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DIRECT DATA TRANSFER BETWEEN
SLAVE DEVICES

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

FIELD OF THE INVENTION

The present invention relates generally to transierring
ata over commumnication lines between passive slave
evices. More particularly, the invention relates to host
evice 1mtiated data transierring between passive slave
evices without first transierring the data to the host device
or any other intermediary storage device.

C
C
C
C

BACKGROUND

It has become commonplace to connect a host processor
to different devices using a plurality of conducting wires
referred to as a “bus” that typically complies with well
known standards. The devices connected to the bus may
include memory/storage devices, communications devices,
sensing devices, etc. and these devices may be either fixed
or removable. In most situations, some or all of the wires
that define the bus are shared amongst any and/or all of the
devices that are connected to the bus. Since the devices
coupled to the bus share the same conducting wires, each
device 1s typically assigned a unique ID or address on the
bus and 1s configured to respond only to messages that are
addressed to that unique ID/address. In this way, multiple
devices can share the same conducting wires that form the
bus resulting 1n a substantially reduced bus size than would
otherwise be required.

Typically, a master/slave bus protocol 1s adopted for the
bus. Master/slave 1s a model for a communication protocol
in which one device or process has unidirectional control
over one or more other devices. In a conventional system,
once a master/slave relationship between devices or pro-
cesses 1s established, the direction of control 1s always from
the master to the slaves, 1.e. a slave cannot initiate a
transaction. In some systems a master 1s elected from a
group of eligible devices with the other devices acting 1n the
role of slaves. In conventional systems, data 1s not trans-
terred directly between slave devices; rather, data 1s typi-
cally passed over the common bus from a source slave
storage device to a host controller or other intermediary
where the data 1s temporarily cached before being re-output
by the host controller over the common bus and targeted
towards a destination slave storage device where the data 1s
then read from the bus and stored.

While conventional systems work well, 1t 1s desirable to
reduce the host CPU resources required for transierring data
between devices as well as to reduce the bus utilization and
memory requirements of the host and/or other temporary
storage devices.

SUMMARY OF THE DESCRIBED
EMBODIMENTS

In one aspect, a method of directly transferring data
between a first and a second device coupled with each other
and with a master device with one or more communication
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lines 1s described. According to various embodiments, the
master device mstructs the first device to listen to the one or
more communication lines. The second device transmits
data onto the one or more communication lines. In this way,
the data transmitted onto the one or more communication
lines by the second device 1s received by the first device
without further intervention by the master device.

In a similar aspect, a method of transferring data over a
plurality of communication lines 1s described. According to
various embodiments, a first command 1s sent from a master
device coupled with the communication lines to a first
destination slave device coupled with the communication
lines. The first command instructs the first destination slave
device to listen to and write data from the communication
lines starting at a first time. A second command 1s also sent
from the master device to a second source slave device
coupled with the communication lines. The second com-
mand instructs the second source slave device to read and
output first data onto the communication lines starting at or
alter the first time. In thus way, the first data output from the
second source slave device beginning at the first time 1s
stored by the first destination slave device beginning at the
first time without requiring first transterring the first data to
the master device or any other temporary storage device.

In another aspect, a method of communicating over a
plurality of communication lines 1s described. According to
various embodiments, a first command 1s sent from a master
device coupled with the communication lines to a first slave
device coupled with the communication lines. The first
command 1nstructs the first destination slave device to listen
to the commumnication lines starting at a first time. A second
command 1s also sent from the master device to a second
slave device coupled with the communication lines. The
second command 1nstructs the second slave device to output
a third communication onto the communication lines start-
ing at or after the first time. In this way, the third commu-
nication output from the second slave device beginning at
the first time 1s read by the first slave device beginning at the
first time without requiring first transferring the third com-
munication to the master device or any other device.

In yet other aspects, systems are described for implement-
ing each of the aforementioned methods. In one embodi-
ment, a system 1s described that includes a first addressable
destination slave device configured to store data, a second
addressable source slave device configured to store data and
including first data stored therein, and a master device
arranged to manage the first and second slave devices. The
system further includes a plurality of communication lines
that couple the master device and at least each of the first and
second slave devices. According to an embodiment, the
master device 1s Turther arranged to send a first command to
the first slave device instructing the first slave device to
listen to and write data from the communication lines
beginning at a first time and a second command to the
second slave device instructing the second slave device to
read and output the first data onto the communication lines
beginning at or after the first time, such that the first data 1s
transierred from the second source slave device to the first
destination slave device without requiring first transferring
the first data to the master device or any other storage device.

