
2246219 SINGLE IN-LINE DRAW MEMORY MODULE BACKGROUND OF THE INVENTION 1.
FIELD OF THE INVENTION: The present invention relates to the field of
computer memories, 5  and more particularly, to an improved single in-line
dynamic random access memory (DRAM) module for storing and retrieving data
in a computer system. 2.   ART BACKGROUND: Computer systems commonly
utilize banks of dynamic random 10  access memory (DRAM) for storing data
and computer programs for a variety of tasks. For example, in a bit map
computer display system, each pixel disposed on a cathode ray tube (CRT)
display is assigned a single bit digital value to represent the pixel in
memory, or a multiple bit digital value to represent color. Computers have
traditionally addressed their memories in 8 bit, 16 bit, 32 bit, 15  64 bit
or larger increments. Typically one memory cycle has the capability of
transferring a predetermined number of bits. Over the years since the
advent of digital computers, a variety of memory configurations and
architectures have been developed to maximize the performance of data
processing systems. As will be described, the present invention discloses
an improved single in-line 20  memory module containing a plurality of
DRAMS for use in a digital computing system. A number of computing systems,
such as the engineering workstations manufactured by the assignee of the
present application, Sun 25   Microsystems, Inc., have provided dynamic RAM
memory through the use of DRAM modules, which plug into the main printed
circuit board ("mother board") of the workstation. These DRAM modules
provide a known amount of memory per module, with predetermined cycle times
and operating modes. For example, a DRAM module offered by the Toshiba
Corporation provides 72 



30  megabits, 36 megabits, and other combinations of RAM storage capacity,
on printed circuit boards for insertion into memory expansion slots on
computer    mother boards. However, these prior art DRAM modules provide
limited bandwidth for data transfer to and from the processor, and further
lack many of the capabilities (such as error correction and control)
desirable in modern computer systems. 5 As will be described, the present
invention provides an improved single in-line DRAM memory module which may
be used in conjunction with modern engineering workstations or other
digital computers. The present invention utilizes unique cross bar switches
(CBS) for the multiplexing and lo  pipelining of data. Moreover, the
present invention permits the memory controller to conduct error detection
and recovery on data stored within the DRAMS. -2-    SUMMARY OF THE
INVENTION An improved single-in-line dynamic RAM memory module is disclosed
for use in a data processing system. The data processing system 5  includes
a processor coupled to a system bus. A memory controller is also coupled to
the system bus and to a memory bus in communication with a plurality of
single in-line memory modules (SIMMs). Each SIMM comprises a plurality of
DRAMS coupled to four cross bar switches (CBSs), such that 



address and data information is provided to the DRAMs through the cross bar
10  switches. Each CBS includes a counter and decoder which controls a
multiplexor. The multiplexor is coupled to enable ID logic, and four input
registers [err]    such that register AR is coupled to the output of the
multiplexor, and the remaining registers are coupled to the input side of
the multiplexor. An input buffer on the CBS is coupled to four input
registers (A'w, 15 B'w, C'w, Dw). In addition, three of the input registers
(A'w, B'w, C'w) are coupled to intermediate input registers [err] and Cw.
During each refresh cycle of the DRAMs on the SIMM, enable ID logic
provides a unique 2-bit ID value to the memory controller, thereby forming
an ID byte. (The sum of all ID bits from each CBS.) The ID byte identifies
the manufacturer of the DRAMs, 20  their size and speed. In operation, the
address of data to be read is provided by the processor (or other device)
to the memory controller. The memory controller transmits the address over
a memory bus to the SIMMs. Each CBS disposed 25  on each SIMM receives a
portion of the address, and amplifies and retransmits the address to the
DRAMs. The memory controller issues appropriate control signals to read
stored data, and data is provided by the DRAMs to each CBS. The data
provided to each CBS is sequentially stored (in 4-bit groups) into
registers [err] and [err] such that as soon as data is present in register
AR 30  it is shifted out onto the memory bus. Once data in register AR is
shifted out, the counter and decoder logic selects the multiplexor such
that data stored in -3-    registers [err] and DR is shifted through
register AR and out onto the memory bus. 



