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(57) ABSTRACT 

An address binary counter for an interleaved having an array 
of memory cells being divided into a ?rst bank of memory 
cells and a second bank of memory cells includes as many 
stages as the bits that may be stored in the memory cells of 
a roW of one of the banks, and a carry calculation netWork. 
The interleaved memory operates in a burst access mode 
enabled by an enabling signal. The carry calculation netWork 
includes an ordered group of independent carry generators. 
Each independent carry generator includes a certain number 
of stages, With each stage having inputs receiving its oWn 
enabling bit and a number of consecutive bits of a roW of the 
bank equal to the number of stages, orderly starting from the 
least signi?cant bit. The enabling bit of the ?rst carry 
generator of the ordered group is the enabling signal, and the 
enabling bit of any other carry generator of the ordered 
group is the logic AND of the enabling signal and of the 
input bits of the preceding carry generator of the ordered 
group. 
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ACCELERATED CARRY GENERATION 

FIELD OF THE INVENTION 

[0001] The present invention relates in general to memory 
devices, and in particular, to an interleaved memory readable 
in a synchronous mode or in a random access asynchronous 
mode With fast access times. The interleaved memory is 
readable in the synchronous mode by successive locations 
With a sequential type of access, commonly referred to as a 
burst mode. 

BACKGROUND OF THE INVENTION 

[0002] In a standard memory a read cycle is de?ned from 
a request of data effected by the input of a neW address, to 
the ?nal output of the bits stored in the addressed location 
(byte, Word, etc.). Internally, the reading process evolves 
through several steps. These steps start from the acquisition 
of the neW address, to its decoding, to the generation of 
synchroniZing pulses of the sensing circuits, and to the 
output of the read data. 

[0003] The ATD (Address Transition Detection) signal 
recogniZes a change of the address input by the external 
circuitry, and therefore, the neW request of access and 
initiates a neW read cycle. After enabling the sense ampli 
?ers by the signal SAenable, an equaliZation of the sensing 
circuitry takes place. At the end of Which, as timed by the 
signal EQZ, the effective reading of the memory cells takes 
place. Finally, after a certain interval of time that may vary 
from device to device, by Way of a signal SAlatch, the 
recording of the read data into the latches in cascade to the 
sense ampli?ers takes place, from Where the read Word may 
be transferred to the output buffers. 

[0004] In memory devices designed for a synchronous 
read mode With a sequential type (burst) of access, the 
reading process exploits the fact that the reading takes place 
by successive locations. That is, the subsequent memory 
location to be read, and therefore, its address, is predictable 
from the address of the location being currently read. 

[0005] Asubgroup of these sequential (burst) synchronous 
read mode memories is represented by the interleaved 
memories. A burst access interleaved memory is described 
in Us. Pat. No. 5,559,990, for example. In this type of 
memory, the cell array is divided in tWo semi-arrays or 
banks, each having its oWn read circuitry. The read streams 
of the tWo banks are thereafter superimposed according to 
one of the most commonly folloWed approaches. They are 
outphased, i.e., out of phase, from each other. While on one 
of the tWo banks or semi-array the steps of evaluation and 
transfer of the data to the output are being performed, on the 
other bank or semi-array (the next location to be addressed) 
a neW read cycle may start Without Waiting for the conclu 
sion of the current read cycle that involves the ?rst semi 
array. 

[0006] In interleaved memories, a basic scheme of Which 
is depicted in FIG. 1, the array is divided into tWo inde 
pendent banks or semi-arrays, EVEN and ODD, respec 
tively, each having its oWn independent read path. Typically, 
there are tWo counters (one for each bank) containing the 
address of the currently pointed memory location. In case of 
simultaneous reading processes evolving respectively on the 
tWo semi-arrays, the least signi?cant bit of the address (A0) 
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supports the multiplexing betWeen the EVEN and the ODD 
banks. If A0=0, the data coming from the EVEN semi-array 
Will be made available at the output. If A0=1, the data 
coming from the ODD semi-array Will be made available at 
the output. 

[0007] As it is commonly knoWn, the reading of the tWo 
semi-arrays is carried out according to one of tWo different 
approaches. A ?rst approach is simultaneous readings and 
multiplexing of the outputs. A second approach involves 
time readings that are out of phase. 

[0008] According to the ?rst approach, the readings are 
simultaneous on the tWo banks. The data read are stored in 
respective output registers and made available to the outside 
World in synchroniZation With an external clock signal. 
According to the second approach, the readings on the tWo 
semi-arrays have an alternate and interleaved evolution over 
time. 

