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(57) Abstract: Disclosed herein are system, method and/or computer program product embodiments for increasing memory band-
width when accessing a plurality of memory devices. An embodiment operates by executing, by at least one processor, a first read
operation to read data from a first memory device following an access time for the first memory device. The embodiment further in -
cludes executing, by the at least one processor, a second read operation to read data from a second memory device following an ac -
cess time for the second memory device. The access time for the second memory device is substantially the same or longer than the
access time for the first memory device plus a time it takes to read data from the first memory device.
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PROGRAMMABLE LATENCY COUNT TO ACHIEVE HIGHER MEMORY
BANDWIDTH

BACKGROUND

Background

[0001] Nearly all commercial database systems rely on caching techniques to improve
performance. Caches are often implemented to support memory that can be accessed
quickly, such as random access memory (RAM), as opposed to storage that takes longer
to access, such as disk-based storage. Caches typically store frequently used data and
reduce the time needed by a database system to access a data page.

[0002] Most systems have more than one memory device (multi chip memory or MCP systems)
and use a wide shared bus to read data from different memory devices depending on
which memory device is selected. A host controller performs a read operation from one
memory device at a time. This ensures fast data access from a particular memory, but
every time a memory is selected to be read, it has to go through an initial access time, or
delay, before the data can be read. This delay is imposed before each memory is read and

thus can slow the memory bandwidth speed when accessing multiple memory devices.

SEWMIMARY

[0003] Provided herein are method, system, and computer program product embodiments, and/or
combinations and sub-combinations thereof, for improving the memory bandwidth of
MCP systems.

[0004] An embodiment includes a computer implemented method for accessing data. The
method operates by executing, by at least one processor, a first read operation to read data
from a first memory device following an access time for the first memory device. The
method further includes executing, by the at least one processor, a second read operation
to read data from a second memory device following an access time for the second
memory device. The access time for the second memory device is substantially the same
or longer than the access time for the first memory device plus a time it takes to read data

from the first memory device.
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[0005] Another embodiment includes a system. The system includes a plurality of memory
devices and at least one processor coupled to the plurality of memory devices. The at least
one processor is configured to execute a first read operation to read data from a first
memory device of the plurality of memory devices following an access time for the first
memory device. The at least one processor is also configured to execute a second read
operation to read data from a second memory device of the plurality of memory devices
following an access time for the second memory device, wherein the access time for the
second memory device is substantially the same or longer than the access time for the
first memory device plus a time it takes to read data from the first memory device.

[0006] A further embodiment includes a tangible computer-readable device having instructions
stored thereon that, when executed by at least one computing device, cause the computing
device to perform operations. The operations include executing a first read operation to
read data from a first memory device following an access time for the first memory
device and executing a second read operation to read data from a second memory device
following an access time for the second memory device, wherein the access time for the
second memory device is substantially the same or longer than the access time for the
first memory device plus a time it takes to read data from the first memory device.

[0007] Further features and advantages of the invention, as well as the structure and operation of
various embodiments of the invention, are described in detail below with reference to the
accompanying drawings. It is noted that the invention is not limited to the specific
embodiments described herein. Such embodiments are presented herein for illustrative
purposes only. Additional embodiments will be apparent to persons skilled in the relevant

art(s) based on the teachings contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings are incorporated herein and form a part of the specification.

[0009] FIG. 1 is a block diagram of a multi chip memory (MCP) system, according to an
example embodiment.

[0010] FIG. 2 is a timing diagram for reading from a memory layer, according to an example
embodiment.

[0011] FIG. 3 is a timing diagram for reading from a memory layer, according to an example

embodiment.
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[0012] FIG. 4 is a timing diagram for reading from more than one memory layer, according to an
example embodiment.

[0013] FIG. 5 is a flowchart illustrating a process for reading from more than one memory
device, according to an example embodiment.

[0014] FIG. 6 is an example computer system useful for implementing various embodiments.

