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TRUST ARCHITECTURE FOR A FLASH MEMORY BACKGROUND S The present invention
relates generally to semiconductor memory devices. More particularly, the
present invention relates to a burst architecture for a flash memory. Flash
random access memory (3, more commonly known as flash memory, is a form of
non volatile storage that uses a memory cell design with a floating gate.
High voltages are applied to the memory cell inputs to program or store 10
charge on the floating gate or to erase or remove charge from the floating
gate. Programming occurs by hot electron transfer to place charge on the
floating gate while erasure makes use of Fowler-Nordheim tunnelling in
which electrons pierce a thin dielectric material, reducing the amount of
electronic charge on the floating gate. Erasing a cell sets the logical
value of the cell to "1" while programming the cell sets 15 the logical
value of "0". Aside from programming or erasing operations, a flash .
memory operates similarly to a randomly accessible read only memory (Rpm. .
Conventionally, a flash memory chip) including the flash memory storage
cells and support logic/circuitry, is made by fabricating layers of
semiconductor material and interconnect layers of polysilicon and first and
second metal layers onto a substrate. 20 It will ba appreciated that three
are numerous integrated circuit fabrication techniques, involving more or
fewer layers, which are applicable herein. Flash memories are asked to meet
continually increasing standards of system performance. One area where
opportunities lie to increase the performance of flash 25 memory is the
area of burst mode flash memory. It would be desirable to implement a high
performance hash memory capable of improved burst mode operation. IBM
Technical Disclosure Bulletin, Volume 30, No. 12, May 1988, Armonk, NY,
USA, pages 339 to 34l; "Increasing data read rate from memories" describes
a 30 method for increasing the rate at which data may be read from a memory
involving 1. AMENDED SHEET   _ ~ ~ ~~a ~~~~: w .. - US0116426 W0 0l/93272 .
PCTfUS01116426 the use of two or more memory units such that a data stream
with data from each memory interleaved with that of the others) is
generated at the output. EP-A U 8Z1 363 describes a semi-conductor memory
device with simplified reading 5 and writing circuits. A circuit comprising
an even number memory cell away anal an odd memory number cell array with
various control elements is disclosed. BREIF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a timing diagram illustrating the basic operation of an exemplary
10 burst mode access function in a memory; Fig. 2 is a block diagram of a
memory incorporating an exemplary burst mode architecture according to a
presently preferred embodiment; Fig. 3 is a timing diagram illustrating the
basic operation of the exemplary burst mode architecture of Fig. 2; 15 Fig.
4 is a circuit diagram of an exemplary address valid buffet according to
the memory of Fig. 2; Fig. 5 is a circuit diagram. of an exemplary clock
buffer according to the memory of Fig. 2; Fig. 6 is a circuit diagram .of
an exemplary timing control circuit according to 20 the memory of Fig. Z;
Fig. 7 is a circuit diagram of the. address buffer block according to the
memory of Fig. 2; Fig. 8 is a circuit diagram of an exemplary address
buffer stage according to the address buffer block of Fig. 7; 25 Fig. 9 is
a circuit diagram of an exemplary address buffer stage uniquely designed
for the least significant bit of the address according to the address
buffer block of fig. 7; 



Fig. 10 is a circuit diagram of an exemplary clock circuit according to the
memory of Fig. 2; and lA AMENDED SHEET   1 9 ~~lV ,2~Q~ WO 01/93272
PCT/USOl/16426 FIG. 11 is a circuit diagram illustrating exemplary sense,
latch, and output circuitry according to the memory of FIG. 2. DETAILED
DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS Flash memories are
required to meet continually increasing standards of system performance.
One 5 area where opportunities lie to increase the performance of flash
memory is the area of burst mode flash memory. The presently preferred
embodiments described herein implement a high performance flash memory
capable of improved burst mode operation In general terms, a burst mode
operation involves producing data, preferably in the form of data words, at
the output of the memory in synchronization with a clock or a timing
signal. The locations of core I O memory cells where the data are stored
are accessed via core cell address and decoding logic. In burst mode
operation, an initial address is supplied to or generated by the memory.
Typically, subsequent addresses . corresponding to core cell locations are
internally generated by the memory, rather than received by the memory from
a source external to the memory. Ultimately) data in the form of data
words, stored in core cell locations that correspond to these initial and
subsequent internally generated addresses, are produced at the 15 output of
the memory in synchronization with a timing signal. FIG. 1 is a timing
diagram illustrating the basic operation of an exemplary burst mode access
function in a memory. In the case of a burst operation, an initial address
is presented to an inpuf of the memory and is represented in FIG. 1 as a
signal ADDRESS. In general, the initial address will be a multiple-bit
signal. An ADDRESS VALID signal that is responsive to a valid initial
address is normally high 20 but goes low to indicate that a valid initial
address has been presented to the memory. The ADDRESS VALID signal is thus
a low active signal. A CLOCK signal provides timing for the burst
operation. The clock pulses of the CLOCK signal shown in FIG. 1 are labeled
C_l, Co, Cl, C2, C3, C4, and C5, respectively. A DATA signal represents the
information that appears at an output of the memory. In general, each bit
of output corresponds to the information stored in a core memory cell of
the memory. Typically, the DATA 25 signal will be a multiple-bit signal
corresponding to the information stored in a series of core memory cells of
the memory. The cross-hatched area in FIG. 1 represent the boundary of a
don't care area where the value of the DATA signal is indeterminate and/or
not relevant to circuit operation. The overall operation of the memory
proceeds responsively to a valid initial address applied at an input of the
memory. The ADDRESS VALID signal loads the given valid initial ADDRESS
signal into the 30 memory at the falling edge of the ADDRESS VALID signal.
At the rising edge of the clock pulse.Co of the CLOCK signal, the initial
address is latched or stored in the memory, in an address buffer, for
example. At the first falling edge of the CLOCK signal after the ADDRESS
VALll~ signal goes Iow active, in this case, the falling edge of the clock
pulse Co, the ADDRESS VALID signal goes to its rest state value of high.
The period of time between the falling edge of the ADDRESS VALID signal and
the rising edge of 3J clock pulse C4 of the CLOCK signal is called the
initial state. During the initial state, the memory has to be ready for
burst operation. The initial state will include a certain number N of clock
pulses. Following the number N of clock pulses (in FIG.1, the number N is
four), data words are clocked out of the memory at every rising edge of the
CLOCK signal. Preferably, the number N of clock pulses will be preset by
the system. Iu order that the system functions properly, the first data Do
should be ready and valid 2   1 9 ~~ 2~0~ WO 01/93272 PCT/USOl/16426 before
the rising edge of the clock pulse C4 so that the system can seed out the
first data Do at or following the rising edge of the clock pulse C4. The
second data DI, should be ready before the rising edge of the clock pulse
C5. Similarly, the third data DZ should be ready before the rising edge of
the next clock pulse (not shown in FIG.1) of the CLOCK signal, and so on.
The presently preferred embodiment and.other 5 embodiments and variations
thereof provide the architecture to realize this burst mode function
effectively. Referring now to FIG. 2, it shows a block diagram of a memory
200. In the illustrated embodiment, the memory 200 is configured as a flash
memory formed as a complementary metal-oxide-semiconductor (CMOS)
integrated circuit for storing digital data. However, the memory 200 may
take any other suitable form and in fact the principles described herein
may be applied in any other suitable circuit in which a portion of the 10
performance of the circuit involves a burst mode operation. The memory 200
incorporates an exemplary burst mode architecture according to a presently
preferred embodiment. The memory 200 includes a core cell array 202, a
decoder 204, an address valid buffer 206, an address buffer block 208, a
timing control cixcuit 210, a clock counter circuit 2l2, a clock buffer
214, a first series of sense amplifiers beginning with S/A~ 216 and ending
with S/A~ 220, a second series of sense amplifiers beginning with S/AHO 218
and ending with S/A~,,i 15 222, a series of latches beginning with LATCH
224 and LATCHno 226 and ending with LATCH 228 and LATCH 230, a series of
data multiplexers beginning with Mo 232 and ending with MM 234, and a
series of output buffers beginning with OUTBUPo 236 and ending with OUTBUFM
238. An input signal PD is a power down signal used to power down the
memory 200. In particular, the input signal PD is applied at an input,
preferably an external input, of the memory 200 and is received at the 20
address valid buffer 206, the address buffer block 208, and the clock
buffer 214. When the input signal PD is at a logic high, the input signal
PD effectively disables the various buffer circuitry 206, 208, 214.