[0009] The ?rst approach, though offering a simpler hard 
Ware implementation, limits the minimiZation of the start 
times of synchronous read cycles. For a better comprehen 
sion, it is necessary to consider the basic steps that are 
performed When passing from an asynchronous read mode 
to a synchronous read mode. 

[0010] With reference to the scheme of FIG. 2, and 
starting the reading from an address X, the latter Will be 
loaded on the EVEN bank counter and on the ODD bank 
counter, less the least signi?cant bit (A0) of the address. The 
tWo counters Will point to the same location X of the 
respective bank or semi-array. 

[0011] If A0=0: the ?rst read data is relative to the 
address X of the bank EVEN and the successive read 
data is the data X of the bank ODD. 

[0012] If A0=1: the ?rst read data is relative to the 
address X of the bank ODD and the successively read 
data is relative to the X+1 address of the bank EVEN. 

[0013] In the ?rst case, it is suf?cient to perform a simul 
taneous reading of the tWo banks and multiplex the outputs. 
In the second instance, it is necessary to increment the 
counter before starting the reading on the bank EVEN. 

[0014] Usually, knoWn synchronous memory devices do 
not make any initial increment and Wait for the successive 
cycle for incrementing both counters, and therefore, read the 
location X+1 of the banks EVEN and ODD. This makes the 
times of the ?rst read cycle and of the second sequential read 
cycle at best equal to the asynchronous read mode time of 
the memory. 

[0015] In general, it may be stated that the efficient man 
agement of the read processes has a direct in?uence of the 
performance of the memory device. Many read-path archi 
tectures have been proposed. KnoWn read-path architectures 
have generally been conceived for responding efficiently to 
either one or the other of the tWo modes of operation: 
asynchronous or synchronous. 

[0016] If a memory device is designed to be read in an 
asynchronous mode, it Will be generally provided With a 
rather simple control circuitry for the read data streams. This 
alloWs the use of adaptive structures, such as dummy 
Wordlines and dummy sense ampli?ers, While leaving the 
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reading circuitry free to evolve as fast as possible in order to 
achieve the shortest asynchronous access delays. 

[0017] In contrast, in memory devices designed to func 
tion in a burst access mode or in a synchronous read mode, 
the possibility of making available in output a certain 
number of Words read and stored in advance, permits, after 
a ?rst asynchronous access, as long as it may be, a series of 
extremely fast read cycles. In this case though, the control 
logic must intervene extensively to manage the sense ampli 
?ers Which should not be left to evolve freely but be enabled, 
equaliZed and read at precise instants established by the 
control system. Prior European Patent Application Serial 
No. EP-98830801, ?led on Dec. 30, 1998, and Italian Patent 
Application Serial No. MI99A00248, ?led on Nov. 26, 1999, 
describe burst-mode EPROM devices With the above char 
acteristics. These patent applications are both incorporated 
herein by reference in their entirety, and are assigned to the 
assignee of the present invention. 

[0018] The access mode in a reading phase of operation is 
set to a speci?c protocol of use of tWo of the external 
protocol signals. These tWo signals are the address input 
latches enabling signal ALE and of the read stimulation 
signal RD. 

[0019] The counters of the tWo semi-arrays, or the counter 
of the ?rst bank and a more simpler register Which functions 
as an address counter of the second bank, are incremented 
distinctly from one another. This is different from What is 
commonly done in interleaved memory devices. The read 
ings are thus out of phase on the tWo banks from the ?rst 
(asynchronous) read cycle. In this Way, the memory device 
of the invention is perfectly able to sWitch to a synchronous 
mode reading phase at any time, Which practically cuts in 
half the access time to such a mode. 

[0020] The tWo different reading processes, according to 
an asynchronous random access mode and according to a 
synchronous burst access mode remain congruent With each 
other, having an alternate and interleaved evolution in time, 
as described in European Patent Application No. 
008300683, ?led on Jan. 31, 2000. This application is 
incorporated herein by reference in its entirety, and is 
assigned to the assignee of the present invention. 

[0021] The architecture disclosed in the referenced patent 
application provides for optimal performances, uncompro 
mised in any measure by the bivalent character of the device, 
Whether commanded to function as a standard asynchronous 
random access memory or as a synchronous burst access 

memory. The control circuit of the memory recogniZes the 
type of access and reading mode that is required by Way of 
a speci?c protocol of use of tWo external commands, namely 
the address latch enabling signal ALE and the read simula 
tion signal RD signal. 