[0015] In the drawings, like reference numbers generally indicate identical or similar elements.
Additionally, generally, the left-most digit(s) of a reference number identifies the drawing

in which the reference number first appears.

DETAILED DESCRIPTION

[0016] FIG. 1 illustrates a system 100 having a plurality of memory devices, according to an
embodiment. As such, in an embodiment, FIG. 1 may illustrate a MCP system, but it
should be understood that the invention is not limited to this example. System 100 may
include a controller 102 and memory devices arranged in one or more layers of memory.
In this example, memory device 104 and memory device 106 are in a first memory layer
while memory device 108 and memory device 110 are in a second memory layer. It
should be understood that while only four memory devices are illustrated, any number of
memory devices may be included in a given memory layer and any number of memory
layers may be utilized.

[0017] Various data lines connect to the memory devices. Two chip select data lines, CSO and
CS1, may be used to sclect which memory layer is currently being either read from,
written to, or erased. CSO activates both memory 104 and memory 106 while CS1
activates both memory 108 and memory 110 in this example. Other data lines may be
shared between memories on different layers to reduce the number of patterned traces
needed to connect to each memory device. For example, a read strobe line RDSHO
connects to both memory device 106 and memory device 110 on a shared data line while
a read strobe line RDSH1 connects to both memory device 104 and memory device 108
on a shared data line. A clock CK may be shared between all memory devices, although
in some embodiments, a first clock signal may be sent to memory device 104 and
memory device 108 while a second clock signal may be send to memory device 106 and

memory device 110.
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[0018] In an embodiment, a single data bus line connects across memory devices on different
memory layers. For example, a first 8-bit data bus DQ[7..0] reads the data stored on
memory device 106 when the first memory layer is selected and reads the data stored on
memory device 110 when the second memory layer is selected. Likewise, in this
example, a second 8-bit data bus DQ[15..8] reads the data stored on memory device 104
when the first memory layer is selected and reads the data stored on memory device 110
when the second memory layer is selected. In an embodiment, if both memory layers are
selected, than each data bus would be able to read from either memory device on both
memory layers during the time window that both layers are selected. Other sizes of data
buses are possible as well and the invention is not limited to bus lines of only 8 bits.

[0019] Controller 102 may include one or more processors and/or circuits that are arranged to
control the various data lines to each of the memory devices. For example, controller 102
may assert a logic low voltage level on CS0, effectively selecting the memory devices of
the first memory layer to be either read from, written to, or erased. Controller 102 may
operate to read data across all memory devices in the first memory layer, followed by
reading data across all memory devices in the second memory layer. For example, if each
memory device has a page size of 32 bits, then a buffer of controller 102 may store 2 x 32
= 64B of data from memory device 104 and memory device 106 followed by storing
another 2 x 32 = 64B of data from memory device 108 and memory device 110 for a total
of 128B of data. During each read operation, read strobe RDSHO or RDSH1 may be
asserted to verify that the data is being read from a given memory device or across a
plurality of memory devices.

[0020] In an embodiment, controller 102 may also be configured to program an initial access
time for the memory devices of a given memory layer. The initial access time of a
memory device is roughly the amount of time it takes to start reading data from the
memory device after the device has been selected. Different memory device types may
have different minimum access times. The access time may be prograinmed to be greater
than the minimum access time. Controller 102 may also program different initial access
times for each memory device regardless of which memory layer they are a part of.

[0021] FIGs. 2-4 display various example timing diagrams that may be associated with the
plurality of memory devices illustrated in system 100. For the sake of clarity in these

examples, memory device 106 stores ‘A’ data bits, memory device 104 stores ‘B’ data
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bits, memory device 110 stores ‘C’ data bits, and memory device 108 stores ‘D’ data bits.
In addition, each memory device is considered to store 32 bits of data. It should be
understood that this is only exemplary, and that each memory device may store any data
size and/or any data value, and may operate at times according to other timing diagrams.