In another embodiment, the system includes a first
addressable slave device, a second addressable slave device,
a master device arranged to manage the first and second
slave devices, and a plurality of communication lines that
couple the master device and at least each of the first and
second slave devices. In an embodiment, the master device
1s further arranged to send a first command to the first slave
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device instructing the first slave device to listen to the
communication lines beginning at a first time and a second
command to the second slave device istructing the second
slave device to output a third communication onto the
communication lines beginning at or after the first time,
wherein the third communication output from the second
slave device beginning at the first time 1s read by the first
slave device beginning at the first time without requiring

first transferring the third communication to the master
device or any other device.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, reference
should be made to the following detailed description taken
in conjunction with the accompanying drawings, 1n which:

FIG. 1 illustrates a simplified block diagram of a system
in accordance with an embodiment of the present invention.

FIG. 2 illustrates s simplified block diagram of an
example storage device 1n accordance with an embodiment
of the present invention.

FIG. 3 shows a flowchart illustrating a process of trans-
ferring data directly between storage devices.

FIG. 4 illustrates a simplified block diagram of a system
including a plurality of storage devices arranged into a daisy
chain configuration in accordance with an embodiment of
the present imvention.

Like reference numerals refer to corresponding parts
throughout the drawings.

DETAILED DESCRIPTION OF TH.
DESCRIBED EMBODIMENTS

L1

Reference will now be made in detail to particular
embodiments of the mnvention, examples of which are 1llus-
trated 1n the accompanying drawings. While the invention
will be described 1n conjunction with the following particu-
lar embodiments, it will be understood that they are not
intended to limit the mvention to the described embodi-
ments. To the contrary, the described embodiments are
intended to cover alternatives, modifications, and equiva-
lents as may be included within the spirit and scope of the
invention as defined by the appended claims.

Aspects of the present invention describe methods,
devices and systems for transierring data over communica-
tion lines that couple two or more slave devices with a
master device, and 1n particular embodiments, two or more
storage devices with a host device. Particular embodiments
of the invention are discussed below with reference to FIGS.
1 through 4. The following description focuses on embodi-
ments 1n which the storage devices are interconnected via a
memory/storage related bus to a host device serving as a
master device and in which data 1s transierred directly from
one storage device to another without first transferring the
data to the host device or any other intermediate device, and
in which the slave storage devices are incapable of imitiating
the transier between themselves. However, those skilled 1n
the art will readily appreciate that the detailed description
given herein with respect to these figures 1s for explanatory
purposes as the imvention extends beyond these limited
embodiments. By way of example, 1n an alternate embodi-
ment, the storage devices are not interconnected with a
conventional bus architecture; rather, each device 1s con-
nected only with 1ts neighboring devices.

Although 1t 1s contemplated that any suitable storage
devices may be used, in the following description of par-
ticular embodiments, the storage devices are presumed to be
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non-volatile storage devices. However, the invention may
also be implemented on volatile storage devices. By way of
example, the non-volatile storage devices may be FLASH or
EEPROM based storage devices. The storage devices may
also be either removable or non-removable (fixed) devices.
As 1s well known, non-removable devices are not intended
for subsequent removal from the bus once they have been
connected with the bus whereas removable devices are
configured so as to be readily removed or added to the bus.

One type of removable device that 1s well suited for use
as a storage device according to the present invention 1s a
memory card. Memory cards are commonly used to store
digital data for use with various electronics products. The
memory card 1s often removable from the host system so the
stored digital data 1s portable. The memory cards can have
a relatively small form factor and be used to store digital
data for various electronics products and systems including
personal computers, notebook computers, hand-held com-
puting devices, cameras, cellular telephones, media players/
recorders (e.g., MP3 devices), personal digital assistants
(PDAs), network cards, network appliances, set-top boxes,
and other hand-held or embedded devices.

The storage devices described herein may be compatible
with any memory card format or protocol, such as the
secured digital (SD) protocol used for managing digital
media such as audio, video, or picture files. The storage
device may also be compatible with a multi media card
(MMC) memory card format, a compact tlash (CF) memory
card format, a flash PC (e.g., ATA Flash) memory card
format, a smart-media memory card format, or with any
other industry standard specifications. One supplier of these
memory cards 1s SanDisk Corporation of Milpitas, Calif.
The storage device may also apply to other erasable pro-
grammable memory technologies, including but not-limited
to electrically-erasable and programmable read-only memo-
riecs (EEPROMSs), EPROM, MRAM, FRAM ferroelectric
and magnetic memories. Note that the storage device con-
figuration does not depend on the type ol removable
memory, and may be implemented with any type of memory,
whether 1t being a flash memory or another type of memory.
The storage device may also be implemented with a one-
time programmable (OTP) memory chip and/or with a 3
dimensional memory chip technology.