In the case of a write operation, the address and data to be stored 5  in
the DRAMs is provided to the memory controller over the system bus, the
memory controller transmits the address and data to each SIMM on the memory
bus. Upon receiving a portion of the full address, each CBS disposed on
each SIMM amplifies and retransmits the address over the address and
control bus to the DRAMs. The data to be stored is received (in 4-bit
groups) by each 10  CBS, over the memory bus, through an input buffer which
is enabled by the counter and decode logic. The received data is
sequentially stored in registers [err]   and [err]. Once data is stored in
register Dw, data stored in registers [err]  and [err] is shifted into
intermediate registers Aw, Bw and Cw. Thereafter, the data is again shifted
out in parallel onto the data bus to the 15  DRAMs for storage. -4-
BRIEF DESCRIPTION OF THE DRAWINGS FIGURE 1 is a functional block diagram of
a typical data processing system employing the teachings of the present
invention. 5 FIGURE 2 is a functional block diagram illustrating the
present invention's cross bar switches (CBS) disposed within each single
in-line memory module (SIMM). 10             FIGURE 3 is a functional block
diagram of each cross bar switch utilized by the present invention. FIGURE
4 is a timing diagram which illustrates a sequence of various signals
employed by the present invention during a write mode. 15 



FIGURE 5 is a timing diagram of various signals employed by the present
invention during a read operation. FIGURE 6 is a timing diagram
illustrating the sequence of 20  operations utilized by the present
invention during a refresh operation. FIGURE 7 conceptually illustrates the
present invention's use of bit scattering to minimize data loss in the
event of a DRAM malfunction.    DETAILED DESCRIPTION OF THE INVENTION An
improved single in-line memory module (SIMM) employing dynamic random
access memories (DRAMs) is disclosed having particular 5  application for
use by a digital computer for storing and retrieving data and programs. In
the following description for purposes of explanation, numerous details are
set forth such as specific memory sizes, bandwidths, data paths, etc. in
order to provide a thorough understanding of the present invention.
However, it will be apparent to one skilled in the art that these specific
details 10  are not required in order to practice the present invention. In
other instances, well known electrical structures and circuits are shown in
block diagram form in order not to obscure the present invention
unnecessarily. Referring now to FIGURE 1, one possible computer system in
15  which the teachings of the present Invention may be utilized is
illustrated. A processor 10 is coupled to a system bus 12 for communicating
with various system components, including input/output devices 14, as well
as a memory controller 16 which is also coupled to the system bus 12. As
will be described more fully below, processor 10 stores and retrieves data,
which may comprise 20  programs and/or alphanumeric and other data in
single in-line memory modules (SIMMs) 20, 21, 22, and 23. As illustrated,
SIMMs 20 through 23 communicate 



with the memory controller 16 over a memory bus 24. In addition, a clock 26
provides timed digital clock signals over memory bus 24 to the SIMMs 20
through 23. Although FIGURE 1 illustrates four single in-line memory
modules 25  coupled to memory bus 24, it will be appreciated by one skilled
in the art that the present invention may be used with various numbers of
SIMMs coupled to the memory bus 24. In operation, processor 10 stores data
in dynamic random access 30  memory (DRAM) disposed within each of the
SIMMs 20 through 23. Data to be stored by processor 10 is provided to the
memory controller 16 over the system    bus 12. The memory controller then
couples the address of the data storage locations in the SlMMs to the
memory bus 24, along with the data to be stored. As will be described,
various control signals are provided by the memory controller 16 to
accomplish storage as well as the retrieval of data in the 5  SlMMs. In
addition, it should be noted that row address and column address strobes
for DRAMs disposed in the SlMMs are provided by the memory controller 16,
and other timing signals associated with the storage and retrieval of data
in the SlMMs are also provided by the memory controller 16. Accordingly,
the present invention's single in-line memory module may utilize 10
dynamic random access memory having a variety of storage capabilities,
since all timing signals originate from the memory controller 16. In the
presently preferred embodiment, SlMMs 20 through 23 are utilized in a
memory system with a data transfer size of 64 data bytes for each 15
transaction. In addition, 8 error check bits are provided for each 64 bits
of data. Each SIMM (20 through 23) supplies 16 bits of data and 2 bits for
error checking. In the presently preferred embodiment, four SlMMs are
utilized to 