[0022] FIG. 2 illustrates a timing diagram for the various data lines connected to memory device
104 and memory device 106. To read from both memory devices in the first memory
layer, CSO is asserted low to select memory device 104 and memory device 106. A
memory address 202 is read on both data bus lines DQ[7..0] and DQJ15..8] to access the
correct memory address location. In this example, the memory addresses would be
associated with memory devices 104 and 108 for DQ[15..8] and memory devices 106 and
110 for DQJ7..0].

[0023] An initial access time is illustrated as a number of clock cycles between when the
memory devices are selected to be read and the data is actually read from the selected
memory devices. In an embodiment, the initial access time is programmable. When only
reading sequentially from different memory devices, it is ideal for the initial access time
to be as low as possible. For example, a minimum initial access time for DDR memory
devices is around 120 ns.

[0024] After the initial access time has passed, data is read on both data bus lines DQ[7..0] and
DQJ15..8]. As such, 32 bits of ‘A’ data are read from memory device 106 on data bus
line DQ[7..0] and 32 bits of ‘B’ data are read from memory device 104 on data bus line
DQ[15..8} during a read time 204. The read strobe line RDS also pulses during read time
204 to verify that the read operation has been performed successfully. In this example, the
RDS timing diagram illustrated in FIG. 2 may represent both RDSHO and RDSH1. Once
read time 204 has ended, 64B of total data have been read from memory devices 104 and
106 and CSO is soon thereafter asserted high to de-select the use of memory devices 104
and 106.

[0025] During read time 204, data may only be read from those memory devices within the first
memory layer as those are the only devices selected by asserting CS0. Accordingly, in
order to read data from the memory devices within the second memory layer, CS1 is
asserted as logic level low and the process repeats to read data from memory device 108

and memory device 110 as illustrated in the timing diagram of FIG. 3. Again, an initial
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access time is required before 32 bits of ‘C’ and 32 bits of ‘D’ data are read from memory
device 108 and memory device 110.

After both read procedures are performed, 128 bits of total data have been read from the
plurality of memory devices. Two periods of initial access time were required to read
from the two different memory layers. Similarly, if reading was performed between n
number of memory layers, then n periods of initial access time would occur. In the
example shown in FIGs. 2 and 3, the initial access time is considered to be around 120 ns.
Assuming a clock frequency of 68MHz, the total bandwidth achieved is given in equation
1.

BW =128 * 1000 / (120 + 120 + (16 * 7) + (16 * 7)) = 275 MB/sec (1)

120 ns is the initial access time for each memory layer while the (16 * 7) is the data read
time for each access layer (assuming 16 clock cycles for each data read time) in this
example. The achieved memory bandwidth of 275 MB/sec is limited by the fact that two
initial access times of 120 ns each were required to access the data on two memory layers.
If more memory layers were to be accessed, an initial access time of around 120 ns would
have been required for each of the additional memory layers.

In an embodiment, the memory bandwidth is increased by programming the initial access
times such that the reading of data from a second memory layer substantially coincides
with finishing the data read on a first memory layer. FIG. 4 illustrates a timing diagram
for reading data from more than one memory layer, according to an embodiment.

As illustrated in FIG. 4, both chip select signals CSO and CS1 are asserted at the same
time, thus preparing memory devices on both memory layers for operation, according to
an embodiment. Data will then be read from the memory devices of the first memory
layer after the layer 1 access time while data is read from the memory devices of the
second memory layer after the layer 2 access time. In an embodiment, the layer 2 access
time is programmed to be substantially equal to, or slightly greater than, the layer 1
access time plus a time it takes to read the data from the memory devices of the first
memory layer. In this way, the system does not need to wait for an entire initial access
time after reading from the memory devices of the first memory layer and before reading

