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(57) ABSTRACT

An architecture for a wide data path in a memory device
formed 1n a semiconductor substrate includes an array of
memory cells 1s formed 1n an array region of the substrate,

the array including a plurality of memory cells arranged 1n
rows and columns. A plurality of complementary pairs of
digit lines are formed 1n the array region from a first
conductive layer, each complementary pair being coupled to
a plurality of memory cells 1n an associated column. A

plurality of word lines are formed 1n the array region from
a second conductive layer, each word line bemg coupled to
cach memory cell in an associated row. A plurality of sense
amplifiers are formed 1n a sense amplifier region of the
substrate adjacent the array region, each sense amplifier
being coupled to an associated pair of complementary digit
lines. A plurality of input/output lines are disposed 1n a third
conductive layer formed above the array region, each mput/
output line coupled to at least one of the sense amplifiers. At
least one column select line 1s disposed 1n a portion of the
third conductive layer formed above the sense-amplifier
region, each column select line being coupled to at least
some of the sense amplifiers. The memory device also
includes a row address decoder, column address decoder,
data path circuit, and control circuit that operate 1n response
to signals applied on respective busses to transfer data to and
from the memory device. The architecture may be used, for

example, 1n packetized DRAMSs, such as SLDRAMSs, and in
Embedded DRAMSs.

77 Claims, 6 Drawing Sheets
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MEMORY DEVICE HAVING A RELATIVELY
WIDE DATA BUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

TECHNICAL FIELD

The present invention relates generally to semiconductor
memories, and more specifically to a method and architec-
ture for forming 1nternal address decode and data path lines
in memory devices having a wide internal data bus.

BACKGROUND OF THE INVENTION

In a typical computer system, a microprocessor 1s coupled
fo a system memory and executes an application program
such as a word processor or a communications program,
stored 1n the memory to perform the desired function of the
computer system. To execute the program, the microproces-
sor accesses 1nstructions and data stored in the system
memory. The speed at which the computer system executes
the program 1s determined by the speed of the microproces-
sor and by the rate at which information 1s transferred to and
from the system memory, which 1s known as bandwidth of
the system memory. Advances 1n design and fabrication
have enabled the processor to operate at increasingly higher
speeds, while the speed of the system memory has increased
at a slower rate. More specifically, the system memory
typically includes a static random access memory
(“SRAM”) operating at a high bandwidth and a dynamic
random access memory (“DRAM?”) operating at a substan-
tially lower bandwidth. A memory controller 1s typically
interposed between the processor and the DRAM to enable
the processor to provide data requests to the controller and
then perform other tasks while the controller accesses the
requested data at the lower bandwidth of the DRAM. The
DRAM typically has a large storage capacity and 1s utilized
extensively by the processor during execution of a program.
Thus, the bandwidth of the system memory 1s limited by the
lower bandwidth of the DRAM, thereby limiting the speed
of operation of the computer system.

A variety of approaches have been utilized to increase the
bandwidth of the DRAM i1n the system memory. One
approach 1s known as packetized DRAM, such as
SLDRAM, 1 which command packets are applied to the
SLDRAM to transfer data to and from the SLDRAM over a
very high-speed synchronous interface. Each SLDRAM
includes multiple 1nternal banks of memory cells coupled to
a wide 1nternal data path. As understood by one skilled in the
art, increasing the width of the internal data bus increases the
bandwidth by transterring more data during each access of
a bank. In an SLDRAM the wide internal data path enables
large blocks of data in one bank to be accessed and then
sequentially transferred out of the SLDRAM over the high-
speed synchronous interface while a block of data 1n another
bank 1s being accessed.

A second approach to increasing the bandwidth of
DRAMSs 1s known as Embedded DRAM, in which logic
circuitry, such as a microprocessor, and the DRAM are
formed 1n the same integrated circuit. In other words, the
logic circuitry 1s “embedded” 1n the DRAM. By forming the
DRAM and logic circuitry 1n the same integrated circuit, the
width of an internal data path coupled between the logic
circuitry and the DRAM 1s not limited by the number of pins
that may be formed on the DRAM package. Furthermore,
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the length of conductive lines comprising the internal data
path 1s significantly reduced which, 1 turn, reduces the
capacitive delays and propagation delays of such data lines.
As a result, the logic circuitry may be coupled directly to the
DRAM and operate at the bandwidth of the logic circuitry.
Embedded DRAMSs are currently being developed for many
applications requiring high bandwidth, such as networking,

multimedia, and high-resolution graphics systems.

In both the SLDRAM and Embedded DRAM approaches,
the internal data path in each device 1s much wider than the
data path 1n a conventional DRAM. When the internal data
path 1s widened, problems result 1n forming various com-
ponents in the device. FIG. 1 1s a block diagram of a portion
of a conventional DRAM 10 including a memory-cell array
12 formed 1n an array region 14 of a semiconductor sub-
strate. The array 12 includes a plurality of pairs of comple-
mentary digit lines DL1, DL1-DLN, DLN formed 1n a first
metal layer formed 1n the array region 14. A plurality of
word lines WL1-WLN are formed 1n a polysilicon layer
formed 1n the array region 14 and disposed substantially
perpendicular to the digit lines DL1, DL1-DLN, DLN. A
plurality of metal straps 15 are formed 1 a second metal
layer 1n the array region 14, and are disposed adjacent
assoclated word lines WL1-WLN. Each metal strap 15 1s
coupled to the associated one of the word lines WL1-WLN
at both ends of the word line as shown. The metal straps 15
lower the resistivity of the polysilicon word lines
WL1-WLN, as understood by one skilled in the art. The
array 12 further includes a plurality of memory cells 16,
cach memory cell 16 1n a respective row having an access
terminal coupled to the word line WL1-WLN associated
with that row, and each memory cell 1n a respective column
having a data terminal coupled to one of the pair of comple-
mentary digit lines DLL1, DL1-DLN, DLN associated with
that column.

The DRAM 10 further includes a plurality of sense
amplifiers SA1-SAN formed 1n a sense amplifier region 18
of the substrate positioned adjacent the array region 14. The
sense amplifiers SA1-SAN are coupled to the digit lines
DL1, DL1I-DLN, DLN, respectively. Each of the sense
amplifiers SA1-SAN senses and stores the data contained 1n
an accessed memory cell 16 coupled to the associated pair
of digit lines DL1, DL1-DLN, DLN, as understood by one
skilled 1n the art. The sensed data stored 1n each of the sense
amplifiers SA1-SAN 1s placed on an output and transterred
through an associated input/output transistor 20 onto one of
four mput/output lines I/O1-1/O4forming a portion of an
internal data path 21 of the DRAM 10. Each of the mput/
output transistors 20 has its gate coupled to a corresponding
column select line CSEL1-CSELN coupled to column
decode circuitry (not shown in FIG. 1) in the DRAM 10.
Both the input/output lines I/01-1/04and the column select
lines CSEL1-CSELN are formed 1n a third metal layer. The
lines 1/O1-1/O4are formed in a portion of the third metal
layer above the sense amplifier region 18, and the column
select lines are formed 1n a portion of the third metal layer
above the array region 14. The DRAM 10 further includes
row decoders 22 and 24 formed in row decode regions 26
and 28, respectively, positioned adjacent ends of the array
region 14. Each of the row decoders 22 and 24 decodes a
row address applied to the DRAM 10 and activates one of
the word lines WL1-WLN corresponding to the decoded
row address. The row decoder 22 activates the odd word
lines WL1-WLN-1 and the row decoder 24 activates the
even word lines WL2-WLN.

In operation, during a data transfer operation the row
decoders 22 and 24 decode a row address applied to the
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DRAM 10 and activate the corresponding one of the word
lines WL1-WLN. The memory cells 16 coupled to the

activated one of the word lines WL1-WLN place their data
on the corresponding pairs of digit lines DLL1, DL1-DLN,
DLN, and the sense amplifiers SA1-SAN sense and store

that data, as understood by one skilled in the art. After the
sense amplifiers SA1-SAN store the accessed data, the
column decode circuitry decodes a column address applied
to the DRAM 10 and activates corresponding ones of the
column select lines CSELL1 —CSELN. In the DRAM 10, four
column select lines CSEL1 —CSELN are typically activated,
coupling four of the sense amplifiers SA1-SAN respectively
to the four mnput/output lines I/01-1/04. For example, the
column decode circuitry may activate the column select
signals CSEL1 —CSEL4 turning on the I/O transistors
coupled to the sense amplifiers SA1-SA4, respectively,
which, 1n turn, couple the sense amplifiers SA1-SA4 to the
input output lines I/01-1/04, respectively. At this point,
during a read operation, the data stored in the sense ampli-
fiers SA1-SA4 1s transferred over the input/output lines
[/01-1/04, respectively, and through respective data output
buffers onto a data bus of the DRAM 10 where it 1s available
to be read by external circuitry. During a write operation,
data to be stored 1n the addressed memory cells 1s transferred
from the external data bus through data input buffers (not
shown in FIG. 1) and onto the input/output lines I/O1-1/04.
The data 1s transferred over the lines I/O1-1/04 and through
the activated transistors 20 to the sense amplifiers
SA1-SA4, which, 1n turn, transfer the data to the addressed
memory cells 16, as understood by one skilled 1n the art.

