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'C_S is the combination of ($1, and CS2. Both chip enables need to be active in order to select the device. 

Any chip enable can deselect the device. 65' held LOW. RPS is the combination of RPSl and RPSZ. 
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Fig. 3 
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C_S.is the combination of CS1, and CS2. Both chip enables need to be active in order to select the device. 

Any chip enable can deselect the device. 65 held LOW. WF§ is the combination MW and WPS2. 

Fig. 4 
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RANDOM ACCESS MEMORY HAVING 
INDEPENDENT READ PORT AND WRITE PORT 
AND PROCESS FOR WRITING TO AND READING 

FROM THE SAME 

[0001] This is a divisional of US. Ser. No. 09/238,953, 
?led Jan. 27, 1999. 

[0002] This application claims the bene?t of US. Provi 
sional Application No. 60/077,982, ?led Mar. 13, 1998, and 
is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0003] This invention relates generally to the ?eld of 
semiconductor and/or integrated circuit devices, and more 
particularly to a random access memory and process for 
Writing to and reading from the same. 

SUMMARY OF THE INVENTION 

[0004] The primary object of the invention is to provide a 
random access memory that increases data throughput. 

[0005] Another object of the invention is to provide such 
a random access memory that may have either synchronous 
or asynchronous operation. 

[0006] Another object of the invention is to provide a 
random access memory and method of operating the same in 
Which read and Write operations may be executed in the 
same clock cycle. 

[0007] A further object of the invention is to provide a 
random access memory and method of operating the same in 
Which read and Write operations may be asynchronously 
enabled. 

[0008] Yet another object of the invention is to provide 
such a random access memory and method of operating the 
same in Which fully random addresses may be employed. 

[0009] Still yet another object of the invention is to 
provide such a random access memory and method of 
operating the same in Which successive and/or asserted 
addresses may be completely unrelated. 

[0010] Another object of the invention is to provide such 
a random access memory and method of operating the same 
in Which no restrictions are placed on successive and/or 
asserted addresses. 

[0011] Another object of the invention is to provide such 
a random access memory and method of operating the same 
in Which the same address may be used to read from and 
Write to the memory in the same clock cycle. 

[0012] A further object of the invention is to provide such 
a random access memory and method of operating the same 
in Which a read/Write control signal (e.g., a clock or control 
pulse) is the only control-type signal essential to operability. 

[0013] Other objects and advantages of the present inven 
tion Will become apparent from the folloWing description, 
taken in connection With the accompanying draWings, 
Wherein, by Way of illustration and example, embodiments 
of the present invention are disclosed. 

[0014] The present invention concerns a random access 
memory comprising: a Write port comprising a set of data 
inputs and a Write address bus, a read port comprising a set 
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of data outputs and a read address bus a read/Write control 
signal con?gured to control data transfer operations at said 
Write port and/or said read port in response to either both 
rising and falling transitions or (ii) each of tWo logic levels 
of said read/Write control signal, and a ?rst random access 
memory array con?gured to store and/or retrieve data at a 
?rst random address in said ?rst random access memory 
array de?ned by one or more signals on said Write address 
bus and/or said read address bus. 

[0015] In a further embodiment, the present invention 
concerns a process for reading data from and/or Writing data 
to a random access memory array, comprising the steps of: 
(a) transferring a ?rst plurality of data bits to or from a ?rst 
random address in said random access memory array in 
response to a ?rst transition of a read/Write control signal, 
and (b) independently transferring a second plurality of data 
bits to or from a second random address in said random 
access memory array in response to a second transition of 
said read/Write control signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The draWings constitute a part of this speci?cation 
and include exemplary embodiments to the invention, Which 
may be embodied in various forms. The features and advan 
tages of the present invention are illustrated by Way of 
example in the draWings, in Which: 

[0017] FIG. 1 shoWs an overvieW of the present random 
access memory (RAM) architecture; 

[0018] FIG. 2 shoWs a more detailed embodiment of the 
RAM architecture shoWn in FIG. 1; 

[0019] FIG. 3 shoWs various Waveforms illustrating rela 
tive timing of various signals in conjunction With an exem 
plary read operation performed according to the invention; 

[0020] FIG. 4 shoWs various Waveforms illustrating rela 
tive timing of various signals in conjunction With an exem 
plary Write operation performed according to the invention; 
and 

[0021] FIG. 5 shoWs various Waveforms illustrating rela 
tive timing of various signals in conjunction With an exem 
plary read/Write operation performed according to the inven 
tion. 