[0022] The start of a standard read cycle (asynchronous 
mode) takes place as customary When the ALE signal 
assumes a high logic level 1. Upon the sWitching to a logic 
1 of the ALE signal, the memory acquires (in its input 
latches) the desired address and simultaneously starts up the 
sense circuitry of both banks. 

[0023] Of course, a ?rst cycle Will alWays be asynchro 
nous and the independent arrays of sense ampli?ers of the 
tWo banks are simultaneously activated. If the ALE signal 
does not return to its rest condition, that is to a logic 0 state, 
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the tWo banks of sense ampli?ers Will complete their respec 
tive readings, each evolving according to its oWn self 
adapting circuits. This is the same manner as in a standard 
asynchronous memory. 

[0024] At the end of these readings, only the bank cur 
rently in a condition of priority, determined by the value of 
the least signi?cant bit of the address, Will be enabled to 
place the read data on an internal data bus. When ADD<0>= 
0, this establishes the priority of the EVEN bank, and When 
ADD<0>=1, this establishes the priority of the ODD bank. 

[0025] Under these conditions, the reading stimulation 
signal RD behaves as an active loW Output Enable com 
mand, such that When at a logic 0 level, the data of the bank 
currently in priority is transferred to the output buffers, and 
therefore, made available to the external World. 

[0026] If the ALE signal sWitches back to a logic 0 level 
during the very ?rst read cycle or thereafter during the nth 
asynchronous random access read cycle, the control circuit 
interprets such an occurrence as a request for a change to a 
burst mode of access and to a synchronous read mode of the 
memory. In such a case, the control circuit generates a ?rst 
increment pulse for the address counter (or optionally for the 
functionally equivalent register) of the bank Which currently 
is not in priority. 

[0027] In so doing, the reading of the data on the bank 
currently in priority is left to evolve, considering that this 
bank Will be the ?rst to be called to provide its data to the 
output of the memory, Simultaneously, the incremented 
address for the successive reading to be done on the other 
bank is prearranged (start of the synchronous burst inter 
leaved reading mode). 

[0028] The same increment pulse for the address counter 
(or register) of the bank currently not in priority stimulates 
also the respective reading circuitry of the bank. Aspecially 
modi?ed ATD generator generates upon stimulation by the 
address counter incrementing pulse a dummy ATD pulse that 
is due to internal stimulation, and Which is exclusively 
conveyed to the bank not in priority, and to its decoding and 
sensing circuits. 

[0029] In this Way, the array of sense ampli?ers of the 
bank not in priority, the relative sense control circuit and 
equaliZation dummy structures, etc., Will interpret the 
address counter incrementing pulse as a normal asynchro 
nous read cycle request and Will restart. This is While the 
sense ampli?ers of the bank currently in priority, being 
completely independent from those of the other bank, Will 
continue to evolve in their reading process. 

[0030] The control circuit of the memory Will continue to 
monitor the signals coming from the sense control of the 
bank in priority. As soon as the sense control circuit provides 
the SAlatch signal for transferring the read data to the 
latches immediately in cascade of the respective sense 
ampli?ers, the control circuit Will generate a pulse com 
manding the loading of data on the output, i.e., a LOAD 
pulse. In this Way, the functioning enters in a burst inter 
leaved access mode. 

[0031] The end of the LOAD pulse establishes the avail 
ability of the bank that has just terminated a read cycle to 
start a neW read cycle. Therefore, a neW address counter 
incrementing signal Will be generated only for the counter 
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(or equivalent register) of such a bank, Which besides 
stimulating the generation of a sequentially updated internal 
address, Will cause the generation of a neW ATD pulse by 
internal stimulation (dummy). This is exclusively conveyed 
to the circuitry of such a bank. 

[0032] These succession of address counter incrementing 
pulses have also the function of commuting the priority 
betWeen the tWo banks in an alternate manner. In fact, 
because the ?rst bank has terminated a read cycle and is 
about to start a neW one, the bank that Was not in priority and 
that in the meanWhile had restarted on its up-dated address, 
assumes priority. 

[0033] Therefore, the control circuit of the memory Will 
again Wait for information coming from the asynchronous 
and self-adapting structures of sense control of such a bank 
as Well as for an authoriZation by the external command RD 
to output the data of such a bank by the generation of a neW 
LOAD pulse. From hereon, the steps described above may 
repeat inde?nitely, alternating the sequence. 