FIG. 1 1llustrates a simplified block diagram of a master/
slave system 100 1n accordance with an embodiment of the
present invention. By way of example, according to particu-
lar embodiments described herein, a slave device may take
the form of a local storage device such as but not limited to
any of the alorementioned storage devices described above
while the master device takes the form of a host device such
as but not limited to any of the aforementioned host devices
described above. As described above in the background,
master/slave 1s a model for a communication protocol in
which one device or process has unidirectional control over
one or more other devices. In a conventional system, once a
master/slave relationship between devices or processes 1s
established, the direction of control i1s always from the
master to the slaves, 1.e. a slave cannot 1nitiate a transaction.
In some systems, a master 1s elected from a group of eligible
devices with the other devices acting in the role of slaves.
Accordingly, master/slave system 100 (hereinafter also
referred to simply as system 100) includes at least master
device 102 (hereinaiter also referred to as host device 102 or
host controller 102), first slave device 104 (hereinaiter also
referred to as storage device 104) and second slave device
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106 (heremafter also referred to as storage device 106) that
relate to each other at least by way of a conventional
master/slave paradigm.

System 100 also includes a number of communication or
signal lines 108 (hereinaiter referred to as bus 108) used to
connect host device 102 with peripheral storage devices 104
and 106. It should be noted that even though only two
peripheral storage devices are shown, more or fewer storage
devices can readily be coupled to bus 108. The actual
number of signal lines that constitute bus 108 may also be
widely varied. By way of example, some modern buses have
a relatively small number of signal lines (e.g. 8-16 signal
lines), while other modern buses may have over 100 lines
that may themselves be logically divided mto subsets of
lines that effectively act as sub-buses (e.g., an address bus,
a control bus, a data bus, etc.).

Each storage device typically includes a corresponding
unique and permanent device 1dentifier. In some bus proto-
cols, the permanent device 1dentifier 1s used to 1dentily the
device 1n bus communications. In other protocols, the host
controller will assign a temporary device identifier and/or an
associated set of addresses to each of the devices coupled to
the bus. Typically, such temporary device identifiers and/or
addresses are assigned upon connection and 1nitialization of
the respective storage device 104 or 106 with the bus 108
and host controller 102, or in the case of a removable
memory card, upon insertion of the card into an associated
card reader. Although the specifics of the bus protocol and
the memory management protocol will vary based on the
nature of the particular bus and storage devices employed,
the host controller 102 1s typically aware of each storage
device’s respective device identifier(s).

Typically, a specific device attached to the bus 108 will
know whether i1t 1s supposed to respond to a particular
communication or command based upon the communication
sent from the host 102, which typically uses device 1denti-
fiers and/or addresses in targeting communications/coms-
mands to specific storage devices. That 1s, in some protocols,
cach communication will generally include a device 1denti-
fier that informs the storage devices whether or not they are
the target of the communication. In other protocols, the
device identifier 1s not explicitly sent as part of each memory
related communication. Rather, the command may 1dentify
an address to which the command (e.g., a read, write or erase
command) 1s addressed. In general, devices that are not
identified or addressed by the communication will simply
ignore the communication.

In the illustrated embodiment, communications are sent
over the shared bus 108 to the storage devices 104 and 106
according to a suitable bus protocol. The bus protocol
specifies how information 1s commumnicated over the bus.
Again, suitable bus protocols include the Secure Digital
Card (SD) protocol, the Multi Media Card (MMC) protocol
and the Universal Serial Bus (USB) protocol, although a
wide variety of other bus protocols may be used as well.
Furthermore, as will be appreciated by those familiar with
the art, current storage devices employ a wide variety of
different architectures and it 1s expected that new architec-
tures will continue to be developed. In general, the present
invention may be employed in conjunction with a wide
variety of diflerent types of memory, so long as the storage
device has suitable processing power.

FIG. 2 1s a block diagram that illustrates the general
structure of a storage device 200 representative of each of
the storage devices 104 and 106 1n more detail 1n accordance
with one embodiment of the present invention. In various
embodiments, storage device 200 may be a conventional or
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legacy storage device. As previously mentioned, the storage
device 200 may be either a removable or a non-removable
device. In the illustrated embodiment, the storage device 200
1s a conventional removable FLASH memory card and
generally includes a memory controller 214 and a mass
storage region 216. The memory controller 214 includes a
memory manager 218 and protocol parser 220.

