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SIMULTANEOUS PIPELINED READ WITH DUAL
LEVEL CACHE FOR IMPROVED SYSTEM
PERFORMANCE USING FLASH TECHNOLOGY

TECHNICAL FIELD

[0001] The present invention relates generally to. nonvola-
tile memory devices, and more particularly to an improved
read protocol for flash or EEPROM devices.

BACKGROUND ART

[0002] Typically, a memory device will be coupled to an
external control device such as a microprocessor. The micro-
processor may be incorporated into a personal computer, a
personal digital assistant, a telephone, a camera, or other
device requiring a nonvolatile memory. A multitude of
devices including PDAs, wireless devices, and cell phones
continue to evolve and incorporate new multifunction capa-
bilities. New capabilities include Web access, a digital
camera, video, and music storage. To be marketable, these
new devices must provide new capabilities at lower costs
and in smaller spaces. In addition, nonvolatile memory
devices must have higher capacities, improved speed, and
improved interface flexibility.

[0003] For example, in the cell phone market, previous
voice only cell phones utilized approximately 4 to 8 mega-
bytes of memory to store data such as phone numbers, call
logs, or messages. Currently, consumers now demand cell
phones that are feature-rich. New cell phone devices now
include Internet browsing, text messaging, games, Java
applications, music, and digital cameras. These exemplary
applications have caused an increase in memory require-
ments. Typically, cell phone manufactures now use 64 to 256
megabytes or more memory to store large amounts of data
including pictures and music.

[0004] Memory options when designing cell phones are
numerous; a conventional memory architecture for a multi-
function cell phone may use NOR flash for code storage,
PSRAM for workspace, and NAND flash for data storage.
Some designers also include SRAM for backup. NAND
flash memory currently has the lowest cost per bit, however,
NAND flash memory also has a slower random access time
compared to other memory types and no capability for byte
level programming.

[0005] As capacities and costs continue to improve, there
are also demands for improved memory performance. U.S.
Pat. No. 5,488,711 to Hewitt et al. describes a write cache
for reducing the time required to load data into an EEPROM
device. A microprocessor may issue a read command to a
memory device. Referring to FIG. 1, a typical prior art
memory read sequence begins with an external device, such
as a microprocessor (not shown), sending a first read com-
mand (read cmd,) 302 to a memory device. Following the
first read command 302, the microprocessor then sends an
address (addr,) 304 for the desired data. Next, there is a read
delay (read delay, ) 306 and subsequently, upon confirmation
that flash is ready with date, the data are serially output
(data,) 308 through an input-output circuit to the micropro-
cessor. After the first read sequence has been completed, a
second read command (read cmd,) 312 is sent and a second
read address (addr,) 314 is sent by the microprocessor to the
memory device. After the second read command 312 and
address 314 have been sent to the memory device from the
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microprocessor, there is a second read access delay 316
(read delay,), and serial data output 318 time. A third read
command and subsequent steps may follow. Although the
architecture in Hewitt may improve the performance of the
memory device, further performance increases using differ-
ent or improved architectures are possible.

SUMMARY OF THE INVENTION

[0006] An exemplary embodiment of the present inven-
tion provides an interface or protocol to improve an overall
read access time of a nonvolatile memory device having
multiple levels of cache. The memory device is configured
to output a first plurality of data pages while simultaneously
reading a second plurality of data pages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a prior art diagram of sequential memory
device read operations.

[0008] FIG. 2 is a block diagram of a memory device
containing a cache memory.

[0009] FIGS. 3, 3a, and 3b are block diagrams of an .1
and L2 cache circuit used for a memory read operation.

[0010] FIG. 4 is a block diagram of two interleaved
memory device read operations.

[0011] FIG. 5 is a diagram of interleaved read operations.
DETAILED DESCRIPTION OF THE
INVENTION

[0012] Referring to FIG. 2, an exemplary nonvolatile
memory device 100 includes a memory array 10 used to
store data, sense amplifiers 11, a data register 20, a cache
register 30, an input-output circuit 40, and a control logic
circuit 50. The memory array 10 is typically a large capacity
NAND flash memory coupled to a large number of sense
amplifiers 11 having an ability to present a page of data, for
example 528 by 16, in a single read transfer. Alternative
page register capacities may be 256 or 264 by 8 or 16, 512
or 528 by 8 or 16, 1024 or 1056 by 8 or 16, 2048 or 2112
by 8 or 16, and 4096 or 4224 by 8 or 16. Stored data or data
pages may additionally include extra bits, for example, error
correction codes or error correction bits.