[0034] According to a preferred embodiment, the circuit 
that detects transitions in the latches acquiring the externally 
requested addresses generates a detection signal ATD even 
upon a sWitching of the outputs. This is during a phase of 
reentering from a state of standby With the external com 
mand ALE=0, and besides the acquisition of a neW address 
from outside during a phase of random access or upon the 
incrementing of one the other address counters of the tWo 
banks during a phase of sequential access. This provides for 
a useful resume&recovery functionality, such as for produc 
ing in output the last read data before entering the phase of 
standby, or the data relative to the sequentially successive 
address. This depends on the logic state of the RD command 
at the moment of interrupting the sequential reading and 
entering in a phase of standby of the memory. 

[0035] From the above mentioned reasons it is clear the 
importance to ensure an address updating that is as rapid as 
possible When an increment pulse is detected during a 
synchronous read access (burst mode) for selecting a neW 
memory location. Commonly, the address counters are 
binary counters in Which the carry propagation chain deter 
mines or limits its speed. 

[0036] According to knoWn techniques, the commonly 
used binary counters are based on a Carry Look Ahead 
architecture (CLA), according to a circuit diagram as the one 
depicted in FIG. 5. Such a common architecture of binary 
counter in the form of a CLA adder, besides requiring the 
integration of a relatively complex hardWare, has speed 
limits imposed by the delays of the carry propagation chain. 

SUMMARY OF THE INVENTION 

[0037] In vieW of the foregoing background, the present 
invention provides an excellent approach to the problem of 
the carry propagation in binary counters by reducing in a 
non-negligible manner the propagation time by using a 
particular carry calculation netWork. 

[0038] Such a netWork is formed by an ordered set of carry 
generators, With each one calculating a carry for a respective 
group of stages of the counter. These generators are sub 
stantially carry calculation netWorks having a lesser number 
of stages than the counter. 
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[0039] While the commonly used address counters are 
provided With a carry calculation netWork ideally obtained 
by connecting in cascade several carry generators, the 
counter of the invention has a carry calculation netWork 
obtained by connecting in parallel such generators by AND 
gates. 

[0040] The ?rst carry generator of the counter of the 
invention is coupled to the same addresses of the ?rst carry 
generator of the knoWn counters. On the contrary, the 
successive generators of the invention do not receive, at the 
respective input of the carry bit, the bit CARRY related to 
the most signi?cant bit of the preceding generator in the 
ordered group as in the knoWn structures. Instead, they 
receive a carry bit quickly calculated by carrying out the 
logic AND of all the addresses of the previous generator. 

[0041] The carry bit is quickly calculated and coincides 
With the CARRY calculated by the preceding generator, 
because a CARRY is produced only When all the respective 
input bits are 1. The main advantage of this architecture 
includes the fact that the generators Work in parallel, With a 
de?nite saving of time. In contrast, the carry generators in 
knoWn counters Work sequentially, that is the nth generator 
can Work only When the n—1th generator that precedes it in 
the ordered group has terminated its oWn cycle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] The different aspects and advantages of the inven 
tion Will become clearer through a detailed description of the 
invention With reference to the attached drawings Wherein: 

[0043] FIG. 1 is a basic diagram of an interleaved memory 
according to the prior art; 

[0044] FIGS. 2 and 3 are timing diagrams of the main 
signals that are generated during an access to the banks of an 
interleaved memory according to the prior art; 

[0045] FIG. 4 is the architecture of a common address 
counter for an interleaved memory according to the prior art; 

[0046] FIG. 5 shoWs the organiZation of the logic circuit 
includes the counter according to the prior art; 

[0047] FIG. 6 schematically shoWs the evolution of the 
stages of the counter of FIG. 5; 

[0048] FIG. 7a is the diagram of the carry calculation 
netWork of a common counter according to the prior art; and 

[0049] FIG. 7b is the diagram of the carry calculation 
netWork of the counter according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0050] In order to support the timing of the interleaved 
memory, as depicted in FIGS. 2 and 3, increments for banks 
EVEN/ODD must be made depending on Whether the start 
address for burst readings is set for the EVEN or for the 
ODD bank. As shoWn in the referenced ?gures, the succes 
sive readings are interleaved betWeen the banks ODD and 
EVEN in burst mode. 