from the memory devices of the second memory layer.
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Prograrmaming of the initial access time for certain memory devices may be performed by
controller 102. The programming may be performed automatically by controller 102, or
in another example, a user mway input an initial access time via some user interface and
controller 102 executes commands to the various memory devices based on the user
input. [t should be understood that the layer 1 access time may be 2 minimum access time
for the memory devices of the first memory layer, or it may also be a programmed access
time. Programming the layer 1 access time may be carried out similarly to programming
the layer 2 aceess fime, according to an embodiment. Furthermore, programming an
initial access time for any of the plurality of memory devices may be performed by
another processing device {(not illustrated in FIG. 1) while controlier 102 manages the
various data lines and signals coupled to the plurality of memory devices.

Returning to the example timing diagram of FIG. 4, after memory devices in both
memory layers have been asseried, a command address 402 is read on both data bus lines
DQJ7..0] and DG{15..8] o access the correct memory address location. Command
address 402 will comnect data bus Hne DQ{7..0] to memory device 106 of the first
memory layer and simultaneocusly to memory device 110 of the second memory layver
since both memory layers have been asseried. Similarly, comrnand address 402 connects
data bus line DQ{15.8] to memory device 104 of the first memory layer and
simultangously to memory device 108 of the second memory layer.

Following the layer 1 access time, data is read from both memory devices of the first
memory layer during a read time 404, Read strobe line RDS pulses during this time o
confirm that data is being read. As such, 32 bits of *A” data are read from memory device
106 on data bus line DQ[7..¢] and 32 bits of ‘B’ data are read from memory device 104
on data bus line DQ[15..8] during a read time 404. Onee read time 404 has ended, 648 of
total data have been read from memory devices 104 and 106, Data is not read from the
memory devices of the second memory laver during read time 404, since the memory
devices of the second memory layer are on hold due to the programmed layer 2 access
time.

According to an embodiment, after all data has been read during read time 404, a delay
408 occurs before reading from the memory devices of the second memory layer. Inan
embodiment, delay 408 may be as minimal as possible, for example, a single clock eyele.

During delay 408, read strobe line RIS {s set to a high impedance 410, according to an
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embodiment. Setting RDS to high impedance 410 indicates to controller 102 that data
will now be read from the memory devices of the second memory layer rather than the
memory devices of the first memory layer. In other examples, there is no delay 408
following read time 404.

[0034] In the example shown in FIG. 4, the layer 2 access time is programmed to be the sum of
the layer 1 access time, plus read time 404, plus delay 408. Assuming that the layer 1
access time is around 9 clock cycles and the time to read 32 bits of data from a memory
device is 16 clock cycles, then the layer 2 access time is programmed to be 9+ 16 + 1 =
26 clock cycles in this example. Following the layer 2 access time, data is read from both
memory devices of the second memory layer during a read time 406. Read strobe line
RDS pulses during this time to confirm that data is being read. As such, 32 bits of ‘C’
data are read from memory device 110 on data bus line DQ[7..0] and 32 bits of ‘D’ data
are read from memory device 108 on data bus line DQ[15..8] during a read time 406.

[0035] After both read procedures are performed, 128 bits of total data have been read from the
plurality of memory devices and both CS0 and CS1 are de-asserted. Assuming a clock
frequency of 68MHz, the total bandwidth achieved in the embodiment illustrated in FIG.

4 is given in equation 2 below.

BW =128 * 1000 / (120 + 14 + (16 * 7) + (16 * 7)) = 357 MB/sec ©)

[0036] According to an embodiment, 14 ns is the time for the single clock cycle during delay
408. As observed by comparing the memory bandwidth achieved via equations 1 and 2,
the memory bandwidth may be increased by programming the initial access times of the
memory devices, according to an embodiment. The procedures described here for
increasing memory bandwidth may be extended to any number of memory layers and
memory devices within a given memory layer. For example, an initial access time for
memory devices of a third memory layer may be programmed to be substantially equal to,
or slightly greater than, the initial access time for the second memory layer plus a time it
takes to read data from the memory devices of the second memory layer.