[0013] The control logic circuit 50 coordinates or controls
the data transfer in the memory device. The control logic
circuit 50 may be implemented as a state machine or a
microcontroller. In an exemplary embodiment, the control
logic circuit 50 receives commands from a device that is
external to the memory device 100. For example, a read
command or a write command may be presented to the
memory device 100 followed by an address or address range
in the memory array 10. In response, the control logic circuit
50 controls word lines and bit lines coupled to the memory
array 10 to address and read data from the memory array 10.

[0014] Additionally, the control logic circuit 50 coordi-
nates or controls the transfer of data between the memory
array 10 and the data register 20. The control logic circuit 50
also coordinates the transfer or copying of data between the
data register 20 and L1 cache 31, the transfer or copying of
data between the data register 20 or L1 cache 31 and [.2
cache 32, and the control logic circuit 50 coordinates the
transfer or copying of data between the [.2 cache 32 and the
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input-output circuit 40. In an exemplary embodiment, the
input-output circuit 40 contains a pipeline register.

[0015] During a read operation, data stored in the memory
array 10 are transferred to the data register 20 via the sense
amplifiers 11. The data register 20 is selectively coupled to
the first level of [.1 cache 31 and data temporarily stored in
the data register 20 are copied to a selected portion of the L1
cache 31. Data continue to be read from the memory array
10 into the data register 20 and copied into the [.1 cache 31
until the L1 cache 31 has been filled with data. Data stored
in the L1 cache 31 are then copied to the .2 cache 32.
Portions of the data stored in the L2 cache 32 are transferred
or copied to the input-output circuit 40. The input-output
circuit 40 then serially outputs the data, while the next read
cycle is simultaneously being performed by the data register
20 and the L1 cache 31.

[0016] Continuing with FIG. 2, the memory device 100
responds to a read or a write command provided by an
external device such as a microprocessor. A protocol, or
command user interface, linking a memory device to the
microprocessor is incorporated in a function of the control
logic 50 in the memory device 100. For example, the
instruction code is an 8-bit instruction or command followed
by an appropriate address based on memory array size, for
example, a 32 bit address. The microprocessor may addi-
tionally issue a confirm command to a memory device 100
by passing a command code confirm of 30 (hex) to the
memory device 100. The address of the data, for example, is
the beginning address of a single page of data or the
beginning address of multiple pages of data. The memory
device 100 then provides the requested data to the micro-
processor. In an exemplary embodiment, the memory device
100 issues a 16 bit parallel word, toggling each bit serially
to provide a page of data to the microprocessor. In another
example, a read command followed by a 32 address, fol-
lowed by a confirmation command or confirmation byte, is
sent to the memory device 100 by the microprocessor. The
data located at the requested address are retrieved from the
memory device memory array 10 (FIG. 2) and sent to the
microprocessor. A time delay between the presentation of a
read command to the memory device 100 and the time when
the data are available and sent to the microprocessor is
typically referred to as a read access time.

[0017] Referring to FIG. 34, an exemplary embodiment of
a data register 20, cache register 30, and 1/O circuit 40 (FIG.
2) is shown. The data register 20 has a capacity to store a
single page of data from the memory array 10 (not shown in
FIG. 3a). Both the L1 cache 31 and [.2 cache 32 have the
capacity to store multiple pages of data from the data register
20.

[0018] During a read operation, typically controlled by the
control logic 50 (in FIG. 2), a page of data is read from the
memory array 10 into the data register 20 and the data
register page is copied to one of a plurality of L1 bit arrays
101, 102, 103 using a plurality of select devices 104, 105,
106. In an exemplary embodiment, a first page of data is read
into the page register 20 and the data values are presented on
a data bus 110. At least one of the select devices 104, 105,
106 couples the data bus 110 to a selected .1 bit array 101,
102, 103. For example, the select device 106 is activated
coupling the data bus 110 to the L1 bit array, 103. The data
register page is then copied to the L1 bit array, 103. At the
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same time, the select device, 105 and the select device, 104
do not actively couple the data bus 110 to the L.1 bit array,
102 or to the L1 bit array, 101.

