is nornmal are accessed Sinuildncuusry
Such @ 6 ackage of 8Mx 8 bits as shown in
congt Kt utes bf nfng two 64M DRAM gq@tj_al chi ps E"muulg bits
in [ of the colum address space caﬂ uno. :
and “thema& =eg-JdJddese partial chips sinmultaneously. In this varlatlon

F

13-bit X address

CLAIMS

1. A sémiconductor device comprising a pair of
semiconductor chips mounted with.wiring means put
therebetween, said wiring means being substantially
integral with external terminals.

2. A semiconductor device according to ciaim
1, wherein said wiring means comprise lead frames.

3. A semiconductor device accérding to claim
2, wherein said paired semiconductqr'chips are mounted
in opposed relation to each other so tﬁat their surfaces
on which bonaing pads are formed are positicdned on the
lead frame side. .\

4. A semiconductor device according to claim
3, wherein the bonding pads of the paired semiconductor
chips are disposed in planar symmetry with each other.

| 5. A semiconductor device'éccording to claim

4, wherein the bonding pads of the paired semiconductor
chips are disposed in a straight line form centrally of
X or Y axis of the surfaces of the semiconducﬁor chips.

6. A semiconauctor devicé according to claim
5, wherein the bonding pads of the parted semiconductor
chipé are connected to corresponding leads of
corresponding said lead frames by wire bonding.

7. A semiconductor device aécording to claim

5, wherein the bonding pads of the paired semiconductor

This-Sheet Has Been RTlac




Si gNAERETOEIRE ] sEelbit Y address signals YO-Y9 are fed to address input

: AR R ) : ) . .
padsirab=Aldaliz tBgparit i al chips A and B in common. ,
and j% a i i pads DI Q0-DI O3 t hereof are conne '
corrgshor@L input - out put term nal s _DI CO- DI 03 anH m ﬂ!mmtm" he
DRAM phckage. ; of an internal -addfess signal Al spati a
chi p]i s~ arth potential of the circuit, i.e., lowlevel, and
the LY _address si 9 is substantially ignored. As a result, the

partial chips A and B are brought intdga selected state sinultaneously and
execute a 4-bit .

chips are connected to corresponding leads of
corresponding said lead frames by CCB bonding.

8. A semiconductor deviée according to claim
6, wherein said lead frames comprise first and second
lead frames which are made integral with each other by
being connected together after the completion of
bonding. |

;9. A semiconductor device according to claim
8, wherein said second lead frame is.cut in a
predetermined pdsitioﬁ and thereafter connected to said
first lead frame. -

10. A semiconductor device Qccording to claim
9, wherein the cut portion of the second lead frame and
the connection thereof with the first lead frame are
protected in the interior of a sealing resin.

11. A semiconductor device according to claim
6, wherein said lead frames permit the paired
semiconductor chips to be mounted bn the same plane on
both sides of a central line thereof and are bent along
said central line after the completion of bonding,
thereBy permitting the paired semiconductor chips to be
mounted in opposed relation to each other.

12. A semiconductor chip according to claim
2, including plural pairs of semiconductor chips with
corresponding said lead frames pué therebetween, said

S S
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plﬁral pairs of semicondﬁctor chips being stacked in a
direction perpendicular to Ehe surfaces thereof, and
corresponding leads of said lead frames being mutually
connected in common, to form a laminate.

13. A semiconductor device according.to claim
12, wherein each of said semiconductor chips is a memory
chip haviqg an optimal chip size and a maximum memory
capacity, said semiconductor device being a memory
package including at least two said memory chips and
having a memory capacity at least twice that of the
memory chips. | _

14. A semiconductor device éccording to claim
1, wherein each of said semiconductor chips is a partial
memory chip in which part of an address space thereof
can function normally, said semiconductor device being a
memory package having a memory capacity equal to that of
a single memory chip in which the whole of an address
space. thereof can function normally. |

.{ 15. A semiconductor device according to claim.

14, wherein said memory'package has the same interface
as that of a memory package including one memory éhip in
which the whole of an address space thereof can function
normally.

16. A semiconductor device according to claim

13, wherein the bit configuration and/or conditions for
_—
This Sheet Has Been
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ti Eﬁ?' “ﬁ;atioh for the partial chips Aand B is executed in a
par FYa 50 it he refresh cycle as the DRAM package is 8K cycle/ 64
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nof npl are accessed sel ectively:_ 116 - Suth @ 64M"DRAM package
of | 8 Its as hown in Fig. 59 can be constituted by conbining two :
64M___DRAM partial chips A and B of 8Mx 8 bits in each of whi ch. hal f of

t he row address space can function = -

selection of each of the memory chips which conétituté
said memory package are changed over selectivély by
selective execution of a predetermined bonding.
| 17. A semiconductor device according to claim
16, wherein the plural memory chips which constitute |
‘said memory package are activated simultaneously and
execute storage data inputting operation and/or |
. outputting operation in parallel.
18. A semiconductor deVicg according to claim
16, wherein the plural memory chips which constitute
said memory package are designated selectlvely in
accordance with a predetermined chip selectlon 51gna1.
19. A semiconductor device according to claim
18, wherein said memory package and said memory chips
are based on an address multiplex system in which a row
.address signal and a column address signal are inputted
time-sharingwise through a common address input
terminal.
| 20. A semiconductor device according to claim
18, wherein said chip selection signal is fed as part of
la'row address signal, and a word line selecting
operation of the plural memory chips which constitute
saia mémory package is substantially executed

selectively in accordance with said chip'selection

This Sheet Has Been Replaced
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nor mal I|pEAHA RN @ssing these partial chips sel eet+vety—in '
vari at i |oTe=tat qréss signals XO X12 and 10-bit Y "
YO Y9 i nput pads AO-Al2 of the parti a Eﬂmﬂ HI
in co hﬁffkﬁéﬁgﬂ gw se, and data input- output pa

t her eof
the

package in co
g5~ 1 endered high on condition that the | evel of

pondi ng data |2£ut output termnals DI OO Dl O
pn.  The | evel —o¥l@minternal control signal

X address signal X12 is -

signal whereby the memory chips are activated

selectively.