supply 72 bits for one data transfer transaction. Currently, the DRAMS
utilized by the present invention, which are disposed in SlMMs 20 through
23, operate 20  using a 100 nanosecond access rate, and two consecutive
accesses are required to get 64 bytes of data. However, utilizing the
present invention's cross bar switch (CBS) on each SIMM, a translation of
the 32 bytes at 100 nanoseconds results In an actual data transfer rate of
8 bytes at 25 nanoseconds over the memory bus 24 to the controller 16. 25
Referring now to FIGURE 2, each SIMM (20 through 23), illustrated in FIGURE
1, comprises sixteen DRAMs coupled to four cross bar switches (CBSs)
Including CBS0, CBS1, CBS2, and CBS3, as shown in FIGURE 2. Each SIMM (for
example SIMM 20 as shown in FIGURE 2) 30 includes four cross bar switches
(CBS0 through CBS3), wherein each cross bar switch Is coupled to the memory
bus 24 as illustrated. Sixteen dynamic -7-    RAMs (DRAMs) are coupled to
an address and control bus 50, and provide,a total of 64 bits of data to a
data bus 60, as shown. In addition, two DRAMs, shown In FIGURE 2 as DRAM 52
and DRAM 55, each provide four error checking bits to two of the cross bar
switches (in the case illustrated in 5  FIGURE 2, DRAM 52 provides four
check bits to CBSO, and DRAM 55 provides four check bits to CBS2). As
illustrated, data provided by the sixteen DRAMs Is coupled to data bus 60,
and thereby provided to each of the cross bar switches and ultimately
transmitted on memory bus 24. In the presently preferred embodiment, each
CBS comprises an ASIC, however, it will be 10  appreciated that the cross
bar switches may also be fabricated using standard 



cell, custom or semi-custom fabrication techniques. In the preferred
embodiment, each SIMM (see FIGURE 1) provides 16 bits of data, such that
the sum of the output of SIMMs 20 through 15  23 provide a total of 64 bits
of data, which comprises one "word" in the computer system. In addition,
each SlMM (20 through 23) provides two bits of error check bits, thereby
resulting in an eight bit error check byte. Of the sixteen bits of data
provided by each SIMM, each cross bar switch (see FIGURE 2) contributes
four bits of data, and as illustrated in FIGURE 2, each 20  cross bar
switch provides four data lines to the memory bus 24, and is also coupled
to the memory bus 24 by three address lines. The operation of each cross
bar switch within the SIMM will be described more fully below. In
operation, processor 10 provides an address to read data from, 25  or write
data into, SIMMs 20 through 23. The address is coupled over the memory
system bus 12 to the memory controller 16. The memory controller 16 couples
the address to the memory bus 24, which, depending on the bit value of the
address, parses the address bits (presently three bits at a time) to each
of the respective cross bar switches on each of the SlMMs (see FIGURE 2).
As 30  will be described, each cross bar switch amplifies the address, and
couples Its portion of the address to the address and control bus 50, such
that the address -8-    bits are provided to the 16 DRAMs of FIGURE 2.
Addresses associated with DRAM 52 or DRAM 55 for error checking are
similarly coupled to the appropriate DRAM through either CBS0 or CBS2, as
illustrated in FIGURE 2. In the presently preferred embodiment, the error
detection and correction 5  method used is known as "single bit error
correction/double bit error 



detection/single-4-bit byte error detection" (SEC-DED-S4ED). However, it
will be appreciated by one skilled in the art that a variety of error
detection and correction mechanisms may be utilized in accordance with the
teachings of the present invention. In addition, in the present embodiment
error detection and lo  correction is accomplished by memory controller 16,
although, in other applications processor 10 may be used for these
functions. Referring now to FIGURE 3, each cross bar switch (CBS) is
comprised of the elements illustrated. As shown, three lines comprising a
three 15  bit memory address (MEMADDR) is coupled from the memory bus 24
into a memory address register 70. Similarly, two lines of memory control
(illustrated as a single line into each CBS of FIGURE 2) are coupled,
respectively, to registers 72 and 74. An LDL control line is also coupled
to the memory bus 24, and provides signals to initiate a memory access
cycle, and as illustrated 20  in FIGURE 3, the LD_L line is coupled to a
register 76. A direction read (Direc.RD) fine provides signals which
designate operations as either read or write operations into the DRAMs. The
direction read signal is provided over a Direc.RD line coupled to the
memory bus 24, and as shown, the line is coupled to register 78. 25 In
operation, the CBS receives a memory address (MEMADDR) corresponding to an
address in one of the SIMM DRAMs, over memory bus 24. The address and
memory control signals (CTRL1 and CTRLO) are received by each CBS, and
stored in register 70, 72, and 74, respectively. The CBS 30  amplifies and
retransmits the memory address to the address and control bus 50 (see
FIGURES 2 and 3). -9-   