[0019] After the first data register page has been copied
from the data register 20 to the L1 bit array, 103, the data
register page is overwritten by a second page of data from
the memory array 10. Pages of data continue to be read from
the memory array 10 into the data register 20 until all of the
L1 bit arrays 101, 102, 103 have had data copied to them and
the L1 cache 31 is full of data. The second and third data
register pages are copied from the data register 20 into the
L1 bit array, 102 and the L1 bit array, 101. When the [.1 bit
arrays 101, 102, 103 are full of data, another read operation
is performed and a page of data is read from the memory
array 10 into the data register 20. In another embodiment, a
data register page may be copied to any single selected L1
bit array 101, 102, 103 or copied to a plurality of L1 bit
arrays. In an alternative embodiment, the first data register
page is copied from the data register 20 directly to a single
selected L2 bit array 201, 202, 203, 204 or copied from the
data register 20 to a plurality of bit arrays in the L.2 cache 32.

[0020] The data in the data register 20 and in the I.1 cache
31 are then copied into the corresponding .2 bit arrays 201,
202, 203, 204. The page of data in the data register 20 is
copied to the L2 bit array,, 201 via the select device, 108, and
the L1 bit arrays 101, 102, 103 are copied to the correspond-
ing L2 bit arrays 202, 203, 204 in a single cycle. The data
in the [.2 cache 32 are then copied to an input-output circuit
40. The input-output circuit 40 then serially outputs the
stored data, for example on a pin or line of the memory
device 100, bit-by-bit to an external device such as a
microprocessor (not shown).

[0021] In an exemplary embodiment, an entire page (four
data register pages) of data is output word-by-word. A
plurality of lines may provide multiple bits of data in parallel
where the data are output with each line of the word
providing a serial stream of data bits to an external device
(not shown). For example, a 16-bit word of data is presented
on 16 lines and each bit of the 16-bit word provides a serial
stream of data so that an exemplary page of data at 528 by
16 is output to the microprocessor. In another example, the
data in the input-output circuit 40 are presented to an
external device as a 64-bit word (64 bits in parallel), serially
clocking each bit of the 64-bit word for 264 cycles to present
the entire page of data to the external device or micropro-
cessor. Alternatively, any number of bits in parallel may be
presented to an external device. Additionally, in other
embodiments, the data lines may include additional bits such
as error-checking codes or error correction bits.

[0022] Referring still to FIG. 34, a read access time for a
single data register page of data includes the time to read
data from the memory array 10, and load the data into the
data register 20 and the L1 cache 31. In an exemplary
embodiment, multiple data register pages are loaded into an
L1 cache 31, increasing the total read access time. Having an
L1 cache 31 that contains multiple [.1 bit arrays 101, 102,
103, each capable of containing a data register page of data,
requires a page register of data to be copied three times to
corresponding L1 bit arrays 101, 102, 103 to fill the L1
cache. In one example, with a read delay time of 25
microseconds for each data register read cycle, the total read
access time is approximately 75 microseconds for three data
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register page reads that are selectively copied to the corre-
sponding [.1 cache bit arrays 101, 102, 103, and another 20
microseconds (because there is no data transfer to a cache)
for a fourth read operation to fill the data register 20. Since
three data pages from the L1 cache 31 and one page from the
data register are needed to fill four L2 bit arrays 201, 202,
203, 204, the total read access time for this example is
approximately 80 microseconds (assuming the data transfer
time from the L1 cache 31 to the L2 cache 32, and the
transfer time from the data register 20 to the [.1 cache are
each 5 microseconds).

[0023] An exemplary read sequence of FIG. 35 includes
accessing a page of data in a memory array 10 (in FIG. 2)
and copying 510 the data to a data register 20. Next, the page
of data in the data register 20 is copied 520 to an L1 cache
31. A determination 530 is made whether the L1 cache is
full. If the L1 cache 31 is not full, another page of data in the
memory array 10 is accessed and copied 510 to the data
register 20, and a new page of data is copied 520 from the
data register 20 to the .1 cache 31. If the L1 cache 31 is full,
another page of data in the memory array 10 is accessed and
copied 540 to the data register 20. When the [.1 cache 31 and
the data register 20 are full of data, a determination 550 is
made whether the L2 cache 32 is available. If the L.2 cache
32 is not available, data in the L1 cache 31 and the data in
the data register 20 are held, and in one embodiment, a
predetermined wait period is executed 560 or alternatively,
a “no op” instruction is performed until the [.2 cache 32 is
available. When the L2 cache 32 is available, data in the L1
cache 31 and data in the data register 20 are copied 570 into
the [.2 cache 32. Data in the .2 cache 32 are then copied 580
to the input output-circuit 40. Data read operations 510, 520,
530, 540 involving the data register 20 and L1 cache 31 are
performed while the I/O circuit simultaneously outputs the
data to the microprocessor.