7 of
CS
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21. A semiconductor device according to claim

20, wherein a row address signal decoding operatien of
the plural memory chips which constitute said memory
package is executed selectively.in accordance with said
chip selection signal.
| 22. A semiconductor device according to claim
18, wherein said chip selection signal is fed as part of
a column address signal, and the plural memory chips
which constitute said memory package are activated
simultanecusly and execute storage data inputting
operation and/or outputting operation selectively in
accordance with said chip selec;ion signal.

23. A semiconductor device according to claim
18, whereia said memory package includes the kth power
of 2 of memory chipe in each of which an address space
is deeignated selectively in accordance with an i-k bit
row address signal or an i bit column address signal, or
an i bit row address signal and an i~k bit column
address signal, and said chip selection signal is fed as
a signal of k bit'corresponding to the difference in the
number of bit betweenlsaid row address signal and said

column address signal.

\
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24. A semiconductor device according to claim
1, which include.plural blocks and wherein said
semiconductor chips are sub chips formed by dividing and
combining said plﬁral blocks according to functions
and/or manufacturing processes thereof.

25. A semiconductor device according to claim
24, which is a memory package including a first sub chip
and a second sub chiﬁ, said first sub chip including a
memory array and a direct peripheral_circuit thereof and
having a relatively high integration density, said
second sub chip including a control section and having a
relatively low integration density. '

26. A semiconductor device according to claim
24, which is a'memory package inputting or outputting
plural bits of storage data simultaneously and including
a third sub chip and a fourth sub chip, said third sub
chip being provided in correspondence to a predetermined
bit of.éaid storage data and having a relatively high
integrdtion dénsity, said fourth sub chip being provided
in correspoﬁdence.to anothér predetermined bit of said
storage data and having a relatively low integration
density.

27. A semiconductor.device according té claim
24; which is a microcomputer package including a f£ifth

sub chip and a sixth sub chip, said fifth sub chip

rendered high on condition that the |evel “of the X

b ZpERY, [ hon e tevel of an inier .“:lIIIII! lﬁﬂlﬂllﬂtﬁllll
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Ais bro@%AﬁEMENTsﬁ{ﬁEf d state selectively when—the—level of the X
address §i gnal” dej low and it executes aI stora e data -

i nputtinf ”gﬁg?ﬁ? eration in the unit of : ﬁmum parti al
chip B|s brdd 0 Ja [sel ected state selective | of the

X addres ndered hi gh and,;4t_ executes alone a storage dat a
Il nputtin peration in the unit of 8 bits. Consequently, the
DRAM pa nfiguration of 8Mx 8 bits and it inputs or

outputs 8-bit storage data sinultaneously. At this tine, a refresh
operation for the partial chips A . '

or outputting

including a data RAM and having a relatively high
integration density, said sixth sub chip including an
arithmetic logical operation unit and having a
relatively low integration density.

28. A method for manufacturing é
semicondﬁcter.device, éomﬁrising the steps of:

{1l) preparing first and second semiconductor
chips having plural bonding pads arranged in a straight
line fotm centrally of X or ¥ axis of the-chip surfaces,
and first and second lead frémes each having plural
leads;

(2) bonding the surface of said first
semiconductor chip and said first lead frame with each
other through a predetermined insulating material;

(3) bonding the surface of said second

'-semiconductor_chip and said second.lead frame with each
other through a predetermined insulating material;

(4) connecting the bonding pads of said first
semiconductor chip and corresponding leads of said f£irst
lead frame electricelly with each other; |

(5) connecting the bonding pads of said
second semiconductor chip and corresponding leads of
said second lead frame electrically with each other;

(6) laminating said first and second lead

frames together so that the surface of said first

[‘hts Sheet Has Been Rem
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and B is

in each p'-

8K cyclelp
thi s enbofi
each of whi

-T.n'y, but since one half of the row address space
|, the refresh cycle as the DRAM packa

? Eiegnby nmount i ngT[]\l/Jv(S) GZR/IeDRtm,mmﬂm Hnl n

h~9ne hal f of| the row or celL2® -address . space® cah frunct 1 en

normal ly,}onto a single package

semiconductor chip and that of said second semiconductor
chip are opposed to each other; ahd

(7) sealing said first and seéond
semiconductor chips and said first and second lead
frames, using a sealing resin.

29. A method according to claim 28, wherein a
cut portion of said second lead frame and a bonded.
portion thefeof with said first lead portion are
proﬁected in the interior of said sealing resin.

30. A method according to claim 28, wherein
said insulating material is cut so that a substantial
bonding area thereof is a minimum reqﬁired area.

31. A method according to claim 30, whérein
said insulating material is.cut in the form of a comb
along the bonded portiohs of the leads of said lead
frames. |

32. A method acéording to claim 30, wherein
said insulating material is an insulating film of a
thr¢e71ayer structure comprising a polyimide layer and
thermoplastic polyimide layers forméd on both sides of
said polyimide layer.

33. A semiconductor device comprising:

(a) Ffirst and second semiconductor chips each
having a plurality of external terminals-arranged'in a

row centrally of a main surface thereof;
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bondi ng
nor mal |
t he por ions capable of
resul t,} ttiere~¢an be

g?fwa{he doubl e chip packagi ng nethgd?——#HAH%%—fWWT

fitute the DRAM package, since r
fectively, the portion i ncapabu i‘mﬂ “m
gel ectively, while conditions f of

junctioning norng Ly are set’selectlvely As a

(b) a plurality of first leads positioned on

ﬁhe main surface 6f said first semiconductor chip and a
'plurality of second leads positioned on the main surface
of said second semiconductor chip;

(c) a first connecting means for connecting
said first leads and the external terminals on said
first semiconductor chip electrically with each other
and a second connecting means for connecting said second

- leads and the external terminals on said second
semiconductor chip electrically with each other; and

(d) a sealing member for sealing said first
and second semiconductor chips and paré of said first
and second leads,

wherein said first and second leads of same
functions are mutuaily éonnected; and the main surfaces
of said firét and second semiconductor chips are opposed
‘to each other.