[0022] It is to be understood that, in some instances, 
various aspects of the invention may be shoWn exaggerated 
or enlarged to facilitate an understanding of the invention, 
and in other instances, some aspects of the invention con 
sidered to be conventional may not be shoWn so as to avoid 
obfuscating more important aspects or features of the inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0023] Detailed descriptions of the preferred embodiments 
are provided herein. It is to be understood, hoWever, that the 
present invention may be embodied in various forms. There 
fore, speci?c details disclosed herein are not to be inter 
preted as limiting, but rather as a basis for the claims and as 
a representative basis for teaching one skilled in the art to 
employ the present invention in virtually any appropriately 
detailed system, structure or manner. 
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[0024] In the present random access memory, each of the 
read port and Write port elements (i.e., the Write address bus, 
the set of data inputs, the read address bus and the set of data 
outputs) may independently be m or n-m bits Wide, Where m 
is an integer 22, preferably 24, and more preferably 28, 
and n is independently an integer 22, preferably of 2-4, and 
more preferably equal to 2. In speci?c examples, m may be 
8, 9, 16, 18, 32, 36, 64, 72, 128 or 144. When the port is, for 
example, a read port or an input port, the port may receive 
data from an external source. In a preferred embodiment, 
each port is unidirectional (i.e., data ?oWs in one direction 
only; e.g., a read port functions as a dedicated output port 
and a Write port functions as a dedicated input port). 

[0025] The read/Write control signal may be con?gured to 
control one or more data transfer operations at the ?rst port 
and/or the second port on both its rising and falling transi 
tions in a synchronous or asynchronous manner. Thus, a 
“read/Write control signal” refers to any signal that controls 
any circuit function performed as part of a read operation or 
a Write operation. For asynchronous operations, the read/ 
Write control signal may be a pulse signal generated, for 
example, in response to a ?rst transition of a Write address 
signal or an input data signal. For synchronous operations, 
the read/Write control signal may be a periodic signal, such 
as an internal or external clock signal. There may be more 
than one independent read/Write control signal controlling 
read, Write, register and/or data pass gate functions. Where 
appropriate and/or desirable, the read/Write control signals 
may comprise a ?rst pulse or clock signal and its comple 
ment. 

[0026] The present random access memory array may be 
con?gured to store and/or retrieve data at any random 
address therein. The address is de?ned by one or more 
signals on the Write address bus and/or the read address bus. 

[0027] The present random access memory may further 
comprise circuitry operable to Write data into the array at a 
?rst random address in response to at least one transition of 
a read/Write control signal. Preferably, the transition(s) of 
the read/Write control signal to Which such Write circuitry 
responds generates a Write enable or other Write operation 
control signal in accordance With techniques and circuitry 
knoWn to those skilled in the art. 

[0028] Similarly, the present random access memory may 
further comprise circuitry operable to read data from a 
random location in the array in response to at least one 
transition of the read/Write control signal, Where the transi 
tion(s) of the read/Write control signal to Which such read 
circuitry responds generates a read enable or other read 
operation control signal in accordance With techniques and 
circuitry knoWn to those skilled in the art. 

[0029] As shoWn in FIG. 1, the present random access 
memory (RAM) architecture comprises separate ?rst and 
second ports (e.g., “Data In” and “Data Out”) to access the 
memory array. Each port may have one or more dedicated 
address inputs (e.g., “Address W” and “Address R”) to 
maintain complete independence of the ports and their 
associated control logic. 

[0030] When one of the ports operates as a read port, it 
may have dedicated Data Outputs from the array to support 
Read operations. Similarly, When one of the ports operates 
as a Write Port, it may have dedicated Data inputs to the 
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array to support Write operations. Separated data inputs and 
outputs substantially or completely eliminates the need to 
“turn around” the data bus as may be required With common 
I/O devices. Accesses to the Read and Write ports may be 
completely independent of one another and may be initiated 
synchronously With one or more read/Write control signals 
(e.g., a control pulse generated in response to a ?rst transi 
tion of a data input signal or a Write address signal; an 
internal or external clock signal; a set of differential input 
clocks; etc.). In order to maximiZe data throughput, both 
Read and Write ports may transfer data on one or both of the 
rising and falling edges of the read/Write control signal(s) 
(e.g., optional input clock “Clk”). Data transfer may also be 
logic level-triggered; i.e., it may occur in response to a 
particular or predetermined logic level of one or more 
read/Write control signal(s). 