[0024] Referring to FIG. 4, in one embodiment, a memory
read protocol 400 begins with an external device, such as a
microprocessor (not shown), executing a first read sequence
401 by sending a first read command (read cmd,) 402 and
then sending a first memory (or data) address (addr, ) 404 for
the desired data to a memory device 100 (see FIG. 2).
Optionally, a first read confirmation indicator (conf;) 406
may be provided by the microprocessor. Alternatively,
memory device 100 provides a verification indicator 422 on
a verification line (V) 420 or the second read command may
initiate at 424 after the cache 30 (in FIG. 2) is full. Also, a
verification line may be implemented as a ready or busy line,
for example, as a rdy/bsy line. In one example, depending on
the memory array size, the time to send a read command
sequence, which includes a read command 402 (8-bits), a
data address 404 (32 bits), and confirmation command 406,
is 6 clock cycles. For this example, when each clock cycle
time is 50 ns, it takes 300 ns to send a read command
sequence.

[0025] 1In one embodiment, after the memory device 100
has received a read command 402 and address 404, the
memory device verification line V420 is used as an indicator
to confirm to the microprocessor that a read command
sequence has been received, and a read operation is being
executed by the memory device 100. Also, V may be
implemented as a Rdy/bsy signal. For example, the verifi-
cation line V420 is normally high and is brought to a low
state 422 during a read access time (tr;) 407. The verification
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line V420 indicates that the memory array is being read but
the data at the requested address is not yet available or
stable. Typically, a read delay time, to read from a memory
array 10 into a data register 20 (for a single page of data) is
in the range of 12 to 25 microseconds. With two levels of
cache (L1 31 and [.2 32 in FIGS. 2 and 3a), the overall read
access time is improved by interleaving a first data output
operation (via the memory device /O circuitry) with a
subsequent data read operation. Referring still to FIG. 4, the
memory device 100 verification line V420, brought to a low
state 422, may be used as an indicator that the [.1 cache 31
(in FIG. 2) is free and the memory device 100 is ready to
receive another (second) read command 412 from the micro-
processor. In an alternate embodiment, a separate line or
indictor is used to signal the microprocessor that the
memory device 100 is ready to receive another read com-
mand. The interleaving operation serially outputs data
(data,) 408 from a first read command sequence 401 while
simultaneously performing a second read operation. The
second read operation has a read delay time (tr,) 417 in
response to the second read command (read cmd,) 412 and
second data address (addr,) 414 (and/or confirmation com-
mand (conf,) 416).

[0026] When the verification line V420 is brought to a
high state 424, a first requested page or pages of data have
been read from the memory array 10 and the data page(s) are
available for output from the memory device to the micro-
processor. In one embodiment, V may be used as an indi-
cator that the second read command 412 may be sent. In an
alternate embodiment, after the memory device verification
line V420 is inverted, a delay is required before the micro-
processor may send another command. For example, after
the verification line 420 is inverted 422, the microprocessor
must execute a no-op command or a predetermined delay
before sending another read command 412. The second read
command (read cmd,) 412 and a second read address (addr,)
414 is then sent by the microprocessor to the memory
device. Optionally, a second confirmation command (cont,)
416 may be sent either by the microprocessor or the memory
device 100. The data (data,) 408 from the first read com-
mand is sent to the microprocessor and simultaneously, a
second read operation having a read delay time (tr,) 412 is
performed by the memory device 100 responding to a
second or subsequent read command (read cmd,) 412.