[0037] FIG. 5 illustrates a method 500 that may be performed by the components of system 100,
according to an embodiment. It should be understood that other steps beyond the ones

illustrated may also be performed.
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[0038] At block 502, data is read from a first memory device following an access time for the
first memory device. The first memory device may be part of a first memory layer that
includes many memory devices. As such, in block 502, data may be read from more than
one memory device across a plurality of data bus lines where each of the memory devices
are in a similar memory layer. The access time may be a minimum access time allowed
based on the type of memory device being accessed. For example, most non-volatile
memories have an access time between 120 and 150 ns while volatile memory devices
have shorter access times. For example, DRAM may have access times around 2-3 clock
cycles while FRAM may have access times as short as a single clock cycle.

[0039] At block 504, data is read from a second memory device following an access time for the
second memory device. The access time for the second memory device has been
programmed to be substantially the same or longer than the access time for the first
memory device plus a time it takes to read the data from the first memory device,
according to an embodiment. In this way, memory bandwidth may be increased since
there is no need to wait for the length of an entire access time after reading from the first
memory device and before reading from the second memory device. The second memory
device may be part of a second memory layer that includes many memory devices. As
such, in block 504, data may be read from more than one memory device across a
plurality of data bus lines where each of the memory devices are in a similar memory
layer. The access time for the second memory device may be programmed at any time
before method 500 is carried out.

[0040] In some embodiments, a delay exists between the reading of data from the first memory
device and the reading of data from the second memory device. During the delay, a read
strobe line accessible to both the first and second memory device may be asserted to a
high impedance value so that the first memory device can release ownership of a data

line, and the second memory device can acquire ownership of the same data line.

Example Computer System

[0041] Various embodiments can be implemented, for example, using one or more well-known
computer systems, such as computer system 600 shown in FIG. 6. Computer system 600
can be any well-known computer capable of performing the functions described herein,
such as computers available from International Business Machines, Apple, Sun, HP, Dell,

Sony, Toshiba, etc.
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[0042] Computer system 600 includes one or more processors (also called central processing
units, or CPUs), such as a processor 604. Processor 604 is connected to a communication
infrastructure or bus 606.

[0043] One or more processors 604 may each be a graphics processing unit (GPU). In an
embodiment, a GPU is a processor that is a specialized electronic circuit designed to
rapidly process mathematically intensive applications on electronic devices. The GPU
may have a highly parallel structure that is efficient for parallel processing of large blocks
of data, such as mathematically intensive data common to computer graphics
applications, images and videos.

[0044] Computer system 600 also includes user input/output device(s) 603, such as monitors,
keyboards, pointing devices, etc., which communicate with communication infrastructure
606 through user input/output interface(s) 602.

[0045] Computer system 600 also includes a main or primary memory 608, such as random
access memory (RAM). Main memory 608 may include one or more levels of cache.
Main memory 608 has stored therein control logic (i.e., computer software) and/or data.
In an embodiment, at least main memory 608 may be implemented and/or function as
described herein.

[0046] Computer system 600 may also include one or more secondary storage devices or
memory 610. Secondary memory 610 may include, for example, a hard disk drive 612
and/or a removable storage device or drive 614. Removable storage drive 614 may be a
floppy disk drive, a magnetic tape drive, a compact disk drive, an optical storage device,
tape backup device, and/or any other storage device/drive.

[0047] Removable storage drive 614 may interact with a removable storage unit 618.
Removable storage unit 618 includes a computer usable or readable storage device having
stored thereon computer software (control logic) and/or data. Removable storage unit
618 may be a floppy disk, magnetic tape, compact disk, DVD, optical storage disk, and/
any other computer data storage device. Removable storage drive 614 reads from and/or
writes to removable storage unit 618 in a well-known manner.