Assume for sake of example that the processor 10 initiates a read operation
to retrieve data stored in SlMMs 20 through 23. Processor 10 applies the
address (MEMADDR) of the stored data to system bus 12, and the 5  address
is received by memory controller 16 which applies it to the memory bus 24.
As previously described, within each SIMM are disposed four cross bar
switches. Each CBS within the respective SIMM receives three bits of the
address along with control signals (including row address strobe (RAS) and
column address strobe (CAS) signals) which are stored in register 70, 72
and lo  74, respectively. The address (MEMADDR) is shifted out of register
70 in each CBS and onto the address and control bus 50, which Is in turn
coupled to the dynamic RAMS (see FIGURE 2). As best Illustrated in FIGURE
5, the timing of the various signals applied to the CBS is such that the
memory controller 16 applies a Direc.RD signal (high) to each CBS. The
Direc.RD signal is stored in 15  register 78. As shown in FIGURE 3, a
counter and decoder circuit 90 is coupled to both register 76 as well as
register 78. Generally concurrent with the application of the Direc.RD
signal, the memory controller 16 applies a LDL 20  signal (low) to register
76. The LD_L and Direc.RD signals are received by the counter and decoder
90. In a read operation, the counter and decoder 90 enables an output
buffer 95, and latches data read from the DRAMs, and provided over data bus
60, into buffers 100, 101, 102 and 103, along with the respective error
checking and correction bits (ECC). The retrieved data is then 25  latched
Into buffers 100 through 103 after a predetermined number of cycles.
Reference is made to the timing diagram of FIGURE 5 for the particular
sequence of signals, Including RAS, CAS, LDL and Direc.RD signal sequence
utilized by the present Invention. 30             The counter and decoder
90 further controls multiplexer 110, 



such that once data read from the DRAMs Is received in buffers 100 through
-10-    103, the following steps occur: Immediately upon receiving the
first four bits of data in buffer 100, the data in buffer 100 is
transferred through the multiplexer 110, and stored in register AR. Then,
sequentially as data is received in buffers 101, 102 and 103, the
corresponding data is stored is registers [err] and DR. 5  Substantially
concurrent with the receipt of data in register AR, the four bits of data
stored in register AR are shifted out over MEM DATA lines, in parallel to
the memory bus 24. Once the data bits stored in register AR are shifted
through the output buffer 95, multiplexer 110, as controlled by counter and
decoder 90, sequentially selects registers [err]  and DR such that the
contents of these io  registers are also shifted out onto the memory bus 24
through the output buffer 95. In addition to the four bits of data shifted
through output buffer 95 in each CBS in a SIMM, an additional one error
checking bit (ECC) is also provided. It will be appreciated from the
previous discussion of the structure and operation of each SIMM, that the
16 bits of data outputted from each CBS form a 64 bit 15  data word along
with an 8 check bits (ECC). Referring once again to FIGURES 2, 3 and 4, the
sequence of operations executed by the present invention will be described
with respect to writing data into DRAMs disposed in each SIMM. In the event
that processor 20  10, or other I/O device, writes data into the SIMM
memory array, the data as well as address of the storage location within
the DRAM memory is coupled to the memory controller 16 through bus 12.
Memory controller 16 applies the address for the data to be written to the
memory bus 24, which is in turn coupled to SlMMs 20 through 23. In
addition, the memory controller 16 applies 



25  control signals (RAS and CAS) to the memory bus 24, which are received
by each CBS in the respective SIMMs. As in the case of a read operation,
three bits of the address are received by each CBS disposed on a SIMM along
with two control bits, CTRL1 and CTRL0. Each CBS clocks the address and
control bits into registers 70, 72 and 74, respectively, and then amplifies
and 30 retransmits these signals to the DRAMs over address and control bus
50. As illustrated best in FIGURES 3 and 4, the memory controller 16
maintains the    Direc.RD line in a low state, and provides an LD L pulse
to begin the write operation. Upon the receipt of the LD-L signal, counter
and decoder 90 disables the output buffer 95 and enables an input buffer
120. The data to be stored is then applied by memory controller 16 to the
memory bus 24, and for 5  each CBS, four bits are provided (plus one ECC
check bit) serially to the input buffer 120. Each CBS (see FIGURE 3)
progressively stores each four bit group of data in registers [err]  and
[err] however, the fourth cycle to be received is stored directly in
register Dw. When the last group of four bits of data are stored in
register [err] CBS shifts data stored in [err]  and [err] into 10
registers [err] and [err] respectively. Once shifted into these registers,
the data immediately appears on the output of the data and control bus 50,
through buffers 125, 126, 127, and 128. Reference is made to FIGURE 4 for
an identification of the various signals and sequences of signals provided
by memory controller 16, in order to accomplish a write operation using the
15  present invention. Referring to FIGURES 2 and 3, the present
invention's use of an ID number to Identify the vendor of the particular
DRAMs, along with the size and speed of the DRAMs, is reported as part of
an eight bit identification byte. 