In the DRAM 10, there are many more column select lines
CSEL1 —CSELN than there are imput/output lines I/O1-
I/04. For example, the array 12 may mclude 1024 rows and
1024 columns, 1n which case there are 1024 column select
lines CSEL1 —CSELN, but only four input/output lines
[/01-1/04. The number of mput/output lines I/O1-1/04 1s
typically much smaller because data placed on the lines
[/01-1/04 1s typically transferred to or received from cor-
responding external terminals comprising the external data
bus of the DRAM 10. The number of external data terminals
that may be formed on the package containing the DRAM 10
1s limited by the physical sizes of the terminals and the
package, and 1s typically much less than the number of
columns 1n the array 12. Thus the column select lines CSEL1
—CSELN and 1nput/output liens I/O1-1/04 10 are typically
disposed as shown due to the respective numbers of such
lines. In other words, there are many column select lines
CSEL1 —CSELN so such lines are disposed above the
relatively large array region 14. There 1s physically enough
space to form the CSEL1 —CSELN above the array region 14
since the maximum number of such lines, which 1s 1llus-
trated 1n the embodiment of FIG. 1, 1s one column select line
for each column of memory cells 16 in the array 12. In this
situation, the column select lines CSEL1 —CSELN may be
formed spaced adjacent the digit lines DIL.1, DL1I-DLN,
DLN, respectively, as shown. In contrast, the smaller num-
ber of mput/output lines I/01-1/04 enables these lines to be
formed above the sense amplifier region 18, which 1s typi-
cally mush smaller than the array region 14.

In the conventional architecture of the DRAM 10, there 1s
limited space above the sense amplifier region 18 1n which
to form the mput/output lines I/O1-1/04. The 1nput/output
lines 1/01-1/04 form part of the internal data path of the
DRAM, and as that internal data path 1s made wider, it
becomes 1ncreasingly difficult to form the mput/output lines
above the sense amplifier region 18. The size of the sense
amplifier region 18 could be 1ncreased, but this would waste
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valuable space on the substrate 1n which the DRAM 10 1s
formed. Alternatively, additional conductive layers could be
added to form the additional input/output lines 1/01-1/04,

but this solution complicates the process and increases the
cost of forming the DRAM 10.

There 1s a need for a new data path architecture for
DRAMSs having 1de internal data paths.

SUMMARY OF THE INVENTION

A memory-cell array 1s formed 1n a semiconductor sub-
strate and includes an array having a plurality of memory
cells arranged 1n rows and columns. The memory cells are
formed in an array region of the substrate. A plurality of
complementary pairs of digit lines are formed 1n the array
region, and each complementary pair 1s coupled to a plu-
rality of memory cells 1n an associated column of memory
cells. A plurality of word lines are formed in the array
region, each word line bemg coupled to each memory cell 1n
an assoclated row of memory cells. A plurality of sense
amplifiers are formed 1 a sense-amplifier region of the
substrate adjacent the array region. Each sense amplifier 1s
coupled to an associated pair of complementary digit lines.
A plurality of mput/output lines are formed above the array
region, each iput/output line being coupled to a respective
digit line.

According to another aspect of the present invention, the
plurality of input/output lines are coupled to at least a pair
of the sense amplifiers through a respective switch, and at
least one column select line may be formed above the sense
amplifier region. Each column select line 1s coupled to
control mputs of at least some of the switches. The mput/
output lines may be disposed substantially parallel to the
digit lines and the column select lines disposed substantially
perpendicular to the digit lines. First, second, and third
conductive layers may be used 1n forming the word lines,
digit lines, and input/output lines, respectively, and may
include a polysilicon layer, a first metal layer, and second
metal layer, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a portion of DRAM having
a conventional internal data path.

FIG. 2 1s a block diagram of a portion of a DRAM having,
a wide 1nternal data path according to one embodiment of
the present invention.

FIG. 3 1s a functional block diagram of an Embedded
DRAM including the wide internal data path of FIG. 2.

FIG. 4 1s a functional block diagram of a computer system
including SLDRAMSs having the wide internal data path of
FIG. 2.

FIG. 5 illustrates a typical command packet for the
SLDRAMs of FIG. 4.

FIG. 6 1s a functional block diagram of an SLDRAM of
FIG. 4.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 2 1s a block diagram of a portion of a DRAM 200
including a wide data path 202 according to one embodi-
ment of the present invention. The wide data path 202
transfers a large block of data accessed 1n a memory-cell
array 204, and may be formed without increasing the size of
a semiconductor substrate in which the DRAM 200 i1s
formed, and without requiring the formation of additional
conductive layers, as will be explained in more detail below.
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The DRAM 200 includes a memory-cell array 204 formed
in an array region 206 of the semiconductor substrate in
which the DRAM 200 1s formed. The array 204 includes a
plurality of memory cells 208 arranged in rows and columns.
A plurality of word lines WL1-WLN are formed 1n a first
conductive layer 1n the array region 206, and are disposed
substantially perpendicular to the pairs of digit lines DL1,
DL1-DLN, DLN. Typically, the first conductive layer is a
polysilicon layer formed during fabrication of the DRAM
200. A plurality of pairs of complementary digit lines DL1,
DLI1-DLN, DLN are formed in a second conductive layer in
the array region 206. Typically, the first conductive layer 1s
a first metal layer formed after the polysilicon layer during
fabrication of the DRAM 200. Each memory cell 208 1n a
respective row has an access terminal coupled to the one of
the word lines WL1-WLN associated with that row, and
cach memory cell 208 1n a respective column has a data
terminal coupled to one of the complementary pairs of digit

lines DLL1, DL1-DLN, DLN associated with that column.
The DRAM 200 further includes two row decoders 210 and
212 formed 1n row decoder regions 214 and 216, respec-
tively. The row decoder regions 214 and 216 are positioned
on opposite sides of the array region 206 as shown. The row
decoders 210 and 212 receive a row address applied to the
DRAM 200, decode that row address, and activate one of the
word lines WL1-WLN corresponding to the decoded row
address. The row decoder 210 activates the odd-numbered
word lines WL1-WLN-1, and the row decoder 212 acti-
vates the even-numbered word lines WL2-WLN.

A number of sense amplifiers SA1-SAN are formed 1n a
sense amplifier region 218 adjacent the array region 206.
The sense amplifiers SA1-SAN are coupled to the pairs of
digit lines DLL1, DL1-DLN, DLN, respectively, and operate
to sense data placed on the digit lines by memory cells 208
in an activated row, as understood by one skilled 1n the art.
Each of the sense amplifiers SA1-SAN 1s further coupled
through an associated input/output transistor 220 to an
assoclated one of a plurality of mnput/output lines I/O1-1/0X
forming the wide data path 202. For example, the sense
amplifiers SAl1 and SA2 are coupled through their associ-
ated mput/output transistors 220 to the line I/O1 1n the wide
data path 202. The input/output lines I/O1-1/0X are formed
in a third conductive layer, typically a metal layer, formed

above the array region 206 during fabrication of the DRAM
200. Typically, the lines I/O1-1/OX are formed substantially

parallel to the digit lines DL.1, DL1-DLN, DLN. As under-
stood by one skilled 1n the art, each of the lines I/O1-1/0X
typically includes complementary lines for carrying comple-
mentary data signals, and single lines have been shown 1n
FIG. 1 merely for the sake of brevity. Each of the transistors
220 coupled to one of the odd-numbered sense amplifiers
SA1-SAN-1 has its gate coupled to a column select line
CSEL1 formed 1n a portion of the third conductive layer
above the sense amplifier region 218. The transistors 220
coupled to the even-numbered sense amplifiers SA2-SAN
have their gates coupled to a second column select line
CSEL2 similarly formed 1n the portion of the third conduc-
tive layer above the sense amplifier region 218.

In operation, the row decoders 210 and 212 decode a row
address applied to the DRAM 200, and activate the corre-
sponding one of the word lines WL1-WLN. For the follow-
ing description, it will be assumed the row decoder 210
activates the word line WL1. When the word line WL1 1s
activated, each of the memory cells 208 coupled to the word
line WL1 places 1ts stored data on the associated pairs of

complementary digit lines DLL1, DL1-DLN, DLN where 1t
1s sensed and stored by the sense amplifiers SAI-SAN,
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respectively. After the sense amplifiers SA1-SAN have
stored the data 1n each memory cell 208 coupled to the
activated word line WLI1, column decode circuitry (not
shown in FIG. 2) decodes a column address applied to the
DRAM 200 and activates one of the column select lines
CSEL1 and CSEL2. As previously explained, when the
column select line CSEL1 1s activated, the data stored 1n the
sense amplifiers SA1-SAN-1 1s transferred onto the lines
[/01-1/0X, respectively, and when the line CSEL2 is
activated, the data stored in the sense amplifiers SA2-SAN
1s transferred onto the lines I/O1-1/0X, respectively.

