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(57) ABSTRACT 

An interleaved memory includes an array of memory cells 
divided into a ?rst bank of memory cells and a second bank 
of memory cells. The interleaved memory operates in a burst 
access mode. A ?rst address counter is coupled to the ?rst 
bank of memory cells, and an address register is coupled to 
the ?rst address counter and to the second bank of memory 
cells. A timing circuit generates increment pulses to the ?rst 
address counter so that a ?rst random access asynchronous 
read cycle starts With the ?rst bank of memory cells. A 
function of an address counter for the second bank of 
memory cells is being performed by coping contents of the 
?rst address counter to the address register. 
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INTERLEAVED MEMORY DEVICE FOR 
SEQUENTIAL ACCESS SYNCHRONOUS READING 

WITH SIMPLIFIED ADDRESS COUNTERS 

FIELD OF THE INVENTION 

[0001] The present invention relates in general to memory 
devices, and, in particular, to an interleaved memory device 
readable in a synchronous mode for successive locations 
With a sequential or burst access mode. 

BACKGROUND OF THE INVENTION 

[0002] Interleaved memory devices With a sequential (or 
burst) access mode comprises at least tWo banks of memory 
cells provided With their oWn address counter and indepen 
dent decoding and sensing circuits. The array of memory 
cells may be subdivided in any number of blocks greater 
than tWo. 

[0003] A typical simpli?ed diagram of an interleaved 
memory device is depicted in FIG. 1. In a synchronous 
interleaved memory organiZed in tWo banks, the successive 
addresses of the respective banks at Which the read opera 
tions must be alternately carried out are sequentially gener 
ated automatically by incrementing internal address 
counters in synchroniZation With an external clock. This is 
after a ?rst random access to a certain location on one of the 
tWo banks based upon the acquisition of an externally 
commanded address (?rst asynchronous read cycle). The 
management of sequential read operations may be designed 
for any number of banks by reading the different banks 
according to a scheme While alWays incrementing the 
address of the previous location. 

[0004] The fact that an interleaved memory is most com 
monly divided in tWo half-arrays or banks of cells alloWs for 
a neW read cycle to be started on a bank While the read cycle 
on the other bank has not yet terminated, thus saving time. 
In order to do this it is essential that address operations to the 
tWo banks be independent from each other. 

[0005] To maintain synchroniZation of the interleaved 
memory, increments for the address counter for the respec 
tive banks (EVEN/ODD) must be carried out according to 
Whether the start address for a neW sequential or burst access 
synchronous read phase pertains to the even or the odd bank. 
Also, it may pertain to a certain pre-established bank in case 
of a number of banks N>2, according to the particular 
protocol used for managing the memory device. The start 
address is externally acquired and starts the ?rst random 
access asynchronous read cycle. 

[0006] In the most typical case of a tWo-bank interleaved 
memory, as may be observed in FIGS. 2 and 3, in a burst 
mode the read cycles successive to the ?rst one are time 
interleaved betWeen the banks ODD_BANK and EVEN 
_BANK. The increments of the address counters EVEN 
_COUNTER and ODD_COUNTER are controlled by tWo 
distinct incrementing clocks, labeled With INC_EVEN and 
INC_ODD in FIG. 4. This is produced by a control logic 
circuit that controls the timing of a synchronous read phase. 

[0007] According to the knoWn technique, each of the 
internal address counters of the respective half-arrays or 
banks is an N-th binary counter formed by N bistable stages, 
typically ?ip-?ops, and N half-adder stages connected in 
cascade. Each half-adder stage has a carry bit input CARRY 
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for the carry bit coming from the preceding stage and an 
address input coming from its associated ?ip-?op. 

[0008] In such binary counters the propagation chain of 
the signal CARRY determines the maximum operating 
speed. In the propagation chain of the commonly used 
binary counters, carry bits are produced by ANDing the 
address bit and the carry bit coming from the previous stage. 
This imposes a Wait for the propagation of signals through 
out the N-l stages in order to receive the information 
concerning the carry bit of the N-th stage. Such a propaga 
tion scheme implies Wait times that often are not compatible 
With a high operating speed, especially in counters having a 
large number of stages. 

SUMMARY OF THE INVENTION 

[0009] In vieW of the foregoing background, it is an object 
of the present invention to provided an approach that 
addresses the sloWness in generating addresses for the banks 
of an interleaved memory during a sequential access syn 
chronous read phase. 

[0010] This and other objects, advantages and features are 
provided by the fact that, differently from the common 
interleaved memory devices, only one internal address 
binary counter of one bank is used, While the function of an 
internal address counter of any other bank is performed by 
a common register in Which it is copied the content (the 
internal address) of the binary counter of the ?rst bank or of 
the content (the internal address) of the respective register of 
the bank that immediately precedes the considered bank 
according to the sequential read cycle scheme for all the 
memory banks, starting from the ?rst one. 