20  In the event a Direc.RD signal is applied to register 78 and counter
and decoder 90 without a corresponding LD-L pulse, the counter and decoder
90 signal enable ID logic circuitry 150, which couples a two bit ID value
to each CBS. The two bit ID value is determined by hard wiring each of the
bit lines either to ground or to Vcc (see FIGURE 2). This two bit ID value
Is coupled 25  through multiplexer 110, and shifted through register [err]
and output buffer 95, onto the memory bus 24 as data. It will be
appreciated since there are four CBS devices on each SIMM, that since each
CBS reports two bits of the ID byte, that a total of eight bits are
reported for each SIMM. 30             With reference to FIGURE 6, in the
presently preferred embodiment memory controller 16 Initiates a refresh
mode which Is required in -12-    accordance with the particular DRAMs
utilized in the SIMM. The present invention incorporates circuitry such
that each time the memory controller 16 generates a refresh cycle, the ID
byte is coupled onto the memory bus data lines as described above. The use
of the identification byte by the present 5  invention permits various
types of DRAMs to be incorporated in the SIMMs without the need to redesign
either the SIMM architecture or CBS. In addition, no specific timing
circuitry need be provided in the CBS, since all timing is completed
through the memory controller 16 based on the type of DRAMs utilized as
reported by the ID byte. 10 Referring now to FIGURE 7, the present
invention's use of bit scattering to minimize data loss in the event of a
DRAM malfunction is described. As best shown in the figure, for each 64 bit
word provided by each 



SIMM in the system illustrated in FIGURE 1, each bit comprising the 64 bit
15  word originates from a different DRAM. As previously described, each
DRAM provides 4 bits of data, however, the present invention requires that
on each cycle only one bit of data and one check bit is provided by a DRAM.
In addition, as shown in FIGURE 7, it will be appreciated that for each 64
bit word, in each cycle, the same bit is provided by each DRAM.
Accordingly, in 20  the event of a DRAM malfunction, only one bit of data
per cycle is lost. The loss of one bit per cycle due to a defective DRAM
does not constitute a fatal error condition, and in accordance with the
teachings of the present invention, the error would be detected and easily
corrected by the memory controller 16. The structure illustrated in FIGURE
7 may be contrasted with an architecture 25  wherein a single DRAM provides
4 bits of sequential data for the same word. It will be appreciated, that
in such event, the loss of the DRAM will result in the loss of 4 bits out
of 64 bits. The loss of a 4 bit group out of a 64 bit word could prove
fatal and nonrecoverable. Accordingly, the present invention's bit
scattering structure shown in FIGURE 7 minimizes data loss in the event of
a 30  malfunction and maximizes the probability of error correction once an
error is detected. -13-    C L A I M S 1.   A data processing system,
comprising: 5        memory controller means for providing memory
addresses, data and control signals; a plurality of memory modules coupled
to said memory controller, each of said modules including: 



a plurality of memory devices for storing and retrieving data; 10
cross bar switch means coupled to said memory devices and said memory
controller means, said cross bar switch means including a plurality of
cross bar switches (CBS), each of said cross bar switches receiving a
respective portion of a memory address provided by said memory controller
means and providing said address portion to at least one predefined memory
device, each of 15       said CBS further including input/output means for
providing data from said memory controller means to said predefined memory
device, and receiving data from said predefined memory device for transfer
to said memory controller means. 20 2.   The data processing system as
defined by claim 1, wherein each of said cross bar switches is coupled to
said memory devices over a data and an address/control bus. 25    3.   The
data processing system as defined by claim 2, wherein in the event of a
read operation, upon the receipt of first predefined control signals from
said memory controller means, each of said CBS receives data from said
predefined memory device and provides said received data to said memory 5
controller means. 4.   The data processing system as defined by claim 3,
wherein in the 10  event of a write operation each of said CBS receives
data to be stored from said memory controller means and upon receipt of
second predefined control signals from said memory controller means, said
CBS stores said data in said 