_34. A semiconductor device according to claim
33, whérein the function of said first semiconductor
chip and that of said second Semiconductor chip are
equal to each other.

35. A semiconduétor device according to claim
33, wherein said first and second connecting means are

bonding wires.

. This Sheet Has Been Replaced .
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attainzgﬁéfl‘ﬁ;f;’:lyﬁ3f{fects. (1) By conbining_DBANLgQng_a___—_
parti allFy=ZEEapabi-e=on flunctioning normally there can be’ constitute

DRAM palckiag s\ danme interface as that of a DRAM

consti tutled dhip in which all the address spa ",I@M#{"I
normal ljy,} an Al 1aMi g |nterchangeab|I%#y with such single ‘chit

package - i1lustrated Trt g. 60, since DRAM ChIpS
parti al Lyincana 2 dnctioning normally can be wutilized and relieved

as parti al ChIpS it is possible . -

36.'-A semiconductor device according to claim
'33,-wherein said sealing member is formed of a resin.

37. A semiconductor device according to claim
36, wherein both ends of one_of said first and secohd

leads are pbsitioned within said sealing member.

\
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LWﬁﬁEEELmt yi el d of DRAM chips. For exanple, in connection
Totogrtly five 64M DRAM packages can be obtained fromone wafer

7he gonventional nmethod not utilizing DRAM chips partially

ungtifoning normally, but in the case where two parti al
—CorRee-t-oget her according to the double chip packagi ng net hod,

- -123- |
_ - : _
SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING SAME
| _ABSTRACT

A pair of DRAM chips_lA'and 1B are mounted
opposedly to each other with wiring means such as lead
frames put therebetween, the lead frames being
substantially integral with external terminals 3B.
Then, these DRAM chips and lead frames are connected
together by the eonventional_wire bonéing method.
Plural pairs of the thus-connected DRAM chips and lead
frames are stacked and corresponding_leads of the lead
frames are connected in common to form a 1amina£e. The
plural DRAM chips thus mounted are activated selectively
in accordance with a predetermined chfp selection
signal. Additionally, partial DRAM chips capable of
partially functioning normally are combined together by

utilizing the above chip mounting method to constitute a

single DRAM package.
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-102 imPLAC%EH’@t%E’ﬂ a total of seventy five 64M DRAM packages. As a
resuft{ it is posSSTH e to inprove the product yield of DRAM chips and
attaj n| t IR ®oizon cost of the DRAM package. (3) Since
predgterm ned bondl nfgd are executed selectively, it is possible to

sel ect Fvery=— ' thie portions of partial chips incapable of functioning
nornpl |y and selectivgly set conditions fior. the

F
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|
yeel b
RA3E & -
1284 DRAM PACK
‘g?g g {128mega x 1bit)
Dout <
A0 D-
ﬁ% D~ .
EXTERNALf | P LI L 1B
- VCC VCC1
TERMINAL -} vegsg— LvEce
RASBQ RASB
CASBC CICASB
WEBD OWEB
Din(d Din
Douti] %Dout
el N
y$1s ary;
A3 A3
64M DRAM Ad Ad oy DRAM
SUB CHIP A Ab (JA6 SUB CHIP B
| (64mega x 1bit) ATC- OAT  (64mega x 1bit) |
A80 A8 :
A90) AQ
A100 Al0
All10 (JA11
Al2 3A12
Al 30 Al3
HE o
F3E FHH HH - IF 3
vssin vt
vSS20 || _Eszssz
LT
A3l BONDING PAD
A 4D
A5D-
A~
ATD-
A8B—
A9D—
A10B-
All1D-
Al2D-
Al3D-
VSSip-
VSS2D-
L _




I pl e fo optlon’ chi ps havi ng sane

pos gy conbi ne and utilize partial
pork i onQTFW if functioning normally. 3. Application Exanples of
th ;ouble Chlp gi ng Met hod : In each of the enbodi nents

I ngl e DRAM package i s constituted by conbi ning pl ural
chi ps having the sagp_junctlon and fornmed under the
t he plural sen1con uct or chips mhlch constitute the

sanme condit1ons,
package are not

CASB jr————— |
A0~A12 ¥0~¥12 in
| Al3 DON'T CARE j}(
cS -
(SUB CHIP A) T \
cs \

(SUB CHIP -B)



qve the sanme function, nor is it necessary for themto
e sane conditions. Application exanples of the

-met hod wherein a plurality of different
e conbined together will be outlined bel ow

-3 -

FIG. 3

STANDARD SPECIFICATION OF 64M DRAM SUB CHIP

ITEM | © SPECIFIGURATION
BIT CONFIGUCATION 64megaword x 1bit | 16megaword x 4bits | Smegaword x 8bits
CHIP X13 X13 X13
ADDRESS ROW X0~X12 - Xo~X12 1 X0~X12
| COLUMN Y0~Y12 ' YO~Y10 - Y0~Y9
PACKAGE ' 32PINS  SOJ - 300 x 850 mil
23PINS . 26PINS - 32PINS
NUMBER OF PINS USED CLOCK : 3 | CLOCK « 4 | CLOCK . 4
ADDRESS . : 14 | ADDRESS 14 | ADDRESS : 14
1/0 : 21 I/0 4| I/0 : 8
POWER SOURCE: 4 | POWER SOURCE 4 | POWER SOURCE: 6
REFRESH 8192 CYCLE / 64 ms
STANDARD PARALLEL TEST 8-bit PARALLEL PROCESSING (ALL I/0 SAME DATA OUTPUT)
| FAST PAGE FAST PAGE FAST PAGE
STATIC COLUMN 'STATIC COLUMN STATIC COLUMN
HIGH SPEED COLUMN MODE| NIBBLE '
THE COLUMNDEPTH IN FP AND SC MODES IS 8K bits AT MOST




stirjcti on i n DRAM Package
I rst
chips. In Fig. 61
I ps 310A (fi'rst
ration.