[0031] The depth of the memory array may be, in effect, 
expanded With tWo or more RAM devices (e.g., integrated 
circuit chips) and their associated select-logic circuitry. The 
port select inputs alloW each port to operate as if it Was an 
independent device, thereby further alloWing depth expan 
sion independently on each port. 

[0032] All synchronous inputs may be passed through one 
or more Write registers (or input registers) controlled by the 
read/Write control signal(s). All data outputs may be passed 
through one or more read registers (and/or output registers), 
also controlled by the same or different read/Write control 
signal(s). 
[0033] All Writes may be conducted With on-chip synchro 
nous self-timed Write circuitry to simplify the interface 
logic. 

EXAMPLE(S) 
[0034] As shoWn in FIG. 2, the present RAM architecture 
is, in a preferred embodiment, con?gured as a synchronous 
pipelined Burst static RAM (SRAM) equipped With both an 
Input (Write) Port and an Output (read) Port. The Read port 
is dedicated to Read operations and the Write Port is 
dedicated to Write operations. Data ?oWs into the SRAM 
through the Write port, and out through the Read Port. Each 
port has its oWn address inputs (Which may store or latch 
address data in separate read and Write address registers) that 
alloW it to operate independently. By separating the input 
and output ports, the present RAM avoids possible data 
contention and/or eliminates any need to “turn-around” the 
data bus. 

[0035] Accesses for both ports may be controlled by a 
single clock or a pair of differential input clocks (CLK/ 
CLK*, Where a signal designated “X*” indicates the 
complement of the corresponding signal “X”, similar to the 
signals in the Figures bearing an overstrike or “bar” desig 
nation). All synchronous timing may be referenced from the 
cross point of the differential input clock signals. Accesses 
can be initiated on any edge of any read/Write control signal 
(preferably on the rising edge of a clock signal, assuming 
any other control signals are asserted at their active logic 
levels), but for ease and simplicity of logic circuitry, 
accesses are initiated on the rising edge of the positive clock 
(CLK) only. 
[0036] All data inputs (e.g., synchronous inputs DIN 
[17:0]) may pass through one or more input registers (e.g., 
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?rst and second registers WRITE DATA REG. 1 and WRITE 
DATA REG. 2 as shown in FIG. 2) controlled by the rising 
and falling edge of the positive input clock (CLK). Although 
the random access memory shoWn in FIG. 2 comprises ?rst 
and second Write data registers, a single 2m-bit-Wide Write 
data register can substitute for the tWo m-bit-Wide registers. 
In such a case, a 2m-bit-Wide data input bus may also be 
substituted for the m-bit-Wide data input bus shoWn. The 
?rst m-bit or single n-m-bit Write data register may store data 
in response to a ?rst transition of the read/Write control 
signal, and When present, the second Write data register may 
store data in response to a second transition of the read/Write 
control signal. In either case, the data in the Write data 
register(s) is Written into the array on the second transition 
of the read/Write control signal, When the full 2m-bit-Wide 
Word in latched into the Write register(s). 

[0037] The present random access memory may comprise 
?rst and second m-bit-Wide arrays con?gured to store and/or 
retrieve data at a random address in each cell array de?ned 
by one or more signals on the Write address bus and/or the 
read address bus, respectively. Alternatively, the present 
random access memory may comprise a n~m-bit-Wide array, 
in Which case the Write data register and read data register 
are also n~m bits Wide, and preferably, the internal and/or 
external data input and output busses are also n~m bits Wide. 

[0038] When the random access memory comprises a 
plurality of arrays (e.g., as shoWn in FIG. 2), the ?rst 
random access memory array receives data from the ?rst 
Write data register, and the second random access memory 
array receives data from the second Write data register. 
Similarly, a random access memory comprising a plurality 
of arrays may further comprise a plurality of read data 
registers, the ?rst read data register storing data transferred 
from the ?rst random access memory array, and the second 
Write data register storing data transferred from the second 
random access memory. In this case, the present random 
access memory may further comprise (a) ?rst circuitry 
operable to Write data to the random access memory array(s) 
at a ?rst random address and (b) second circuitry operable to 
read data from the random access memory array(s) at a 
second random address, in response to successive or non 
successive transitions of a read/Write control signal, the 
second random address being the same as or different from 
the ?rst random address. 

