
1.  An apparatus comprising: (a) address and control signal generation
circuitry for receiving a start address of a memory access against a memory
unit of a computer system, and in response, generating a series of memory
addresses including a series of column addresses, and a plurality of
control signals including a column address strobe (CAS) signal to perform
the memory access, the memory unit being constituted with a plurality of
banks of extended data out dynamic random access memory (EDODRAM), the
column addresses being generated as a set of high order address bits common
to all the column addresses, supplemented by particularized sets of low
order address bits, one particularized set for each of the column
addresses, and the CAS signal being generated with a plurality of
corresponding active periods, one active period for each column address,
with each active period being shorter in time than an amount of time
required by a memory cell of the banks of EDODRAM to output or store data,
to allow early precharge of memory cells of the banks of EDODRAM in
preparation for response to the next column address; (b) a buffer coupled
to the address and control signal generation circuitry for storing and
outputting the set of high order address bits during the memory access to
lower power required of the address and control signal generation circuitry
to provide the set of high order address bits to the banks of EDODRAM;  



(c) a first address bus coupled to the buffer for delivering the set of
high order address bits to the banks of EDODRAM; and (d) a second address
bus coupled to the address and control signal generation circuitry for
directly delivering the particularized sets of low order address bits to
the banks of EDODRAM, bypassing the buffer, to allow the particularized
sets of low address bits, and therefore the column addresses, to be rapidly
provided to the banks of EDODRAM. 2 . The apparatus as set forth in Claim
1, wherein the address and control signal generation circuitry includes an
address generation portion having (a.1) a register for receiving and
storing the start address; (a.2) an incrementor for receiving a start
increment value and generating a plurality of incremental values in a
predetermined manner; and (a.3) an exclusive-OR (XOR) gate assembly coupled
to said register and said incrementor for generating the particularized
sets of low order address bits using said start address and said
incremental values. 3.  A system memory unit of a computer system, the
system memory unit comprising: (a) a plurality of banks of extended data
out dynamic random access memory (EDODRAM) for storing data; (b) address
and control signal generation circuitry for receiving a start address of a
memory access against the banks of EDODRAM, and in response, 



generating a series of memory addresses including a series of column
addresses, and a plurality of control signals including a column address
strobe (CAS) signal to perform the memory access, AMENDED SHEET    the
column addresses being generated as a set of high order address bits common
to all the column addresses, supplemented by particularized sets of low
order address bits, one particularized set for each of the column
addresses, and the CAS signal being generated with a plurality of
corresponding active periods, one active period for each column address,
with each active period being shorter in time than an amount of time
required by a memory cell of the banks of EDODRAM to output or store data,
to allow early precharge of memory cells of the banks of EDODRAM in
preparation for response to the next column address; (c) a buffer coupled
to the address and control signal generation circuitry for storing and
outputting the set of high order address bits during the memory access to
lower power required of the address and control signal generation circuitry
to provide the set of high order address bits to the banks of EDODRAM; (d)
a first address bus coupled to the buffer and the banks of EDODRAM for
delivering the set of high order address bits to the banks of EDODRAM; and 



(e) a second address bus coupled to the address and control signal
generation circuitry and the banks of EDODRAM for directly delivering the
particularized sets of low order address bits to the banks of EDODRAM,
bypassing the buffer, to allow the particularized sets of low address bits,
and therefore the column addresses, to be rapidly provided to the banks of
EDODRAM. 4 .  The system memory unit as set forth in Claim 3, wherein the
address and control signal generation circuitry includes an address
generation portion having (b.1) a register for receiving and storing the
start address;    4 (b.2) an incrementor for receiving a start increment
value and generating a plurality of incremental values in a predetermined
manner; and (b.3) an exclusive-OR (XOR) gate assembly coupled to said
register and said incrementor for generating the particularized sets of low
order address bits using said start address and said incremental values. 5.
A motherboard of a computer system, the motherboard comprising: (a) a
plurality of banks of extended data out dynamic random access memory
(EDODRAM) for storing data; (b) address and control signal generation
circuitry for receiving a start 