density,

i ncluding menory array 201, word

FIG. &

Fig. 61 is a

-exanmpl e of a DRAM package consisting -of two
t he DRAM package,
sub chip) and 310B (second sub
Though not specially limted,
by a block of a gelatively high

i ndi cated at

t he sub
I ntegration

2194 218,
DATA
Din CHIvUTL i
| @5 64M DRAM SUB CHIP
Zh 20 (6dmega x 1bit)
DATA T { _
BUFFER o7
f g Al
216, WP ! P
25 | | o
¥E YE CLOCK A
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Rl L
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L anman

dss decoder 203, X predecoder 204, X address buffer,

Y address decoder 207, Y predecoder 208, wite

i nput  buffer 219, main anplifier 220, and data out put
ore, the sub chip 310A is naned an array sub chip and
alled 0.5 [err]mmanufacturing process. On the other
310B is constituted By _a block of a relatively |ow
[ , ty, including so-called indirect peripheral circuits
such as RAS2 cl ock generator 210, RASI*=cl ock generator 211, RAS buffer

212, CAS clock generator 213,
| FIG. 5

BASIC LAYOUT OF 64M DRAM SUB CHIP

— o D n
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CAS byt
sect i pRE]
contr pl

\n Eﬁ PRE,
manuf pck ugthg

lock generator 215, WE buffer 216, voltage dropping
wmetter 223. Therefore, the sub chip 310B is naned a

S p and is formed by a so-called 0.8 [err]m
- - 104 -
-6 -

FIG. 6

CONCEPTUAL DIAGRAM OF 64M DRAM SUB CHIP SELECTION

4 .
a
a
- a
a
-0
O
0O .
o O
a
O T
O X1l
0 1
O
4
g , X0 1
0 % x‘l OBXHB
! a X8 ‘y 1
O
a
O
a
i1 a
- d
s, | | ©
iB _ - L
4
O
D .
O
Y118 O
O
O
i | | C
A 4 4 / o D ]
X0~X8

| — Y0~¥10 —
L——- X12 —_., l—— X128 |
g SIMULTANEOUS
G CTIVATION ARRAY
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. age,
&gﬂﬁgﬁgéeb.
e
unctionally divid

into plrurar sup—Tctn

RAM package

s

ﬂVWQ%ﬂﬁﬁ% 310B are nade integral wth each other to
according to the double chip packagi ng
.these sub chips are connected to external
wi re bondi ng through .plural pads,

bondi ng t hrough ot her plural pads.

ng the plural

manuf act uri ng processes and by neki ng these sub chips

FIG. 7

VARIATIONS OF 128M DRAM PACKAGE

term nal s
and are connected

. Thus,
consgi tuent bl ocks of the DRAM package
$ according to their integration densities and

64K DRAM SUB CHIP

128K DRAM PACKAGE
RENARKS
YORD BIT ACCESS | WORD BIT CORRESPONDING
CONFIGURATION | CONFIGURATION CONFIGURATION | CONFIGURATION | DIAGRAM
f4mega x1 SELECTIVE 128mega x| FIG. 1
f4mega c x| SINULTANEOUS|  6dmega x 1 FIG. 8
|6mega x4 SELECTIVE Ilmega x 4 F16. 9
|6mega x4 STHULTAREQUS |Gmega x 8§ F16. 10
Snega. x8 | SELECTIVE |  16mega x 3 FI61
fmega x8 STMULTANEOUS fmega x 16 FI6. 12
128M DRAM PACKAGE
64mega x 2bits
Dinl -
Dout] -
Din
Dout( -
Dout Din Dout Din
l | l
64M DRAM SUB CHIP A 64M DRAM SUB CHIP B
64mega x 1bit Bdmega x Ibit-
0~X12  Y0~Y12 X0~X12  Y0~12 .
o G S S
A1z | |




int%'; @ﬁﬁgﬁﬁﬁgﬁgk'ﬁf“er according to the double chip packaging nethod, it

I s pogsrbte-{o0-5 y the manufacturing process while naking an opti nal
fungt o@z_FﬁW oh pf the DRAM package. The sub chips 310A and 310B are
di f{efent=i tnfepration density and manufacturing process so are
difjel : oduct yield. If these blocks are accormpbdated in a
si ngl sen1conductor chip as in the priog art, the product vyield of the

bl ot sub chip 310B and capabl e of being expected to be
relatively hlgh is lowered by a reI7EfZ§Jy Igy/product yield of the bl ock

128M DRAM PACKAGE
J2mega x 4bits
DIO3 =
DIO2 =
DIO1 =
DIOQ =
: 1 K X L 4 ] ) \ 4 )
| _mw DI0o1 DIO2 DIO3 DIO0 DIOI DIO2 DIO3
I |
64M DRAM SUB CHIP A 64M DRAM SUB CHIP B
|6mega x 4bits 16mega x 4bits
CS X0~XI2 Yo~Y10 €S X0~XI12 Yo~Y10
| usf 4% 4w} 4% ﬂ
AO“’ M
Al3 —
128M DRAM PACKAGE
16mega x 8bits
DIQT =
DIOG -
DIOS =
DIO4. =
DIQ3 =
DIQ2 ==
DIO] ==
DIO() =
\ ] i y L Y i Yy Y
DIOO DIOL DIO2 DIO3 DIO0 DIOL DIO2 DIO3
| . . _ |
64M DRAM SUB CHIP A 64M DRAM SUB CHIP B
16mega x 4bits: ~ 16mega x 4bits
0~X12  Y0~YI0 X0~X12  YO~YI0

VSR B S t S e S




5; 310A. As in this enbodi nent,
uct yield in

- —

by acconmodat i ng

two semni conductor -chi ps and naki ng

- 105- chi ps

h_r according to the double

FIG. 11

128M DRAM PACKAGE

(16mega x 8bits)