[0039] All data outputs (e.g., synchronous outputs DOUT 
[17:0]) may pass through one or more output registers (e.g., 
2m-bit-Wide READ DATA REG., Which may in the alter 
native be con?gured as ?rst and second m-bit-Wide read data 
registers) controlled by the rising and falling edge of the 
positive input clock (CLK). The read data register(s) may 
store data transferred from the random access memory array 
in response to a ?rst transition of a read/Write control signal. 
The random access memory shoWn in FIG. 2 may further 
comprise an m-bits-Wide output data bus having ?rst and 
second inputs respectively coupled to ?rst and second read 
data registers. Alternatively, the present random access 
memory may comprise an n~m-bits-Wide output data bus 
receiving n~m bits of data from an n~m-bits-Wide read data 
register (or n m-bits-Wide read data registers; the same 
principles may apply to the data input bus and the Write data 
register[s]). 
[0040] As shoWn in FIG. 2, the present random access 
memory may further comprise an m-bits-Wide data output 
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bus, ?rst and second three-state output buffers (e.g., buffers 
10 and 12), and ?rst, second and third m-bits-Wide output 
registers (e.g., Reg. 20, Reg. 22 and Reg. 24), Wherein: 

[0041] each of the ?rst and second output registers 
store m bits of data from the read data register in 
response to a ?rst read/Write control signal, 

[0042] the third output register stores m bits of data 
from the ?rst output register in response to a second 
read/Write control signal (Which may be a comple 
ment of the ?rst read/Write control signal), 

[0043] the ?rst three-state output buffer is enabled to 
provide data to the output data bus from the third 
output register by a third read/Write control signal 
(Which may be the same as or different from the 
second read/Write control signal or [ii] a complement 
of the ?rst read/Write control signal, and Which 
preferably enables data output in a particular or 
predetermined logic level or state), and 

[0044] the second three-state output buffer is enabled 
to provide data to the output data bus from the 
second output register in response to a fourth read/ 
Write control signal (Which may be the same as or 
different from the ?rst read/Write control signal or 
[ii] a complement of the second read/Write control 
signal, and Which also preferably enables data output 
in a particular or predetermined logic level or state). 

[0045] Alternatively, Where the output data bus is n~m bits 
Wide, one may substitute a single n~m-bits-Wide output 
register and an optional output buffer (Which may have 
three-state enablement as set forth above), n m-bits-Wide 
output registers each With an optional output buffer (having 
optional three-state control as described above), or one may 
simply omit the output register(s) and/or output buffers 
completely. 

[0046] Control inputs (e.g., one or more synchronous read 
port select inputs RPS or RPS*, one or more synchronous 
Write port select inputs WPS or WPS*, etc.) may pass 
through input registers controlled by an edge of a read/Write 
control signal (e.g., the rising edge of the positive clock 
input CLK). One may advantageously employ multiple read 
and/or Write port select inputs (e.g., RPSl, RPS2, RPS1*, 
RPS2*, WPSl, WPS2, WPS1*, WPS2*, etc.) When one 
includes multiple random access memories in a given appli 
cation (e.g., a data, voice and/or video communications 
device, such as a netWork sWitch or router). Preferably, each 
RAM in a given multiple-RAM application has at least one 
unique combination of read and at Write port select signals 
that activate the particular port (e.g., RPS1* and RPS2, 
RPSl and RPS2*, WPS1* and WPS2, WPSl and WPS2*, 
etc.). Alternatively, the different read and/or Write port select 
signals can select (enable or disable) one read or Write 
register of a multiple-register con?guration. 

Transferring Data To and From the Array 

[0047] In a further embodiment, the present invention 
relates to a process for reading data from and/or Writing data 
to a random access memory array, comprising the steps of: 

[0048] transferring a ?rst plurality of data bits to or 
from a ?rst random address in said random access 
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memory array in response to a ?rst transition of a 
read/write control signal, and 

[0049] independently transferring a second plurality 
of data bits to or from a second random address in 
said random access memory array in response to a 
second transition of said read/write control signal. 