The wide data path 202 enables large blocks of data to be
transferred to and from the array 204. With the architecture
of the wide data path 202, a very large number of mput/
output lines I/O1-1/OX may be formed above the array
region 206. For example, the array 204 may include 1024
rows and 512 columns, 1n which case there are 256 mput/
output lines I/O1-1/OX, one for every two columns in the
embodiment of FIG. 2. One skilled 1 the art will realize the
ratio of the number of columns in the array 204 to the
number of input/output lines I/O1-1/O0X may vary, depend-
ing on the desired width of the data path 202. In another
example, the data path 202 1s as wide as possible for a given
array 204 such that there is one 1nput/output line for each
column of memory cells 208 1n the array 204. Thus, N

equals X so there 1s a one-to-one ratio between the number
of lmes I/O1-1/OX and the digit lines DL1, DL1-DLN,

DLN. In this example, there 1s no need for the transistors 220
or column select lines, CSEL1 and CSEL2 since once a
word line WL 1s activated, the data stored in every memory
cell 208 coupled to that word line 1s transferred through the
assoclated sense amplifiers SA1-SAN to the input/output
lines I/O1-1/0X. The mput/output lines 1n this embodiment
correspond to data lines which, for example, 1n a conven-
tional memory device mterconnect data amplifiers and data
output buifers. One skilled in the art will realize the tran-
sistors 220 may be necessary in such an embodiment if the

sense amplifiers SA1-SAN are shared by more than one
array 204.

The architecture of the DRAM 200 enables formation of
the wide data path 202 without increasing the size of the
array region 206 or sense amplifiers region 218. In conven-
tional DRAM architecture, the size of the sense-amplifier
region 218 would need to be increased significantly 1n order
to form the lines I/O1-I/OX above the sense amplifier
region. The architecture of the DRAM 200 takes advantage
of the fact that in a memory device having a wide data path
there are additional 1input/output lines I/O1-1/OX, but fewer
column select lines CSEL1 and CSEL2. Thus, the fewer 1n
number column select lines CSEL1 and CSEL2 are formed
above the smaller sense amplifier region 218 and the greater
in number 111put/output lines I/01-1/0X are formed above
the larger array reglon 206. Furthermore, the architecture of
the DRAM 200 1s formed using only the first, second, and
third conductive layers. In contrast, the conventional DRAM
10 described with reference to FIG. 1 includes four conduc-
tive layers, three metal layers and a polysilicon layer.

The architecture for the wide data path 202 of FIG. 2 may
be utilized 1n a variety of applications. One such application
1s 1n an Embedded DRAM 400 as illustrated in FIG. 3. The
Embedded DRAM 400 1s an integrated circuit in which logic
circuitry 402 and a DRAM 404 including the wide data path
202 of FIG. 2 are formed 1n a semiconductor substrate 405.
In other words, the logic circuitry 402 1s “embedded” in the
same semiconductor substrate 405 m which the DRAM 404
1s formed. The fabrication of the Embedded DRAM 400 has

become possible due to advances 1n the design and fabrica-
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tion of integrated circuits resulting 1n significant reductions
in the size of transistors and other components forming such
integrated circuits. Such size reductions have accordingly
increased the density of transistors and other components
that may be formed in a semiconductor substrate of a given
S1Ze.

In the Embedded DRAM 400, the logic circuitry 402 may
be designed to perform a specific function, or may be more
general purpose circuitry, such as a microprocessor performs-
ing a variety of different tasks. The logic circuitry 402 is
coupled to external terminals 411 of the Embedded Dram

400 to communicate with external circuitry (not shown in
FIG. 3) coupled to the Embedded DRAM. The DRAM 404

includes the array 204 and sense amplifiers SA1-SAN of
FIG. 2, and further includes an address decoder 406 receiv-
ing address signals on an address bus 408. The address
decoder 406 decodes the address signals and activates
addressed memory cells in the array 204. Aread/write circuit
410 transfers data between the wide data path 202 and a data
bus 412 having the same width X as the wide data path 202.
The DRAM 404 1s able to have such a wide data path since
it 1s formed 1n the same semiconductor substrate 405 as the
logic circuitry 402 to which 1t 1s coupled and need not have
individual terminals formed on the package containing the
DRAM 404 as required 1n a conventional DRAM. A control
circuit 414 that controls the array 204 and other components
in the DRAM 404 1n response to control signals received on
a control bus 416.

In operation, the logic circuitry 402 applies address, data,
and control signals on the respective buses 408, 412, and 416
to the DRAM 404. During a read cycle, the logic circuitry
402 applies a row address on the address bus 408 and the
address decoder 406 latches that row address in response to
control signals on the control bus 416. In response to the
latched row address, the address decoder 406 activates a
word line WL corresponding to a decoded row address. The
control circuit 414 thereafter controls the sense amplifiers
SA1-SAN to sense the data stored in the row of memory
cells coupled to the activated word line WL. The logic
circuitry 402 then applies a column address on the address
bus 408, and the decoder 406 latches and decodes that
column address and activates the corresponding one of the
column select lines CSEL. The addressed data 1s then
transferred across the wide data path 202 to the read/write
circuit 410 which, 1n turn, places the data on the internal data
bus 412 where 1t 1s read by the logic circuitry 402. During
a write cycle the logic circuitry 402 applies a row address on
the address bus 408, control signals on the control bus 416,
and data on the data bus 412. Once again, the address
decoder 406 latches and decodes the row address and
activates the corresponding one of the word lines WL. The
logic circuitry 402 then applies a column address on the bus
408, and the decoder 406 latches and decodes that column
address and activates the corresponding one of the column
select lines CSEL. The data placed on the data bus 412 is
thereafter transferred through the read/write circuit 410,
across the wide data path 202, and through the sense
amplifiers SA1-SAN to the addressed memory cells 1n array
204 where 1t 1s stored.

In the Embedded DRAM 400, forming the logic circuitry
402 and the DRAM 404 1n the same semiconductor substrate

405 yields numerous performance benefits. First, the band-
width of the DRAM 404 1s substantially increased by the

large widths X of the data path 202 and internal data bus
412, where X may be 128, 256, 512 bits or even wider.
Additional benefits of the Embedded DRAM 400 over

conventional discreet mterconnection include lower power
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consumption and lower electromagnetic radiation due to the
shorter lengths of conductive lines comprising the internal
data bus 412. Furthermore, transmission line effects such as
propagation delays are likewise alleviated due to the reduced
lengths of such lines. The shorter lengths and corresponding
reduced capacitance of individual lines also reduce the noise
resulting when switching the X lines of the data bus 412 in
parallel.

Another application for the wide data path 202 of FIG. 2
1s a computer system 510 using SLDRAMs 516a—c as
shown 1n FIG. 4, cach of the SLDRAMs 516a—c including
the architecture of the wide data path 202. The computer
system 510 mncludes a processor 512 having a processor bus
514 coupled to three packetized dynamic random access
memory or SLDRAM devices 516a—c. The computer system
510 also i1ncludes one or more mput devices 520, such as a
keypad or a mouse, coupled to the processor 512 through a
bus bridge 522 and an expansion bus 524, such as an
industry standard architecture (“ISA”) bus or a Peripheral
component interconnect (“PCI”) bus. The input devices 520
allow an operator or an electronic device to input data to the
computer system 510. One or more output devices 530 are
coupled to the processor 512 to display or otherwise output
data generated by the processor 5§12. The output devices 530
are coupled to the processor 512 through the expansion bus
524, bus bridge 522 and processor bus 514. Examples of
output devices 3530 include printers and a video display
units. One or more data storage devices 538 are coupled to
the processor 512 through the processor bus 514, bus bridge
522, and expansion bus 524 to store data 1n or retrieve data
from storage media (not shown). Examples of storage
devices 538 and storage media include fixed disk drives
floppy disk drives, tape cassettes and compact-disk read-
only memory drives.

In operation, the processor 512 communicates with the
memory devices S16a—c via the processor bus 514 by
sending the memory devices 516a—c command packets that
contain both control and address information. Data 1is
coupled between the processor 512 and the memory devices
516a—c, through a data bus portion of the processor bus 514.
Although all the memory devices 516a—c are coupled to the
same conductors of the processor bus 514, only one memory
device 516a—c at a time reads or writes data, thus avoiding
bus contention on the processor bus 514 Bus contention 1s
avolded by each of the memory devices 516a—c on the bus
bridge 522 having a unique identifier and the command
packet contains an identifying code that selects only one of
these components.