Preferably, when the input signal PD is a logic low, the memory 200 and the
various buffer circuitry 206, 208, 214 are enabled. A clock or timing
signal CLK is applied at an input, preferably an external input) of the
memory 200 25 and is received at the clock buffer 214. The clock signal CLK
may be tied to, for example, a system or a microprocessor clock operating
external to the memory 200. Preferably, the CLK signal provides the
fundamental timing and the internal operating frequency for the memory 200.
Preferably, other clocks or timing signals are generated in whole or in
part from the CLK signal, as described herein. For example, the CLKC signal
is a timing signal that is generated by the clock buffer 214 and that is
provided to the clock 30 counter circuit 212 and the address valid buffer
206. When the input signal PD is at a logic low and the memory 200 is
enabled, the CLKC signal follows the CLK signal. An address valid signal
ADV is applied at an input, preferably an 



external input, of the memory 200 and is received at the address valid
buffer 206. The A~7V signal indicates whether or not an initial address
signal ADD is presently being applied to the memory 200 and whether or not
35 the initial address signal ADD is valid. The initial address signal ADD
is applied at an input, preferably an external input, of the memory 200 and
is received at the address buffer block 208. The address buffer block 208
includes a series of address buffers. Preferably, the address buffers are
cascaded together in a chain, as shown in FIG. 7 and descn'bed in more
detail below. Each address buffer of the chain of address buffers is
configured to produce and store an address bit. Tn the memory 200 of FIG.
2, there are n+I address buffers ~0 within the address buffer block 208,
each receiving a respective bit Addo, Addl, Add2, ... Addn of the initial 3
1 9 ~~~ 2~0~ WO 01/93272 PCT/USOl/16426 address signal ADD and producing
and storing a respective bit Ao) Ai, AZ, ... An of a present address signal
ADDP. These address bits Ao, Al, A2, ... An form the present address signal
ADDP, an n+1 bit address. Preferably, the address bits Al, A2, ... An are
received by the decoder 204. The address bit Ao is the least significant
bit of the address and is generated and stored by the first address buffer
in the address buffer chain 5 within the address buffer block 208. The
address bit Ao preferably serves as a control signal and is provided to
each data multiplexer of the series of data multiplexers beginning with Ma
232 and ending with MM 234. Preferably, each data multiplexer selects data
words according to the transition of the control signal A.o. Preferably, it
is not required that the control signal Ao be presented to the decoder 204.
That is, it should be understood that, as used herein, the present address
signal ADDP refers broadly to the address bits AI, AZ, ... 10 Aa, with or
without the control signal Aa in conformance with the context within which
the present address signal ADDP is described. For example, in FIG. 2, the
control signal Ao is provided to the timing control circuit 210 as well as
the data multiplexers, 232 .. 234, but is not provided to the decoder 204.
In this instance, the present address signal ADDP is provided to the
decoder 204. The core cell array 202 includes a plurality of core cells,
each configured to store data. Preferably, 15 the core cell array is a set
of flash memory cells. However, other non-volatile memories can also be
used in other embodiments. Preferably, the arrays are organized by words
and then by sectors and can either be byte or word addressable. In some
applications, each core cell may store a single bit of data; in other
applications, each core cell may store two or more bits of data. In a
presently preferred embodiment, the core cells of the core cell array 202
are word-addressable, and two data words are accessed simultaneously by the
present 20 address signal ADDP at the address buffer block 208. The present
address signal ADDP from the address buffer block 208 is decoded by the
decoder 204. Preferably, the decoder 204 includes row and column decoding
circuitry, such as X and Y decoders. X and Y decoders are well known in the
art of semiconductor memories, and in particular, flash memories. Some
examples of flash memory decoder implementations are described in U.S.
Patent No. 5,867,430 to Chen et al., and U.S. Patent No. 5,847,998 to Van
Busldrk, et al., 25 incorporated by reference herein. The decoder 204
couples appropriate columns of the core cell array 202 to the first series
of sense amplifiers S/A~ 216 ... S/A~ 220 and the second series of sense
amplifiers S/Ano 218 ... SJA~ 222. The first series and the second series
of sense amplifiers sense the current in selected core cells that foam a
pair of data words of the core cell array 202 and determine the 30 binary
state of the data stored in the selected core cells that form the pair of
data words accessed simultaneously by the present address signal ADDP at
the address buffer block 208. In general there are M+1 sense amplifiers in
each of the first series of sense amplifiers and the second series of sense
amplifiers. In a preferred embodiment of the memory 200) there are M+I =16
sense amplifiers in the first series of sense amplifiers to sense a 16 bit
data word from the core cell array 202. Similarly, in a preferred
embodiment of 35 the memory 200, there are M+1=16 sense amplifiers in the
second series of sense amplifiers to sense a 16 bit data word from the core
cell array 202. A pair of data words in the memory 200 at a particular
moment in time may be characterized as high and low, respectively. A high
data word corresponds to a logic high value of the control signal Ao, while
a low data word corresponds to a logic low value of the control signal Ao.
The high data words are sensed by 40 the high sense amplifiers, i.e., the
second series of sense amplifiers S/Ano 2I8 ... S/A~ 222, while the low 4
1 9 ~aV 2~0~. WO 01/93272 PCT/USOl/16426 data words are sensed by the low
sense amplifiers, i.e., the first series of sense amplifiers S/ALO 216 ...
S/A~ 220. The control signal Aa from the address buffer block 208 is used
to select between the high and low data words accessed from the memory 200
at the series of data multiplexers 232... 234. Au output enable signal OE
is applied at an input, preferably an external input) of the memory 200 and
is 5 received at the series of output buffers beginning with OITTBIJFo 236
and ending with OUTBI1FM 238. The output buffers 236 ... 238 receive the
data word (high or low) of core cell data. Preferably, the output buffers
236 ... 238 together produce a multiple-bit data word signal DATA,
responsively to the output enable signal OE , at an output of the memory
200 for use external to the memory 200. Typically, the DATA signal will
correspond to the information stored in a series of core memory cells
addressable as data words of the 10 memory 200. Preferably, the DATA signal
alternates between a high data word and a low data word in accordance with
the control signal A,o and the output enable signal OE. Tn a preferred
embodiment of the memory 200, the DATA signal is 16 bits in length. Other
circuitry, not shown in FIG. 2, provides and facilitates for voltage
boosting, programming, reading, verifying, erasing, and performing other
operations as necessary on the individual core cells of the core cell array
202. 15 A signal ATDAd is generated by the address valid buffer 206 and is
provided to the timing control circuit 210. When the input signal PD is at
a logic low and the memory 200 is enabled, the ATDAd signal follows the AD
V signal. A signal adV is generated by the address valid buffer 206 and is
provided to the address buffer block 208 and the clock counter circuit 212.
A signal STP is generated by the clock counter circuit 212 and is provided
to the clock buffer 214. An address transition detection signal ATD is
generated 20 by the timing control circuit 2I0 and is provided to the
address buffer block 208 and in particular to the first address buffer in
the chain of address buffers, as shown in FIG. 7 and described in more
detail below. A signal EQ and a signal LT are both generated by the timing
control circuit 210 and are provided to each sense amplifier of the first
series of sense amplifiers SIAM 216 ... S/A~ 220 and the second series of
sense amplifiers S/Ano 218 ... S/Am,,i 222. A signal LD is generated by the
timing control circuit 210 and is 25 provided to each latch of the series
of latches beginning with LATCH 224 and LATCI3no 226 and ending with LATCH
228 and LATCH 230. A signal CLKT is generated by the timing control circuit
210 and is a timing signal that is provided to the clock buffer 2I4. A
signal CLKI is another timing signal that is generated by the clock buffer
214 and that is provided to the address buffer block 208 and in particular
to each address buffer in the chain of address buffers. 30 Referring now to
FIG. 3, it is a timing diagram illustrating the basic operation of the
exemplary burst architecture of FIG. 2. In particular, FIG. 3 illustrates
the initial state and the period following the initial state of the memory
200. The cross-hatched areas in FIG: 3 represent the boundaries of don't
care areas where the values of the signals are indeterminate and/or not
relevant to circuit operation. In FIG. 3, the falling edge 30I of the input
signal PD enables the memory 200. As a result, the CLKC signal follows the
CLK signal, so the 35 timing graph for both signals is shown as CLK(CLKC).