[0011] According to a preferred embodiment of the inven 
tion, each stage of the single internal address counter of one 
of the tWo banks is functionally coupled to a corresponding 
stage of the internal address register of the bank that folloWs 
it in the cycle succession of the sequential read of the data. 
The data is read from the different banks through a pass-gate 
that is sWitched to a conduction state by each increment 
pulse. Similarly, each stage (latch) of the register that 
folloWs the counter is coupled to the corresponding stage 
(latch) of the register that folloWs it in the succession 
through a pass-gate that is sWitched in a conduction state by 
each increment pulse. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The different aspects and advantages of the inven 
tion Will become even more evident through a detailed 
description of the invention referring to the attached draW 
ings in Which: 

[0013] FIG. 1 is a basic diagram of an interleaved memory 
device according to the prior art; 

[0014] FIGS. 2 and 3 are timing diagrams of the main 
signals involved in accessing the banks of an interleaved 
memory device according to the prior art; 

[0015] FIG. 4 depicts the architecture of a common 
address counter for an interleaved memory according to the 
prior art; and 

[0016] FIG. 5 depicts the architecture of the address 
counter of the memory according to the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] For purposes of illustrating the present invention, 
reference Will be made to a common interleaved memory 

device split in only tWo banks (half-matrices). The central 
point of the invention is the fact that, as it may be noticed 
from FIGS. 2 and 3, there is alWays a bank, Which in the 
considered case is the bank EVEN_BANK, Whose counter 
receives ?rst the address increment. When the counter 
EVEN_COUNTER is incremented, the successive incre 
ment of the counter ODD_COUNTER produces exactly the 
same address stored in the counter EVEN_COUNTER. 

[0018] It has been found that in an interleaved memory 
device it is not necessary to use as many binary counters as 
the number of banks. Instead, the function of all the other 
binary counters eXcept a ?rst one may be advantageously 
performed by simply using registers. An architecture for 
producing addresses for the tWo banks of a burst memory 
device of the invention is depicted in FIG. 5. 

[0019] On the bank EVEN_BANK, the current address is 
pointed by a standard binary counter EVEN_COUNTER, 
While on the other bank ODD_BANK the address is pointed 
by a register ODD_REGISTER in Which the content of the 
binary counter of the bank EVEN_BANK is copied as it is 
produced. 
[0020] According to a preferred embodiment of the inven 
tion, the stages of the counter are coupled to respective 
stages of the register through pass-gates driven by the 
increment clock INC_ODD. This causes the content of the 
counter EVEN_COUNTER to be stored into the register 
ODD_REGISTER at each clock pulse. A signi?cant hard 
Ware simpli?cation is thus advantageously obtained because 
the number of components used to form a register is smaller 
than that necessary to form a binary counter. 

[0021] Moreover, the address for the bank ODD_BAN K is 
updated in a shorter time than the time required to increment 
a binary counter. In fact, When the address of the bank 
ODD_BANK is updated (incremented) it is no longer nec 
essary to Wait for the propagation time of the carry because 
the neW address is more rapidly obtained by copying the 
content of the counter EVEN_COUNTER. The diagram of 
FIG. 5 does not introduce any limitation or functional 
difference With respect to a classic realiZation With tWo 
binary counters, and may be conveniently used in all burst 
access interleaved memory devices. 
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[0022] Even in the case of a memory With a number of 
banks (N) greater than tWo, after having de?ned a ?rst bank 
as reference bank, the control circuit of the memory device 
carries out the successive burst readings in a cycle by 
incrementing the addresses of the various banks in succes 
sion up to the N-th bank. Should the (asynchronously) 
addressed bank at each ?rst read phase of a burst access 
cycle not be the ?rst bank (reference bank) but the K-th 
(1<K<N) bank, the memory timing circuit effects the suc 
cessive increments of the addresses from the K-th to the N-th 
bank, and thereafter, points again to the ?rst bank. 

[0023] In practice, only the pre-de?ned ?rst bank, from 
Which the burst readings start Will be provided With an 
address counter While all the other banks Will have address 
registers functionally interconnected as in the above 
described eXample of an interleaved memory device With 
only tWo banks. 

That Which is claimed is: 
1. An interleaved memory device readable in sequential 

access synchronous mode, having at least tWo banks of 
memory cells (EVEN_MATRIX, ODD_MATRIX) each 
provided With its oWn address counter, decoding structures 
(X-DEC-EVEN, X-DEC-ODD, Y-DEC-EVEN, Y-DEC 
ODD) and sensing structures (SA, SA_LATCHES, 
SA_OUT_BUS), a timing circuit (TIMING) producing 
increment pulses (INC_EVEN, INC_ODD) of said address 
counters, characteriZed in that the function of address 
counter of all banks (ODD_MATRIX) With the exception of 
a ?rst bank (EVEN_MATRIX) so pre-de?ned by a memory 
management protocol as the bank on Which the ?rst asyn 
chronous random access read cycle is started, is performed 
by a register (ODD_REGISTER) in Which is copied the 
content of the address binary counter (EVEN_COUNTER) 
of said ?rst start bank of each ?rst asynchronous read cycle 
or the content of the address register of the preceding bank 
in the cyclic synchronous read sequence at each increment 
pulse (INC_ODD) of the address of said preceding bank 
(ODD_MATRIX). 

2. The memory device of claim 1, characteriZed in that it 
comprises only tWo banks (EVEN_MATRIX, ODD_MA 
TRIX), in Which each stage of said address binary counter 
is coupled to a respective stage of said register (ODD_REG 
ISTER) through a pass-gate sWitched in conduction state at 
each increment pulse (INC_ODD). 

* * * * * 