[0027] Data located at the first address (addr,) 404, from
the first read command (read cmd,) 402, is serially output
(data;) 408 through an input-output circuit (1/0) 40 (see
FIG. 2) by the memory device 100 to the microprocessor.
For example, the serial data (data;) 408 is sent by the
input-output circuit 40 on each line or pin of an 8 bit or 16
bit word to the microprocessor using a read clock or data
clock 430 that toggles or validates the serial data bits. In one
embodiment, a data clock line 430 from the memory device
100 provides a clock signal 431 that indicates when each bit
in the first serial data (data,) 408 stream is valid or stable.
Exemplary data clock pulses 431 clock the serial data from
the memory device for a predetermined duration 409 of data
clock cycles for a first data output (data,) 408 and second
data output (data,) 418. In alternate embodiments, a data
clock line 430 is provided by either an external device such
as the microprocessor or by a dedicated circuit.

[0028] For an exemplary 4 pages of data totaling 2112 by
8, amemory device 100 having 8 parallel data lines and each
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data line serially outputs 2112 bits, and using a 50 ns clock
cycle, the time it takes to provide 4 pages of data from the
memory device 100 to the microprocessor is approximately
105.6 microseconds. In comparison, the total time it takes to
send a read command sequence and access (read) the data
407 is approximately 100 microseconds.

[0029] Using the above examples, the time that the first
serial data (data, ) 408 takes to be clocked from the memory
device 100 to the microprocessor is approximately 114
microseconds, and a total read delay time (tr,) 417 (time to
read the required number of pages from the memory array
20) responding to the second read command (read cmd,)
412 is approximately 100 microseconds. The overall read
access time is improved for the second read command by
interleaving the operation that serially outputs data (data,)
408 from the first read command (read cmd,) 402 with a
second or subsequent read operation 410. Overlapping the
data output period (data,) 408, for a predetermined duration
409 of data clock cycles 431, from a first read command
(read cmd, ) 402, and interleaving a read delay time (tr,) 417
from a second read sequence 410, saves (or will adjust
approximately) 40% of the overall time of the second read
operation 410 when compared to the read sequence of FIG.
1. Referring again to FIG. 4, interleaving subsequent read
operations, for example third and fourth read operations,
will provide similar performance benefits per each read
operation. Since there are two data caches, we are able to
isolate both operations of memory and microprocessor
requests.

[0030] Referring to FIG. 5, an exemplary set of operations
by an external device or microprocessor and the memory
array 100 are shown. A first read command and first address
are sent from a microprocessor to a memory device. The
memory device 100 responds by reading a first portion of
requested data (data,) from a memory array 10 into a data
register 20. The first portion of requested data (data, ) is then
copied to a first level (L1 ) of cache 31, for example, taking
three data register read operation cycles to fill the [.1 cache
31. When the L1 cache 31 has been filled with data, another
portion of the requested data (data,) is read into the data
register 20. The requested data (data,) in the data register 20
and in the L1 cache 31 is then copied to a second level (1.2
) of cache 32 in a single clock cycle. A read verify indicator
is asserted, indicating that the memory device is retrieving
data from the memory array in response to the first read
command from the microprocessor.

[0031] The read verify indicator may be used by the
memory device 100 or the microprocessor as a check to
assure that the L1 or first level of cache 31 is available for
a subsequent read operation and that the memory device 100
is set to begin sending data from the previous read operation.
A microprocessor may check the read verify indicator before
sending a subsequent read command. The microprocessor
then sends a second read command and second address
while data (data,) from the first read command are simul-
taneously being serially sent to the microprocessor. The
memory device 100 (see FIG. 2) responds to the second read
command by reading a portion of the second requested data
(data,) from the memory array 10 into the data register 20
while simultaneously continuing to copying the first
requested data (data,) from the [.2 cache into the I/O circuit
40 and toggling a serial read clock to output the first
requested data (data;) to the microprocessor. Simulta-
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neously, portions of the second requested data (data,) are
copied from the data register 20 to fill the [.1 cache 31. After
the L1 cache 31 has been filled, and the data register 20 has
been filled with a portion of the second requested data
(data,), the memory device will wait until the first requested
data (data,) in the [.2 cache 32 has been fully copied to the
1/O circuit 40. When the [.2 cache 32 is ready, the second
requested data (data,) that is in the data register 20 and the
L1 cache 31 will be copied to the 1.2 cache 32. The
interleaving operation using an internal cache 30 that stores
two levels of requested data (data,, data,), simultaneously
sending data from a first or previous read command and
performing a read operation for a second or current read
command.