D1875 &5
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y

DI00~DI107

64M DRAM SUB CHIP A
(8mega x 8bits) -

CS X0~XI2 YO~Y¥9

 DI0O~DIOT

64M DRAN SUB CHIP B
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3 ] 4r {T

FIG. 12

128M DRAM PACKAGE
(8mega x 16bits}

DIO15~ :
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64M DRAM SUB CHIP A
(8mega x Bbits)
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A

{97




—

chif iy QT z I's made possible to inprove the product yield as
the 1FTTT’T‘I""€"‘i:)|“<ﬁ TKp 3.2. -Chip Division by Bit in DRAM Package

Fig. 6@?%%%%k agram showi ng a second exanpl e of a DRAM package
cops}stitfg or "t ifferent sem conductor chips. In Fig.61, the DRAM
pafgki ndijcat ed at 311, conprises two sub chips 311A (third sub .
chi p h sub chip) as a hasjg . configuration. The sub chip

31%A - BRAMREsdof a relatively high integration density having a bit.
configuration of 8Mx 8 bits and is fornmed by the 0.5 [err]




n the other hand, the sub chip 311B is a DRAM
{integration density having a bit configuration of

11B are rendered integral with each other to

l package according to the double chip packagi ng
XSS ftddr €Ss | nput- padsyP0:- Al2 of these sub chips are
connected in conmon to address input terminals AO-Al12 of the DRAM package.
Dat a i nput - out put pads DI Q0-DI 07 of tHe sub chip 311A are connected to

FIG. 14
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o FIG. 15
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rmnals DI Q)-Dl 07 of the DRAM pabkage,

11B is connected to a data input-output term nal

Thus, by dividing the_ plural




" BE afe in correspondence to predetermned bits of .
: iZhese sub chips integral with each other according
%:glng nmet hod there can be easily realized a DRAM
ral bit configuration. * Further, the relief of a
ind gl by using a partial chip formed according to the
ogess as that for gRe_sub chip 311A, in place of the

: B3 3 __Chigp Division by Functlon in Mcroconputer Package
Fig. 64 is a bIock di agram showi. ng an ®xanpl e
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the sub chip 3208'|é-
integration .

- package,
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sem

i ndi cated at 320,

FIG. 18
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conduct or chi ps;
conprises-two sub

Ju] chip) and 320B (sixth sub chip) as a basic

including a data RAM (data ROM 321 and an
the subjghip 320A is naned a menory
the 0.5 pn1nanufactur|ng process.
constituted by a*block of a relatively | ow

sub
On the ot her hand,
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107~ ﬂ"; including arithmetic |ogical operation unit 327,
nultlpllc 329, general - purpose regi ster 323, RAM poi nter (ROM
poi ntfer() ggaggsﬁﬁéin;l bus 326, mul tiplication unit output register 328,
accunul=ato : ' . :
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FIG. 19

PROCESS t: BONDING TO PELLET
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PROCESS 2: WIRE BONDING
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BT dshes 09l ¢ 330, program counter 331, 10 regi ster 332,

3 PHEerief ore, the sub chip 320B is naned an ALU sub chip

0.8 [err] m manufacturing process. The

are made i ntegral wi.th each other to constitute
package according to the double chip packagi ng

, these sub chipslgrg connected to external

1 onput er package by wi re bondi ng t hrough pl ural

pads and are connected to each other # through other plural pads.

FIG. 21

PROCESS 3: LEAD CUTTING AND BONDING

21
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FlG. 22

PROCESS 4: SEALING (LEAD-CUT AND BONDED PORTIONS
" ARE LOCATED WITHIN RESIN.)
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FIG. 23

PROCESS 5: LEAD FORMING
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T>{uszzb§F$1]?19c7t‘| én Ik y': dil VIAANG M4 ur al constituent bl ocks of the

mi ckage into. ~ plural{ sub chips according to their

i ntegration defiti &7 FES WO pflagt uri ng processes and by naking t hese
sub—chtps—t+rt-egt th each ot her cording to t he doubl e chip _
packagi ng nmet hod, |t iis ' 0 simplify the manufacturing process
whi | e maki ng an optinmal functional di \i'gsi_on of the m croconputer

package. The sub chrF5s™ 320B aredifferent in the integration
density and manufacturing process so afe :
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- 108} FET| N the product yield. As shown in Fig. 63, the
produgt- R&@EdNyi re m croconput er- package is- inproved in. -
conpayi >0’2W#¢P&é§7 cpnyentional m croconputer_package havi ng such bl ocks
acconfroplat ed i Si

gf e sem conductor - chi p.

- - 18 -

F 3 )

FIG. 25

A4 3A1

o




Lo

has been described above concretely on the basis of
== hereof, but it goes wi thout saying that the invention
ereto and that various nodifications may be nade within

The! DEE
pl uf af=
is

t he rtijng fromthe gist of the invention. For exanple, in

t he ock diagranms of Fig. | and other figures, the nenory
cap bit conffi guration of each sqg ¢hip can be set optionally, and
t helsseapey . canaci and bit configuration as DRAM package are al so

optlonal For exanple, a 64M DRAM pa¢kage can be constituted using two
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»1dnd a 256M DRAM package can be constituted using two
. {Further, each sub chip and DRAM package can have a
of, say, x 16 bits or x 32 bits. In such a nulti-bit
pdssi ble to considerably reduce the nunmber of bonding
eze? $ub  chip by, for exanple, accessing two sub chips
taneously and ekecuting a storage_ﬁéba_inputting or outputting
operation in a pararlel manner. The DRAM
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d DRAM sub chips do not require the adoption. of an -
as an essential condition nor is their block

4¢d by the above enbodinments. Also as to the refresh
nd hi gh-speed col um node for the DRAM package and
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BONDING OPTIONS OF 64M DRAM SUB CHIPS
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=il Figs. 39, 48, 49, 51 and 52, the | ogical