A typical command packet for an SLDRAM 1s shown 1n
FIG. 5. The command packet 1s formed by 4 packet words
cach of which contains 10 bits of data. The first packet word
W, contains 7 bits of data identifying the packetized DRAM
516a—c that 1s the intended recipient of the command packet.
As explained below, each of the packetized DRAMSs 1s
provided with a unique ID code that 1s compared to the 7 ID
bits 1n the first packet word W . Thus, although all of the
packetized DRAMs S516a—c will receive the command
packet, only the packetized DRAM 516a—c having an ID
code that matches the 7 ID bits of the first packet word W,
will respond to the command packet.

The remaining 3 bits of the first packet word W, as well
as 3 bits of the second packet word W, comprise a 6-bit
command. Typical commands are read and write 1n a variety
of modes, such as accesses to pages or banks of memory
cells. The remaining 7 bits of the second packet word W,
and portions of the third and fourth packet words W, and W,
comprise a 20-bit address specitying a bank, row and
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column address for a memory transfer or the start of a
multiple bit memory transter. In one embodiment, the 20-bit
address 1s divided 1nto 3 bits of bank address, 10 bits of row

address, and 7 bits of column address.

Although the command packet shown 1n FIG. 5 1s com-
posed of 4 packet words each containing up to 10 bits, 1t will
be understood that a command packet may contain a lesser
or greater number of packet words, and each packet word
may contain a lesser or greater number of bits. The computer
system 510 also includes a number of other components and
signal lines that have been omitted from FIG. 4 in the
interests of brevity. For example, the memory devices
S516a—c also receive a master clock signal to provide internal
timing signals, a data clock signal clocking data into and out
of the memory device 516, and a FLAG signal signifying the
start of a command packet.

The memory devices 516 are shown in block diagram
form 1n FIG. 6. Each of the memory devices 516 includes a
clock divider and delay circuit 540 that receives a master
clock signal 542 and generates a large number of other clock
and timing signals to control the timing of various opera-
tions 1n the memory device 516. The memory device 516
also 1ncludes a command butfer 546 and an address capture
circuit 548 which receive an internal clock CLK signal, a
command packet CAO—CA9 on a command bus 550, and a
FLLAG signal on line 552. As explained above, the command
packet contains control and address information for each
memory transier, and the FLLAG signal identifies the start of
a command packet. The command buffer 546 receives the
command packet from the bus 550, and compares at least a
portion of the command packet to 1dentifying data from an
ID register 556 to determine if the command packet is
directed to the memory device 516a or some other memory
device 516b, 516¢. If the command buffer 46 determines that
the command 1s directed to the memory device 5164, it then
provides the command to a command decoder and sequencer
560. The command decoder and sequencer 560 generates a
larce number of internal control signals to control the
operation of the memory device 516a during a memory
transfer corresponding to the command.

The address capture circuit 548 also receives the com-
mand packet from the command bus 550 and outputs a
20-bit address corresponding to the address mformation in
the command. The address i1s provided to an address
sequencer 564 which generates a corresponding 3-bit bank
address on bus 566, an 11-bit row address on bus 568, and
a 6-bit column address on bus 570.

One of the problems of conventional DRAMSs 1s their
relatively low speed resulting from the time required to
precharge and equilibrate circuitry in the DRAM array. The
packetized DRAM 516a shown 1n FIG. 6 largely avoids this
problem by using a plurality of memory banks 580, in this
case eight memory banks 580a—h. After a memory read from
one bank 580a, the bank 580a can be precharged while the
remaining banks 380b—h are being accessed. Each of the
memory banks 580a—h receives a row address from a
respective row latch/decoder/driver 582a—h. All of the row
latch/decoder/drivers §82a—h receive the same row address
from a predecoder 584 which, 1n turn, receives a row address
from either a row address register 386 or a refresh counter
588 as determined by a multiplexer 590. However, only one
of the row latch/decoder/drivers 582a—h 1s active at any one
fime as determined by bank control logic 594 as a function
of bank data from a bank address register 596.

The column address on bus 5§70 1s applied to a column
latch/decoder 600 which, 1n turn, supplies I/O gating signals
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to an I/O gating circuit 602. The I/O gating circuit 602
interfaces with columns of the memory banks 3580a—h
through sense amplifiers 604. Data 1s coupled to or from the
memory banks 380a—h through the sense amps 604 and I/0
gating circuit 602 and across the wide data path 202 to a data
path subsystem 608 which includes a read data path 610 and
a write data path 612. In the SLDRAM 3516a, the wide data
path 202 1s 64 bits wide. The read data path 610 includes a

read latch 620 receiving and storing data from the I/O gating
circuit 602. In the memory device 516a shown in FIG. 6, 64
bits of data are applied to and stored 1n the read latch 620.
The read latch then provides four 16-bit data words to a

multiplexer 622. The multiplexer 622 sequentially applies
cach of the 16-bit data words to a read FIFO buifer 624.

Successive 16-bit data words are clocked through the FIFO
bufler 624 by a clock signal generated from an internal clock

by a programmable delay circuit 626. The FIFO buffer 624
sequentially applies the 16-bit words and two clock signals
(a clock signal and a quadrature clock signal) to a driver
circuit 628 which, in turn, applies the 16-bit data words to
a data bus 630 forming part of the processor bus 514. The
driver circuit 628 also applies the clock signals to a clock
bus 632 so that a device such as the processor 512 reading
the data on the data bus 630 can be synchronized with the
data.

The write data path 612 includes a receiver buifer 640
coupled to the data bus 630. The receiver builer 640 sequen-
tially applies 16-bit words from the data bus 630 to four
input registers 642, cach of which 1s selectively enabled by
a signal from a clock generator circuit 644. Thus, the 1nput
registers 642 sequentially store four 16-bit data words and
combine them 1nto one 64-bit data word applied to a write
FIFO buffer 648. The write FIFO butfer 648 1s clocked by
a signal from the clock generator 644 and an internal write
clock WCLK to sequentially apply 64-bit write data to a
write latch and driver 650. The write latch and driver 650
applies the 64-bit write data to one of the memory banks
580a—h through the I/O gating circuit 602 and the sense
amplifier 604.

It 1s to be understood that even though various embodi-
ments and advantages of the present invention have been set
forth 1in the foregoing description, the above disclosure is
illustrative only, and changes may be made 1n detail, and yet
remain within the broad principles of the invention.
Therefore, the present invention 1s to be limited only by the
appended claims.

We claim:

1. A memory-cell array formed in a semiconductor
substrate, comprising:

a plurality of memory cells arranged 1n rows and col-
umns|.], the memory cells formed in an array region of
the substrate;

a plurality of complementary pairs of digit lines formed 1n
the array region|.] , each complementary pair coupled
to a plurality of memory cells 1n an associated column;

a plurality of word lines formed 1n the array region, each
word line coupled to each memory cell 1n an associated
rOw;

a plurality of sense amplifiers formed 1n a sense amplifier
region of the substrate adjacent the array region, each
sense amplifier coupled to an associated pair of
complementary digit lines;

a plurality of input/output lines formed above the array
region, each input/output line coupled to at least a pair
of the sense amplifiers through a respective switch;

and at least one column select line formed above the sense
amplifier region, each column select line coupled to a
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control input of a plurality of the switches of respective
sense amplifiers.

2. The memory-cell array of claim 1 wherein each switch
includes an NMOS ftransistor.

3. The memory-cell array of claim 1 wherein the memory-
cell array includes 512 mput/output lines and two column
select lines.

4. The memory-cell array of claim 1 wherein each switch
1s coupled to first and second column select lines, and
couples an associlated data line to one of two associated
sense amplifiers responsive to respective column select
signals received on the first and second column lines.

5. The memory-cell array of claim 1 wherein the input/
output lines are formed substantially parallel to the digit
lines and the column select lines are substantially perpen-
dicular to the digit lines.

6. A memory-cell array formed 1n a semiconductor
substrate, comprising:

an array of memory cells formed 1n an array region of the
substrate, the array including a plurality of memory
cells arranged 1n rows and columns;

a plurality of word lines formed 1n the array region from
a first conductive layer, each word line coupled to each
memory cell 1n an associlated rows;

a plurality of complementary pairs of digit lines formed 1n
the array region from a second conductive layer, each
complementary pair coupled to a plurality of memory
cells 1n an associated column;

a plurality of sense amplifiers formed in a sense amplifier
region of the substrate adjacent the array region, each
sense amplifier coupled to an associated pair of
complementary digit lines;

a plurality of input/output disposed 1n a third conductive
layer formed above the array region, each input/output
line coupled to at least one of the sense amplifiers; and

at least one column select line disposed 1n a portion of the
third conductive layer formed above the sense amplifier
region, each column select line coupled to at least some
of the sense amplifiers.

7. The memory-cell array of claim 6 wherein the first,
second, and third conductive layers include polysilicon, first
metal, and second metal layers, respectively.