address of a memory access against the banks of EDODRAM, and in response,
generating a series of memory addresses including a series of column
addresses, and a plurality of control signals including a column address
strobe (CAS) signal to perform the memory access, the column addresses
being generated as a set of high order address bits common to all the
column addresses, supplemented by particularized sets of low order address
bits, one particularized set for each of the column addresses, and the CAS
signal being generated with a plurality of corresponding active periods,
one active period for each column address, with each active period being
shorter in time than an amount of time required by a memory cell of the
banks of EDODRAM to output or store data, to allow early precharge of
memory cells of the banks of EDODRAM in preparation for response to the
next column address; (c) a buffer coupled to the address and control signal
generation circuitry for storing and outputting the set of high order
address bits during the memory    5 access to lower power required of the
address and control signal generation circuitry to provide the set of high
order address bits to the banks of EDODRAM; (d) a first address bus coupled
to the buffer and the banks of EDODRAM 



for delivering the set of high order address bits to the banks of EDODRAM;
and (e) a second address bus coupled to the address and control signal
generation circuitry and the banks of EDORAM for directly delivering the
particularized sets of low order address bits to the banks of EDODRAM,
bypassing the buffer, to allow the particularized sets of low address bits,
and therefore the column addresses, to be rapidly provided to the banks of
EDODRAM. 6.   The motherboard as set forth in Claim 5, wherein the address
and control signal generation circuitry includes an address generation
portion having (b.1) a register for receiving and storing the start
address; (b.2) an incrementor for receiving a start increment value and
generating a plurality of incremental values in a predetermined manner; and
(b.3) an exclusive-OR (XOR) gate assembly coupled to said register and said
incrementor for generating the particularized sets of low order address
bits using said start address and said incremental values. 7-   A computer
system comprising: (a) a plurality of banks of extended data out dynamic
random access memory (EDODRAM) for storing data; (b) address and control
signal generation circuitry for receiving a start address of a memory
access against the banks of EDODRAM, and in response, generating a series
of memory addresses including a series of column addresses,  



6 and a plurality of control signals including a column address strobe
(CAS) signal to perform the memory access, the column addresses being
generated as a set of high order address bits common to all the column
addresses, supplemented by particularized sets of low order address bits,
one particularized set for each of the column addresses, and the CAS signal
being generated with a plurality of corresponding active periods, one
active period for each column address, with each active period being
shorter in time than an amount of time required by a memory cell of the
banks of EDODRAM to output or store data, to allow early precharge of
memory cells of the banks of EDODRAM in preparation for response to the
next column address; (c) a buffer coupled to the address and control signal
generation circuitry for storing and outputting the set of high order
address bits during the memory access to lower power required of the
address and control signal generation circuitry to provide the set of high
order address bits to the banks of EDODRAM; (d) a first address bus coupled
to the buffer and the banks of EDODRAM for delivering the set of high order
address bits to the banks of EDODRAM; and (e) a second address bus coupled
to the address and control signal generation circuitry and the banks of
EDODRAM for directly delivering the 



particularized sets of low order address bits to the banks of EDODRAM,
bypassing the buffer, to allow the particularized sets of low address bits,
and therefore the column addresses, to be rapidly provided to the banks of
EDODRAM.    8    The computer system as set forth in Claim 7 wherein the
address and control signal generation circuitry includes an address
generation portion having (b1) a register for receiving and storing the
start address; (b.2) an incrementor for receiving a start increment value
and generating a plurality of incremental values in a predetermined manner;
and (b.3) an exclusive-OR (XOR) gate assembly coupled to said register and
said incrementor for generating the particularized sets of low order
address bits using said start address and said incremental values. 9.   In
a computer system comprising system memory constituted with a plurality of
banks of extended data out dynamic random access memory (EDODRAM), a method
for accessing the banks of EDODRAM, the method comprising the steps of: (a)
receiving a start address of a memory access against the banks of EDODRAM;
(b) generating a series of memory addresses including a series of column 



addresses, and a plurality of control signals including a column address
strobe (CAS) signal to perform the memory access, the column addresses
being generated as a set of high order address bits common to all the
column addresses, supplemented by particularized sets of low order address
bits, one particularized set for each of the column addresses, and the CAS
signal being generated with a plurality of corresponding active periods,
one active period for each column address, with each active period being
shorter in time than an amount of time required by a memory cell of the
banks of EDODRAM to output or store data, to allow early precharge of
memory    8 cells of the banks of EDODRAM in preparation for response to
the next column address; (c) buffering and then outputting the set of high
order address bits during the memory access to lower power required of the
address and control signal generation circuitry to provide the set of high
order address bits to the banks of EDODRAM; (d) delivering the set of high
order address bits to the banks of EDODRAM via a first address bus coupling
the buffer to the banks of EDODRAM; and 