As will be understood by those familiar with the art, the
protocol parser 220 1s configured to analyze communica-
tions sent over the bus 108. More specifically, the protocol
parser 220 1s configured to analyze a communication sent
from the host 102 and determine whether storage device 200
1s an intended target of the bus communication based on a
device 1dentifier or address specified as part of the commu-
nication. If the bus communication 1s a memory operation
directed towards storage device 200, the communication 1s
passed to the memory manager 218 which 1n turn performs
the requested operation accessing mass storage region 216.
Other instructions directed at the storage device 200 are
responded to by either the protocol parser 220 or the
memory manager 218 as appropriate. Instructions and com-
munications directed at other devices are generally simply
ignored by storage device 200.

In embodiments where at least one of the storage devices
in removable, the storage device identifier 1s preferably a
permanent device i1dentifier associated with the targeted
storage device. As will be familiar to those skilled 1n the art,
many types of storage devices such as FLASH memory
cards have an associated permanent device identifier that
may be used for this purpose. However, in embodiments that
utilize storage devices that do not include permanent device
identifiers, a device 1dentifier assigned by the host 102 may
be used. Here it should be noted that 1n some cases, a single
physical device may include two or more addressable stor-
age regions (or devices) within the physical device. In this
case, each storage region may have a corresponding device
identifier and/or set of logical addresses. Additionally, 1f a
particular command 1s addressed to all storage devices on
the bus 108, then either a broadcast 1dentifier that indicates
that the command was addressed to all devices on the bus,
or a list of all of the targeted device 1dentifiers may be used.

Generally, a communication such as a command trans-
mitted from the host 102 includes an operation identifier that
identifies the type of bus protocol operation to be performed.
The 1identified operations may be memory operations such as
read, write and erase operations; memory management com-
mands such as an istruction for a targeted storage device to
create a partition; mitialization and authentication requests;
interrupts; acknowledgements; error signals and any other
bus related commands or operations.

Referring back to system 100, the host 102 controls
various operations of the storage devices 104 and 106. By
way of example, the host transmits commands to the storage
devices mstructing the storage device to write data, read data
and erase along with other housekeeping operations. Com-
mands are communicated from the host 102 over the bus 108
to one or more targeted storage devices connected with the
bus. Only the storage device(s) targeted by a given com-
mand (e.g., by a device identifier and/or address within the
command) accepts the command and executes an operation
based on the command. It should be noted that, in the
described embodiments, only the host 102 1s capable of
transmitting commands over the bus 108.

For the purpose of illustrating a basic example of a
particular embodiment of the present invention, a process
300 of writing data from source storage device 104 to
destination storage device 106 1s described with reference to
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the flowchart of FIG. 3 and the system of FIG. 1. Process
300 begins at 302 with host 102 sending a LISTEN/WRITE
command over bus 108 targeting storage device 106 and
instructing storage device 106 to listen to the bus and write
data from the bus 1nto the device’s memory. In one embodi-
ment, the LISTEN/WRITE command instructs storage
device 106 to begin listening to the bus 108 at a specific time
T1 and write data from the bus after time T1 into the
device’s memory. More specifically, in embodiments 1n
which a time division multiplexing protocol 1s used to
organize the transier of data over the bus 108, the host 102
may 1nstruct the storage device 106 to begin listening to the
bus 108 at a specific time slot X1. In yet another embodi-
ment, the slave device 106 can be 1nstructed to start listening,
immediately and wait until data 1s available on the bus 108
to write.

Host 102 also sends a READ command over bus 108 at
304 targeting storage device 104 and instructing storage
device 104 to read data from the device’s memory and to
output the data onto bus 108. In one embodiment, the READ
command 1nstructs storage device 104 to begin reading and
outputting data onto the bus 108 at a specific time, prefer-
ably at or after T1 so as to not lose any data. Again, 1n
embodiments 1n which a time division multiplexing protocol
1s used to organize the transier of data over the bus 108, the
host 102 may istruct the storage device 104 to begin
reading and outputting data onto the bus 108 at the specific
time slot X1. In another embodiment, the slave device 104
1s 1nstructed to read and output data onto the bus immedi-
ately.

In this way, storage device 106 pulls the data directly
output from storage device 104 from the bus 108 and writes
the data into memory. More particularly, unlike in conven-
tional arrangements, the data output from storage device 104
1s not {irst temporarily cached in the host 102 or 1n any other
device prior to being pulled from bus 108 and written into
storage device 106. Thus, while the host 102 initiates the
transaction of data between storage device 104 and storage
device 106, the host 102 1s not mvolved 1n storing and/or
transmitting data.

