-

- Aotiss7 OO
-i-
REPLACED SHEETS SG
@] Description : paged ...}... to paged W
W Claim(s)  :paged ..k to paged 1l;/:;

[/l Drawing(s) : paged ..¥#.. to paged .../%...
Abstract  :paged ... topaged.. ...
DATE OF RECEIPT ....covieceeiiiisninirsnnene

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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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 wbich 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 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
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. In 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

opposedly to each other on the sub chip 1J.

e e
This Sheet Has Be.

e



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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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 éub chip 1N is obstfucted, 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
package and the product yield.

The present invention may also permit the
achievement of large capacity-énd low power

consumption of a DRAM package and simplify the
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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 sideé 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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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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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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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
: . 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

~

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

of Fig. 14;
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Fig. 19 is a processing diagram showing a
first manufacturing process for the DRAM package

illustrated in Fig. 13;

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;

Fig. 24 is a plan view showing an example of a
lead frame and an insulating £ilm both used in the dram
package of Fig. 13;

_ Fig. 25 is a structural sectional view of a
DRAM’package further embodying the invention;

Fig. 26 is a stfuctural sectional view of a
DRAM package further embodyihg the invention;

Fig. 27 is a structural sectional view of a

DRAM package further embodying the invention;
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Fig. 28 is

- 10 -

a plan view of a lead frame

included in a DRAM package further embodying the

invention;

Fig. 29 is

a structural sectional view

DRAM package referred to in Fig. 28;

Fig. 30 is
DRAM package further

Fig. 31 is

DRAM package further

Pig. 32 is

a structural sectional view
embodying the invenfion;
a structural sectional view
embodying the ipvention;

a list of connections, showi

of the

of a

of a

ng

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

Fig. 33 is a connection diagram of pads in the

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
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1;
a connection diagram of pads
8;

a connection diagram of pads

9;

a connection diagram of pads
10;
a connection diagram of pads
11;
a connection diagram of pads
12;

a partial circuit diagram of

in

in

in

in

an

the

the

the

the

the

X

address buffer included in the DRAM sub chip of Fig. . 4;
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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 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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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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Fig. 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
qhips; :

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;

| 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 structurél 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 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." |
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 havé a memory capacity of 64 mega. Write data and

read data are inputted or outputted each in the unit of !

output terminal Dout. The sub chips A and B adopt a so-

called multiplex method, wherein the address space is

\_
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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
address input pads A0 to Al3 are connected 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
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
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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, ﬁhe 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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control signal CS in the sub chip A is made high to
select the sub chip A in the DRAM package, és indicated
by solid line in Fig. 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
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

Fig. 1; Fig. 4 is a block diagram showing an example
thereof; Fig. 5 is a sﬁbstrate 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 _ i
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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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
chip has a bit configuration of 64 meéa x 1 bit, the
address space thereof is'desiénated alternatively'by the
13-bit X address signals X0-X12 and Y 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 bits, the address space thereof is designated
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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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 3
or the data output terminal Dout, as noted previously.

When the sub chip has a bit configuration of 16 mega x 4

e e o s it e .

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 i
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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 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

T
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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 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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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 predecoder 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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level of the internal control signal CS ﬁigh 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 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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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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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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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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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 ' f

buffer 219 transfers write data fed through the data

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

amplifier 218 is operated selectively 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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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 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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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 éhe 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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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
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 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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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

voltage VCL on the basis of external source voltages VCC

fed through the source voltage input pads VCCl and VCC2,

and supplies it as an operating power to various

portions of the sub chip. The internél source voltage ; %i
VCL is set at a positive voltage of a relatively small i
absolute value such as +3.3V for example. : ﬁ
1.2.3. Basic Layout

In each of the 64M DRAM sub chips according to

this embodiment, the memory array.201 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. . w

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

between two adjacent sub arrays 0 and 1 and also between

T 1R
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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 Y address 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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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 capacity of 1 megabits. That is,
each mat has a memory Cépacity 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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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. 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 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.

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
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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. I

By combining the two DRAM sub chips of the same bit

confiquration 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.

"
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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 l‘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
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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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 A0-Al2 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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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 bitICOnfiguration 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

—_—
This Sheet Has Been

i




-39 —

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 parallei, S0
the refresh cycle as the DRAM package becomes 8K
cycle/64 ms. Thé 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 8ij 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—bi£ 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
. -
This Sheet Has

UL

et et



- 40 -

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. 1In this variation, 13-bit X address Z
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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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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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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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

i
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pbtential 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
insulatihg resin. For the bbnding 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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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,
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 reéin 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 packagé. The silicone rubber functions to
decreasé the elastic modulus and the coefficient of
thermal expansion of the epoxy resin. The filler, which
is formedlas spherical silicon oxide particles, also
functions to decrease the thermal expansion éoefficient.
In a predetermined position of the package there is

formed a cut-in portion serving as an index ID. The
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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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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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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
DRAM package is shortened accordingly.