[0032] In alternate embodiments, an auto-increment func-
tion is employed so that a second address is not required
from a device requesting data from the memory device. The
auto-increment function may be invoked by a variety of
methods, including but not limited to: 1) supporting an auto
increment command where the first or second read com-
mand is command code that invokes an auto-increment
using the last memory address sent to the memory array, 2)
a line or signal (pin) to the memory device having a logic
indicator that the auto-increment function should be used or
turned on, or 3) an optional confirmation command that
indicates that an auto-increment function is to be used for the
next or current address. After a plurality of data pages are
copied into a cache 30 (in FIG. 2), a second interleaved read
operation using an incremented address, a second fixed
address, or another predetermined address (for example
from the memory array 10), is executed.

[0033] Referring to FIG. 6, in one embodiment a first read
command (read cmd,) 602 is sent to a memory device,
followed by a first memory (or data) address (addr;) 604.
Optionally, a first confirmation indicator (conf;) 606 may
also be sent. Alternatively, memory device 100 provides a
verification indicator (V) 620 for time period tr; 607 indi-
cating that a first read operation is being executed by the
memory device 100 (in FIG. 2) but data at the first address
is not yet available or stable. When the data is available, the
verification indicator 620 is inverted and data located at the
first address is serially output through an input output circuit
(I/0) 40 and the memory device is ready to execute a second
read command (read cmd,) 612 and/or a second confirma-
tion command (conf,) 616. For example, a data clock line
630 from the memory device 100 provides a clock signal
631 that indicates when each bit in a serial data stream is
valid or stable. Alternatively, a data indicator (DI) line may
be inverted to indicate that a serial data stream is provided
by the memory device 100.

[0034] During the time that data located at the first
memory address is serially output by the memory device
100, the memory device 100 increments the first memory
address to generate a second memory address. In one
example, the memory device increments the first memory
address in response to receiving a second read command 612
and/or a second confirmation command 616. In a second
example, the memory device 100 increments the first
memory address in response to a logical line, pin, or
connection that signals that an auto-increment junction
should be performed. In another example, the memory
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device 100 automatically increments the first memory
address automatically without receiving a second read com-
mand or signal.

[0035] A second read operation is performed using the
incremented or second memory address during the time that
data located at the first memory address is serially output by
the memory device during time period tr, 619. After all the
data located at the first memory address is serially output,
and the second read operation has been performed, data from
the second memory address is serially outputted by the
memory device 100. In one embodiment, the data clock line
630 provides a clock signal 632 that indicates when each bit
in a serial data stream is valid or stable. In alternate
embodiments, a ready indicator or a delay may be required
before the data is copied or transferred.

[0036] In another embodiment, a memory device read
command is automatically executed by a memory device
100 at power up, boot up, or on reset using a predetermined
or fixed address. Data now stored in the cache 30 is then
copied or transferred to a microprocessor or copied or
transferred to a second memory device such as a volatile
memory device, while a second read operation is being
performed using a second predetermined memory address or
an automatically incremented address. In an alternate
embodiment, a ready indicator or a delay may be required
before the data is copied or transferred.

[0037] Those of skill in the art will recognize that the
invention can be practiced with modification and alteration
within the spirit and scope of the appended claims and many
other embodiments will be apparent to those of skill in the
art upon reading an understanding the above description.
The description is thus to be regarded as illustrative instead
of limiting. The scope of the invention should, therefore, be
determined with reference to the appended claims, along
with the full scope of equivalents to which said claims are
entitled.

What is claimed is:
1. A command protocol method for a nonvolatile memory
device comprising:

sending a first read command to a nonvolatile memory
device;

sending a first data address;

sending a second read command before receiving an
entirety of data located at said first data address; and

sending a second data address before receiving the

entirety of data located at said first data address.

2. The command protocol method of claim 1 wherein the
command protocol is executed by a microprocessor coupled
to said nonvolatile memory device.

3. The command protocol method of claim 1 wherein a
first confirmation indicator is sent to said nonvolatile
memory device after sending said first read command and
sending said first data address.

4. The command protocol method of claim 1 wherein a
first confirmation indicator is sent from said nonvolatile
memory device in response to receiving said first read
command and said first data address.