Reading 
[0050] As shown in FIG. 3, read operations may be 
initiated by asserting a read port select signal (e.g., RPS*) 
that is active at an appropriate read/write control signal edge 
(e.g., positive clock rise [also see the CLK waveform]). The 
addresses on RA[17:0] may be stored in the Read address 
register, preferably on (in response to) the same read/write 
control signal edge as for reading from the array. The RAM 
may access two data words with each read operation on the 
same clock edge as that which latches the read address. For 
example, referring to FIG. 2, the two data words (or 
double-width data word) may be driven from the Read Data 
Reg. to output registers 20 and 22 on a single clock edge, 
then the ?rst or lower word of data may be driven through 
output buffer 12 onto the output data bus DOUT on the clock 
logic level resulting from the single clock edge that latches 
the data in output register 22, provided any applied output 
control signal (e.g., an output enable signal OE) is asserted 
in an enabling state (e.g., LOW). On the subsequent clock 
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[0052] When deselected, the present RAM may ?rst com 
plete the pending read transactions. Synchronous internal 
circuitry may automatically three-state the outputs following 
the next rising edge of the positive clock. This will allow for 
a seamless transition between a port in the present RAM and 
any external device (including without limitation a second 
RAM according to the invention) without the insertion of 
wait states. 

[0053] Table 1 below shows a truth table for the read port 
in the exemplary read operation. The identity and descrip 
tion of signal names in Table 1 can be found in Table 3 
below. 

Writing 

[0054] As shown in FIG. 4, write operations may be 
initiated by asserting a write port select signal (e.g., WPS*) 
that is active at an appropriate read/write control signal edge 
(e.g., positive clock rise [also see the CLK waveform]). The 
addresses presented to WA[17:0] may be stored in the write 
address register on the same positive clock rise as that which 
initiates the write operation. In addition, the information 
presented to the data inputs (e.g., DIN[17:0]) may be stored 
in the ?rst (or a single) Write Data register on this same 
positive clock rise. On the following edge of the read/write 
control signal (e.g., the 

TABLE 1 

Read Port Cycle Description Truth Table[1'2] 

RPSZ RPS1 CLK Comments 

H L-H RPS1 deselects Read Port. Outputs three-state following 
next rising edge of positive-clock (CLK) 

X L-H RPSZ deselects Read Port. Outputs three-state following 
next rising edge of positive clock (CLK) 

O L-H Read operation initiated on previous clock rise. Address 
are stored in the Read Address Register. Following the 
next clock rise the ?rst (lower order) word will be driven 
out onto DOUTUHJ] provided @ is driven LOW. On the 
subsequent falling edge of the positive clock (CLK) the 
second (hger order) word is driven out onto Dogma] 
provided OE is driven LOW. If the asynchronous OE is 
HIGH, the output buffers will remain in a three-state con 
dition 

Address 
Operation used 

Deselected — 

Deselected — 

Begin Read —External 

Notes: 
1X = Don’t Care. 1 = Logic HIGH, 0 = Logic LOW. 
2Device will power-up deselected and the outputs in a three-state condition, regardless of E. 

transition, the second or higher order data word stored in 
output register 20 may be latched in output register 24, then 
driven through output buffer 10 onto the DOUT signals on 
the clock logic level resulting from the clock transition that 
latches the second data word in output register 24, provided 
any applied output control signal remains asserted in an 
enabling state. In this con?guration, all data may be avail 
able, for example, as soon as 3.5 ns after clock rise (assum 
ing a 125 MHZ read/write control signal), providing a read 
operation with essentially no cycles of latency. 

[0051] Read accesses can be initiated on every rising edge 
of the positive clock. Doing so will “pipeline” the data How 
such that data is transferred out of the device on every rising 
and falling edge of the clock. 

[0055] falling edge of the positive clock), the information 
presented to DIN[17:0] is stored in the second Write Data 
Register (see also the architecture example shown in FIG. 
2). On this following read/write control signal edge (and 
optionally, a subsequently asserted write contol signal such 
as a write enable signal WE generated by a conventional 
pulse generator from a rising clock transition, and applied to 
the wordline(s) of the RAM array corresponding to the 
address stored in the write address register), the correspond 
ing 2m-bit-wide word of data is written into the array. 

[0056] Write accesses can be initiated on every rising edge 
of the positive clock (or its complement). Doing so will 
pipeline the data How such that data is transferred into the 
device on every rising and falling edge of the clock. 
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[0057] When deselected, the write port will ignore all 
inputs to the write port. 

[0058] Table 2 below shows a truth table for the write port 
in the exemplary write operation. The identity and descrip 
tion of signal names in Table 2 can be found in Table 3 
below. 