(e) directly delivering the particularized sets of low order address bits
to the banks of EDODRAM, via a second address bus coupling the address and
control signal generation circuitry to the banks of EDODRAM, bypassing the
buffer, to allow the particularized sets of low address bits, and therefore
the column addresses, to be rapidly provided to the banks of EDODRAM. 10.
The method as set forth in Claim  9, wherein step (a) comprises (a.1)
receiving and storing the start address; (a.2) receiving a start increment
value and generating a plurality of incremental values in a predetermined
manner; and (a.3) generating the particularized sets of low order address
bits by performing a plurality of exclusive-OR (XOR) operations using said
start address and said incremental values.    WO 95/28669
PCT/US95/04189 -9- known and will not be further described. The timing of
the key signals to effectuate the consecutive and rapid streaming of data
out of and into the EDODRAMs 24 will be described in more detail below. 5
Referring now to Figure 3, a block diagram illustrating the key element of
the address generation portion of one embodiment of the memory address and
control generation circuitry 22 of Figure 2 in 



further detail is shown. The control signal generation portion of the
memory address and control generation circuitry 22 may be 10  implemented
in any number of manners known in the art. As illustrated, the address
generation portion 23 comprises a register 32, an incrementor 28, and an
assembly of XOR gates 30, coupled to each other as shown. The register 32
stores the start address received over the processor bus 13. The
incrementor 28 generates a predetermined 15  series of increment values.
The assembly of XOR gates 20 generates the LSBs of the memory addresses by
performing a series of logical XOR operations against the LSBs of the
stored start address read out of the register 32, and the generated
increment values. 20             The manner in which the incrementor 28
generates the increment values, and the XOR operations performed are
dependent on the system memory access characteristics of the processor 12
and/or the cache memory 14. For example, for Intel Corporation's
Pentium[err] processor, if the addresses for a line fill are Ox0000101 OH,
25  0x0000101 8H, 0x00001000H, and Ox00001008H, the row memory addresses
are OxOOOH, whereas the column memory addresses are 0x202H, 0x203H, 0x200H,
and 0x201 H. In other words, MA[10:2]s are Ox200H for all four column
memory addresses, and MA[1 :0]s are 0x2H, Ox3H, 0x0M, and 0xl H for the
four column memory addresses. 30 The LSBs of the memory addresses are
advantageously 



"split off" and delivered to the EDODRAMs 24 over the second address bus
line 28b, to allow the column memory address to be changed at a faster rate
by bypassing the buffer 34 and saving the time otherwise    WO 95/28669
PCT/US95/04189 -10- would have incurred in changing the content of the
buffer 34 when changing the column memory address. Since only a small
number of bits are being driven directly for the EDODRAMs 24, the faster
rate of delivering column addresses is advantageously achieved with minimal
5  increase in power requirement of the memory address and control
generation circuitry 22. Referring now to Figures 4a - 4b, two timing
diagrams illustrating the relative timing for a number of key signals for a
read and a 10  write access against the system memory 16 of Figure 1 are
shown. The relative timings of both diagrams are illustrated at an
exemplary processor speed of 66 MHz (15ns per clock period) 42, and
assuming page hit, i.e. the row memory address remains unchanged from the
prior access. Thus, for both the read and the write access, the page hit
signals 15  (PGHIT) 46, and the RAS signals 52 are simply maintained active
through the entire duration (to through [err]) as shown in the two
diagrams. 



Similarly, the MSBs of the memory column address (MA[10:2]) 48, and
therefore the buffered MSBs (BMA[10:2]) 52 are maintained for the entire
duration (to through [err]) as shown in the two diagrams. 20 Referring now
only to Figure 4a, for a read access, since the LSBs of the memory column
addresses can be generated rapidly, and except for the first memory column
address, the subsequent column memory addresses are responded to in 15ns,
the LSBs of the memory 25  column addresses (MA[1:0]) 50 are provided and
maintained using about 11 clock periods (to through [err]) as illustrated.
The CAS signal 56 is pulled down correspondingly and early withdrawn in
eight clock periods ([err] through [err]) as illustrated. 30
Thus, the memory data (MDATA) 58 are detected in the nine clock periods
([err] through [err]) as illustrated. The internal register data (IREGDATA)
61 are stored in the nine clock periods (t4 through t12) as illustrated.
The MST signal 60 is therefore pulled down correspondingly in the eight
clock periods ([err] through [err]) as illustrated.    WO 95/28669
PCT/US95/04189 As a result, read data (ODATA) are detected in the eight
clock periods ([err] through [err]) as illustrated. In other words, the
total cycle time for a read 