predefined memory device. 15 5.   The data processing system as defined by
claim 4, wherein each CBS includes: first input register means coupled to
said data bus for receiving data from 20  said memory devices; multiplexor
means coupled to said Input register means and to counter and decoder
means, said multiplexor shifting said received data out to said memory
controller means upon the receipt of multiplexor control signals from said
counter and decoder means. 25 6.   The data processing system as defined by
claim 5, wherein said CBS further includes: 30        second input register
means for receiving from said memory controller means data to be stored in
said predefined memory device.    7.   The data processing system as
defined by claim 6, wherein said second input register means includes
registers [err]   and [err] and 5  wherein registers [err]   are coupled,
respectively, to intermediate registers [err]   , such that data provided
by said memory controller means to be stored in said predefined memory
device is sequentially stored in N bit groups in each of said registers
[err]   and [err] and once in N bits of data are stored in register [err]
data previously stored in registers [err] 10  and [err] is shifted into
registers [err]  and [err] and then coupled to said data bus to said
predefined memory device. 15        8.   The data processing system as
defined by claim 6, wherein said 



first input register means Includes registers [err]   and [err] wherein
register A, Is coupled to the output of said multiplexor means and
registers [err]  and [err] are coupled between said data bus and the input
of said multiplexor means, such that data received from said memory devices
over said data bus is 20  sequentially stored, in N bit groups, In
registers [err]   and [err] 9.   The data processing system as defined by
claim 8, wherein said 25  data stored in register Ar Is shifted out to said
memory controller means and said muitiplexor means then sequentially shifts
out data stored in said registers [err]  and [err] to said memory
controller means. 30    10.  The data processing system as defined by claim
9, wherein said plurality of memory devices are coupled to said memory
controller means over a memory bus. 5 11.  The data processing system as
defined by claim 10, wherein said plurality of memory devices comprise 16
dynamic random access memory (DRAM) devices. 10 12.  The data processing
system as defined by claim 11, wherein said memory modules each contain 4
cross bar switches. 15 13.  The data processing system as defined by claim
12, wherein each CBS amplifies and retransmits said portion of a memory
address to said 20  predefined memory device over said address/control bus.
14.  The data processing system as defined by claim 13, wherein 



25  each CBS within each respective memory module receives an address
portion comprising three bits.    15.  The data processing system as
defined by claim 13. wherein said control signals provided by said memory
controller means includes row and column address strobe signals for said
DRAMs. 16.  The data processing system as defined by claim 15, wherein said
memory controller means is coupled to a processor over a system bus. 10 17.
The data processing system as defined by claim 16, wherein four memory
modules are coupled to said memory bus, each of said memory modules having
16 DRAMs. 15 18.  The data processing system as defined by claim 12,
wherein each of said memory modules further includes two DRAMs for storing
error 20  check bits (ECC), such that for each 4 bits of data provided to a
CBS, 1 error check bit is provided. 2 5       19.  The data processing
system as defined by claim 18, wherein each CBS outputs 4 bits which form a
64 bit data work for said data processing system. 30    20.  The data
processing system as defined by claim 6, further including enable ID means
coupled to said counter and decoder means for 



storing an x bit identifier. 5 21.  The data processing system as defined
by claim 20, wherein upon the receipt of a predetermined signal by said
counter and decoder means, said counter and decoder means couples said x
bit identifier to said 10  memory controller means. 22.  The data
processing system as defined by claim 21, wherein said 15  predetermined
signal is provided by said memory controller means. 23.  The data
processing system as defined by claim 21, wherein said 20  predetermined
signal is provided by a processor coupled to said memory controller means.
25        24.  The data processing system as defined by claim 21, wherein
said x bit identifier comprises a 2 bit value for each respective CBS. 30
25.  The data processing system as defined by claim 24, wherein a complete
identification value comprises 8 bits, 2 bits provided by each CBS.    26.
The data processing system as defined by claim 21, wherein said 5 x bit
identifier is coupled through said multiplexor means and said Ar register
to said memory controller means. 10        27.  The data processing system
as defined by claim 24, wherein said enable ID means is coupled to two 1
bit lines such that said 2 bit value is determined by hard wiring each of
said bit lines to either ground or a voltage source. 15 28. The data
processing system as defined by claim 24, wherein said x bit identifier
identifies the manufacturer, size and speed of said memory 



devices. 20 29. The data processing system as defined by claim 19, wherein
each bit comprising said 64 bit word is provided by a different DRAM, such
that 25  for each read operation only one bit of data and one check bit is
provided per DRAM. 30.    A data processing system, substantially as
hereinbefore described with reference to the accompanying drawings.    