5. The command protocol method of claim 1 wherein a
second confirmation indicator is sent to said nonvolatile
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memory device after sending said second read command and
sending said second data address.

6. The command protocol method of claim 1 wherein a
second confirmation indicator is sent from said nonvolatile
memory device in response to receiving said second read
command and said second data address.

7. The command protocol method of claim 1 wherein
portions of said entirety of data located at said first data
address is being received while said memory device is
simultaneously reading data located at said second data
address.

8. A method of reducing a read time of a nonvolatile
memory device, the method comprising:

receiving a first read command and a first memory
address;

setting a read verification indicator in response to said first
read command;

reading a first plurality of data pages from a memory
array;

copying said first plurality of data pages into a cache
memory;

receiving a second read command and second memory
address;

setting said read verification indicator in response to said
second read command; and

outputting said first plurality of data pages while simul-
taneously reading and storing a second plurality of data
pages from said memory array.

9. The method of claim 8 wherein said cache memory
includes a first level of cache memory and a second level of
cache memory.

10. The method of claim 9 wherein said first plurality of
data pages are read from said memory array and copied to
said first level of cache, then subsequently copied to said
second level of cache.

11. The method of claim 8 wherein said read verification
indicator is a read verification line driven by said memory
device.

12. The method of claim 8 wherein a third read command
and third memory address are received, said read verification
indicator is inverted, and said second plurality of data pages
is outputted while simultaneously reading and storing a third
plurality of data pages from said memory array.

13. The method of claim 8 further comprising:

receiving a third read command and third memory
address;

setting said read verification indicator in response to said
third read command; and

outputting said second plurality of data pages while
simultaneously reading and storing a third plurality of
data pages from said memory array.
14. A method of reducing the start up time of a system
coupled to a nonvolatile memory device, the method com-
prising:

reading at least one page of data from a nonvolatile
memory array automatically;

copying said at least one page of data from said nonvola-
tile memory array into a page register;
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copying said at least one page of data from said page
register to a cache memory;

copying a plurality of bits from said at least one page of
data between said cache and an input-output circuit;
and

outputting at least one bit of said plurality of bits from
said at least one page of data and simultaneously
reading at least one other page of data from a nonvola-
tile memory array automatically.

15. The method of claim 14 wherein said cache memory
includes a first level of cache memory and a second level of
cache memory.

16. The method of claim 14 wherein said at least one page
of data are read from said memory array and copied to said
first level of cache, then subsequently copied to said second
level of cache.

17. The method of claim 14 wherein reading at least one
page of data automatically occurs during a boot-up process
or during a reset process.

18. The method of claim 14 wherein said one page of data
is stored at a predetermined memory address.

19. The method of claim 18 wherein a second predeter-
mined memory address is used to simultaneously read said
at least one other page of data.

20. The method of claim 18 wherein said predetermined
memory address is incremented to simultaneously read said
at least one other page of data.

21. The method of claim 14 wherein said input-output
circuit is coupled to a volatile memory device and said
plurality of bits are sent to said volatile memory device.

22. The method of claim 21 wherein said volatile memory
device provides a ready indicator before said plurality of bits
are sent to said volatile memory device.
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23. The method of claim 14 wherein said input-output
circuit is coupled to a microprocessor and said plurality of
bits are sent to said microprocessor.

24. The method of claim 23 wherein said microprocessor
provides a ready indicator before said plurality of bits are
sent to said microprocessor.

25. A command protocol method for a nonvolatile
memory device comprising:

receiving a first read command to a nonvolatile memory
device;

receiving a first data address; and

incrementing said first data address to generate a second
data address and reading data from said second data
address before sending the entirety of data located at
said first data address.

26. The command protocol method of claim 25 wherein
portions of said entirety of data located at said first data
address are being sent while said memory device is simul-
taneously reading data located at said second data address.

27. The command protocol method of claim 25 wherein
incrementing said first data address is automatically per-
formed.

28. The command protocol method of claim 25 wherein
incrementing said first data address is performed after
receiving a second read command.

29. The command protocol method of claim 25 wherein
incrementing said first data address is performed after
receiving an auto-increment indicator.

30. The command protocol method of claim 25 wherein
incrementing said first data address is performed after
receiving a confirmation command.

#* #* #* #* #*
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