access is reduced to 13 clock periods, a 35% improvement in total cycle
time, even if the slower CMOS technology based EDODRAMs are used. 5
Referring now only to Figure 4b, for a write access, similarly, since the
LSBs of the memory column addresses can be generated rapidly, and except
for the first memory column address, the subsequent column memory addresses
are responded to in 1 5ns, the 10   LSBs of the memory column addresses
(MA[1:0]) 50 are provided and maintained using about 11 clock periods (to
through [err]) as illustrated. The CAS signal 54 is pulled down
correspondingly and early withdrawn in eight clock periods ([err] through
[err]) as illustrated. 15              Thus, with the write data 63
supplied using nine clock periods (to through t8) as illustrated, the
internal register data (IREGDATA) 61 are stored in the nine clock periods
([err] through [err]) as illustrated. The WST signal 59 is pulled down
correspondingly in the eight clock periods ([err] through [err]) as
illustrated. As a result, memory data 20  are available for storage in the
nine clock periods ([err] through [err]) as illustrated. In other words,
the total cycle time for a write access is reduced to 11 clock periods, a
39% improvement in total cycle time, even if the slower CMOS technology
based EDODRAMs are used. 25              While the present invention has
been described in terms of presently preferred and alternate embodiments,
those skilled in the art will recognize that the invention is not limited
to the embodiments 



described. The method and apparatus of the present invention can be
practiced with modification and alteration within the spirit and scope of
30  the appended claims. The description is thus to be regarded as
illustrative instead of limiting on the present invention.    WO 95/28669
PCT/US95/04189 CLAIMS 5  1.   A system memory unit comprising: (a) address
and control generation circuitry for generating a sequence of memory
addresses and control signals for a read access, said control signals
include column address strobe (CAS) signals that are early withdrawn; 10
(b) a number of banks of extended data out dynamic random access memory
(EDODRAM) coupled to said address and control generation circuitry for
storing a plurality of data in a plurality of memory cells of said
EDODRAMs, and outputting a subset of said data responsive to said sequence
of memory addresses and control signals, 15  said EDODRAM maintaining data
out independent of said CAS signals and precharging memory cells upon
withdrawal of said CAS signals. 2.   The system memory unit as set forth
claim 1, wherein, said address and control generation circuitry is
sufficiently powered to directly 



20  drive said generated sequence of memory addresses for all banks of
EDODRAMs. 3.   The system memory unit as set forth claim 1, wherein, said
address and control generation circuitry generates common most 25
significant bits (MSBs) of said sequence of memory addresses and non-
common least significant bits (LSBs) of said sequence of memory addresses,
said non-common LSBs being generated consecutively, and said common MSBs
being generated while said uncommon LSBs are generated. 30 4.   The system
memory unit as set forth in claim 3, wherein said address and control
generation circuitry consecutively generates said uncommon LSBs in a
plurality of consecutive clock    periods, and generates said common MSBs
during all of said consecutive clock periods; said address and control
generation circuitry further generates and withdraws said CAS signals
correspondingly; and 5        said EDODRAMs consecutively outputs said
subset of data correspondingly, precharging appropriate memory cells upon
withdrawal of said CAS signals. 



5.   The system memory unit as set forth in claim 4, wherein 10        said
address and control generation circuitry consecutively generates said
uncommon LSBs in eleven consecutive clock periods, and generates said
common MSBs during all of said eleven consecutive clock periods; said
EDODRAMs consecutively outputs said subset of data 15  correspondingly in
nine consecutive clock periods. 6.   The system memory unit as set forth in
claim 5, wherein, said system memory unit is coupled to a processor
operating at a processor speed of at most 66 MHz; and 20        said
address and control generation circuitry and said EDODRAMs are constituted
with circuit elements based on CMOS technology. 7.   The system memory unit
as set forth in claim 3, wherein address 25  generation portion of said
address and control generation circuitry comprises: (a.1) a register for
storing and outputting an access address for said read access; (a.2) an
incrementor for receiving a base value and generating a 30   plurality of
incremental values in a predetermined manner; and (a.3) an XOR gate
assembly coupled to said register and said incrementer for generating said
LSBs using said access address and said incremental values. 