8. The memory-cell array of claim 6 wherein the input/
output lines are substantially parallel to the digit lines and
the column select lines are substantially perpendicular to the
digit lines.

9. Amemory device formed 1n a semiconductor substrate
and 1ncluding address, data, and control buses, comprising;:

an array of memory cells formed 1n an array region of the
substrate, the array including a plurality of memory
cells arranged 1n rows and columns;

a plurality of word lines formed 1n the array region from
a first conductive layer, each word line coupled to each
memory cell 1n an associlated rows;

a plurality of complementary pairs of digit lines formed 1n
the array region from a second conductive layer, each
complementary pair coupled to a plurality of memory
cells 1n an associated column;

a plurality of sense amplifiers formed 1n a sense amplifier
region of the substrate adjacent the array region, each
sense amplifier coupled to an associated pair of
complementary digit lines;

a plurality of input/output disposed 1n a third conductive
layer formed above the array region, each input/output
line coupled to at least one of the sense amplifiers;
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at least one column select line disposed 1n a portion of the
third conductive layer formed above the sense amplifier
region, each column select line coupled to at least some
of the sense amplifiers;

a row address decoder coupled to the address bus and to
the word lines, the row address decoder decoding a row
address applied on the address bus and activating a
word line corresponding to the decoded row address;

a column address decoder coupled to the address bus and
to the column select lines, the column address decoder
decoding a column address applied on the address bus
and activating a column select line corresponding to the
decoded column address;

a data path circuit coupled to the data bus and operable to
transfer data placed on the mput/output lines to the data
bus during read operations and to transfer data applied
on the data bus to the iput/output lines during write
operations; and

a control circuit coupled to the control bus, row and
column address decoders, and data path circuit, oper-
able to control such decoders and data path circuit
responsive to control signals received on the control
bus.

10. The memory device of claim 9, further including
several banks of arrays, each bank including input/output
lines transferring data to and from the data path circuat.

11. The memory device of claim 9 wherein the memory
device comprises an SLDRAM.

12. The memory device of claim 9 wherein the input/
output lines are disposed substantially parallel to the digt
lines and the column select lines are disposed substantially
perpendicular to the digit lines.

13. The memory device of claim 9 wherein the first
conductive layer includes a polysilicon layer, the second
conductive layer includes a first metal layer, and the third
conductive layer includes a second metal layer.

14. The memory device of claim 9 wherein the memory-
cell array includes 512 mput/output lines and two column
select lines.

15. An Embedded DRAM, comprising;:

logic circuitry formed 1n a semiconductor substrate hav-
ing address, data and control busses;

an array of memory cells formed 1n an array region of the
substrate, the array including a plurality of memory
cells arranged 1n rows and columns;

a plurality of word lines formed 1n the array region from
a first conductive layer, each word line coupled to each
memory cell 1n an associated row;

a plurality of complementary pairs of digit lines formed in
the array region from a second conductive layer, each
complementary pair coupled to a plurality of memory
cells 1n an associated column;

a plurality of sense amplifiers formed 1n a sense amplifier
region of the substrate adjacent the array region, each
sense amplifier coupled to an associated pair of
complementary digit lines;

a plurality of input/output lines disposed 1n a third con-
ductive layer formed above the array region, each
input/output line coupled to at least one of the sense
amplifiers;

at least one column select line disposed 1n a portion of the
third conductive layer formed above the sense amplifier

region, each column select line coupled to at least some
of the sense amplifiers;

a row address decoder coupled to the address bus and to
the word lines, the row address decoder decoding a row
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address applied on the address bus and activating a
word line corresponding to the decoded row address;

a column address decoder coupled to the address bus and
to the column select lines, the column address decoder
decoding a column address applied on the address bus
and activating a column select line corresponding to the
decoded column address;

a data path circuit coupled to the data bus and to the
input/output lines of the array, the data path circuit
operable to transfer data received on the input/output

lines to the data bus during read operations and to

transfer data applied on the data bus to the input/output
lines during write operations; and

a control circuit coupled to the control bus, row and
column address decoders, and data path circuit, oper-

able to control such decoders and data path circuit
responsive to control signals received from the logic

circuitry on the control bus.
16. The Embedded DRAM of claim 15 wherein the

input/output lines are disposed substantially parallel to the
digit lines and the column select lines are disposed substan-

tially perpendicular to the digit lines.
17. The Embedded DRAM of claim 15 wherein the first

conductive layer includes a polysilicon layer, the second
conductive layer includes a first metal layer, and the third
conductive layer includes a second metal layer.

18. A packetized dynamic random access memory formed
in a semiconductor substrate, comprising:

a clock generator circuit generating an internal clock

signal having a phase relative to an external clock
signal determined by a phase command signal;

at least one array of memory cells adapted to store data at
a location determined by a row address and a column

address, the array formed in the semiconductor sub-
strate and 1ncluding,

a plurality of memory cells arranged in rows and
columns, the memory cells formed 1n an array region

of the substrate,

a plurality of word lines formed in the array region
from a first conductive layer, each word line coupled
to each memory cell 1in an associated row,

a plurality of complementary pairs of digit lines formed
in the array region from a second conductive layer,
cach complementary pair coupled to a plurality of
memory cells 1n an associated column,

a plurality of sense amplifiers formed 1n a sense ampli-
fier region of the substrate adjacent the array region,
cach sense amplifier coupled to an associated pair of
complementary digit lines,

a plurality of input/output disposed 1n a third conduc-
tive layer formed above the array region, each mput/
output line coupled to at least one of the sense
amplifiers, and

at least one column select line disposed 1n a portion of
the third conductive layer formed above the sense
amplifier region, each column select line coupled to
at least some of the sense amplifiers;

a row address circuit adapted to receive and decode the
row address, and select a row of memory cells corre-
sponding to the row address responsive to a first set of
command signals;

a column address circuit adapted to receive or apply data
over the plurality of input/output lines to memory cells
in the selected row corresponding to the column
address responsive to a second set of command signals;

a data path circuit adapted to couple data between an
external terminal and the column address circuit
responsive to a third set of command signals; and
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a command generator receiving command packets indica-
tive of a command, a row address and a command
address, the command generator applying the first,
second, and third sets of command signals to the row
address circuit, column address circuit, and data path
circuit, respectively, to transfer data to and from the
packetized dynamic random access memory.

19. The packetized dynamic random access memory of

claim 18 wherein the input/output lines are disposed sub-
stantially parallel to the digit lines and the column select

lines are disposed substantially perpendicular to the digit
lines.

20. The packetized dynamic random access memory of
claim 18 wherein the first conductive layer includes a
polysilicon layer, the second conductive layer includes a first
metal layer, and the third conductive layer includes a second
metal layer.

21. The packetized dynamic random access memory of
claim 18 wherein the memory-cell array includes 512 mput/
output lines and two column select lines.

22. A computer system, comprising:

a processor having a processor bus; an input device
coupled to the processor through the processor bus
adapted to allow data to be entered mto the computer
system,

an output device coupled to the processor through the
processor bus adapted to allow data to be output from
the computer system; and

a packetized dynamic random access memory coupled to
the processor bus adapted to allow data to be stored,
adapted to recerve a plurality of input signals and
generate a plurality of output signals on respective,
externally accessible terminals, the packetized dynamic
random access memory including].],

a clock generator circuit generating an internal clock

signal having a phase relative to an external clock
signal determined by a phase command signal;

at least one array of memory cells adapted to store data at

a location determined by a row address and a column

address, the array [formed] formed in the semiconduc-

tor substrate and including,

a plurality of memory cells arranged in rows and
columns, the memory cells formed 1n an array region
of the substrate,

a plurality of word lines formed 1n the array region
from a first conductive layer, each word line coupled
to each memory cell in an associated row][.],

a plurality of complementary pairs of digit lines formed
in the array region from a second conductive layer,
cach complementary pair coupled to a plurality of
memory cells in an associated column|.],

a plurality of sense amplifiers farmed 1n a sense ampli-
fier region of the substrate adjacent the array region,
cach sense amplifier coupled to an associated pair of
complementary digit lines,

a plurality of mput/output disposed in a third conduc-
tive layer formed above the array region, each mput/
output line coupled to at least one of the sense
amplifiers, and

at least one column select line disposed 1n a portion of
the third conductive layer formed above the sense
amplifier region, each column select line coupled to
at least some of the sense amplifiers;

a row address circuit adapted to receive and decode the
row address, and select a row of memory cells corre-
sponding to the row address responsive to a first set of
command signals;
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a column address circuit adapted to receive or apply data
over the plurality of input/output lines to memory cells
in the selected row corresponding to the column
address responsive to a second set of command signals;

a data path circuit adapted to couple data between an
external terminal and the column address circuit
responsive to a third set of command signals; and

a command generator receiving command packets indica-
tive of a command, a row address and a command
address, the command generator applying the first,
second, and third sets of command signals to the row
address circuit, column address circuit, and data path
circuit, respectively, to transfer data to and from the
packetized dynamic random access memory.