A valid initial address ADD is supplied to the memory 200. The ADV signal
goes low to indicate that a valid address ADD is present at the address
buffer block 208. The falling edge 306 of the ADV signal causes the adV
signal from the address valid buffer 206 to go low and the ATDAd signal
from the address valid buffer 206 to go low as well. The falling edge 304
of the 



5   1 9 ~~V Z~Q~ WO 01/93272 PCT/USOl/16426 adV signal loads the bits of
the initial address ADD into the address buffer block 208 so that the
present address ADDP is equal, at first, to the initial address ADD. The
falling edge 304 of the 8dV signal causes the STP signal from the clock
counter circuit 212 to go high. With the rising edge 303 of the STP signal,
the CLKI 5 signal will stop following the CLK signal and will stay low
following the next rising edge 308 of the CLK signal. In addition, the
falling edge 304 of the adV signal resets the clock counter circuit 212 so
that the circuit 212 begins to count the number of clock pulses of the CLKC
signal (and thus the CLK signal). The clock pulses of the CLK signal shown
in FIG.1 are labeled C_r, Co, Cs, CZ, C3, C4, C5, C6, and C~ respectively.
The rising edge 308 of the first clock pulse Co causes the 10 cZdV signal
to go high. The rising edge 302 of the adV signal latches the multiple-bit
address ADD in the address buffer block 208. The falling edge 305 of the
ATDAd signal triggers an ATD signal pulse from the timing control circuit
2I0. The rising edge 3l0 of the ATD signal sets the address buffer block
208 so that the present address signal ADDP can be increment without
changing the control signal A,o. Although the control signal Ao is
initially low following the falling edge 304 of the adV 15 signal for the
example shown in the timing diagram of FIG. 3, in other examples the
control Aa can of course be high following the falling edge 304. The
falling edge 312 of the ATD signal with the LD signal low triggers a signal
pulse and rising edge 330 of the EQ signal and thus initiates a first or
initial access of the core cell array 202 of FIG. 2. Preferably, the core
cells of the core cell array 202 are word addressable. The core cell
locations storing the data words 20 for the initial and subsequent accesses
are selected by the bits of the present address signal ADDP. For the
initial access the present address signal ADDP takes on, the value of the
initial address signal ADD. The initial address signal ADD as stored and
produced by the address buffer block 208 will access two data words of
memory, for example, simultaneously. In a presently preferred embodiment,
each data word is 16 bits in length. Subsequent addresses ADDP stored and
produced by the address buffer block 208 will access two 25 data words of
memory) for example, simultaneously. In a presently preferred embodiment, a
subsequent access is executed with everytwo pulses of the clock or timing
signal CLK (or CLKC if applicable). To initiate additional or subsequent
accesses, a subsequent address ADDP needs to be generated by the address
buffer block 208. The subsequent address ADDP is generated by incrementing
the initial value of the present address signal ADDP, that is, the initial
address signal ADD. Therefore, incrementing preferably occurs 30 between
accesses. In a preferred embodiment, an access occurs within a signal pulse
of the EQ signal. The rising edge 330 of the EQ signal from the timing
control circuit 210 turns on the first series of sense amplifiers SIAM 216
... S/A~ 220 and the second series of sense amplifiers S/Ano 218 ...
S/A~,,i 222 so that the first series and the second series of sense
amplifiers begin to sense the data, preferably in the form of data words,
from the selected core cell locations for the initial access. In a
preferred embodiment, there are 16 35 low sense amplifiers S/A~ ... S/A.L~
that together receive a low data word, and 16 high sense amplifiers S/Ago
... S/Agis that together receive a high data word, for a total of 32 sense
amplifiers. The falling edge 3I4 of the EQ signal triggers the LT signal
from the timing control circuit 210. The rising edge 3I6 of the LT signal
moves the data words from the initial access; as accessed or read from the
core cells by the first series and the second series of sense amplifiers,
into latch stages (not shown) located within the first series of sense 6
1 9 ~OV 2004 WO 01/93272 PCTlUSOl/16426 amplifiers S/ALO 216 ... S/A~ 220
and the second series of sense amplifiers SIAHO 218 ... S/A~ 222. For this
reason, the first series and the second series of sense amplifiers are
preferably designed to complete the reading or accessing of the core cell
data so that the data are ready prior to the rising edge 316 of the LT
signal. The falling edge 318 of the LT signal latches the data in the
internal latch stages (not shown) located within the first 5 series of
sense amplifiers SIAm 216 ... S/A~ 220 and the second series of sense
amplifiers S/Ano 2I8 ... S/A~ 222. The rising edge 316 of the first LT
pulse triggers the CLKT timing signal from the timing control circuit 2I0.
The rising edge 320 of the CLKT pulse generates a CLKI signal pulse from
the clock buffer 214 and an LD signal pulse from the timing control circuit
210. The rising edge 322 of the CLKI internal clock signal increments the
internal address bits Al, A2, ... An of the n+1 bit present address signal
ADDP produced 0 and stored by the address buffer block 208. In this way,
the address buffer block 208 generates subsequent addresses ADDP by
incrementing the present address signal ADDP using the CLKI signal so that
a new access can begin. Preferably, at this juncture, the CLKI signal does
not vary the control signal Ao generated and stored by the fast address
buffer in the address buffer chain within the address buffer block 208.
Preferably, the control signal Ao remains constant during the initial
state. Meanwhile, the LD signal is provided to each .5 latch of the series
of latches beginning with LATCHm 224 and LATCHAO 226 and ending with
LATCH~,,z 228 and LATCH 230. In a preferred embodiment, there are 16
latches LATCHm ... LATCHLis that together receive and store a low data
word, and I6 latches LATCHno ... LATCHI,15 that together receive and store
a high data word, for a total of 32 latches. The rising edge 324 ;0 of the
LD signal loads the data words from the initial access from the internal
latch stages in the first series of sense amplifiers S/Aya 216 ... S/A~ 220
and the second series of sense amplifiers S/Ana 2I8 ... S/A~ 222 to the
latches 22A, 226,... 228, 230. The bits of the high and the low data words
are moved into the respective high and low latches. Preferably, the falliag
edge 326 of the LD signal initiates the rising edge 328 of the EQ signal)
so that :5 a second access can begin. That is, the present address signal
ADDP, initially equivalent to the initial address signal ADD, has been
incremented in response to the rising edge 322 of the CLKI signal so that a
new present address signal ADDP that corresponds to, fox example, two new
data words is available for fhe second access. The rising edge 328 of the
second pulse of the EQ signal turns on the first series of sense amplifiers
S/Am 216 ... S/A~ 220 and the second series of sense amplifiers S/A$o 2l8
... S/A~ 222 so that the first series and the ~0 second series of sense
amplifiers begin to sense the data, preferably in the form: of data words,
from the selected core cell locations for the second access. When the
falling edge 332 of the EQ signal generates the rising edge 334 of the LT
signal, then the data corresponding to the second access are ready) and the
burst operation can begin. 



As described above) the falling edge 304 of the adV signal resets the clock
counter circuit 2I2 so i5 that the circuit 2I2 begins to count the number
of clock pulses of the CLKC signal (and thus the CLK signal). After
counting a number of pulses of the CLK (four pulses in FIG. 3), the CLK
signal accomplishes the task of incrementing the present address signal
ADDP by triggering pulses of the CLKI signal. Every other rising edge of
the CLKI signal, which is equivalent with the CLK/CLKC signal beginning
with the rising edge 336 of clock pulse C4, will increment and update the
present address signal ADDP, while producing the DATA signal with every
pulse of the CLKICLKC signal. Of course, the number of clock pulses counted
by the cloak 7   1 9 N~~ 2~0~ WO 01/93272 PCT/US01116426 counter circuit
212 can be more or less than four pulses, depending on the implementation.
Preferably, the number of pulses will be preset in the memory 200.
Increasing or decreasing the number of pulses of the CLK signal affords
design flexibility in allowing for access times. The control signal Ao is
used to select between the high and low data words accessed from the core
cell 5 array 202. Preferably, every time that the control signal Ao changes
from high to low, for example at the exemplary falling edges 338, 340 shown
in FIG. 3, a pulse of the LD signal is generated. An exemplary rising edge
344, 346 of the LD signal pulse loads the low and high data words from the
present access from the internal latch stages (not shown) in the first
series of sense amplifiers S/Am 10 2I6 ... S/A~ 220 and the second series
of sense amplifiers S/Ano 218 ... S/A~ 222 to the latches 22A., 226,...