WO 95/28669                                            PCT/US95/04189 8.
The system memory unit as set forth in claim 3, wherein said system memory
unit further comprises a buffer coupled to said address and control
generation circuitry and said EDODRAMs for buffering said common MSBs of
said sequence of memory addresses generated by 5   said address and control
generation circuitry for said EDODRAMs. 9.   A system memory unit
comprising: (a) address and control generation circuitry for generating a
sequence of memory addresses and control signals for a write access, 10
said control signals include column address strobe (CAS) signals that are
early withdrawn; (b) a number of banks of extended data out dynamic random
access memory (EDODRAM) coupled to said address and control generation
circuitry for accepting and storing a plurality of data in a 15  plurality
of memory cells of said EDODRAMs, responsive to said sequence of memory
addresses and control signals, said EDODRAM maintaining data out
independent of said CAS signals and precharging memory cells upon
withdrawal of said CAS signals. 20   10.  The system memory unit as set
forth in claim 9, wherein, said address and control generation circuitry is
sufficiently powered to directly 



drive said generated sequence of memory addresses for all banks of
EDODRAMs. 25   11.  The system memory unit as set forth in claim 9,
wherein, said address and control generation circuitry generates common
most significant bits (MSBs) of said sequence of memory addresses and non-
common least significant bits (LSBs) of said sequence of memory addresses,
said non-common LSBs being generated consecutively, and 30  said common
MSBs being generated while said uncommon LSBs are generated. 12.  The
system memory unit as set forth in claim 11, wherein    WO 95/28669
PCT/US95/04189 -15- said address and control generation circuitry
consecutively generates said uncommon LSBs in a plurality of consecutive
clock periods, and generates said common MSBs during all of said
consecutive clock periods; 5        said address and control generation
circuitry further generates and withdraws said CAS signals correspondingly;
and said EDODRAMs consecutively accepts and stores said subset of data
correspondingly, precharging appropriate memory cells upon 



withdrawal of said CAS signals. 10 13.  The system memory unit as set forth
in claim 12, wherein said address and control generation circuitry
consecutively generates said uncommon LSBs in eleven consecutive clock
periods, and generates said common MSBs during all of said eleven
consecutive 15  clock periods; said EDODRAMs consecutively accept and store
said subset of data correspondingly in nine consecutive clock periods. 14.
The system memory unit as set forth in claim 13, wherein, 20        said
system memory unit is coupled to a processor operating at a processor speed
of at most 66 MHz; and said address and control generation circuitry and
said EDODRAMs are constituted with circuit elements based on CMOS
technology. 25 15.  The system memory unit as set forth in claim 1 1,
wherein address generation portion of said address and control generation
circuitry comprises: (a.1) a register for storing and outputting an access
address for 30  said write access; (a.2) an incrementor for receiving a
base value and generating a plurality of incremental values in a
predetermined manner; and 



WO 95/28669                                            PCT/US95/04189 (a.4)
an XOR gate assembly coupled to said register and said incrementer for
generating said LSBs using said access address and said incremental values.
5 16. The system memory unit as set forth in claim 11, wherein said system
memory unit further comprises a buffer coupled to said address and control
generation circuitry and said EDODRAMs for buffering said common MSBs of
said sequence of memory addresses generated by said address and control
generation circuitry for said EDODRAMs. 10 17.  A method for accepting,
storing, and outputting data comprising: (a) generating a sequence of
memory addresses and control signals for a read access, said control
signals include column address strobe (CAS) signals that are early
withdrawn; 15        (b) storing a plurality of data in a plurality of
memory cells of a number of banks of extended data out dynamic random
access memory (EDODRAM), and outputting a subset of said data responsive to
said sequence of memory addresses and control signals, said outputting
being achieved by maintaining data out independent of said CAS 20  signals
and precharging memory cells upon withdrawal of said CAS 



signals. 18.  The method as set forth in claim 17, wherein, said sequence
of memory addresses are generated by generating common most 25  significant
bits (MSBs) of said sequence of memory addresses and non- common least
significant bits (LSBs) of said sequence of memory addresses, said
non-common LSBs being generated consecutively, and said common MSBs being
generated while said uncommon LSBs are generated. 30 19.  A method for
accepting, storing, and outputting data comprising: (a) generating a
sequence of memory addresses and control signals for a write access, said
control signals include column address strobe (CAS) signals that are early
withdrawn;    WO 95/28669
PCT/US95/04189 (b) accepting and storing a plurality of data in a plurality
of memory cells of a number of banks of extended data out dynamic random
access memory (EDODRAM) in accordance to said sequence of memory addresses
and control signals, said EDODRAM maintaining 5  data out independent of
said CAS signals and precharging memory cells upon withdrawal of said CAS
signals. 



