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(57)	 ABSTRACT

A solid-state storage subsystem, such as a non-volatile
memory card or drive, includes multiple interfaces and a
memory area storing information used by a data arbiter to
prioritize data commands received through the interfaces. As
one example, the information may store a priority ranking of
multiple host systems that are connected to the solid-state
storage subsystem, such that the data arbiter may process
concurrently received data transfer commands serially
according to their priority ranking. A host software compo-
nent may be configured to store and modify the priority con-
trol information in solid-state storage subsystem's memory
area.
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MULTI-INTERFACE AND MULTI-BUS
STRUCTURED SOLID-STATE STORAGE

SUBSYSTEM

BACKGROUND

[0001] 1. Technical Field
[0002] The present invention relates to solid-state storage
subsystems. More specifically, the present invention relates to
multiple signal interfaces and bus structures for a single solid-
state storage subsystem.
[0003] 2. Description of the Related Art
[0004] Solid-state storage subsystems transfer data with
host computer systems by means of a wide variety of signal
interfaces. A signal interface is typically selected for a par-
ticular application based on design constraints facing that
application. Design constraints may typically include practi-
cal environmental and development matters: the distance
separating the storage subsystem and a host system interfaced
with the storage subsystem; power consumption; rates of data
transfer; design time available on a project; and the cost to
implement the bus structure for that signal interface. Because
constraints are often similar for similar applications, a par-
ticular signal interface may become standard for a given
application. For example: the IEEE- 1394 signal interface and
corresponding bus structure are commonly used for video
applications because of the high data rates involved; the USB
signal interface and bus structure are commonly used for
small data storage applications; and the IDE and SATA signal
interfaces and bus structures are used for large data storage
and booting applications.
[0005] While a particular application may typically call for
a particular signal interface, it need not always use that same
signal interface. For example, when design time and budget
are minimal, an off-the-shelf solution may be used. If a Single
Board Computer is used the designer may be limited to using
an on-board IDE controller and PATA signal interface regard-
less of the application because of these time and budget
considerations. In this example only a limited number of
storage subsystems, those compatible with an PATA signal
interface and IDE bus structure, will be compatible with the
application host system.
[0006] More general industry trends may also cause differ-
ent signal interfaces and bus structures to be used for similar
applications. For example, the IEEE-1394 signal interface
and bus structure are commonly used for video applications
as stated above. However, the USB 2.0 signal interface has
increasingly been used for these types of applications. A
storage subsystem relying entirely on either the IEEE-1394
signal interface orUSB 2.0 signal interface will therefore not
be compatible with a large percentage of systems in the field
for which it is designed.
[0007] Other host computing systems operate multiple
applications, and may face different constraints with each
application. The host computing system may therefore have a
different signal interface and bus structure for each applica-
tion, and may therefore require numerous storage subsystems
for a single host system.

SUMMARY OF THE DISCLOSURE

[0008] Consequently, it would be advantageous to develop
systems and methods to support multiple signal interfaces
and bus structures within a single storage subsystem.