228, 230. Preferably, an exemplary falling edge 348, 350 of the LD signal
pulse initiates an exemplary rising edge 352, 354 of the EQ signal, so that
a new access can begin. When the new access is complete, an exemplary
falling edge 356 of the EQ signal triggers a pulse of the LT signal to move
the low and high data words from the 15 new access into the internal latch
stages in the first series of sense amplifiers and the second series of
sense amplifiers. For successive pulses of the CLKI signal, which follows
the CLK signal after the initial state or period of time, a subsequent
present address signal ADDP is generated with every two guises of the
CLK/CLKGCLKI signal, two data words are accessed for every subsequent
present address signal ADDP 20 with every two pulses of the CLK/CLKGCLKI
signal) two data words are stored with every two pulses of the CLK/CLKGCLKI
signal, and one data word, i.e.) the DATA signal, is produced at the output
of the memory with every pulse of the CLK/CLKGCLKI signal. If the given
initial address ADD is an even address, that is, with the least significant
bit Addo of the initial address ADD low, the burst operation can start
while the second access is still going. If the initial 25 address ADD is an
odd address, then the initial value of the control signal Ao from the
address buffer block 208 is high, and the second access preferably
completes prior to the start of the burst operation. Referring now to FIG.
4, it is a circuit diagram of an exemplary address valid buffer 206
according to the memory 200 of FIG. 2. The address valid buffer 206
includes a pair of NOR gates 402, 406, a first latch 432, a second latch
438, n-channel transistors 430, 434, 442, 440 and p-channel transistors
414, 416, 412, 422 30 utilized as switching logic, and inverters 404,
:4.08, 410. Preferably, the first latch 432 includes a pair of inverters
418,428. Preferably, the second latch 438 includes a pair of inverters 426,
436. The address valid signal ADI/ is externally applied to the memory 200
and is received at the address valid buffer 206. The ADS/ signal indicates
whether or not a valid initial address signal ADD is 3$ presently being
applied to the memory 200. The adV signal is generated by the address valid
buffer 206 and is provided to the address buffer block 208 and the clock
counter circuit 212. The ATDAd signal is generated by the address valid
buffer 206 and is provided to the timing control circuit 210. The CLKC
signal is generated by the clock buffer 214 and is provided to the address
valid buffer 206.   1 9 NV 2~0~ WO 01/93272 PCT/USOl/16426 When the input
signal PD is at a logic high, the memory 200 is in power down mode, the
ATDAd signal is high) and the adV signal is high, i.e., in an off state.
When the input signal PD is at a logic low and the memory 200 is enabled,
the ATDAd signal follows the AD~I signal, and the CLKC signal follows the
CLK signal. When the ASV signal is high, the ATDAd signal is high and a
first node 420 is high and a second node 424 is low. Then, if the AD 1/
signal goes low and the ATDAd signal goes high with the second node 424
low, then the adV signal goes low. With the .QDV signal and the adV signal
both low, then the second node 424 goes high with the rising edge of the
CLKC signal, and the adV signal goes high and returns to an off state.
Referring now to FIG. 5, it is a circuit diagram of an exemplary clock
buffer 214 according to the 10 memory 200 of FIG. 2. The clock buffer 214
includes a pair of NOR gates 450, 466, an AND gate 462, a 



latch 460, an n-channel transistor 454 utilized as a switch, and inverters
452, 464, 468. Preferably, the latch 460 includes a pair of inverters 456,
458. The CLK signal is applied at an input, preferably an external input,
of the memory 200 and is received at the clock buffer 214 of FIG. 5. The
CLKC signal is a timing signal that is generated by the clock I5 buffer 214
and that is provided to the clock counter circuit 212 and the address valid
buffer 206 of FIG. 4. The STP signal is generated by the clock counter
circuit 212 and is provided to the clock buffer 214. The CLKT signal is
generated by the timing control circuit 210 and is a timing signal that is
provided to the clock buffer 2I4. The CLKI signal is another timing signal
that is generated by the clock buffer 214 and that is provided to the
address buffer block 208 and in particular to each address buffer in the
chain of address 20 buffers. When the input signal PD is at a logic high,
the memory 200 is in power down mode) and the CLKC signal is high) or in an
off state. When the input signal PD is at a logic low and the memory 200 is
enabled, the CLKC signal follows the CLK signal. A rising edge of the CLKT
signal drives the CLKI signal high. With the STP signal high following a
falling edge of the CLK signal, an output of the latch 460 and thus the 25
inverter 464 will be low, and a falling edge of the CLKT signal drives the
CLKI signal low. When the STP signal goes high, the CLKI signal will stop
following the CLK signal and will stay low following the next rising edge
of the CLK signal. When the STP signal goes low, the CLKI signal follows
the CL,K signal following the next rising edge of the CLK signal. Referring
now to FIG. 6, it is a circuit diagram of an exemplary timing control
circuit 210 according 30 to the memory 200 of FIG. 2. The timing control
circuit 210 includes NOR gates 502, 504, 506, 508, 510, 512) 514) a latch
520, a first inversion delay stage 560, a second inversion delay stage 562,
a third inversion delay stage 564, a fourth inversion delay stage 566, a
fifth inversion delay stage 568, inverters 540) 554, and n-channel
transistors 556, S58 utilized as switching logic. Preferably, the latch 520
includes a pair of inverters 516, 518. Preferably, the first inversion
delay stage 560 includes three inverters 522, 524, 526 in series. 35
Preferably, the second inversion delay stage 562 includes three inverters
528) 530, 532 in series. Preferably, the third inversion delay stage 564
includes three inverters 534, 536, 538 in series. Preferably) the fourth
inversion delay stage 566 includes three inverters 542, 544, 546 in series.
Preferably) the fifth inversion delay stage S68 includes three inverters
548, 5S0, 552 in series. 9   1 9 NV Z~O~ WO 01/93272 PCT/USOl/16426
Considering the generation of the ATD signal from the NOR gate 504 of FIG.
6, when the ATDAd signal goes from high to low, the output of the second
inversion delay stage 562 will be low for some duration of time and an ATD
signal pulse will appear from the NOR gate 502 for that period of time.
Otherwise, the ATD signal will be Iow. That is, a falling edge of the ATDAd
signal triggers a signal pulse of the ATD signal. 5 With respect to the
generation of the EQ signal from the NOR gate 508 of FTG. 6, if the LD
signal goes from high to low and the ATD signal. is not high, or if the ATD
signal goes from high to low and the LD signal is not high, then the output
of the NOR gate 506 goes from low to high and the output of the inverter
540 goes from high to low. In this case, the output of the third inversion
delay stage 564 will be low for some duration of time and an EQ signal
pulse will appear from the NOR gate 502 for that duration of time. 0
Otherwise, the EQ signal will be low. That is, a falling edge of the LD
signal with the ATD signal low triggers a signal pulse of the EQ signal,
and a falling edge of the ATD signal with the LD signal low triggers a
signal pulse of the EQ signal. Considering the generation of the LT signal
from the NOR gate 510 of FIG. 6, when the EQ signal goes from high to low,
the output of the fourth inversion delay stage 566 will be low for some
duration of time .5 and an LT signal pulse will appear from the NOR gate
5I0 for that duration of time. Otherwise, the LT signal will be low. That
is, a falling edge of the EQ signal triggers a signal pulse of the LT
signal. With respect to the generation of the CZKT signal From the NOR gate
502 of FIG. 6, the ATD signal at the gate of the n-channel transistor 556
switches an input of the latch 520 to ground. The LT signal at the gate of
the n channel transistor 558 switches an output of the latch 520 to ground.
When the ATD signal is :0 pulsed, the output of the latch 520 will be
driven high, and the CLKT signal will be forced low. Very shortly
thereafter, the output of the frst inversion delay stage 560 will be low.
The ATD signal pulse resets the latch 520 so that the first pulse of the LT
signal to follow will switch the output of the latch 520 to ground. With
the output of the first inversion delay stage 5601ow for some duration of
time, a CLKT signal pulse will appear from the NOR gate 502 for that
duration of time. A subsequent LT signal pulse will not trigger a CLKT
signal :5 pulse until an ATD signal pulse resets the latch 520 again.
Considering the generation of the LD signal from the inverter 554 of FIG.
6, with the CLKT signal low and the control signal Ao high, the output of
the NOR gate 514 is high; and the LD signal at the output of the inverter
554 is low. A pulse of the CLKT signal triggers a signal pulse of the LD
signal. When the control signal A,o goes from high to low, the output of
the fifth inversion delay stage 568 will be Iow for some duration 10 of
time and a signal pulse will appear from the NOR gate 512 for that period
of time. This signal pulse in torn triggers a signal pulse of the LD signal
at the output of the inverter 554. That is, a falling edge of the control
signal Ao or a signal pulse of the CLKT signal triggers a signal pulse of
the LD signal. Referring now to FIG. 7, it is a circuit diagram of the
address buffer block 208 according to the memory 200 of FIG. 2. The address
buffer block 208 includes a series of address buffers from ADDBUFFo 5 252)
ADDBUFFI 256 to ADDBUFPn 256. Preferably, the address buffers 252, 256,..