23. The computer system of claim 22 wherein the mput/
output lines are disposed substantially parallel to the digit
lines and the column select lines are disposed substantially
perpendicular to the digit lines.

24. The computer system of claim 22 wherein the first
conductive layer includes a polysilicon layer, the second
conductive layer includes a first metal layer, and the third
conductive layer includes a second metal layer.

25. The computer system of claim 22 wherein the
memory-cell array includes 512 iput/output lines and two
column select lines.

20. A memory-cell array formed in a semiconductor
substrate, comprising:

a plurality of memory cells arranged in rows and

columns, the memory cells formed in an array region of

the substrate;

a plurality of complementary pairs of digit lines formed in
the array region, each complementary pair coupled to
a plurality of memory cells in an associated column;

a plurality of word lines formed in the array region, each
word line coupled to each memory cell in an associated
Fow;

a plurality of sense amplifiers formed in a sense amplifier
region of the substrate adjacent the array region, each

sense amplifier coupled to an associated pair of

complementary digit lines;

a plurality of input/output lines formed adjacent the array
region, each input/output line coupled to at least a pair
of the sense amplifiers through a respective switch; and

at least one column select line formed adjacent the sense
amplifier region, each column select line coupled to a
control input of a plurality of the switches of respective
sense amplifiers.
27. A memory-cell array formed in a semiconductor
substrate, comprising.:

an array of memory cells formed in an array region of the
substrate, the array including a plurality of memory
cells arranged n rows and columns;

a plurality of word lines formed in the array region from
a first conduciive layer, each word line coupled to each
memory cell in an assoctated row;

a plurality of complementary pairs of digit lines formed in
the array region from a second conductive layer, each
complementary pair coupled to a plurality of memory
cells in an associated column;

a plurality of sense amplifiers formed in a sense amplifier
region of the substrate adjacent the array region, each

sense amplifier coupled to an associated pair of

complementary digit lines;

a plurality of input/output lines disposed in a third con-
ductive layer formed adjacent the array region, each
input/output line coupled to at least one of the sense
amplifiers;
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at least one column select line disposed in a portion of the

third conductive layer formed adjacent the sense ampli-

fier region, each column select line coupled to at least
some of the sense amplifiers.

28. A memory device formed in a semiconductor substrate

and tncluding address, data, and control buses, comprising.

an array of memory cells formed in an array region of the
substrate, the array including a plurality of memory
cells arranged in rows and columns;

a plurality of word lines formed in the array region from
a first conduciive layer, each word line coupled to each
memory cell in an assoctated row;

a plurality of complementary pairs of digit lines formed in
the array region from a second conductive layer, each
complementary pair coupled to a plurality of memory
cells in an associated column,

a plurality of sense amplifiers formed in a sense amplifier
region of the substrate adjacent the array region, each
sense amplifier coupled to an associated pair of
complementary digit lines;

a plurality of inputi/output lines disposed in a third con-
ductive layer formed adjacent the array region, each
input/output line coupled to at least one of the sense
amplifiers;

at least one column select line disposed in a portion of the
third conductive layer formed adjacent the sense ampli-

fier region, each column select line coupled to at least
some of the sense amplifiers;

a row address decoder coupled to the address bus and to
the word lines, the row address decoder decoding a row
address applied on the address bus and activating a
word line corresponding to the decoded row address;

a column address decoder coupled to the address bus and
fo the column select lines, the column address decoder
decoding a column address applied on the address bus
and activating a column select line corresponding to
the decoded column address;

a data path circuit coupled to the data bus and operable
lo transfer data placed on the input/output lines to the
data bus during read operations and to transfer data
applied on the data bus to the input/output lines during
write operations; and

a control circuit coupled to the conirol bus, row and
column address decoders, and data path circuit, oper-
able to control such decoders and data path circuit

responsive to control signals received on the control
buis

29. An Embedded DRAM, comprising:

logic circuitry formed in a semiconductor substrate, and
including address, data, and control busses;

an array of memory cells formed in an array region of the
substrate, the array including a plurality of memory
cells arranged in rows and columns;

a plurality of word lines formed in the array region from
a first conduciive layer, each word line coupled to each
memory cell in an assoctated row;

a plurality of complementary pairs of digit lines formed in
the array region from a second conductive layer, each
complementary pair coupled to a plurality of memory
cells in an associated column,

a plurality of sense amplifiers formed in a sense amplifier
region of the substrate adjacent the array region, each
sense amplifier coupled to an associated pair of
complementary digit lines;
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a plurality of input/output lines disposed in a third con-
duciive layer formed adjacent the array region, each
input/output line coupled to at least one of the sense
amplifiers;

at least one column select line disposed in a portion of the
third conductive layer formed adjacent the sense ampli-
fier region, each column select line coupled to at least
some of the sense amplifiers;

a row address decoder coupled to the address bus and to
the word lines, the row address decoder decoding a row
address applied on the address bus and activating a
word line corresponding to the decoded row address;

a column address decoder coupled to the address bus and
fo the column select lines, the column address decoder
decoding a column address applied on the address bus
and activating a column select line corresponding to
the decoded column address;

a data path circuit coupled to the data bus and operable
to transfer data placed on the input/output lines to the
data bus during read operations and to transfer data
applied on the data bus to the input/output lines during
write operations, and

a control circuit coupled to the control bus, row and
column address decoders, and data path circuit, oper-
able to control such decoders and data path circuit
responsive to control signals received from the logic
ctrcuitry on the control bus.

30. A packetized dynamic random access memory formed

in a semiconductor substrate, comprising.

a clock generator circuit generating an internal clock
signal having a phase relative to an external clock
signal determined by a phase command signal,;

at least one array of memory cells adapited to store data

at a location determined by a row address and a

column address, the array formed in the semiconductor

substrate and including,

a plurality of memory cells arranged in rows and
columns, the memory cells formed in an array region
of the substrate,

a plurality of word lines formed in the array region
from a first conductive layer, each word line coupled
to each memory cell in an associated row,

a plurality of complementary pairs of digit lines formed
in the array region from a second conductive layer,

each complementary pair coupled to a plurality of

memory cells in an associated column,
a plurality of sense amplifiers formed in a sense ampli-
fier region of the substrate adjacent the array region,
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complementary digit lines,

a plurality of input/ouiput lines disposed in a third
conductive layer formed adjacent the array region,
each input/output line coupled to at least one of the
sense amplifiers, and

at least one column select line disposed in a portion of

the third conductive layer formed adjacent the sense
amplifier region, each column select line coupled to
at least some of the sense amplifiers;

a row address circuit adapted to receive and decode the
row address, and select a row of memory cells corre-

sponding to the row address responsive fo a first set of

command signals;

a column address circuit adapted to receive or apply data
over the plurality of input/output lines to memory cells
in the selected row corresponding to the column
address responsive to a second set of command signals;
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a data path circuit adapted to couple data between an
external terminal and the column address circuil
responsive to a third set of command signals; and

a command generator receiving command packets indica-
live of a command, a row address and a command
address, the command generator applying the first,
second, and third sets of command signals to the row
address circuit, column address circuil, and data path
circuit, respectively, to transfer data to and from the
packetized dynamic random access memory.

31. A computer system, comprising.

a processor having a processor bus;

an nput device coupled to the processor through the
processor bus adapted to allow data to be entered into
the computer system;

an output device coupled to the processor through the
processor bus adapted to allow data to be output from
the computer system,; and

a packetized dynamic random access memory coupled to
the processor bus adapted to allow data to be stored,
adapted to receive a plurality of input signals and
generate a plurality of output signals on respective,
externally accessible terminals, the packetized dynamic
random access memory ncluding,

a clock generator circuit generating an internal clock
signal having a phase relative to an external clock
signal determined by a phase command signal;

at least one array of memory cells adapted to store data

at a location determined by a row address and a

column address, the array formed in the semiconductor

substrate and including,

a plurality of memory cells arranged in rows and
columns, the memory cells formed in an array region
of the substrate,

a plurality of word lines formed in the array region
from a first conductive layer, each word line coupled
to each memory cell in an associated row,

a plurality of complementary pairs of digit lines formed
in the array region from a second conductive layer,
each complementary pair coupled to a plurality of
memory cells in an associated column,

a plurality of sense amplifiers formed in a sense ampli-
fier region of the substrate adjacent the array region,
each sense amplifier coupled to an associated pair of
complementary digit lines,

a plurality of input/output lines disposed in a third
conductive layer formed adjacent the array region,
each input/output line coupled to at least one of the
sense amplifiers, and

at least one column select line disposed in a portion of
the third conductive layer formed adjacent the sense
amplifier region, each column select line coupled to
at least some of the sense amplifiers;

a row address circutt adapted to receive and decode the
row address, and select a row of memory cells corre-
sponding to the row address responsive to a first set of
command signals;

a column address circuit adapted to receive or apply data
over the plurality of input/output lines to memory cells
in the selected row corresponding to the column
address responsive to a second set of command signals;

a data path circuit adapted to couple data between an
external terminal and the column address circuil
responsive to a third set of command signals; and

a command generator receiving command packets indica-
live of a command, a row address and a command
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address, the command generator applying the first,
second, and third sets of command signals to the row
address circuit, column address circuil, and data path
circuit, respectively, to transfer data fto and from the
packetized dynamic random access memory.