Thus, while various master/slave bus protocols (such as
the SD protocol) dictate that on'y the host may mmitiate
transactions and send commands, the invention circumvents
this conventional paradigm. That 1s, the imvention enables
the direct transfer of data between storage device 104 and
106 while enabling the use of legacy devices and master/
slave protocols as each storage device presumes that the data
it 1s sending or receiving over the bus 108 1s being sent to
or recerved from the host 102. It should also be appreciated
that, in this way, the total quantity of data transmitted over
the bus 108 may be approximately cut in half; that 1s, since
data may be written directly from one storage device to
another storage device, rather than first cached and then
re-transmitted by the caching device, the amount of data
transmitted over the bus 108 for a given transaction may be
roughly cut 1n half and hence, the total bandwidth required
may be similarly reduced. As a result, the data transfer rate
between the storage devices themselves may be increased
and, furthermore, the processor requirements of the host 102
may be reduced.

In one embodiment, storage device 104 continues reading
and outputting data onto the bus 108 until such time as the
host 102 1ssues a STOP READING command at 306 tar-
geting device 104 and instructing storage device 104 to stop
reading and outputting data onto the bus 108. Similarly,
storage device 106 continues pulling data from the bus 108

until such time as the host 102 1ssues a STOP LISTENING
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command at 308 targeting device 106 and instructing stor-
age device 106 to stop pulling data from the bus.

In an alternate embodiment, the READ command also
instructs storage device 104 to continue outputting data onto
the bus 108 until such point as a duration D1 has elapsed.
Similarly, the LISTEN/WRITE command may also mstruct
storage device 106 to continue pulling data from the bus 108
until a duration D2 has elapsed. In a preferred embodiment,
D2 1s at least as long as D1 so as to not lose any data. By
way ol example, if the host 102 knows the amount of data
to be transierred (e.g., the number of bits) and the operating
frequency of the bus 108, then the host can calculate the
duration of time needed to transier the data and subsequently
instruct storage device 104 to output data for this duration
and 1nstruct storage device 106 to continue listening and
writing the data for this duration.

In another alternate embodiment, the LISTEN/WRITE
command 1nstructs storage device 106 to listen to the bus
108 during specific time slots Xn, which may or may not be
consecutive. Data on the bus 108 during the time slots Xn
are then written into the device’s memory. In this alternate
embodiment, the READ command similarly instructs stor-
age device 104 to begin reading and outputting data onto the
bus 108 during the specific time slots Xn. Again, 1t should
be noted that the time slots may not be consecutive. More
particularly, the host 102 may instruct the storage device 104
to output data A onto the bus 108 in time slots X1, X2, X3
and X4 which, again, may not in some embodiments be
consecutive. The host 102 would then 1nstruct storage device
106 to listen and pull data from the bus 108 during time slots
X1, X2, X3 and X4.

The foregoing description, for purposes ol explanation,
used specific examples to provide a thorough understanding
of the mnvention. However, 1t will be apparent to one skilled
in the art that the specific details are not required 1n order to
practice the mvention. Thus, the foregoing descriptions of
specific embodiments of the present invention are presented
for purposes of illustration and description. They are not
intended to be exhaustive or to limit the mvention to the
precise forms disclosed. It will be apparent to one of
ordinary skill in the art that many modifications and varia-
tions are possible 1n view of the above teachings.

For instance, although process 300 was described with
reference to transferring data from a single storage device
104 to another single storage device 106, 1t should be
appreciated that the host 102 may 1ssue a multicast or
broadcast command mstructing a plurality of storage devices
to listen to the bus at specific times and write the associated
data to memory. In this way, multiple copies of the data can
be stored on a plurality of devices simultaneously.

Additionally, although the foregoing description has been
described in the context of reading data from one memory
device and transferring data to another memory device
where 1t 15 to be stored, 1t should also be appreciated that
aspects ol the present invention are applicable to devices
other than those especially configured as storage devices. By
way ol example, aspects of the present invention may be
uselul 1n transferring communications and data to and from
external networks. More specifically, a first slave device
coupled with a bus may be a network card acting as a
network bridge to an external network or protocol, such as
WiMax, Wi-F1 or Bluetooth, and the second slave device
may be a storage device coupled with the bus. By way of
example, a master device may instruct the first slave device
to directly pass data it recerves or has received from an
external network through the bus to the second slave device,
or 1nstruct the second slave device to send data to the first
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slave device to be communicated over the external network.
In such embodiments, the network card may be a card on the
SD bus, using SDIO protocol.

Furthermore, although foregoing description has been
described in terms of a particular bus/device configuration,
in alternate embodiments the storage devices may be con-
nected 1n other suitable configurations or arrangements. By
way of example, in the embodiment 1llustrated 1n FIG. 4,
cach device, including slave storage devices 404, 406 and
408, 1s connected serially 1n a daisy chain arrangement. Such
an arrangement may be desirable 1 various high speed
consumer electronics applications, among others. Although
only three storage devices are shown in the embodiment
illustrated 1n FI1G. 4, 1t will be appreciated that more or fewer
devices may be arranged in the daisy chain arrangement. In
general, two to five devices are typically connected 1n such
an arrangement.