256 are cascaded together in a chain as shown in FIG. 7. Each address
buffer of the chain of address buffers is configured to produce and store
an address bit. In the memory 200 of FIG. 2, there axe n+1. address buffers
within the address buffer block 208) each receiving a respective bit Addo,
Addl, Add2, ... Adda of the initial address signal ADD and producing and
storing a respective bit Aa, Al, A2, ... Aa of the present address signal
ADDP. These address bits Aa, Ai, AZ, ... A.~ form the present address
signal ADDP, an n+1 bit address. Preferably, the 10   1 9 N0V 2~0~ WO
01/93272 



PCT/USOl/16426 address bits Al, A2, ... An are received by the decoder 204.
The control signal Ao is generated and stored by the ftrst address buffer
ADDBUFFo 252 in the address buffer chain within the address buffer block
208. Referring now to PIG. 8, it is a circuit diagram of an exemplary
address buffer ADDBUFPn 256 according to the address buffer block 208 of
FIG. 7. The address buffer ADDBUFFn 256 iuncludes a NOR gate 5 632, an AND
gate 636, an exclusive-NOR or equivalence gate 634, a first latch 6l8, a
second latch 624, inverters 608, b10, 612, 626, 628 and n-channel
transistors 602; 604, 606 utilized as switches. Preferably, the first latch
618 includes a pair of inverters 614, 6I6. Preferably, the second latch 624
includes a pair of inverters 620, 622. The exemplary address buffer
ADDBUFFn 256 is used to store and generate an address bit An of the 10
present address signal ADDP. A series of these address buffers 256 are
cascaded together and are used to store and generate alI of the address
bits except the control signal Ao, the Ieast significant bit of the present
address signal ADDP. The address buffer ADDBUFFo 252 used to generate the
control signal Ao is illustrated in FIG. 9. Referring to FIG. 8, when the
c~dV signal goes low, the address bit Aa of the present address signal ADDP
is controlled by the address bit Adds of 1$ the initial address signal ADD.
After the adV signal goes high, the address bit An alternates in value
according to the CLKI signal. A signal TGLn_I is the output toggle signal
from the previous address buffer in the cascade) i.e., the buffer that
generates and stores the address bit A~.1. If the signal TGL~1 is high;
then the rising edge of the CL)~ signal changes the address bit An of the
present address signal ADDP from low to high or from high to low. If the
signal TGL1 is low, then the signal TGLa is low. If all the address buffer
2~ outputs (A~1, A~2, ... A.o) prior to the address buffer ADDBUFFn 256
that generates An are high, then the signal TGL~I goes high. Each present
address signal ADDP preferably corresponds to two data words, and two data
words are accessed with every two pulses of the CLK signal. Therefore, the
buffers 256 are designed to, following the initial period of time ending
with the rising edge of C4 of PIG. 3, increment the bits AI, AZ, ... A~ of
the present address signal ADDP once for every two pulses of the CLK
signal. The present address Z5 signal ADDP is incremented with every other
rising edge of the CLKI signal, which coincides with the falling edge of
the control signal Ao. Referring now to FIG. 9, it is a circuit diagram of
an exemplary address buffer ADDBUFFo 252 uniquely designed for the least
significant bit of the address according to the address buffer block 208 of
FIG. 7. The address buffer ADDBUFFo 256 includes NOR gates 682, 686, an
exclusive-NOR or equivalence 30 gate 684, a first latch 668, a second latch
674, a third latch 698, inverters 658, 660, 662, 676, 678, 680, 696, and
n-channel transistors 652, 654, 656, 692, 694 utilized as switches or as
switching logic. Preferably, the first latch 668 includes a pair of
inverters 664, 666. Preferably, the second latch 674 includes a pair of
inverters 670, 672. Preferably, the third latch 698 includes a pair of
inverters 688, 690. The exemplary address buffer ADDBUFFo 252 is used to
store and generate the control signal Ao, the 35 least significant bit of
the present address signal ADDP. A rising edge of the ATD signal switches
the input of the third latch 698 to ground by turning on the n-channel
transistor 692. A signal INTB, at the output of the inverter 696 will thus
be low and a TGL,o signal will be high prior to the first pulse of the LD
signal. In this condition, even though a signal pulse of the CLKI signal,
which is triggered by the rising edge of the signal CLKT, enters the
address buffer ADDBtIFFo 252, the control signal Aa is not toggled while
the TGLa signal 0 stays high so thatthe present address signal ADDP can be
incremented without changing the control signal Ao. lI   1 9 NV 2~0~ WO
01/93272 PCT/USOl/16426 The first pulse of the LD signal switches the
output of the third latch 698 to ground by turning on the n-channel
transistor 694. The itlVZB signal will go high and the control signal .Ao
will control the TGLfl signal. Referring now to FIG. 10, it is a circuit
diagram of an exemplary clock counter circuit 212 according to the memory
200 of FIG. 2. The clock counter circuit 212 includes AND gates 720, 722, a
first latch 732, a 5 second latch 740, a third latch 760, a fourth latch
762, a fifth latch 764, a sixth latch 772) p-channel transistors 716, 7I8
and n-channel transistors 702, 704, 706, 708) 710, 712, 714 utilized as
switches or as switching logic, and inverters 724, 726, 738, 742, 752, 754,
766, 774, 776. Preferably, the first latch 732 includes a pair of inverters
728, 730: Preferably, the second latch 740 includes a pair of inverters
734, 736. Preferably, the third latch 760 includes a pair of inverters 744,
746. Preferably) the fourth latch 762 includes a pair of inverters 10 748,
750. Preferably, the fifth latch 764 includes a pair of inverters 756, 758.
Preferably; the sixth latch 772 includes a pair of inverters 768, 770. The
CLKC signal is generated by the clock buffer 214 and is provided to the
clock counter circuit 212 and the address valid buffer 206. The adV signal
is generated by the address valid buffer 206 and is provided to the clock
counter circuit 212 and the address buffer block 208. A signal STP is
generated by the 15 clock counter circuit 212 and is provided to the clock
buffer 214. The clock counter circuit 212 measures an initial period of
time by counting an initial number of pulses of the CLKC timing signal. The
exemplary clock counter circuit 212 of FIG: 10 measures the initial period
of time by counting four initial pulses of the CLKC signal. The period of
time between the falling edge of the cZdV signal, or the address valid
signal ADV , and the rising edge of clock pulse C4 of the CLKC 20 signal is
called the initial state. During the initial state, the memory has to be
ready for burst operation. Theinitial state includes a certain number N,
here N=4 of clock pulses. Of course, other clock counter circuits may be
employed, and the clock counter circuit 2l2 is not limited to counting four
clock pulses. The falling edge 304 of the adV signal resets the clock
counter circuit 212 so that the circuit 212 begins to count the number of
pulses of the CLKC signal (and thus the CLK signal). The falling edge 304
of the adV signal 25 turns on the n-channel transistor 714 and the
p-channel transistors 716, 718. The output of the sixth latch 772 is pulled
to ground, and the STP signal goes high. A pair of signals CO and Cl are
pulled low at the respective outputs of the second and fourth latches 740,
762. The signal CO and the complement C'1 of the Cl signal are illustrated
in the timing diagram of FIG. 3. Prior to the rising edge 308 of the first
clock pulse Ca, as shown in FIG. 3, the respective outputs of the first and
third latches 732, 760 are low. The rising~edge 308 of the first 30 clock
pulse Co causes the adV signal to go high, turning off the transistors 716,
7I8, and 714. The operation of the clock counter circuit 212 will be
apparent to those skilled in the art. In addition, the signals CLK(CLKC),
adV , STP, C0, and C'I are illustrated in the timing diagram of FIG. 3. As
shown in FIG. 3, the operation of the clock counter circuit 212 of FIG.10
results in the STP signal of FIG.10 going low at a rising edge 342 of the
clock pulse C3 of the CLKC signal, so that the CI,KZ 35 signal from the
clock buffer 214 begins to run, following the CLKC signal from the rising
edge 336 of the clock pulse C4 of the CLKC signal, i.e. the fifth pulse of
the CLKC signal after the rising edge of the adV 
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latched in a low state and will remain low until a falling edge of the adV
signal xesets the clock counter circuit. Referring now to FIG. I 1, it is a
circuit diagram of exemplary sense, latch, and output circuitry according
to the memory 200 of FIG. 2. The circuitry is illustrated in more detail
for a bit of a high data word 5 and for a bit of a low data word. The
sense, latch, and output circuitry includes, from FIG. 2, the sense
amplifier S/A~ 220 of the first series of sense amplifiers S/A~ 2I6 ...