43 X and Y address buffers are not restricted by those
conbination and polarity of source voltages as well
type of  MOSFET can take various forms. In Fig. 61, as
i sion of DRAM package, for exanple the X address
address buffer 209 54 .
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I nt egegtetd—att+etit-package i ncluding a gate array. Integrated circuit, etc.
'v 4 pin i fe 2 g

as a {liNisd \Vp. The present invention is widely applicable to
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to di i ncl udi ng such sem conductor device.
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hnes substantlally |ntegral w th external term nal s
-then these DRAM chi ps and | ead franes are connected
tlonal wire bonding pad nethod, for exanple.

di ng Ieads of the hgad frames are connect ed in
nate. Then, the pI ural DRAM chi ps
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t hus no &ﬁ@ﬁA&E&ﬂﬁvf@H§E¥}selectlvely in accordance with a pr edet er m ned
chi p selfeqtTon-"Srgma 1re all owed to execute a storage data inputting
or out gutjti g$electively. Uilizing this chip nounting nethod,

a singl 5 fonstituted by conbining partlaI.DRANIchlps
capabl efo = - ngtioning normally. Consequently, there can be
realizefl an effective chip nmounting nmethoggwhich permts the nounting of

pl ural sSub chps—of—t=he=sbe size wthout sacrificing the heat radiation
characteristic of package and the pro#uct yield; besides, it is possible
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| times that of a package of the sane size and
DRAM sub chip, and thus the limt in nmenory

, etc. can be expanded. So it is possible to

efficiency of a nenory system etc. including a
configuration and reduce the cost thereof.

DRAM chi ps can be tilized effectively wthout waste
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a second mai n surface, ophosing said first
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first main surface of said first
, said first row of bondi ng pads havi ng at
; ond bondi ng pad; and (i) a first
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ard first nain

d a second nmain surface, opposing said first

(ii1) a second row of bonding pads having a
Ingenent as that of said first row of bondi ng pads
tral portion of said first main surface of said
substrate, - said second row of bondi ng pads
ijrd and a fourgh honding pad; and
ectrically connected to said fourth bondi ng pad
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ement of sem conductor devices according to claim1,
nd second sem conduct or substrates are rectangul ar
naped and each h a first- main surface area defined by a first pair of
bp simﬂﬁmgwj and a second, relatively |onger pair of opposing edge
des, wherdgin said first row and said second row of bonding pads are
[ r i rlection of said second %ai_r of opposi ng edge sides of
ai d first and secgnd sem conduct or substBr ates, respectively, and

Ferein said Trrst and second | eads an=said third and fourth | eads are
extended in a direction of said first pair of opposing edge sides of said
first and second sem conductor substrates, respectively. - 3. A
stacked arrangenent of seni conductor devices
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FIG. 53

BONDING OPTIONS OF 64 DRAM PARTIAL CHIPS

ding to claim 2, -115-
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C tothose surfaces of the package which are substantially
piﬁﬁfﬁzﬁﬁﬁﬁ¢géﬂ cond pair. of "opposing edge sides of said first and
gedond sem condudt qr substrates in the stacked arrangenent. 7. A
tackqupEBapgp nj of sem conductor devices according to claim6,
in sald Ti'rgt fand second sem conduct or substrates constitute first and

jreln sal

e Core ' tgr chips, and - ecein said first row of bonding
ads is aligned wjth said second row of bonding pads, in the stacked
arrangenent, suc hat. simlarly fun€tioni ng bondi ng pads
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tpsS|for facilitating an electrical connection between
t acked arrangenent .of sem conductor devices according
erein said first and second sem conductor chips are
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'fﬁ@*iront surface and a rear surface, and having a first
Sy a second | onger pair of edge sides; (i)

j pads, provided at a central portion of said front

- ‘i ri5th sem conduct or chip, being arranged in a direction
paral L - _ gr edge sides of said first sem conductor chip and

hayi ng flrst bondi ng fpads and second boggi ng pads; - _ (ii1) first

| eafS~etreet=teall gnhnected to said first bonding pads, all of said first
| eads bei ng arranged over said front surface of the first chip, at one side
of said first row of bondi ng pads, and bei ng extended
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a;,ehudhhﬁ%fhﬁdggﬁr of longer edge sides thereof; and (iv)
“TreadS—E T4 chl |y connected to said second bondlng pads, all of
ifhg arranged over said front surface of the first chip,
f jsaid first row of bonding pads, and being extended
Qfff tihe pair of |onger edge sides thereof; and a

device, including 43 . (i) a second
rectangr e-srrapea—s- eniconduct or - chip having a front surface and a rear _
surface, and haV|ng a first pair of %®dge sides and a second | onger pair of
edge si des; (ii) a second row of bondi ng pads having a sane

bondi ng pad arrangenent as that of said first row of bondi ng pads and
provi ded at a central portion of said front surface of said second
sem-conductor chip, said second row of bonding pads being directioned in "~
parallel to the | onger edge sides of said second sem conductor chip
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MICROCOMPUTER PACKAGE DOUBLE CHIP

= Ng of third bonding pads and fourth bondi ng pads;
&fectrically connected to said fourth bondi ng pads,
bei ng arranged over said front surface of the second
sai d second row of bondi ng pads,
i r of | onger edge sides thereof;

cal ly connected

and bei ng extended
| (iv)
tQ 4gaid third bonding pads, all of
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P ACE it

arranged over sai
sai d second row-of 50nd|ng pads’
the pair of longel] pd@4$8ERRIS .

n bei ng extended toward the other
wherein said first and second

' Uogiss7 32

4EET t he second chip, at the RERIACS chr'fEﬂ

seni conduct or devfcps are Stack
of said first andf s éﬁ1ps ar e {pesihier
facing toward eacf.Qther, and ere| n each af s,;sa dyr St kgl 8. ks pace
electrically connected to one ot said fourth Ieads

seal ed stac angerment of semni conductor devices” a or di ng“to cI aim9,

n A manne SUCH et ACHBIRNERRHEGFS ac et
o S pagest L otHEATEL o

_1420

- and, 280 b ;,éfal dis qac%mh
| eads is elgﬁéﬁwlly connected to one of said thurd ead,s s oaged .10 DATSD.