By daisy chain arrangement, it 1s meant that pins of one
device are electrically connected to pins of a neighboring
device. The connection can be either by hard soldering, by
a printed circuit layout or by connection of socket pins. For
example, a second set of pins from storage device 404 can
be connected to a first set of pins from storage device 406 via
a set of communication lines 432, a second set of pins of
storage device 406 can be connected to a first set of pins of
storage device 408 via a set of communication lines 434, and
so on. In this way, all of the storage devices other than the
first and last device in the daisy chain arrangement are
connected to two immediately adjacent neighboring devices.
Unlike the other storage devices, however, the first set of
pins of storage device 404 are connected via a set of
communication lines 430 with host 402 serving as the
master device. In one embodiment, all of the storage devices
share a clock; however, this 1s not a requirement as each
device may generate 1ts own clock.

In the 1illustrated embodiment, there 1s no common bus
that interconnects the storage devices 404, 406 and 408 with
one another and to the host 402. Rather, in this configuration,
cach device passes to the next device downstream in the
chain the commands from the host 402 that are not addressed
to 1tself. That 1s, each storage device (e.g., storage devices
406 and 408) other than the first device 1n the chain (e.g.,
storing device 404) 1s coupled to the host 402 by means of
any upstream devices in the chain. That 1s, communications
or mformation passed from the host 402 to a particular
storage device must first pass sequentially through all other

upstream devices 1n the chain. In eflect, the storage devices
404, 406 and 408 along with communication lines 430, 432
and 434 form a virtual communication bus that serves to
pass communications and information from the host to the
storage devices and from the storage devices to the host.
A more detailed description of such a daisy chain arrange-
ment can be found 1 copending application Ser. No. 11/927,
108 filed on Oct. 29, 2007 and enfitled, “ADDRESSING
MULTIPLE DEVICES ON A SHARED BUS,” which
claims priority from provisional application No. 60/979,372
filed on Oct. 11, 2007 and entitled “ADDRESSING AN
ADDRESS-LESS DEVICE ON A SHARED BUS;” and
copending application Ser. No. 11/928,110 filed Oct. 30,
2007 and enfitled “SIGNALING AN INTERRUPT

REQUEST THROUGH DAISY CHAINED DEVICES,”
which claims priority from provisional application No.

60/981,772 filed on Oct. 22, 2007 and entitled “SIGNAL-
ING AN INTERRUPT REQUEST THROUGH DAISY
CHAINED DEVICES;” all of which are hereby incorpo-

rated by reference herein in their entirety for all purposes.
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In one example embodiment 1n which the storage devices
404, 406 and 408 are arranged into a daisy chain configu-
ration, a host 402 may transmit a LISTEN/WRITE com-
mand down the string of daisy-chained devices. By way of
example, host 402 may transmit a LISTEN/WRITE com-
mand targeting storage device 406 over communication
lines 430 where 1t 1s first recerved by storage device 404.
Storage device 404 may then pass the LISTEN/WRITE
command over communication lines 432 where the com-
mand 1s then receirved at target storage device 406. The
LISTEN/WRITE command may instruct the storage device
406 to listen to communication lines 434 at a specific time
and to write data from the communication lines 434 begin-
ning at the specific time. Host 402 may also transmit a
READ command targeting storage device 408 over com-
munication lines 430. The READ command may be passed
by storage devices 404 and 406 and along commumnication
lines 432 and 434 before reaching target storage device 408
and may 1nstruct storage device 408 to read data from
memory and output the data onto communication lines 434
at a specific time. In this way, storage device 406 may listen
to the communication lines 434 at the specific time
instructed by the LISTEN/WRITE command and write the
data it pulls from the communication lines 434, which has
been directly read from storage device 408 and output onto
communication lines 434 by storage device 408, without
first having the data be transierred to the host 402.
In other embodiments, the storage devices 404, 406 and
408 could be arranged 1nto a daisy chain configuration as in
FIG. 4 while a separate common bus interconnects the
storage devices with themselves and to the host 402. In this
way, unlike conventional arrangements, the signal or com-
munication path between the daisy chained devices 1s sepa-
rate and distinct from a bus and therefore, again unlike
conventional approaches, does not consume bus resources
that could otherwise be used to pass information and/or data
between the storage devices and host 402.
The embodiments were chosen and described in order to
best explain the principles of the invention and 1ts practical
applications, to thereby enable others skilled in the art to
best utilize the mmvention and various embodiments with
vartous modifications as are suited to the particular use
contemplated. It 1s intended that the scope of the invention
be defined by the following claims and their equivalents.
What 1s claimed 1s:
1. A method of transferring data between a first device and
a second device coupled with each other and with a master
device with one or more communication lines, comprising:
instructing the first device, by the master device, to listen
to the one or more communication lines until a duration
D2 of time has elapsed; and