TABLE 2 
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1)”, “D(B)” and “D(E+1)”, etc., refer to a single 2m-bit 
wide data word.) In this example, the signal “CS*” repre 
sents a logical combination of two external chip select 
signals (see CS1 and CS2 in Table 3 below). 

[0062] As shown on FIG. 5, when an address Ais written 
into the write address register along bus WA, the write port 

Write Port Cycle Description Truth Table 

Address 
Operation used WPS2 WPS1 CLK Comments 

Deselected — X H L-H WPS1 deselects Write Port. All Write Port inputs are ig 
nored. 

Deselected — O X L-H WPS2 deselects Write Port. All Write Port inputs are ig 
nored. 

Begin Read —External 1 O L-H Read operation initiated. Address are stored in the Read 
Address Register. Following the next clock rise the ?rst 
(lower ordi) word will be driven out onto DOUTUm] 
provided OEis driven LOW. On the subsequent falling 
edge of the positive clock (CLK) the second (higher or 
der) word is driven out onto DOUIEM] provided ?is 
driven LOW. If the asynchronous OEis HIGH, the output 
buffers will remain in a three-state condition 

[0059] The Read and Write ports in the present RAM 
architecture may operate completely independently of one 
another. Since each port may have an independent address 
input, one can Read or Write to any location in the memory 
array, regardless of the transaction on the other port. Should 
the Read and Write ports access the same location on the 
same edge of the read/write control signal (e. g., on the rising 
edge of the positive clock), the information presented to the 
data inputs is forwarded to the data outputs (by, e.g., 
conventional bypass logic circuitry responsive to a control 
signal generated in response to an AND- or NAND-type 
logic comparison of the read and write addresses). Alterna 
tively, the data stored in the read data register may ?rst be 
output on the data output bus, then the same location written 
with the new data. 

[0060] The present RAM architecture may have one or 
more Port Select inputs for each port, allowing for easy 
depth expansion. Port Selects may be sampled on any edge 
of any read/write control signal, but is preferably sampled on 
the rising edge of the positive clock input (CLK). Either port 
select input can deselect the speci?ed port (e.g., an active 
read port select deselects the read port). Deselecting a port 
will not affect the other port. All pending transactions (Read 
and/or Write) are preferably completed prior to the port 
being deselected. 

Reading and Writing 

[0061] FIG. 5 shows the sequence of data transfer events 
occurring during substantially simultaneous read and write 
operations. Table 3 below shows the identity and description 
of the exemplary input signals shown and/or described in 
FIGS. 1-5. The letters “A”, “B”, “C”, etc., refer to addresses 
(e.g., word addresses for m-bit-wide words) in the RAM 
array. The terms “D(A)”, “D(B)”, etc., and “D(A+1)”, 
“D(E+1)”, etc., respectively refer to a ?rst or lower order 
data word and a second or higher order data word written to 
or read from the corresponding address “A”, “B”, “C”, etc. 
(Alternatively, for 2m-bit-wide circuitry, “D(A)” and “D(A+ 

select signal is asserted brie?y (and preferably while the 
read/write control signal(s) CLK and/or CLK* is/are tran 
sitioning). The ?rst transition of the read/write control signal 
CLK latches the ?rst data word D(A) on the Data In bus in 
the ?rst write register, and the next transition of the read/ 
write control signal CLK latches the next data word D(A+1) 
on the Data In bus into the second write register. (Alterna 
tively, for 2m-bit-wide circuitry, the ?rst transition of the 
read/write control signal CLK latches a single 2m-bit-wide 
data word in a single write data register.) The data words 
D(A) and D(A+1) may then be written into address Ain the 
?rst and second arrays, respectively, as shown for example 
in FIG. 2. Writing into the array(s) may be controlled by a 
synchronous or asynchronous control signal as described 
above (e.g., a rising CLK edge or a subsequently asserted, 
independently generated write enable signal), or alterna 
tively, writing to the array(s) may not be gated or controlled 
by a control signal. 

[0063] Similarly, when an address E is latched into the 
read address register along bus RA, the read port select 
signal is asserted brie?y (and preferably while the read/write 
control signal is transitioning). The ?rst transition of the 
read/write control signal latches data word(s) D(E) and 
D(E+1) from address E in the array(s) (e.g., into registers 20 
and 22 in FIG. 2) and outputs D(E) to the data outputs. For 
m-bit-wide circuitry, a complementary transition of the 
read/write control signal may then latch data word D(E+1) 
through a shadow register (e.g., register 24 in FIG. 2) and 
onto the data output bus and the data outputs. 