S/A~ 220, the sense amplifier S/A~ 222 of the second series of sense
amplifiers S/Ano 218 ... S/A~ 222, the latches LATCHLM 228 and LATCHHM 230
of the series of latches beginning with LATCHLO 224 and LATCIino 226 and
ending with LATCH 228 and LATCH 230, the data multiplexer MM 234 of the
series of data multiplexers beginning IO with Mo 232 and ending with MM
234., and the output buffer OUTBUF'M 238 of the series of output buffers
beginning with OUTl3ITFo 236 and ending with OUTBITFM 238. Preferably, the
Iatch LATCHLM 228 includes a latch 810, p-channel transistors 818, 820 and
n-channel transistors 826, 828 utilized as switching logic, and an inverter
802. Preferably, the latch 810 includes a pair of inverters 806, 808.
Preferably, the latch LATCHHM 230 includes a latch 816, p-channel
transistors 822, 824 and n-channel transistors 830, 832 15 utilized as
switching logic, and an inverter 804. Preferably, the latch 816 includes a
pair of inverters 812, 814. Preferably, the data multiplexer MM 234
includes p-channel transistors 838, 840, 842, 844 and n-channel transistors
846, 848, 850, 852 utilized as switching logic, and inverters 834, 836.
Preferably, the output buffer OUTBUFM 238 includes an AND gate 854, a NOR
gate 858, a p-channel transistor 860, an n-channel transistor 862, and an
inverter 856. 20 ' The EQ signal and the LT signal are both generated by
the timing control circuit 210 and are provided to the sense amplifier S/A~
of the first series of sense amplifiers and to the sense amplifier S/A~ of
the second series of sense amplifiers. The LD signal is generated by the
timing control circuit 210 and is provided to the latches LATCIi~ 228 and
LATCH 230. The control signal Aa is generated by the address buffer block
208 and is provided to the data multiplexer MM 234. Preferably,. the data
multiplexer MM 234 25. selects a bit of a low or a high data word according
to the transition of the control signal Ao. The output enable signal OE is
applied at an input, preferably an external input, of the memory 200 and is
received at the output buffer OLTTBUFM 238. The output buffer OUTBUFM 238
receives a bit of a high or a low data word of memory at a node 864.
Preferably, the output buffer 238 produces one bit DATAM of the
multiple-bit data word signal DATA, responsively to the OE signal) at an
output of the memory 200 for use external to 30 the memory 200. Typically,
the DATA signal will correspond to the information stored in a series of
core memory cells addressable as data words of the memory 200. Preferably,
the bit DATAM of the DATA signal alternates between a bit of a high data
word and a bit of a low data word in accordance with the control signal Au
and the OE signal: The operation of the clock counter circuit 2I2 will be
apparent to those skilled in the art. In addition) 35 the signals EQ, LT,
LD, Aa, DATA, and OE are illustrated in the timing diagram of FIG. 3. A
pulse of the EQ signal turns on the sense amplifiers S/A~ 220 and S/A~ 222
to access a bit of a low data word and a bit of a high data word,
respectively, by sense the information stored in core memory cells
addressable as data. words of the memory 200. The EQ signal going low
triggers a pulse of the LT signal. A rising edge of the LT signal moves the
bit of the low data word into a latch stage located within the sense
amplifier S/A~ 220 and 13   1 9 NOV 2~DQ~ WO 01/93272 PCT/USOl/16426 the
bit of the high data word into a latch stage located within the sense
amplifier S/A~ 222. A falling edge of the LT signal latches or stores the
bit of the low data word and the bit of the high data. word in the
respective latch stages in the respective sense amplifiers 220, 222, The
data word bits from the sense amplifiers 220, 222 will be loaded to the
applicable latches 228, 230 with the LD signal. The latched data word bits
are then 5 selected with the control signal Ao at the data multipIexer MM
234. If the control signal Aa is low, the low data word bit from S/A~ 220
will be selected. If the control signal Ao is high, the high data word bit
from S/A~ 222 will be selected. Cougled to the data multiplexer MM 234 at
the node 864 is the output buffer OUTBUFM 238, which includes logic gates
868, 854 that receive the output enable signal ~E and the complement OE,
respectively. When the ~E signal is high, the transistors 860, 862 are off,
and the bit DATAM of the DATA 10 signal is available or is not valid. When
the DE signal is low, the output functions are enabled, and the bit DATAM
of the DATA signal produced at the output of the output buffer 238 is
equivalent to the bit of the high or low data word that was selected with
the control signal Ao at the data multiplexer MM 234. It should be
understood that the addresses such as the initial address signal ADD and
the present address signal ADDP of the memory 200 are generally
multiple-bit signals, since the selection of a garticular 15 core cell or
cells in memory requires a corresponding multiple-bit address. However, in
the presently preferred embodiments, circuitry may be described with
reference to particular bits of the multiple-bit address. It will be
evident in such instances to those skilled in the art to apply and extend
the concepts illustrated by the circuitry to multiple bit implementations.
Those skilled in the art will appreciate that such implementations might
include parallel implementations, including instances where circuitry for
one bit is duplicated in parallel 20 for each bit of a multiple-bit address
as required. Other implementations might include presenting all or some of
the multiple address bits together to achieve the desired result or
function. In one embodiment, all of the components of FIG. 2 are contained
on a single integrated circuit chip. Note that address and control inputs
for the exemplary flash memory chips are dependent on memory density and
interface implementations. It will be appreciated that the disclosed
embodiments can work with different 25 memory densities and alternate
interface implementations with their accompanying alternate address and
control input configurations. As used herein, the term access is intended
broadly to refer to the retrieval and/or sensing of data from core cells in
a core cell memory array, the core cells preferably being addressable as
data words. The term access may refer to providing an address to a decoder
or decoding logic to identify and reach one or more 30 core cells in
memory) as performed by address buffer circuitry, for example. Similarly,
the term access may likewise refer to sensing data, preferably in the form
of data words, from one or more core cells in memory, as performed by sense
amplifier circuitry. In a preferred embodiment, the access further includes
storing data, preferably in the form of data words, from one or more core
cells in memory, so that a subsequent access may begin while retaining data
from a prior access. A first or initial access, a second access, and
subsequent 35 accesses are described herein. As used herein, the term
inversion delay stage is intended broadly to refer to a delay stage with an
inversion operation. A delay stage with an inversion operation may be
implemented) for example, with an odd number of inverters placed in series.
For example, inversion delay stages including three inverters are 14   
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FIG. 6. Of course, other delay stages, flip-flops, or suitable circuit
elements may be utilized. It should be understood that the timing diagrams
describing the memory 200 and subsidiary circuitry are for illustrative
purposes and that for the embodiments described herein, all durations of
signal pulses are of 5 a length of time such that the signal pulses are
assured of accomplishing their functions) in an adequate manner. As used
herein, the term present address is intended broadly to refer to any
address that uniquely corresponds to, or to the location of, a core memory
cell. For example, a present address might refer to a read address that is
used exclusively in a read operation, while a present address might
elsewhere refer to an 10 address that could be used in a read operation,
but could be used in a write operation as well. The embodiments described
herein present a burst mode read operation and architecture. However,
aspects of the embodiments can be applied with respect to operations other
than reading out data such as data words of core cell memory data. As used
herein, the terms and phrases low, logic low, not asserted, not active, and
inactive, are 15 intended broadly to refer to logic low values of a digital
signal, generally understood to represent a binary zero (0)) As used
herein, the terms and phrases high, logic high, asserted, and active are
intended broadly to refer to logic high values of a digital signal,
generally understood to represent a binary one (1). As used herein, the
phrase "A coupled with B" is defined to mean A directly connected to B; or
A 20 indirectly connected with B through one or more intermediate
components. As used herein, the term user is intended to refer to a
processor or other component or entity seeking access to memory. While
particular embodiments of the present invention have been shown and
described, modifications may be made. For example, the senses of the
individual transistors, p-channel and n-channel, may be reversed 25 _ in
suitable applications. It is to be noted that suitable transistor sizes
specifying channel width to length ratios (measured in micrometers or
microns) for the transistors that make up the depicted circuits have been
omitted from the figures. It will be appreciated that suitable ratios may
be chosen depending on the design requirements and the capabilities and
limitations of the particular integrated circuit fabrication process used
for implementation of the circuit as well as the performance requirements
of the specific embodiment. 30 Further, the inventive concepts described
herein may be applied to circuits other than memory devices. It should be
understood that, as used herein, the term signal refers broadly to an
analog or digital signal and encompasses both types of signals. From the
foregoing, it can be seen that the presently preferred embodiments provide
a burst mode architecture to provide burst mode access to a plurality of
data words in a memory. The burst mode 35 architecture includes a first
circuit, a control circuit coupled to the first circuit, and a data buffer
selectively coupled to the first circuit by the control circuit. The first
circuit accesses a plurality of data words, beginning with an initial
access of a first data word and a second data word. The control circuit
generates a timing signal having pulses and a second signal. The second
signal is generated upon completion of the initial access of the first data
word and the second data word. The first circuit follows the initial access
with subsequent accesses 0 of the plurality of data words responsively to
the second signal and the timing signal. The data buffer has an I5   1 9 NY
2~0~ WO 01/93272 PCT/USOl/16426 output and produces the first data word at
the output and successively produces, with each successive pulse of the
timing signal following an initial period of time, the second data word,
and subsequent data words at the output. The subsequent data words
correspond to the subseduent accesses of the plurality of data words. In a
preferred embodiment, the second signal includes the LT signal of FIG. 2.