instructing the second device to continue transmitting data
onto the one or more communication lines until such
point as at least a duration D1 of time has elapsed.,
wherein the data transmitted onto the one or more
communication lines by the second device 1s received
by[.] the first device, without further intervention by the
master device, wherein the master device determines
the duration D1 based upon an amount of data to be
transferred between the first and second devices and an
operating frequency of the one or more communication
lines, and wherein the duration D2 1s at least as long as
the duration D1.

2. [A] The method as recited in claim 1, further compris-
ng:

dividing the duration D2 of time into a plurality of time

slots, wherein any data on the one or more communi-
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cation lines 1s received by and stored at the first device
only during the plurality of time slots.
3. The method as recited 1n claim 2, further comprising:
dividing the duration D1 of time into a plurality of time
slots, wherein the second device transmits data onto the
one or more commumnication lines only during the

plurality of time slots.

4. [A] The method as recited in claim 1, wherein the
master device, first device and second device communicate
according to the Secured Digital (SD) protocol.

5. A method of transferring data over a plurality of
communication lines, comprising:

sending a first command from a master device coupled

with the communication lines to a first destination slave
device coupled with the communication lines, the first
command structing the first destination slave device
to listen to and write data from the communication lines
starting at a {irst time; and

sending a second command from the master device to a

second source slave device coupled with the commu-
nication lines, the second command instructing the
second source slave device to read and output first data
onto the commumication lines starting after the first
time;

wherein the first data output from the second source slave

device beginning atter the first time 1s stored by the first
destination slave device beginning aiter the first time
without requiring first transferring the first data to the
master device or any other storage device.

6. [A] The method as recited in claim 5, wherein the
master device 1s a host device and wherein the first and
second slave devices are local storage devices.

7. [A] The method as recited in claim 5, wherein at least
one of the first and second slave devices 1s a removable
device configured for ready removal from and addition to
various communication lines.

8. [A] The method as recited in claim 5, wherein the
communication lines form a shared bus.

9. [A] The method as recited in claim 5, wherein the first
and second slave devices are two of a plurality of address-
able devices arranged 1n a daisy chain configuration such
that each of the addressable devices 1s connected with at
least one neighboring device via one or more of the com-
munication lines, wherein each device 1s connected with no
more than two immediately adjacent neighboring devices,
and wherein each device other than the last device 1n the
chain passes communications, including commands, that are
not targeted to 1itself to the next device 1n the chain via the
communication lines that connect neighboring devices with
one another.

10. [A] 7he method as recited in claim 5, wherein the
master device, first slave device and second slave device
communicate according to the Secured Digital (SD) proto-
col.

11. [A] The method as recited in claim 5, wherein the first
slave device 1s unaware that the first data 1s coming directly
from the second slave device and not from the master
device.

12. [A] 7%e method as recited in claim 5, wherein the first
command 1nstructs the first slave device to listen to and write
data from the communication lines for a first prescribed
duration beginning after the first time.

13. [A] 7he method as recited in claim 5, wherein the
second command 1nstructs the second slave device to output
data onto the communication lines for a second prescribed
duration beginning after the first time.
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14. [A] The method as recited in claim 5, further com-
prising sending a third command from the master device to
the second slave device that instructs the second slave
device to stop outputting data onto the communication lines
at a second time.

15. [A] The method as recited in claim 14, further
comprising sending a fourth command from the master
device to the first slave device that instructs the first slave
device to stop listening to the communication lines at or after
the second time.

16. JA] The method as recited in claim 5, wherein the first
command 1s multicast or broadcast to multiple slave devices
including the first slave device substantially simultaneously
and wherein the first command 1nstructs at least a plurality
of the multiple slave devices to listen to and write data from
the communication lines starting at the first time such that
the first data can be stored by the plurality of the multiple
slave devices substantially simultaneously.

17. A method of communicating over a plurality of
communication lines, comprising:

sending a first command from a master device coupled

with the communication lines to a first slave device
coupled with the communication lines, the first com-
mand structing the first slave device to listen to the
communication lines starting at a first time; and

sending a second command from the master device to a

second slave device coupled with the communication
lines, the second command nstructing the second slave
device to output a third communication onto the com-
munication lines starting after the first time;

wherein the third communication output from the second

slave device 1s read by the first slave device beginning
substantially at the second time without requiring first
transferring the third commumication to the master
device or any other device.