[0064] While the invention has been described in connec 
tion with certain preferred embodiments, it is not intended to 
limit the scope of the invention to the particular form set 
forth, but on the contrary, it is intended to cover such 
alternatives, modi?cations, and equivalents as may be 
included within the spirit and scope of the invention as 
de?ned by the appended claims. 
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TABLE 3 

Pin Number Name I/O Description 

DINUHJ] Input- Data input signals, sampled on the rising and subsequent falling edge of 
Synchronous CLK during the data portion of the Write operations. The Data presented to 

DIN[17.U can be read from the device on DOUT[17.U]. 
WPS1 Input- Write Port Selects, active LOW and HIGH, respectively. Sampled on the rising 
WPS2 Synchronous edge of CLK. When active, a Write operation is initiated. WPS1 and WPS2 are 

quali?ed With chip selects (@ and CS2) 
WAUHJ] Input- Write Address inputs. Sampled on the rising edge of the CLK during a Write 

Synchronous operation. These inputs are ignored during the falling edge of the positive 
clock (CLK). These inputs are quali?ed With WPS, w and CS2. 

DOUTUm] Outputs- Data Outputs signals. These pins drive out the requested data during a 
Read operation. The data driven out on DOUTUHJ] is the same data Written 

in on DIN[17.U]. 
RPS1 Input- Read Port Selects, active LOW and HIGH, respectively. Sampled on the rising 
RPS2 Synchronous edge of CLK. When active, a read operation is initiated, RPS1 and RPS2 are 
RPS2 quali?ed With chip selects (E and CS2) 
RAUHJ] Input- Read Address inputs. Sampled on the rising edge of the CLK during a read 

Synchronous operation. These inputs are ignored during the falling edge of the positive 
clock (CLK). These inputs are quali?ed With m, w and CS2. 

@ Input- Output Enable, active LOW. This is an asynchronous input that controls the 
Asynchronous output drivers of the device. When deselected using m, the output drivers 

are automatically three-stated, regardless of the state of OE. 
@ Input- Chip Selects 1, active LOW. Sampled on the rising edge of the positive clock 

Synchronous (CLK). This signal is used in conjunction With CS2 to select or deselect the 
device. 

CS2 Input- Chip Selects 2, active HIGH. Sampled on the rising edge of the positive 
Synchronous clock (CLK). This signal is used in conjunction With @ to select or deselect 

the device. 
CLK Input-Clock Positive Clock input. Used to capture all synchronous inputs to the device. 

All accesses are initiated on the rising edge of CLK. The crosspoint of CLK 
and CLK are used to capture all synchronous inputs to the device. 

@ Input-Clock Negative Clock input. Complimentary to CLK. The crosspoint of CLK and 
CLK are used to capture all synchronous inputs to the device. CLK is used 
to capture DIN and drive DOUT. 

VDD PoWer Supply PoWer supply inputs to the core of the device. Should be connected to 2.5 V 
poWer supply. 

VSS Ground Ground for the core of the device. Should be connected to ground of the 
system. 

VDDQ PoWer Supply PoWer supply inputs for the outputs of the device. Should be connected to 
2.5 V poWer supply. 

VSSQ Ground Ground for the outputs of the device. Should be connected to ground of the 
system. 

1. Aprocess for reading data from and/or Writing data to 
a random access memory array, comprising the steps of: 

(A) transferring a ?rst plurality of data bits either to or 
from a ?rst random address in response to a ?rst 
transition or logic level of a read/Write control signal, 
and 

(B) independently transferring a second plurality of data 
bits either to or from a second random address in 

2. The process of claim 1, Wherein step (A) comprises a 
Write operation and step (B) comprises a read operation. 

3. The process of claim 1, Wherein step (A) comprises a 
read operation and step (B) comprises a Write operation. 

4. The process of claim 1, Wherein step (A) comprises a 
?rst read operation and step (B) comprises a second read 
operation. 

5. The process of claim 1, Wherein step (A) comprises a 
?rst Write operation and step (B) comprises a second Write 
operation. 

response to a second, complementary transition or logic 
level of said read/Write control signal. * * * * * 