On the other hand, the insulating film 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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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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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
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 fixéd 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 lB can each be bonded to a lead frame as a circuit

board through solder bumps 6, as shown in Fig. 30. As

L e
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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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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
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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

(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 3

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 K
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, 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 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

—-__’__l—-——-—_"—_ .
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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 DIOO-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,

This Sheet Has Been Rei laced

il

RSO —



- 56 —

as shown 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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corresponding 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 Meﬁhods 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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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
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
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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internal 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
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 seiector SEL1l. 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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terminals of the NAND gate NAl are fed inverted internal
control signals RAS0B 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 level 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

\\\.'
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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 sxgnal -X13, and transfers the thus inverted
signal to the latch circuit LT1; in other 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
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
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
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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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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
signal RASB is high, and upon lapse of 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 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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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
intefnal 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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fed as part of the column address signal, i.e., Y
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
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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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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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 éddrgss signals ¥Y0-Y1l
and the Y address signal Y12 as the chip selection
signal are fed in synchronism-ﬁith the trailing'edge of
the column address strobe signal'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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basic 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.

(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 single chip éackage,
and thus the limit of memory capaciﬁy in DRAM chipé,
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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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
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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(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
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

A

lead frame, it is possible to reduée the substantial

JReyTI

3 ' 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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efficiency of a memory system or the like including a H

DRAM package as a basic configuration and thereby
promote the reduction of cost thereof.

2. 64M DRAM Package using Partial Chips

Embodiments have bgen 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 constitutg 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
example of a 64M DRAM package according to thé 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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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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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
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 signai'le, 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
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,
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therefore, as will be described later, the level of an
internal address signal BX12 is rendered low forcibly
and the fow address space on the low address side
capable of functioning ndrmally 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
partial chip B side is brought into the non-connected
state NC, whereby the level 6f an internal control
signal CS in the partial chip A is rgnderéd high on
condition that the level of the X addréss 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.

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 theif 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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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

shown in Fig. 48. The input circuit IC6 is brbught into
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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
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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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 low, and further

it becomes the inverted internal control signal BX12B or ' i
internal address signal BX12 on condition that the level I
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
‘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

N
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level conforming to the level of the inverted internal
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 BX12 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 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

the level of one input terminal of the NAND gate N5 is
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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 selector SEL3 as an internal

signal X13. To the other input terminal of the selector
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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 levél of the internal control
signal PXD is made low, the selector SEL3 transfers the
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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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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source voltage supplying lead VCC and the 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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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’
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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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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for the storage data in each sub chib 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 speéifically, the !

internal control 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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fed time-sharingwige through the addfess 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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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
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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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 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 ?ther 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
lrendered high, while the level of one input terminal of

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

 mimi
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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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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

_N““*—~—-__§\~_~_h:
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the level of the internal control signal DOC is rendered
‘high at a predetermined timing when the partial chips
are rendered into the selected étate 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, respectivély,_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 bbth made higﬁ. 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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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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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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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 i
(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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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 1l-bit Y address signals YO-YlO'are

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 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

e PP LR -
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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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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 gnd 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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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 é

selected state simultaneously and execute a 4-bit
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storage déta 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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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

RPN S N R
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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 address spaces can function normally, and
also having 1nterchangeab111ty 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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be obtained a total of se&enty 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.
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3.1. Chip 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
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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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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chips integral with each other according to the double
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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the sub chip 311B is connected to a data input-output
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 um manufacturing
process. On the other hand, the sub chip 320B is

constituted by a block of a relatively low integration

_;_*__________~__-____
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density, including arithmetic logical operation unit
327, multiplication 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 um 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 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 ihto
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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different in the product yield. As shown in Fig. 63,
the product yield as the entire microcomputer package is
improved iﬁ 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 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,nthe 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 onleach 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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package and DRAM sub chips do not require the adoption
of an address multipléx 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 method are 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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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

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
1 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

o

ntegrated circuit, etc. as a basic configuration. The
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‘\
Thls Sheet Has Bee,

.




- 111 -

A pair of DRAM chips are mounted opposedly to
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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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 prgduct yield of

DRAM chips, etc.
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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

\
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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 mbunted 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.

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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plural pairs of semiconductor chips being 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. Ew
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 1
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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selection of 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.'

'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
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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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 packégé are activated
'simultaneously and execute storage daté 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.
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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 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,_séid first sub chip including a
memory array and a direct peripheral_cifcuit 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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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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semiconductor 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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(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 other. - _ o

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

bonding wires.
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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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