[0051] The increments of the address counters EVEN and 
ODD are controlled by tWo different increment clocks, 
called INC EVEN and INC ODD, respectively, as depicted 
in FIG. 4, Which are generated by a burst timing control 
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logic. According to the known technique, an N-bit binary 
counter is composed of N ?ip-?op latches and N half adder 
stages connected in cascade, as depicted in FIG. 5. Each half 
adder stage has an input for a carry bit coming from the 
previous stage, and an input for an address coming from the 
corresponding latch. 

[0052] In FIG. 6 it is schematically shoWn hoW the 
address bits BIT1, . . . , BITN and the bit carries C0, . . . , 

CN are generated at each transition T, according to the 
folloWing relations: 

SUM=InpA XOR InpB 

CARRY=InpA AND InpB 

[0053] In the carry propagation chain of the binary 
counters that are commonly used as address counters, the 
carry bits are generated by ANDing the address bit and the 
carry bit coming from the preceding stage. This means that 
it is necessary to Wait for the propagation of the signals 
through n-1 stages before having information on the carry 
bit of the nth stage. In case of counters With a large number 
of stages, the delay of such a propagation may be intolerable 
With high speed requirements. 

[0054] The carry calculation netWork of the knoWn 
counters, depicted in FIG. 5, composed of AND gates and 
stages comprising a half adder (XOR gates) and a latch, can 
be seen as a modular structure formed by different stages of 
AND gates in cascade, each connected to an address bit and 
to a carry bit CARRY<N>, as depicted in FIG. 7a. It is 
evident that the last stage ends its oWn operation only after 
all the stages upstream have ?nished since the stages are 
connected in cascade. 

[0055] In contrast, the counter of the invention has a carry 
calculation netWork realiZed as depicted in FIG. 7b. The 
different stages of AND gates are grouped together and each 
group (STAGE_N, STAGE_N+1, . . . , STAGE_Z-l) forms 
a carry generator for a group of successive address bits. The 
different carry generators form an ordered group, Wherein 
the generators producing a carry bit for least signi?cant 
address bits precedes in the order the ones related to the most 
signi?cant bits. 

[0056] The netWork of FIG. 7b differs from the knoWn 
netWork of FIG. 7a because the generators are connected in 
parallel by means of AND gates, input With the address bit 
and With a bit resulting from the quick carry calculation of 
the previous carry generator. 

[0057] The carry generators, as depicted in FIG. 7b, Work 
in parallel because each one of them is input With the carry, 
relative to the most signi?cant address bit of the preceding 
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generator in the ordered group, before the preceding gen 
erator has calculated it. This is possible because the input 
AND gate of a carry generator quickly calculates a bit 
FASTCARRY<Z—1> equal to CARRY. 

[0058] A carry generator produces a CARRY only if all its 
inputs (ADD_E<N>, ADD_E<N+1>, . . . , ADD-E<Z—1>, 

FASTCARRY<N—1>) are active. The carry can thus be 
quickly calculated by ANDing all its inputs. The ability to 
calculate the carry at the input of a carry generator, before 
the carry generator that precedes it in the ordered group has 
terminated its operation, alloWs the different generators to 
Work in parallel With a consequent saving of time. 

[0059] This characteristic makes the present invention 
particularly suitable in memories designed for operating at 
relatively high clock frequencies, such as the memories 
using a burst protocol. It must be highlighted that a carry 
generator may have any number of stages, for eXample, all 
generators may have the same number of stages or, to make 
all carry generators ?nish at the same time, they may have 
a number of stages progressively decreased starting from the 
?rst generator to the last generator of the ordered group. 

That Which is claimed is: 
1. An address binary counter for a subdivision bank of the 

cell array of an interleaved memory With burst access 
enabled by an enabling signal (ENABLE), comprising as 
many stages as the bits that may be stored in the cells of a 
roW of the bank and a carry calculation netWork, character 
iZed in that 

said carry calculation netWork comprises an ordered 
group of independent carry generators each of a certain 
number of stages, and having its oWn enabling bit and 
being input With a number of consecutive bits of a roW 
of the bank equal to its number of stages, orderly 
starting from the least signi?cant bit; 

said enabling bit of the ?rst carry generator of said 
ordered group being said enabling signal (ENABLE), 
and the enabling bit of any other carry generator of said 
ordered group being the logic AND of said enabling 
signal and of the input bits of the preceding carry 
generator of said ordered group. 

2. The binary counter of claim 1, Wherein said carry 
generators have the same number of stages. 

3. The binary counter of claim 1, Wherein said indepen 
dent carry generators of said ordered group have a number 
of stages progressively decreased according to an arithmetic 
sequence With an unitary rate. 

* * * * * 