Epp— 03

wherein the stacked arrangenment of sai-d first and‘ second .Senl guquh,
devices is sealed in a nolding. resin package. b i -
1. A stacked arrangement of semlconductor dev1ces,

comprising:
a first semiconductor device, including

(i) a first semiconductor substrate having a
first main surface_and a second main surface, opposing
gsaid first surface;

(ii) a first row of bonding pads provided in a
central portion of said first main surface of said first
semiconductor substrate, said first row of bonding pads
having at least a first and a second bonding pad; and

(iii) a first lead electrically connected to
said first bonding pad and arranged over said first main
surface at one side of said first row of bonding pads, and
a second lead electrically connected to said second
bonding pad and arranged over said first main surface at
the other side of said first row of bonding pads, and

a second semiconductor device, including

(i) a second semiconductor substrate having a
first main surface and a second main surface, opposing
said first surface; '

(ii) a éecond row of bonding pads having a
game bonding pad arrangément as that of said first row of
bonding pads and provided in a central portion of said
first main surface of said second semiconductor substrate,
gsaid second row of bonding pads having at least a third
and a fourth bonding pad; and

(iii) a third lead electrically connected to

said fourth bonding pad and arranged over said first main
_
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11. A seal ed st
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&@Mﬁﬁkf seni conduct or REPLACEMENT SHEET
: d

devi cds faccording to dql dim9, wherein said first and sécon

seni conduct or chi pis, 29hBEPfP98t |arld second rows of bondi ng pads and the

el ectri cal

connektli ons effected betmeenliiid first | eads
“W' - -

surface at one side of said.second row of bonding pads,
and a fourth lead electrically connected to said third
bonding pad and arranged over said first main surface at
the other side of said second row of bonding pads,

wherein said first and second semiconductor devices
are stacked in a ménner such that the second main surfaces
of said first and second semiconductor substrates are
positioned to be facing toward each other, and

wherein said first lead is electrically connected to
said fourth lead, and said second lead is electrically

connected to said third lead.

2. A stacked arrangement of semiconductor devices
according to claim 1,

wherein said first and second semiconductor
substrates are rectangular shaped and each has a first
main surféce‘area defined by a first pair of opposing edge
sides and a second, relatively longer pair of opposing
edge sides,

wherein said first row and said second row of bonding
pads are arrayed along a direction of said second pair of
opposing edge sides of said first and second semiconductor
substrates, respectively, and

wherein said first and second leads an said third and

fourth leads are extended in a direction of said first

pair of opposing edge sides of said first and second

gsemiconductor substrates, respectively.

3. A stacked arrangement of semiconductor devices

according to claim 2,

_—
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and sai d fourlgf
are sealed\Mt&
seal ed st ackefd

en said second leads and said third |eads,
haped nol di ng resin’ package. ~ 12, A
em conduct or devi ces accordiru;REPhACEMgmigﬁgEf

wherein said feft & | di ng resin package is provided with a

first group of

nd a sedd® —group of external |eads, said

first group o ext ernal | eads jnd said second group of external |eads

protrude outw

t ones of a pair of opposing outer side

surf aces t her eof A e QU P Sxter s, hej ng: tjguous with
a first group of wlh%%‘g‘}nl é‘{a S %%w ﬁ&%ﬁ_%’hﬁ%&%@e%ﬁ saél"%ysecond
group of exgecdald lseadTdRiutt o0 Heviitts MW el PG G molding resin

package.

4. A stacked arrangement of semiconductor devices
‘according to claim 2, _

wherein said first and second semiconductor
substrates, said first and second rows of bonding pads and
the electrical connections effected between the first and
fourth leads and between the second and third leads are

sealed within a molding resin package.

5. A stacked arrangement of semiconductor devices
according to claim 4,

wherein said moldinglresin package is rectangle-
shaped and is provided with_a first group of external
leads and second group of external leads, said first group
of exfernal leads and said second group of external leads
protrude outwardly from different ones of a pair of
opposing outer side surfaces thereof, said first group of
external leads being contiguous with a first group of
inner leads provided within the package and said second
group of external leads being contiguous with a second
group of inner leads provided within said package, and

wherein each lead in said first and second groups of
inner leads is extended inwardly and is contiguous with
one of the electrical connections made between one or more
bonding pads of said first semiconductor substrate with
that of one or more bonding pads of said second

semiconductor substrate.
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group of inne REP
|l ead in said {
and is contigyo
or nore bondi hg

t'hin said package, and E?MEN?GQEEF

oups of inner lealls is ext ed 1 nwardly
e el ectrical connections nade between one
st sem conductor chip with that of one or
mor e bondi ng pa@Sor—sard sem corddéct-or chi p. 13. A seal ed
st acked arranpenent of sen condjuctor devices according to claim 12,
wherein said pair of opposing outer side surfaces

6. A stacked arrangement of semiconductor devices

according to claim 5,

wherein said pair of opposing outer side surfaces
which have said external leads protruding therefrom
correspond to those surfaces of the package which are
substantially parallel to said second pair of opposing
edge'sides of said first and second semiconductor .

substrates in the stacked arrangement.

7. A stacked arrangement of semiconductor devices
according to claim 6, |

wherein said first and second semiconductor
substrates constitute first and second semiconductor
chips, and

wherein said first row of bonding pads is aligned
with said second row of bonding pads, in the stacked
arrangement, such that'similarly functioning bonding pads
are located in the same relative position in both of said
first and second semiconductor chips for facilitating an

electrical connection between them.

8. = A stacked arrangement of semiconductor devices
according to claim 7,
wherein said first and second semiconductor chips are

memory chips.