[0048] According to an exemplary embodiment, secondary memory 610 may include other
means, instrumentalities or other approaches for allowing computer programs and/or
other instructions and/or data to be accessed by computer system 600. Such means,

instrumentalities or other approaches may include, for example, a removable storage unit
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622 and an interface 620. Examples of the removable storage unit 622 and the interface
620 may include a program cartridge and cartridge interface (such as that found in video
game devices), a removable memory chip (such as an EPROM or PROM) and associated
socket, a memory stick and USB port, a memory card and associated memory card slot,
and/or any other removable storage unit and associated interface.

[0049] Computer system 600 may further include a communication or network interface 624.
Communication interface 624 enables computer system 600 to communicate and interact
with any combination of remote devices, remote networks, remote entities, etc.
(individually and collectively referenced by reference number 628). For example,
communication interface 624 may allow computer system 600 to communicate with
remote devices 628 over communications path 626, which may be wired and/or wireless,
and which may include any combination of I.ANs, WANS, the Internet, etc. Control logic
and/or data may be transmitted to and from computer system 600 via communication path
626.

[6050] In an embodiment, a tangible apparatus or article of manufacture comprising a tangible
computer useable or readable medium having control logic (software) stored thereon is
also referred to herein as a computer program product or program storage device. This
includes, but is not limited to, computer system 600, main memory 608, secondary
memory 610, and removable storage units 618 and 622, as well as tangible articles of
manufacture embodying any combination of the foregoing. Such control logic, when
executed by one or more data processing devices (such as computer system 600), causes
such data processing devices to operate as described herein.

[0051] Based on the teachings contained in this disclosure, it will be apparent to persons skilled
in the relevant art(s) how to make and use the invention using data processing devices,
computer systems and/or computer architectures other than that shown in FIG. 6. In
particular, embodiments may operate with software, hardware, and/or operating system

implementations other than those described herein.

Conclusion

[0052] It is to be appreciated that the Detailed Description section, and not the Summary and
Abstract sections (if any), is intended to be used to interpret the claims. The Summary

and Abstract sections (if any) may set forth one or more but not all exemplary
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embodiments of the invention as contemplated by the mventor(s), and thus, are not
intended to Limit the invention or the appended claims in any way.

[0053] While the invention has been described herein with reference to exemplary embodiments
for exemplary fields and applications, it should be understood that the invention is not
limited thereto. (ther embodiments and modifications thereto are possible, and are
within the scope and spirit of the invention. For example, and withowt limiting the
generality of this paragraph, embodiments are not Hmited to the software, hardware,
firmware, and/or entities illusirated in the figures and/or described herein. Further,
embodiments (whether or not explicitly described herein) have significant utility to fields
and applications beyond the examples described hergin,

14654} Embodiments have been described herein with the aid of functional building blocks
illustrating the implementation of specified functions and relationships thereof. The
boundaries of these functional building blocks have been arbitrarily defined herein for the
convenience of the description. Alternate boundaries can be defined as long as the
specified functions and relationships (or equivalents thereof) are appropriately performed.
Also, sliernative embodiments may perform functional blocks, steps, operations,

methods, etc. using orderings different than those described herein.

[13N1Y 5 &R,

10055] References herein to “one embodiment,” “an embodiment,” “an example embodiment,”
or sumilar phrases, indicate that the embodiment described may inchude a particular
feature, stracture, or characteristic, but every embodiment may not necessarily include the
particular feature, structure, or characteristic. Moreover, such phrases are not necessarnily
referring to the same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with an embodiment, it would be within the
knowledge of persons skilled in the relevant art(s} to incorporate such feature, structure,
or characteristic info other embodiments whether or not explicitly mentioned or described
herein.