20.  The method as set forth in claim 19, wherein, said sequence of memory
addresses are generated by generating common most 10  significant bits
(MSBs) of said sequence of memory addresses and non- common least
significant bits (LSBs) of said sequence of memory addresses, said
non-common LSBs being generated consecutively, and said common MSBs being
generated while said uncommon LSBs are generated. 15 21.  A circuit board
comprising: (a) a system memory having (a.1) address and control generation
circuitry for generating a sequence of memory addresses and control signals
for a 20             read access, said control signals include column
address strobe (CAS) signals that are early withdrawn, (a.2) a number of
banks of extended data out dynamic random access memory (EDODRAM) coupled
to said address and control generation circuitry for storing a 25
plurality of data in a plurality of memory cells of said EDODRAMs, and
outputting a subset of said data responsive to said sequence of memory
addresses and control signals, said EDODRAM maintaining data out
independent of said CAS signals and precharging memory 30
cells upon withdrawal of said CAS signals; 



(b) a cache memory unit for caching a subset of said data; (c) a controller
coupled to said system memory unit and said cache memory unit for providing
control signals to said system and cache memory units; and    WO 95/28669
PCT/US95/04189 (d) a bus coupled to said system memory unit and said cache
memory unit for providing addresses to said system and cache memory units
and transfer data in and out of said system and cache memory units. 5 22.
A circuit board comprising: (a) a system memory having (a.1) address and
control generation circuitry for generating a sequence of memory addresses
and control signals for a 10             write access, said control signals
include column address strobe (CAS) signals that are early withdrawn, (a.2)
a number of banks of extended data out dynamic random access memory
(EDODRAM) coupled to said address and control generation circuitry for
accepting and 15             storing a plurality of data in a plurality of
memory cells of 



said EDODRAMs, responsive to said sequence of memory addresses and control
signals, said EDODRAM maintaining data out independent of said CAS signals
and precharging memory cells upon withdrawal of said CAS 20
signals; (b) a cache memory unit for caching a subset of said data; (c) a
controller coupled to said system memory unit and said cache memory unit
for providing control signals to said system and cache memory units; and 25
(d) a bus coupled to said system memory unit and said cache memory unit for
providing addresses to said system and cache memory units and transfer data
in and out of said system and cache memory units. 30  23.  A computer
system comprising: (a) a processor for executing a plurality of
instructions; (b) a system memory having (b.1) address and control
generation circuitry for generating a sequence of memory addresses and
control signals for a    WO 95/28669
PCT/US95/04189 read access, said control signals include column address 



strobe (CAS) signals that are early withdrawn, (b.2) a number of banks of
extended data out dynamic random access memory (EDODRAM) coupled to said 5
address and control generation circuitry for storing said instructions and
a plurality of data in a plurality of memory cells of said EDODRAMs, and
outputting a subset of said instructions/data responsive to said sequence
of memory addresses and control signals, said EDODRAM 10
maintaining data out independent of said CAS signals and precharging memory
cells upon withdrawal of said CAS signals; and (c) a bus coupled to said
processor and said system memory unit for providing addresses to said
system memory unit and 15       transferring instructions and data in and
out of said system memory unit. 24.  A computer system comprising: (a) a
processor for executing a plurality of instructions; 20        (b) a system
memory having (a.1) address and control generation circuitry for generating
a sequence of memory addresses and control signals for a write access, said
control signals include column address strobe (CAS) signals that are early
withdrawn, 25              (a.2) a number of banks of extended data out
dynamic 



random access memory (EDODRAM) coupled to said address and control
generation circuitry for accepting and storing a plurality of data in a
plurality of memory cells of said EDODRAMs, responsive to said sequence of
memory 30              addresses and control signals, said EDODRAM
maintaining data out independent of said CAS signals and precharging memory
cells upon withdrawal of said CAS signals; and    WO 95/28669
PCT/US95/04189 -20- (c) a bus coupled to said processor and said system
memory unit for providing addresses to said system memory unit and
transferring instructions and data in and out of said system memory unit. 5