32. A memory-cell array formed in a semiconductor
substrate, comprising:

a plurality of memory cells arranged in rows and col-
UMHS;

a plurality of digit lines each coupled to a plurality of
memory cells in an associated column;

a plurality of word lines each coupled to the memory cells
in an associated row;

a plurality of sense amplifiers each coupled to a respec-
five digit line;
a plurality of input/output lines each coupled to at least a

pair of the sense amplifiers through a respective switch;
and

at least two column select lines each coupled to a control
input of a plurality of the switches, each switch being
coupled to first and second column select lines, and
being operable to couple an associated data line to one
of two assoctated sense amplifiers responsive (o respec-
live column select signals received on the first and
second column lines.

33. The memory-cell array of claim 32 wherein each
switch includes an NMOS transistor.

34. The memory-cell array of claim 32 wherein the
memory-cell array includes 512 input/output lines and two
column select lines.

35. The memory-cell array of claim 32 wherein the
input/output lines are formed substantially parallel to the
digit lines and the column select lines are substantially
perpendicular to the digit lines.

36. The memory-cell array of claim 32 wherein a pair of
complimentary digit lines are coupled to each of the sense
amplifiers.

37. The memory-cell array of claim 36 wherein each pair
of complimentary digit lines extend through the same array
of memory cells in a folded digit line architecture.

38. A memory device formed in a semiconductor substrate
and tncluding address, data, and control buses, comprising:

an array of memory cells arranged in rows and columns;

a plurality of digit lines each coupled to a plurality of
memory cells in an associated column;

a plurality of word lines each coupled to each memory
cell in an associated row;

a plurality of sense amplifiers each coupled to a respec-
five digit line;

a plurality of input/output lines disposed substantially
parallel to the digit lines;

a row address decoder coupled to the address bus and to
the word lines, the row address decoder decoding a row
address applied on the address bus and activating a
word line corresponding to the decoded row address;

a plurality of switches each coupled between a respective
sense amplifier and one of the input/ouiput lines;

at least two column select lines each coupled to a respec-
tive control input of a plurality of the switches, the
column select lines being disposed substantially per-
pendicular to the digit lines;

a column address decoder coupled to the address bus and
fo the column select lines, the column address decoder
decoding a column address applied on the address bus
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and activating a column select line corresponding to
the decoded column address;

a data path circuit coupled to the data bus and operable
to transfer data placed on the input/output lines to the
data bus during read operations and fo transfer data
applied on the data bus to the input/output lines during
write operations, and

a control circuit coupled to the control bus, row and
column address decoders, and data path circuit, oper-
able to control such decoders and data path circuit
responsive to control signals received on the control
bus.

39. The memory device of claim 38, further including
several banks of arrays, each bank including input/output
lines transferring data to and from the data path circuit.

40. The memory device of claim 38 wherein the memory
device comprises an SLDRAM.

41. The memory device of claim 38 wherein the array of
memory cells includes 512 input/output lines and two col-
umn select lines.

42. The memory device of claim 38 wherein a pair of
complimentary digit lines are coupled to each of the sense
amplifiers.

43. The memory device of claim 42 wherein each patr of
complimeniary digit lines extend through the same array of
memory cells in a folded digit line architecture.

44. A memory device formed in a semiconductor substrate
and tncluding address, data, and control buses, comprising.

an array of memory cells arranged in rows and columns,
the array of memory cells comprising 512 input/output
lines and 2 column select lines;

a plurality of digit lines each coupled to a plurality of
memory cells in an associated column;

a plurality of word lines each coupled to each memory
cell in an associated row;

a plurality of sense amplifiers each coupled to a respec-
five digit line;

a row address decoder coupled to the address bus and to
the word lines, the row address decoder decoding a row

address applied on the address bus and activating a
word line corresponding to the decoded row address;

a column address decoder coupled to the address bus and
fo the column select lines, the column address decoder
decoding a column address applied on the address bus
and causing a plurality of the sense amplifiers corre-
sponding to the decoded column address to be coupled
[o respective ones of the input/ouiput lines;

a data path circuit coupled to the data bus and operable
lo transfer data placed on the input/output lines to the
data bus during read operations and fo transfer data
applied on the data bus to the input/ouiput lines during
write operations; and

a control circuit coupled to the control bus, row and
column address decoders, and data path circuit, oper-
able to control such decoders and data path circuit
responsive to control signals received on the control
bus.

45. The memory device of claim 44, further including
several banks of arrays, each bank including input/output
lines transferring data to and from the data path circuit.

46. The memory device of claim 44 wherein the memory
device comprises an SLDRAM.

47. The memory device of claim 44 wherein the input/
output lines are disposed substantially parallel to the digit
lines.
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48. The memory device of claim 44 wherein a pair of
complimentary digit lines are coupled to each of the sense
amplifiers.

49. The memory device of claim 48 wherein each pair of
complimentary digit lines extend through the same array of

memory cells in a folded digit line architecture.
50. An Embedded DRAM, comprising:

logic circuitry formed in a semiconductor substrate hav-
ing address, data, and control busses;

an array of memory cells arranged in rows and columns;

a plurality of word lines each coupled to each memory
cell in an associated row;

a plurality of digit lines each coupled to a plurality of
memory cells in an associated column;

a plurality of sense amplifiers each coupled to an asso-
ciated one of the digit lines;

a plurality of input/output lines;

a plurality of switches each coupled between a respective
one of the sense amplifiers and one of the input/output
lines;

a pair of column select lines each coupled to a respective
control terminal of a plurality of the switches;

a row address decoder coupled to the address bus and to
the word lines, the row address decoder decoding a row
address applied on the address bus and activating a
word line corresponding to the decoded row address;

a column address decoder coupled to the address bus and
fo the column select lines, the column address decoder
decoding a column address applied on the address bus
and activating a column select line corresponding to
the decoded column address;

a data path circuit coupled to the data bus and to the
input/output lines of the array, the data path circuit
operable to transfer data received on the input/output
lines to the data bus during read operations and to
transfer data applied on the data bus to the input/
output lines during write operations; and

a control circuit coupled to the control bus, row and
column address decoders, and data path circuit, oper-
able to control such decoders and data path circuit
responsive to control signals received from the logic
circuitry on the control bus.

51. The Embedded DRAM of claim 50 wherein the input/

output lines are disposed substaniially parallel to the digit
lines and the column select lines are disposed substantially

perpendicular to the digit lines.
52. The Embedded DRAM of claim 50 wherein each of the

sense amplifiers is coupled to a pair of complimentary digit
lines that extend through the same array of memory cells in

a folded digit line architecture.
53. An Embedded DRAM, comprising:

logic circuitry formed in a semiconductor substrate hav-
ing address, data and control busses;

an array of memory cells arranged in rows and columns;

a plurality of word lines each coupled to each memory
cell in an associated row;

a plurality of digit lines each coupled to a plurality of
memory cells in an associated column;

a plurality of sense amplifiers each coupled to an asso-
ctated one of the digit lines;

a plurality of input/output lines;

a row address decoder coupled to the address bus and to
the word lines, the row address decoder decoding a row
address applied on the address bus and activating a
word line corresponding to the decoded row address;
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a column address decoder coupled to the address bus and
fo column select lines, the column address decoder
decoding a column address applied on the address bus
and causing a plurality of the sense amplifiers corre-
sponding to the decoded column address to be coupled
lo respective ones of the input/ouiput lines;

a data path circuit coupled to the data bus and to the
input/output lines of the array, the data path circuit
operable to transfer data received on the input/output
lines to the data bus during read operations and to
transfer data applied on the data bus to the input/
output lines during write operations; and

a control circuit coupled to the conirol bus, row and
column address decoders, and data path circuit, oper-
able to control such decoders and data path circuit
responsive to control signals received from the logic
circuitry on the control bus.

54. The Embedded DRAM of claim 53 wherein the input/
output lines are disposed substantially parallel to the digit
lines.

55. The Embedded DRAM of claim 53 wherein each of the
sense amplifiers is coupled to a pair of complimentary digit
lines that extend through the same array of memory cells in
a folded digit line architecture.