[0056] The breadth and scope of the invention should not be limited by any of the above-
described exemplary embodiments, but should be defined only in accordance with the

following claims and their equivalents.
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WHAT IS CLAIMED IS:
A computer implemented method for accessing data, comprising:

(a) executing, by at least one processor, a first read operation to read data from a first

memory device following an access time for the first memory device; and

(b) executing, by the at least one processor, a second read operation to read data from
a second memory device following an access time for the second memory device,
wherein the access time for the second memory device is substantially the same or
longer than the access time for the first memory device plus a time it takes to read

data from the first memory device.

The method of claim 1, wherein the access time for the second memory device is
substantially the same or longer than a minimum access time for the first memory device

plus the time it takes to read data from the first memory device.
The method of claim 1, further comprising:

(a) executing, by the at least one processor, a third read operation to read data from a

third memory device following an access time for the third memory device.

The method of claim 3, wherein the access time for the third memory device is
substantially the same or longer than the access time for the second memory device plus a

time it takes to read data from the second memory device.
The method of claim 1, further comprising:

(a) selecting, by the at least one processor, the first memory device using a first chip

select signal and the second memory device using a second chip select signal.

The method of claim 5, wherein selecting the first memory device and selecting the

second memory device occur substantially at the same time.

The method of claim 5, further comprising:
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(a) de-asserting, by the at least one processor, the first chip select signal and the

second chip select signal after data is read from the second memory device.
The method of claim 1, further comprising:

(a) Setting, by the at least one processor, a read strobe line to a high impedance
output after data is read from the first memory device and before the second read

operation is executed.

The method of claim 1, wherein executing a first read operation comprises executing a
first read operation to read data from the first memory device and from another memory

device following the access time for the first memory device.

The method of claim 1, wherein executing a second read operation comprises executing a
second read operation to read data from the second memory device and from another

memory device following the access time for the second memory device.

A system, comprising:

(a) a plurality of memory devices; and

(b) at least one processor coupled to the memory devices and configured to:

(1) execute a first read operation to read data from a first memory device of
the plurality of memory devices following an access time for the first

memory device, and

(ii) execute a second read operation to read data from a second memory device
of the plurality of memory devices following an access time for the second
memory device, wherein the access time for the second memory device is
substantially the same or longer than the access time for the first memory

device plus a time it takes to read data from the first memory device.

The system of claim 11, wherein the access time for the second memory device is
substantially the same or longer than a minimum access time for the first memory device

plus the time it takes to read data from the first memory device.
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The system of claim 11, the at least one processor further configured to:

(a) execute a third read operation to read data from a third memory device following

an access time for the third memory device.

The system of claim 13, wherein the access time for the third memory device is
substantially the same or longer than the access time for the second memory device plus a

time it takes to read data from the second memory device.
The system of claim 11, the at least one processor further configured to:

(a) select the first memory device using a first chip select signal and the second

memory device using a second chip select signal.

The system of claim 15, the at least one processor configured to select the first memory

device and select the second memory device at substantially the same time.
The system of claim 11, the at least one processor further configured to:

(a) set a read strobe line to a high impedance output after data is read from the first

memory device and before the second read operation is executed.

The system of claim 11, wherein the at least one processor is configured to execute the
first read operation to read data from the first memory device and from another memory

device following the access time for the first memory device.

The system of claim 11, wherein the at least one processor is configured to execute the
second read operation to read data from the second memory device and from another

memory device following the access time for the second memory device.

A tangible computer-readable device having instructions stored upon that, when executed
by at least one computing device, causes the at least one computing device to perform

operations comprising:

(a) executing a first read operation to read data from a first memory device following

an access time for the first memory device; and
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(b

-16 -

execuling a second read operation to read data from a second memory device
following an access time for the second memory device, wherein the access time
for the second memory device is substantially the same or longer than the access
time for the first memory device plus a time it takes to read data from the first

memory device.
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Read data from a first memaory device following an
access time for the first memory device

o, AR

Read data from a second memory device following
an access tme for the second memory device, the
access time for the second memory device being
substantially the same or longer than the access
time Jor the first memory device plus 3 time i takes
to read data from the first memory device
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