
2097623 MEMORY Background of the Invention This invention relates to a
memory. 5                One standard method of accessing a memory is to
provide, for each bit location, a dual accessing line such that the binary
signal, either a "0" or a"l", is provided on one line of the pair of lines
and the compliment is provided on the other line of the pair. 10   Thus,
for a given accessing pair of lines, arbitrarily called A, one line would
be "A" while the other would be To write a "1" into a bit location, for
example into location Al, line "A" would be high.  At this time two 15
transmission gates between the access lines and memory cell Al would open
controlled by a word select decoder.  Since the "A" lead has the high
signal applied to it, cell Al is forced to establish a "1" thereat. For
read operations the sequence has a 20   precharging interval when both
access lines "A" and "A" are held high. However, at the end of the
precharging interval the high signals are removed from both leads, and they
remain high due to parasitic capacitance.  The transmission gates are then
opened between the access lines 25   and the memory cell.  Since there is
no maintenance of the high signal on either lead, the memory array
flip-flop provides signals on leads "A" and "A" representative of the 28
condition of cell Al.  Thus, if the cell had a "1" stored    -2- thereat,
lead "A" would be left high, and lead "A" would be discharged low. The
precharging is required because the memory cells have low power pull up
capability and are not capable of charging the access lines without
affecting 5   the stored data although they are capable of discharging the
access lines. The precharging and reading intervals are timed with two
phases of a clock..  This clock and memory 



array constitute a synchronously read memory system. The 10   write
operation also operates synchronously and thus has a precharge interval,
but the precharge is overdriven with the input data and the interval is
only used for address and data setup. Situations exist where it is desired
to access 15  a single memory array from more than one port.  Typically,
this would be achieved by using a multiplexer arrangement at the single
port access point and the input/output from the memory would be shared
between various registers. This arrangement becomes cumbersome for control
purposes 20  and could be costly to implement.  An even further drawback to
such an arrangement occurs when the memory is already being accessed at its
maximum speed for a single port. In such a situation, since the accessing
time is fixed, the addition of extra ports causes a 25  reduction in
accessing capability from any one port. Accordingly, real time memory
operation is impossible to guarantee. This problem has been overcome in the
past by arranging two memories and sequencing between memories for 30
alternate operations.  For example, in time slot interchange operations, a
frame would be read into a first *  memory during a first cycle.  During
the next cycle, the -frame would read out of the first memory, while a
second frame would be read into the second memory. During the 35  next
cycle, the third frame would be read into the first memory, while the
second frame would be read from the second memory. 38              In
accordance with the invention there is    -3- provided a memory array
having a plurality of memory storage elements, a first pair of access lines
associated with said elements for providing precharged interrogate signals
to said elements, and wherein each 5   said element is arranged to respond
to said precharged 



interrogate signals with the signal value stored thereat, said response
occurring at a time immediately following the precharging of said first
access lines, said elements further arranged to be isolated from said first
access 10   lines during said precharging interval, wherein there is
provided a second pair of access lines associated with said elements, said
second pair of access lines being independent from said first pair of
access lines for providing precharged interrogate signals to said
elements,. 15   said second pair of access lines being adapted to precharge
interrogate signals at a time different from the precharging of interrogate
signals on said first pair of access lines thereby allowing said associated
elements to respond with the signal value stored thereat 20   over said
second pair of access lines independent from said response over said first
pair of access lines. In use the ports are separated by clock signal phaser
which alternates the precharging and accessing intervals between the ports
to insure that while 25   one port is actually reading data, the other port
is in the precharging mode. By utilizing the proper clock phase for each
accessing line, making them out of phase with each other, it is possible to
insure that when one access line is in the precharging mode, another access
30  line may actually access information from any memory cell. Brief
Description of the Drawing of a Preferred Embodiment One embodiment of the
invention will now be described by way of example, with reference to the
accompanying drawings, in which: 35                FIG. 1 shows a memory
embodying the invention, having a second accessing pair of leads, FIG. 2
shows a prior art memory cell having 38   a single access pair, and
FIG..3 shows a timing chart for controlling the access between the dual
ports of FIG. 1. Detailed Description 



As shown in FIG. 1, the dual. memory, shown as 5   gain value buffer 700,
consists of an NMOS memory array of prior art (FIG. 2) modified to provide
dual access - -- capability. Memory 700 can be accessed either via register
703 or via register 704, each operating with two independent addresses and
with two independent data buses. 10                Bus 401 provides signals
for read or write purposes and can access any of the 32 horizontal
locations (0-31) selected by address decoder 705. Simultaneously, and
independently., bus 707 can read out, if so desired, any of the 32
locations selected by address decoder 701. 15 Both buses are extended as
bit line pairs (for example, bit line pair 0, 0) through all of the memory
locations and, as will be seen, access from either bus does not restrict
access from the other bus.  Bit line pairs are used as set/reset lines for
write operations and as 20   differential outputs for read operations as
described prior.  Bit line pair 0[ERR] and    of register 704 is extended
to bit cells 702 of the top row (0-0 to 31-0) and bit line pair 0 and [ERR]
of register 703 is also extended to these same cells. 25               In a
non-modified NMOS memory array as seen in FIG. 2, one set of bit line pairs
and one I/0 register with one address decoder would be connected to the
memory array. For purposes of this discussion we will assume this to be
decoder 701 (which in the particular example is a scan 30  address word
selector) and register 703.  Any read or write operation is a two step
process. The first step is to precharge all the bit line pairs. :This
precharging arrangement is well known.  Thus, lines [ERR] to 5 and [ERR] to
5 are driven to a high state by circuits in-the register 35  703.  This
prevents the lines from changing the data in the bit cells during the next
step. For a read operation, the next step is to turn 38   off the precharge
drive and turn on one of the word    -5- 