56. A packetized dynamic random access memory formed
in a semiconductor substrate, comprising.

a clock generator circuit generating an internal clock
signal having a phase relative to an external clock
signal determined by a phase command signal;

at least one memory array COmprising:

a plurality of memory cells arranged in rows and
columns, the memory cells adapted to store data at
a location determined by a row address and a
column address in a packet;

a plurality of word lines each coupled to each memory
cell in an associated row;

a plurality of digit lines each coupled to a plurality of
memory cells in an associated column;

a plurality of sense amplifiers each coupled to an
assoctated digit line;

a plurality of input/output lines;

a plurality of switches each coupled to between a
respective one of the sense amplifiers and one of the
input/output lines, and

a pair of column select lines each coupled to a respec-
ttve control input of a plurality of the switches;

a row address circuit adapted to receive and decode the
row address, and activate a word line corresponding to
the row address responsive to a first set of command
signals;

a column address circuit adapted fo receive and decode
the column address, the column address circuit acti-
vating a column select line corresponding to the
decoded column address responsive to a second set of
command signals;

a data path circuit adapted to couple data between an
external terminal and the input/output lines responsive
o a third set of command signals; and

a command generator receiving command packets indica-
live of a command, a row address and a command
address, the command generator applying the first,
second, and third sets of command signals to the row
address circuit, column address circuit, and data path
circuit, respectively, to transfer data to and from the
packetized dynamic random access memory.

57. The packetized dynamic random access memory of

claim 56 wherein the input/output lines are disposed sub-



US RE38,935 E

23

stanttally parallel to the digit lines and the column select
lines are disposed substantially perpendicular to the digit
lines.

58. The packetized dynamic random access memory of
claim 56 wherein the memory-cell array includes 512 input/
output lines and two column select lines.

59. The packetized dynamic random access memory of
claim 56 wherein each of the sense amplifiers is coupled to
a patr of complimentary digit lines that extend through the
same array of memory cells in a folded digit line architec-
[ure.

60. A computer system, COmMpPrising:

a processor having a processor bus;

an input device coupled to the processor through the

processor bus adapted to allow data to be entered into
the computer system;

an output device coupled to the processor through the

processor bus adapted to allow data to be output from
the computer system; and

a memory device coupled to the processor through the

processor bus, the memory device ncluding address,

data, and control buses, the memory device compris-

Ing.

an array of memory cells arranged in rows and col-
UMLS;

a plurality of digit lines each coupled to a plurality of
memory cells in an associated column;

a plurality of word lines each coupled to each memory
cell in an associated row;

a plurality of sense amplifiers each coupled to a
respective digit line;

a plurality of input/output lines;

a row address decoder coupled to the address bus and
to the word lines, the row address decoder decoding
a row address applied on the address bus and
activating a word line corresponding to the decoded
row address;

a plurality of swiiches each coupled between a respec-
[tve sense amplifier and one of the input/output lines;

at least two column select lines each coupled to a
respective control input of a plurality of the switches;

a column address decoder coupled to the address bus
and to the column select lines, the column address
decoder decoding a column address applied on the
address bus and activating a column select line

corresponding to the decoded column address;

a data path circuit coupled to the data bus and operable
lo transfer data placed on the input/output lines to the
data bus during read operations and to transfer data
applied on the data bus to the input/ouiput lines during
write operations; and

a control circuit coupled to the control bus, row and
column address decoders, and data path circuit, oper-
able to control such decoders and data path circuit
responsive to control signals received on the control
bus.

01. The computer system of claim 00, further including
several banks of arrays, each bank including input/output
lines transferring data to and from the data path circuit.

62. The computer system of claim 60 wherein the memory
device comprises an SLDRAM.

63. The computer system of claim 00 wherein the input/
output lines are disposed substantially parallel to the digit
lines and the column select lines are disposed substantially
perpendicular to the digit lines.

64. The computer system of claim 60 wherein the array of
memory cells includes 512 input/output lines and two col-
umn select lines.
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65. The computer system of claim 60 wherein a pair of

complimeniary digit lines are coupled to each of the sense
amplifiers.

00. The computer system of claim 60 wherein each pair of

complimentary digit lines extend through the same array of
memory cells in a folded digit line architecture.

67. A computer system, COmprising.
a processor having a processor bus;

an tnput device coupled to the processor through the
processor bus adapted to allow data to be entered into
the computer system,

an output device coupled to the processor through the
processor bus adapted to allow data to be output from
the computer system; and

an embedded DRAM coupled to the processor through the
processor bus, the embedded DRAM comprising:
logic circuitry formed in a semiconductor substrate
having address, data, and control busses;

an array of memory cells arranged in rows and col-
UmMnNs;

a plurality of word lines each coupled to each memory
cell in an associated row;

a plurality of digit lines each coupled to a plurality of
memory cells in an associated column;

a plurality of sense amplifiers each coupled to an
associated one of the digit lines;

a plurality of input/output lines;

a plurality of switches each coupled between a respec-
ftve one of the sense amplifiers and one of the
input/output lines;

a pair of column select lines each coupled to a respec-
ttve control terminal of a plurality of the switches;

a row address decoder coupled to the address bus and
to the word lines, the row address decoder decoding
a row address applied on the address bus and
activating a word line corresponding to the decoded
row address;

a column address decoder coupled to the address bus
and to the column select lines, the column address
decoder decoding a column address applied on the
address bus and activaiing a column select line
corresponding to the decoded column address;

a data path circuit coupled to the data bus and to the
input/output lines of the array, the data path circuit
operable to transfer data received on the input/
output lines to the data bus during read operations
and to transfer data applied on the data bus to the
input/output lines during write operations; and

a control circuit coupled to the control bus, row and
column address decoders, and data path circuit,
operable to control such decoders and data path
circuit responsive to control signals received from
the logic circuitry on the control bus.

08. The computer system of claim 67 wherein the input/

output lines are disposed substaniially parallel to the digit
lines and the column select lines are disposed substantially
perpendicular to the digit lines.

69. The computer system of claim 67 wherein each of the

sense amplifiers is coupled to a pair of complimentary digit
lines that extend through the same array of memory cells in
a folded digit line architecture.

70. A computer system, comprising:
a processor having a processor bus;

an nput device coupled to the processor through the
processor bus adapted to allow data to be entered into
the computer system;
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an oulput device coupled to the processor through the
processor bus adapted to allow data to be output from
the computer system; and

a packetized dynamic random access memory coupled to
the processor bus to receive a packet from the
processor, the packetized dynamic random access
Memory COmprising.

a clock generator circuil generating an internal clock
signal having a phase relative to an external clock
signal determined by a phase command signal;

at least one memory array COmprising:

a plurality of memory cells arranged in rows and
columns, the memory cells adapted to store data at
a location determined by a row address and a
column address in a packet;

a plurality of word lines each coupled to each
memory cell in an associated row;

a plurality of digit lines each coupled to a plurality
of memory cells in an associated column;

a plurality of sense amplifiers each coupled to an
assoctated digit line;

a plurality of input/output lines;

a plurality of swiiches each coupled to between a

respective one of the sense amplifiers and one of

the input/output lines, and

a pair of column select lines each coupled to a
respective control input of a plurality of the
switches,

a row address circuit adapted to receive and decode the
row address, and activate a word line corresponding to
the row address responsive to a first set of command
signals;

a column address circuit adapted to receive and decode
the column address, the column address circuit acti-
vating a column select line corresponding to the

decoded column address responsive to a second set of
command signals;

a data path circuit adapted to couple data between an
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o a third set of command signals; and

a command generator receiving command packets indica-
live of a command, a row address and a command
address, the command generator applying the first,
second, and third sets of command signals to the row
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address circuit, column address circuit, and data path
circuit, respectively, to transfer data to and from the
packetized dynamic random access memory.

71. The computer system of claim 70 wherein the input/
output lines are disposed substaniially parallel to the digit
lines and the column select lines are disposed substantially
perpendicular to the digit lines.

72. The computer system of claim 70 wherein the memory-
cell array includes 512 input/output lines and two column
select lines.

73. A memory-cell array formed in a semiconducior
substrate, comprising.:

a plurality of memory cells arranged in rows and col-
UMNS;

a plurality of digit lines each coupled to a plurality of
memory cells in an associated column;

a plurality of word lines each coupled to the memory cells
in an associated row;

a plurality of sense amplifiers each coupled to a respec-
five digit line;

a plurality of input/output lines each coupled to at least a
pair of the sense amplifiers through a respective switch,

the nput/output lines being formed substanitially par-
allel to the digit lines; and

at least two column select lines each coupled to a control
input of a plurality of the switches, the column select
lines being substantially perpendicular to the digit
lines.

74. The memory-cell array of claim 73 wherein each
switch includes an NMOS transisior.

75. The memory-cell array of claim 73 wherein the
memory-cell array includes 512 input/output lines and two
column select lines.

76. The memory-cell array of claim 73 wherein each
switch is coupled to first and second column select lines, and
couples an associated data line to one of two associated
sense amplifiers responsive to respective column select
signals received on the first and second column lines.

77. The memory-cell array of claim 76 wherein each pair
of complimentary digit lines extend through the same array
of memory cells in a folded digit line architecture.
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