Of course, other 5 signals may be used other than the exemplary LT signal
as appropriate. In a preferred embodiment, the timing signal includes both
the CLK signal and the CLKI signal. Of course, other signals other than the
exemplary CLK signal and CLKI signal may be used for the timing signal as
appropriate. As used herein, the term first circuit is intended broadly to
refer to circuitry to access data from memory, preferably data. in the form
of data words. For example, in a preferred embodiment, the first circuit 10
includes the first series of sense amplifiers beginning with S/A~ 216 and
ending with S/A~ 220 and the second series of sense amplifiers beginning
with SJAAO 218 and ending with S/A~,,f 222 of the memory 200 of FIG. 2: As
used herein, the term control circuit ~is intended broadly to refer to
circuitry to generate and produce a variety of signals to perform a variety
of burst mode access functions according to the presently 15 preferred
embodiments described herein. The signals preferably include timing
signals. In some embodiments, the control circuit receives a timing signal
external to the memory and produces internal timing signals from the
external timing signal. In other embodiments, external timing signals are
not directly received by the control circuit. The control circuit can
encompass a wide variety of circuitry described herein. Por example, the
control circuit preferably includes the timing control circuit 210 of the
memory 200 of FIG. 20 2. In other preferred embodiment, the control circuit
includes clock buffer 214 as well as the timing control circuit 210 of the
memory 200 of FIG. 2. In yet another example according to a preferred
embodiment, the control circuit includes the timing control circuit 210,
the clock buffer 214, and the clock counter circuit 212 of the memory 200
of FTG. 2. As used herein, the term data buffer is intended broadly to
refer to interface circuitry that facilitates Z5 the introduction of data
to another circuit or the retrieval of data, $om another circuit. The data
buffer might include, for example, an output buffer, an input buffer. An
output buffer might include an output circuit while an input buffer might
include su input circuit. For example, in a preferred embodiment, the data
buffer includes the series of output buffers beginning with OUTBITFo 236
and ending with OUTBZJFM 238 of the memory 200 of FIG. 2. 



30 Preferably, the burst mode architecture further includes a clock counter
circuit. The clock counter circuit is coupled to the control circuit and
measures the initial period of time by counting an initial number of pulses
of the timing signal. Preferably, the burst mode architecture further
includes address buffer circuitry. The address buffer circuitry is coupled
to and responsive to the control circuit. The address buffer circuitry
increments an initial 35 address that corresponds to the fast data word and
the second data word to generate subsequent addresses to the initial
address. Preferably, the first circuit utilizes the subsequent addresses to
access the plurality of data words following the initial access. Tn
addition, the presently preferred embodiments provide a burst mode
architecture to provide burst mode access to a plurality of data words in a
memory. The burst mode architecture includes a control circuit, 0 a first
series of sense amplifiers, a second series of sense amplifiers, address
buffer circuitry, and latch 16   1 9 N~~ 204 . WO 01/93272 PCT/USOl/16426
circuitry. The first series of sense amplifiers is coupled to the control
circuit and accesses a first series of data words of a plurality of data
words. The first series of data words are accessed one data word at a time
by the first series of sense amplifiers, beginning with an initial access
of a frst data word, and continuing with a second access of a third data
word, and subsequent accesses of the first series of data words of the
plurality of 5 data words responsively to the control circuit. The second
series of sense amplifiers is coupled to the control circuit and accesses a
second series of data words of a plurality of data words. The second series
of data words are accessed one data word at a time by the second series of
sense amplifiers, beginning with the initial access of a second data word,
and continuing with the second access of a fourth data word, and subsequent
accesses of the second series of data words of the plurality of data words
responsively to the control circuit. 10 The address buffer circuitry is
coupled to and responsive to the control circuit. The address buffer
circuitry increments an initial address that corresponds to the first data
word and the second data word to generate subsequent addresses to the
initial address. 'The :first series of sense amplifiers and the second
series of sense amplifiers utilize the subsequent addresses to access the
plurality of data words. The latch circuitry is coupled to the.control
circuit and is selectively coupled to the first series of 15 sense
amplifiers and the second series of sense amplifiers by the control
circuit. The latch circuitry stores the first series of data words and the
second series of data words. The control circuit directs a transfer of the
first series of data words and the second series of data words from the
first series of sense amplifiers and the second series of sense amplifiers,
respectively, to the latch circuitry. The control circuit triggers the
second access of the third data word and the fourth data word responsively
upon the completion of the transfer of the 20 first data word and the
second data word from the initial access to the latch circuitry. As used
herein, the term latch circuitry is intended broadly to refer to one or
more circuits that include one or more latches, For example, in a preferred
embodiment, the latch circuitry includes the series of latches beginning
with LATCT~ 224 and LATCFIgo 226 and ending with LATCH 228 and LATCIi~ 230
of the memory 200 of FIG. 2. 25 As used herein, the term latch is intended
to refer to a temporary data storage element. A temporary storage element
may be implemented, for example, as a pair of inverters (as described and
illustrated herein), or as a flip-flop such as a D-type flip-flog.
Preferably, the burst mode architecture farther includes an address valid
buffer. The address valid buffer has an input and is coupled to the address
buffer circuitry. The address valid buffer begins an initial 30 state of
the burst mode architecture responsively to an initial address. Preferably,
the burst mode architecture further includes a switching circuit to select
a data word from the latch circuitry. Preferably, the switching circuit
selects the data word according to whether the data word is one of the
first series of data words or is one of the second series of data words.