18. [A] The method as recited in claim 17, wherein [the]
at least one of the first and second slave devices 1s a network
device.

19. [A] 7The method as recited in claim 18, wherein the
network device serves as a network bridge between [the] a
bus and a remote network.

20. [A] The method as recited in claim 19, wherein the
first slave device 1s a network card, the method further
comprising outputting a fourth communication onto the
remote network in response to the third communication.

21. [A] The method as recited in claim 19, wherein the
second slave device 1s a network card and wherein the third
communication includes data received from the remote
network by the second slave device.

22. A system, comprising:

a first addressable destination slave device configured to

store data;

a second addressable source slave device configured to

store data and including first data stored therein;

a master device arranged to manage the first and second

slave devices; and

a plurality of communication lines that couple the master

device and at least each of the first and second slave
devices; and

wherein the master device 1s further arranged to send a

first command to the first slave device instructing the
first slave device to listen to and write data from the
communication lines only until a duration D2 of time
has elapsed beginning at a first time and a second
command to the second slave device instructing the
second slave device to read and output the first data
onto the communication lines beginning at or after the
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first time only until a duration D1 of time has elapsed,
such that the first data 1s transferred from the second
source slave device to the first destination slave device
without requiring first transferring the first data to the
master device or any other storage device, wherein the
master device determines the duration D1 based upon
an amount of data to be transferred between the first
and second slave devices and an operating frequency of
the plurality of communication lines, and wherein the
duration D2 1s at least as long as the duration D1.

23. [A] The system as recited in claim 22, [further
comprising] wherein the master device is further arranged
{o:

[dividing] divide the duration D2 of time into a plurality
of time slots, wherein any data on the plurality of
communication lines 1s received by and stored at the
first slave device only during the plurality of time slots.

24. [A] The system as recited in claim 22, wherein at least
one of the first and second slave devices 1s a removable
device configured for ready removal from and addition to
various communication lines.

25. [A] The system as recited in claim 22, wherein the
communication lines form a shared bus.

26.[A] The system as recited in claim 22, wherein the first
and second slave devices are two of a plurality of address-
able devices arranged 1n a daisy chain configuration such
that each of the addressable devices 1s connected with at
least one neighboring device via one or more of the com-
munication lines, wherein each device 1s connected with no
more than two immediately adjacent neighboring devices,
and wherein each device other than the last device 1n the
chain passes communications, including commands, that are
not targeted to 1itself to the next device 1n the chain via the
communication lines that connect neighboring devices with
one another.

27. [A] The system as recited in claim 22, wherein the
master device, first slave device and second slave device
communicate according to the Secured Digital (SD) proto-
col.

28. [A] The system as recited in claim 22, wherein the first
slave device 1s unaware that the first data 1s coming directly
from the second slave device and not from the master
device.

29.[A] The system as recited in claim 22, wherein the first
command 1nstructs the first slave device to listen to and write

10

15

20

25

30

35

40

14

data from the communication lines for a first prescribed
duration beginning at the first time.

30. [A] The system as recited in claim 22, wherein the
second command 1nstructs the second slave device to read
and output data onto the communication lines for a second
prescribed duration beginning at or after the first time.

31. [A] The system as recited in claim 22, wherein the
master device 1s further arranged to send a third command
to the second slave device that instructs the second slave
device to stop outputting data onto the communication lines
at a second time.

32. [A] The system as recited in claim 31, wherein the
master device 1s further arranged to send a fourth command
to the first slave device that instructs the first slave device to
stop listening to the communication lines at or after the
second time.

33.[A] 7he system as recited in claim 22, wherein the first
command 1s multicast or broadcast to multiple slave devices
including the first slave device substantially simultaneously
and wherein the first command 1nstructs at least a plurality
of the multiple slave devices to listen to and write data from
the communication lines starting at the first time such that
the first data can be stored by the plurality of the multiple
slave devices substantially simultaneously.

34. The [method] system as recited in claim 22, [further
comprising] wherein the master device is further arranged
{o:

[dividing] divide the duration D1 of time into a plurality
of time slots, wherein the second slave device transmits
data onto the plurality of communication lines only
during the plurality of time slots.

35. The method of claim I, wherein at least one of the first

and second devices comprises three-dimensional memory.

36. The method of claim 5, wherein at least one of the first
and second slave devices comprises three-dimensional
Memory.

37. The method of claim 17, wherein at least one of the
first and second slave devices comprises three-dimensional
Memory.

38. The system of claim 22, wherein at least one of the first
and second slave devices comprises three-dimensional
Memory.
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