9. A sealed stacked arrangement of semiconductor
devices, comprising:
a first semiconductor device, including

(i) a first rectangle-shaped semiconductor

-—
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to thgse sur flaqes=o6t—The packade which are substantially pafallel to saic

second pair dgf jop : g i des of said first and second sem conduct or
OPOTSER BRI

chips in the |st t. 14. A seal ed stacked arrangenent
of seni condudt d . ing tocldi’m13, wherein said first and
second sem cqnductor chips havg a simlar function and are aligned
back-t o- back *Fra —Trammm that said first row of bonding pads is
aligned wt | QQ% g %ﬂr% AW [Py 4dh Stfcke RSERENT
such t hat sr&rlﬁ a(riHay %%\ i%r/ér%fg on |ér% padssfi areﬁ”c;sglat ed |'nd%rﬁde same

rel ative pogi tfiigstd paiat lofdfedid dides and a second longer pair of

edge sides;

(ii) a first row of bonding pads, provided at
a central portion of said front surface of said first
semiconductor chip, being arranged in a direction parallel
to the longer edge sides of said first semiconductor chip
and having first bonding pads and second bonding pads;

(iii) first leads electrically conﬁected to
said first bonding pads, all 6f said first leads being
arranged over said front surface of the first chip, at one
gside of said first row of bonding pads, and being extended
toward one of the pair of longer edge sides thereof; and .

(iv) second leads electrically connected to
said second bonding pads, all of said second leads being
arranged over said front surface of the first chip, at the
other side of said first row of bonding pads, and being
extended toward the other of the pair of longer edge sides
thereof; and

a second semiconductor device, including

(i) a second rectangle-shaped semiconductor chip
having a front surface and a rear surface, and having a
first pair of edge sides and a second longer pair of edge
sides;

C(dii) a second row of bonding pads having a
same bonding pad arrangement as that of said first row of
bonding pads and provided at a central portion of said
front surface of said second semiconductor chip, said
second row of bonding pads being difectioned in parallel

to the longer edge sides of said second semiconductor chip

_

LA o



first and sewx’
t hem .
to claim 14,

litating electrical coennectREPIAGEMBNTISHEET
hngenent of sem conduct or devi ces accordi ng

ifirst and second sem conductor chips are
menory chi ps ed stacked arrangenment of sem conduct or

devi ces accr pdF TS, wher dil8 said first and second
sem conducto}_chips are nenmor¥y chi ps.

T

and consisting of third bonding pads and fourth bonding
pads; |
(iii) third leads electrically connected to
said fourth bonding pads, all of said third leads being
arranged over said front surface of the second chip, at
one side of said second row of bonding pads, and being
extended toward one of the pair of longer edge sides
thereof; and
(iv) fourth leads electrically connected to
said third bonding pads, all of said fourth leads being
arranged over said front surface of the second'chip, at
the other side of said second row of bonding pads, and
being extended toward the other of the pair of longer edge
gides,
wherein said first and second semicqnductor devices
are stacked in a manner such that the rear surfaces of
said first and second semiconductor chips are positioned
go as to be facing toward each othér, and
wherein each of said first leads is electrically
connected to one of said fourth leads, and each of said
. second leads is electrically connected to one of said

third leads.

10. A sealed stacked arrangement of semiconductor
devices according to claim 9,

wherein the stacked arrangement of said first and
second semiconductor devices is sealed in a molding resin

package.

11. A sealed stacked arrangement of semiconductor

- c L M S *
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devices according to claim 9,

wherein said first and second semiconductor chips,
said first and second rows of bonding pads and the
electrical connections effected between said first leads
and said fourth leads and between said second leads and
said third leads, are sealed within a rectangle-shaped

molding resin package.

12. A sealed stacked arrangement of semiconductor
devices according to claim 11,

wherein said rectangle-shaped molding resin package
is provided with a first group of external leads and a
second group of external leads, said first group of
external leads and said second group of external leads
protrude outwardly from different ones of a pair of
opposing outer side surfaces thereof, said first group of
external leads being contiguous with a first group of
inner leads provided within the package and said second
group of external leads being contiguous with a second
group of inner leads provided within said package, and

wherein each lead in said first and second groups of
inner leads is extended inwardly and is contiguous with
one of the electrical connections made between one or more
bonding pads of said first semiconductor chip with that of
one or more bonding pads of said second semiconductor

chip.

13. A sealed stacked arrangement of semiconductor
devices according to claim 12,

.wherein said pair of opposing outer side surfaces

[
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which have said external leads protruding therefrom
correspond to those surfaces of the package which are
‘substantially parallel to said second pair of opposing
edge sides of said first and second semiconductor chips in

the stacked arrangement.

14. A sealed stacked arrangement of semiconductor
devices according to claim 13,

wherein said first and second semiconductor chips
have a similar function and are aligned back—td-back in a
manner.such that said first row of bonding pads is aligned
with said second row of bonding pads, in the stacked
arrangement, such that similarly functioning bonding pads
are located in the same relative position in both of said
first and second chip fors facilitating electrical

connection between them.

15. A stacked arrangement of semiconductor devices
according to claim 14,
wherein said first and second semiconductor chips are

memory éhips.

16. A sealed stacked arrangement of semiconductor.
devices accroding to claim 9, |
wherein said first and second semiconductor chips are

memory chips. - -
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SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING SAME
| ABSTRACT
A pair of DRAM chips lA and lé are mounted
opposedly to. each other with wiriﬁg means sﬁch as lead
frames put therebetween, the léad frames being

substantially integral with external terminals 3B.

Then, these DRAM chips and lead frames are connected

together by the conventional wire bondlng method.

Plural pairs of the thus-connected DRAM chips and lead
frames are stacked and corresponding_leads of the iead
frames are connected in common to form a laﬁinate. The
plural DRAM chiﬁs thus mounted are activated seleqtively
in accordance with a predetermined chip selection
signal. Additionally, partial DRAM chips capable of._
partially'futhioning normally aré combined together by
utilizing the above chip mounting method to constitute a

single DRAM package.
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