Preferably, the switching circuit selects the data word according to a
transition of a control signal. Preferably, the control signal is the 35
least significant bit of the initial address. As used herein, the term
switching circuit is intended broadly to refer to any of a variety of
switching mechanisms used to toggle the value of an output C between the
values of an input A and an input B. A data multiplexer may be organized as
a 2 to 1 switching circuit. For example, in a preferred embodiment, the
switching circuit includes the series of data mulfiiplexers beginning with
Ma 232 and ending with MM 234 of 0 the memory 200 of FIG. 2. 17   1 9 ~0V
200 WO 0l/93272 PCT/USOl/16426 Preferably, the burst mode architecture
further includes a data buffer, a clock buffer, and a clock counter circuit
The data buffer has an output and is coupled to the switching circuit The
clock buffer generates a timing signal having pulses, while the clock
counter circuit, coupled to the clock buffer, measures an initial period of
time by counting an initial number of pulses of the timing signal. The data
buffer 5 successively produces, preferably with each successive poise of
the timing signal following an initial period of time, the second data
word, the third data word, the fourth data word, and subsequent data words
at the output. The subsequent data words correspond to the first series of
data words and the second series of data words of the plurality of data
words. Purther, the presently preferred embodiments provide a method of
providing burst mode access to a 10 plurality of data words in a memory. An
initial period of time is measured responsively to an initial address by
counting an initial number of pulses of a timing signal. Within the initial
period of time, a first data word and a second data word are accessed with
the initial address, a second signal is subsequently generated, the initial
address is incremented to generate a second address, and a third data word
and a fourth data word are accessed with the second address responsively to
the second signal. Preferably, the first data word and the 15 second data
word are stored responsively to the second signal. Following the initial
period of time, the first data word is produced at an output of the memory
responsively to a first pulse of the timing signal, and the second data
word is produced at the output of the memory responsively to a second pulse
of the timing signal. In addition, the presently preferred embodiments
provide a method of providing burst mode access to a plurality of data
words in a memory. Preferably, the plurality of data words is stored in a
plurality of core 20 memory cells of the memory. An initial period of time
is measured responsively to an initial address by counting an initial
number of pulses of a timing signal. Within the initial period of time, a
first data word and a second data word are accessed with the initial
address, a second signal is subsequently generated, the initial address is
incremented to generate a second address, the first data word and the
second data word are stored responsively to the second signal, and a third
data word and a fourth data word are accessed with the second 25 address
responsively to the second signal. Following the initial period of time)
the first data word is produced at an output of the memory responsively to
a first pulse of the timing signal, the second data word is produced at the
output of the memory responsively to a second pulse of the timing signal,
and the third and the fourth data word are stored responsively to the
second pulse of the timing signal. For successive pulses of the timing
signal, a subsequent address is generated with every two pulses of the
timing signal, two data words are 



30 accessed for every subsequent address with every two pulses of the
timing signal, two data words are stored with every two pulses of the
timing signal, and one data word is produced at the output of the memory
with every pulse of the timing signal; It should be understood that the
steps of the methods recited herein can be performed in any order
consistent with the recited acts. 35 The foregoing detailed description has
described only a few of the many forms that this invention can take. It is
therefore intended that the foregoing detailed description be regaxded as
illustrative rather than limiting, and that it be understood that if is the
following claims, including all equivalents, which are intended to define
the spirit and scope of this invention. It is therefore intended in the
appended claims to cover all such changes and modifications which fall
within the true spirit and scope of the invention. 40 18   1 9 NOV 2004
Replacement page 1 8 NOU 2004 CLAIMS: 1. A burst mode architecture for a
flash memory device to provide burst mode access to a plurality of data
words in a memory, the architecture comprising: 5 a core cell array
comprising a plurality of non-volatile memory cells; a first circuit
coupled to said core cell array for accessing a plurality of data words,
beginning with an initial access of a first data word and a second data
word; a control circuit coupled to the first circuit and generating a
timing signal having pulses, and a second signal upon completion of the
initial access of the first 10 data word and the second data word, and
wherein the first circuit follows the initial access with subsequent
accesses of the plurality of data words responsively to the second signal
and the timing signal; and a data buffer having an output and selectively
coupled to the first circuit by the control circuit, the data buffer
producing the first data word at the output and 15 successively producing,
with each successive pulse of the timing signal following an initial period
of time, the second data word, and subsequent data words at the output, the
subsequent data words corresponding to the subsequent accesses of the
plurality of data words. 20 2. The burst mode architecture of claim l,
further comprising: a clock counter circuit, coupled to the control
circuit, to measure the initial period of time by counting an initial
number of pulses of the timing signal. 3. The burst mode architecture of
claim l, further comprising: 25 address buffer circuitry coupled to and
responsive to the control circuit to increment an initial address that
corresponds to the first data word and the second data word to generate
subsequent addresses to the initial address, the first circuit utilizing
the subsequent addresses to access the plurality of data words following
the initial access. 30 19   1 9 NOV 2004 Replacement papa 1 ~ NOV 2004 4.
The burst mode architecture of claim 1, wherein the plurality of data words
is stored in a plurality of core memory cells of the memory. 5. A burst
mode architecture to provide burst mode access to a plurality of data 5
words in a memory, the architecture comprising: control circuit; a first
series of sense amplifiers to access a first series of data words of the 



plurality of data words, the first series of sense amplifiers coupled to
the control circuit, wherein the first series of data words are accessed
one data word at a time by 10 the first series of sense amplifiers,
beginning with an initial access of a first data word, and continuing with
a second access of a third data word, and subsequent accesses of the first
series of data words of the plurality of data words responsively to the
control circuit; a second series of sense amplifiers to access a second
series of data words of 15 the plurality of data words, the second series
of sense amplifiers coupled to the control circuit, wherein the second
series of data words are accessed one data word at a time by the second
series of sense amplifiers, beginning with the initial access of a second
data word, and continuing with the second access of a fourth data word, and
subsequent accesses of the second series of data words of the plurality of
data words 20 responsively to the control circuit; address buffer circuitry
coupled to and responsive to the control circuit to increment an initial
address that corresponds to the first data word and the second data word to
generate subsequent addresses to the initial address, the first series of
sense amplifiers and the second series of sense amplifiers utilizing the
subsequent 25 addresses to access the plurality of data words; and latch
circuitry coupled to the control circuit and selectively coupled to the
first series of sense amplifiers and the second series of sense amplifiers
by the control circuit to store the first series of data words and the
second series of data words, the control circuit directing a transfer of
the first series of data words and the second 30 series of data words from
the first series of sense amplifiers and the second series of sense
amplifiers, respectively, to the latch circuitry; 20   1 9 N0V 2004
Re~?lacement ~:~n~ 1 8 NOV 2004 wherein the control circuit triggers the
second access of the third data word and the fourth data word responsively
upon the completion of the transfer of the first data word and the second
data word from the initial access to the latch circuitry. 5 6. The burst
mode architecture of claim 5, further comprising: an address valid buffer
having an input and coupled to the address buffer circuitry to begin an
initial state of the burst mode architecture responsively to the initial
address. 10 7. The burst mode architecture of claim 5, further comprising:
a switching circuit to select a data word from the latch circuitry
according to whether the data word is one of the first series of data words
or is one of the second series of data words. 15 8. The burst mode
architecture of claim 5, further comprising: a switching circuit to select
a data word from the latch circuitry according to a transition of a control
signal, wherein the control signal is the least significant bit of the
initial address. 20 9. The burst mode architecture of claim 5, further
comprising: a switching circuit to select a data word from the latch
circuitry; and a data buffer having an output and coupled to the switching
circuit, the data buffer successively producing the first data word, the
second data word, the third data word, the fourth data word, and subsequent
data words at the output, the subsequent 25 data words corresponding to the
first series of data words and the second series of data words of the
plurality of data words. 10. The burst mode architecture of claim 9,
further comprising: a clock buffer to generate a timing signal having
pulses; and 30 a clock counter circuit, coupled to the clock buffer, to
measure an initial period of time by counting an initial number of pulses
of the timing signal; 21 



1 9 ~6V 204 Replacement aaaP 1 ~ NOV 2004 the data buffer successively
producing, with each successive pulse of the timing signal following an
initial period of time, the second data word, the third data word, the
fourth data word, and subsequent data words at the output. 5 11. The burst
mode architecture of claim 5, wherein the plurality of data words is stored
in a plurality of core memory cells of the memory. 12. In a flash memory
device comprising an array of non-volatile memory cells, a method of
providing burst mode access to a plurality of data words, the method 10
comprising: measuring an initial period of time responsively to an initial
address by counting an initial number of pulses of a timing signal, and,
within the initial period of time: accessing a first data word and a second
data word with the initial address; 15 subsequently generating a second
signal; incrementing the initial address to generate a second address;
accessing a third data word and a fourth data word with the second address
responsively to the second signal; and, following the initial period of
time; 20 producing the first data word at an output of the memory
responsively to a first pulse of the timing signal; and producing the
second data word at the output of the memory responsively to a second pulse
of the timing signal. 25 13. The method of claim 12, further comprising:
within the initial period of time: storing the first data word and the
second data word responsively to the second signal. 14. The method of claim
12, wherein the plurality of data words is stored in a 30 plurality of core
memory cells of the memory. 22   1 9 N~V 204 Replacement pace 1 ~ NOV 2004
15. In a memory, a method of providing burst mode access to a plurality of
data words, the method comprising: measuring an initial period of time
responsively to an initial address by counting an initial number of pulses
of a timing signal, and, within the initial period 5 of time: accessing a
first data word and a second data word with the initial address;
subsequently generating a second signal; incrementing the initial address
to generate a second address; storing the first data word and the second
data word responsively to the 10 second signal; accessing a third data word
and a fourth data word with the second address 



responsively to the second signal; and, following the initial period of
time: producing the first data word at an output of the memory responsively
to a 15 first pulse of the timing signal; producing the second data word at
the output of the memory responsively to a second pulse of the timing
signal storing the third data word and the fourth data word responsively to
the third and fourth pulse of the timing signal; and, 20 for successive
pulses of the timing signal: generating a subsequent address with every two
pulses of the timing signal; accessing two data words for every subsequent
address with every two pulses of the timing signal; storing two data words
with every two pulses of the timing signal; and 25 producing one data word
at the output of the memory with every pulse of the timing signal. 16. The
method of claim 15, wherein the plurality of data words is stored in a
plurality of core memory cells of the memory. 23 .A.A5.AnL.A%.A.A
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