select lines from the decoder 701. Turning off the precharge drive leaves
the bit lines capacitively charged high, while the word select line turns
on corresponding transmission gates 7021 and 7025. These 5   transmission
gates allow the bit cell to pull down one of the bit lines ([ERR] or [ERR]
depending on the stored data-) -- for each cell on the same column. Each
bit line pair thus conforms to the data stored in the associated selected
bit cell and the register then latches this 10   data for output. The bit
cell resistors 7R1 and 7R2 are high value to minimize memory power
consumption whereas transistors 7023 and 7024 are high power to be capable
of pulling either bit line low. The precharge is required 15   because the
resistors are not capable of pulling the bit lines high. For a write
operation, the next step is to replace the precharge drive with the drive
of the input data, and turn on one of the select lines.  The input 20 data
overrides the precharge and the bit cell data causing the cell data to be
set or reset depending on the input data. The precharge and read/write
operations are controlled by clock signals. The precharge is performed 25
when clock is high and the read or write is performed when clock is low.
The dual bus scheme, as shown in FIG. 1, allows a two phase operating
memory system whereby two independent sets of I/O registers and word
selectors can 30 access all of the same memory cells on opposite phases of
a clock signal.  When one of the registers, such as input/output register
703 is in the precharge mode the actual flip-flop of the memory cell is
isolated by gates 7021 and 7025 from that register's bit access lines. 35
During that same time the other register, such as output register 704, can
be in the read/write phase actually accessing the same cell.  This
alternate operation is 38   controlled by oppositely phased clock signals,
provided  



-6- by clock 102. The phaserelationship between these signals is shown in
FIG. 3.  This phase difference prevents the potentially disasterous
condition of having both bit lines simultaneously selecting the same 5  bit
cell.  With the embodiment shown, bus 707 is only used for read operations,
but may also be used for _ both read and write operations, if so desired.
The dual bit line/dual phase operation allows memory 700 to effectively
double its speed so that twice as 10   many accesses can occur through
independent ports in the same time interval. This same dual phase
arrangement can be further expanded by having three bit line pairs and
three access ports and bus selection logic for two of the three access 15
ports.  Address selection logic for one output port can be shared between
input/output registers.  The other two ports are operable via separate
registers.  Addresses are simultaneously present to each register and on
external bus selector controls when and from which bus data will be 20
written into the memory.  This arrangement provides a flexible three port
memory system in which two ports are inputs and may perform simultaneous
writes to more than one location and from either of two buses, while the
third port is an output and provides simultaneous reads from a third 25
bus.  Since two ports are both running on the same clock phase this could
create a conflict for writes except that the bus selection logic insures
that for any given location only one bus will provide the write data at any
one time.' The third bus runs on the opposite phase and thus cannot 30
conflict with either of the other two. 35 38    CLAIMS 



1.  A memory array having a plurality of memory storage elements, a first
pair of access lines associated with said elements for providing precharged
5   interrogate signals to said elements, and wherein each said element is
arranged to respond to said precharged interrogate signals with the signal
value stored thereat, said response occurring at a time immediately
following the precharging of said first access lines, said elements 10
further arranged to be isolated from said first access lines during said
precharging interval, wherein there is provided a second pair of access
lines associated with said elements, said second pair of access lines being
independent from said first pair of access lines for 15  providing
precharged interrogate signals to said elements, said second pair of access
lines being adapted to precharge interrogate signals at a time different
from the precharging of interrogate signals on said first pair of access
lines thereby allowing said associated elements 20  to respond with the
signal value stored thereat over said second pair of access lines
independent from said response over said first pair or access lines. 2. A
memory array as claimed in claim 1, wherein said alternate precharging is
controlled from 25  opposite clock phases of a precharge and read/write
clock. 3.. A memory array as claimed in claim 1 or 2, further comprising a
first input/output register associated with said first set of accessing
lines and a 30  second input/output register associated with said second
input/output set of accessing lines, each said register arranged to
generate said precharging interrogate signals in response to input signals
applied thereto from an external source, said registers also arranged to
provide 35   said external source with said response signals from said
associated memory elements. 4.  A memory array as claimed in any preceding
38   claim,.wherein said memory array is an NMOS array.   



- 8  - 5.  A memory array having a plurality of individually addressable
memory storage elements said elements arranged in columns and rowsmeans for
addressing each column of said memory storage elements, 5   said means
including first and second access registers, and first and second selectors
associated with said   - element columns, a first pair of access lines
associated with each row of said elements and with said first access
register for providing first and second precharged 10   activation signals
to a particular one of said elements within said row identified jointly by
signals from said first access register and said first selector, a second
pair of access lines associated with each row of said elements and with
said second access register for 15  providing first and second precharged
activation signals to a particular one of said elements within said row
identified jointly by signals from said second access register and said
second selector, each said element arranged to respond to said first
precharged activation 20  signals with the signal value stored thereat, and
to respond to said second precharged activation signal by storing at said
element a signal value provided at the corresponding access register, each
said response occurring at a time immediately following the precharging 25
of said access lines, said elements further arranged to be isolated from
said access lines during said corresponding precharging interval. 6.  A
memory substantially as hereinbefore described with reference to Figure 1
of the accompanying 30  drawings. 35 38    