[0009] In certain embodiments disclosed herein, a solid-
state storage subsystem may be connected to multiple host
systems via multiple bus structures thereby reducing the
number of different storage subsystems a manufacturer or
designer needs to offer to meet the demands of various end
customers.
[0010] In one embodiment, a storage subsystem, which
may be in the form of a detachable device, includes multiple
physical connectors and bus structures for different signal
interfaces. Priority control parameters used by a data arbiter
are stored in a memory area of the device. The priority control
parameters include information on prioritizing data transfer
commands received from any number of host systems that are
connected to the storage subsystem over the bus structures.
The data arbiter of the storage subsystem is configured to
access the priority control parameters when the storage sub-
system receives memory access commands either separately
or concurrently, and process the memory access commands
serially according to the priority designated by the priority
control parameters. The priority control parameters may be
generated and stored on the storage subsystem in-whole or
in-part via driver software executed by one of the host sys-
tems.
[0011] As one example, a user desiring to use a single
storage subsystem to transfer audio, video, and instrumenta-
tion log data from separate recording systems may connect all
three recording systems to the storage subsystem simulta-
neously in order to store all of the data in one convenient
location instead of three different locations. If the storage
subsystem concurrently receives data signals from more than
one of the three systems, the data arbiter of the subsystem may
prioritize processing of the data according to the priority
control parameters stored in the memory of the storage sub-
system. The data arbiter may then serially process the data
according to the priority of either the signal itself or the host
system from which it originated, until all of the data is pro-
cessed.
[0012] The systems and methods disclosed herein advanta-
geously describe a storage subsystem simultaneously con-
nected across multiple host systems, using different signal
interfaces and a priority management scheme for handling
multiple data access commands. Advantageously, the con-
solidation of multiple host system data collection needs into a
single storage subsystem reduces cost and board space. Yet
another advantage disclosed herein is the capability of using
multiple methods of interfacing with a storage subsystem for
convenient storage or retrieval of data. For example, a storage
subsystem may advantageously store data collected by a
recording system via one signal interface and may upload
data to a personal computer for analysis via another signal
interface.
[0013] In certain embodiments, a host system may advan-
tageously switch the signal interface and bus structure being
used based on changing environmental conditions. If multiple
bus structures are used to connect a single host system with a
single storage subsystem, then such redundancy may be used
to advantageously minimize potential loss of critical data. For
example, if one bus structure connecting the host system and
the storage subsystem were to cease operation, the host sys-
tem may revert to another connection to resume data in order
to transfer.
[0014] Yet another advantageous aspect of the systems and
methods disclosed herein is that because the storage sub-
system is centrally located, data stored in the memory may be
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shared across multiple host systems. For example, a host
system may view the same data on the storage subsystem
through any of the storage subsystem's available bus struc-
tures. Such functionality may advantageously be used where
a host system has already been developed and a particular
signal interface is the only signal interface available, or where
a host system uses multiple signal interfaces and the optimal
signal interface for the application may be selected. The stor-
age subsystems described herein may also be advantageously
used where multiple host systems are used separately to per-
form different operations with the same storage subsystem,
and where each host system uses a different signal interface.
In these embodiments, the same data and format may be seen
by any host through any signal interface.
[0015] Neither this summary nor the following detailed
description purports to define the invention. The invention is
defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Systems and methods which embody the various
features of the invention will now be described with reference
to the following drawings, in which:
[0017] FIG. 1 is a block diagram illustrating multiple host
systems linked via multiple bus structures to a storage sub-
system containing multiple controllers according to one
embodiment.
[0018] FIG. 2 is a block diagram illustrating multiple host
systems linked via multiple bus structures to a solid-state
storage subsystem containing multiple controllers according
to one embodiment.
[0019] FIG. 3 is a flow chart illustrating a process for han-
dling a memory or storage access command received by a
storage subsystem according to one embodiment.
[0020] FIG. 4 is a block diagram illustrating a host system
linked via two bus structures to a solid-state storage sub-
system according to one embodiment.
[0021] FIG. S is a block diagram illustrating a solid-state
storage subsystem connected to three instrument recording
systems according to one embodiment.
[0022] FIG. 6 is a block diagram illustrating a storage sub-
system connected to a data analysis system according to one
embodiment.
[0023] FIG. 7 is a diagram illustrating a storage subsystem
having a PC Card form factor and utilizing three signal inter-
faces according to one embodiment.
[0024] FIG. 8 is a diagram illustration a storage subsystem
having a CompactFlash form factor and utilizing two signal
interfaces according to one embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0025] A solid-state storage subsystem, and associated pro-
cesses that may be implemented by multiple host computing
systems, will now be described with reference to the draw-
ings. This description is intended to illustrate preferred
embodiments of the invention, and not limit the invention.
The invention is defined by the claims.
[0026] FIG. 1 is a block diagram illustrating multiple host
systems 110 and 111 coupled to a solid-state storage sub-
system 100 according to one embodiment. Although two host
systems 110 and 111 are shown, any number of host systems
may be coupled with storage subsystem 100 according to
different embodiments. Each host system 110 and 111 may

comprise a computer such as a personal computer, worksta-
tion, recording device, router, blade server or any other type
of computing device. The host systems 110 and 111 store data
on the storage subsystem 100. In some embodiments, oper-
ating system functionality and a boot process may be pro-
vided by the storage subsystem 100. The host systems 110
and 111 execute driver programs 170 and 171 that provide
functionality for communicating with the subsystem 100,
such as by issuing commands in accordance with an ATA
signal interface or some other interface. In certain embodi-
ments, the drivers 170 and 171 may communicate with, or be
part of, one or more software applications that are specifically
configured to use the storage subsystem 100.
[0027] In one embodiment shown, host systems 110 and
111 further comprise interfaces 120 and 121 respectively.
Each interface 120 and 121 may comprise a controller, bus
structure, and physical connector corresponding to any indus-
try standard signal interface or any unique signal interface
used by the host systems 110 and 111, including but not
limited to IDE/PATA, SATA, R5232/423, PCMCIA, USB,
Firewire (IEEE-1394), FibreChannel, PCI Express bus, or
any wireless communication interface such as Bluetooth or
IEEE-802.1 1. In other embodiments, each host system 110 or
111 may include multiple interfaces.
[0028] Storage subsystem 100 is connected to interfaces
120 and 121 of host systems 110 and 111. Storage subsystem
100 comprises physical connectors 125 and 126, bus struc-
tures 127 and 128, the controllers 130 and 131, a data arbiter
140, and a storage 150. In the embodiment shown, the inter-
faces 120 and 121 are specifically connected to the physical
connectors 125 and 126 and transmit data to controllers 130
and 131 of the storage subsystem 100 over bus structures 127
and 128. Storage subsystem 100 may comprise at least as
many controllers as physical connectors. In other embodi-
ments, the number of controllers included in the storage sub-
system 100 may be less than the number of physical connec-
tors of the storage subsystem 100.
[0029] Each controller 130 and 131 may be configured to
write data to, and read data from, the storage 150 in response
to memory/storage access commands from hosts 110 and
111. Controllers 130 and 131 may operate to receive data
from interfaces 120 and 121 of host computers 110 and 111
overbus structures 127 and 128. Controllers 130 and 131 may
then translate control, address, and data signals into storage
access commands to storage 150. Controllers 130 and 131
may also access and transmit data from storage 150 to host
systems 110 and 111 through interfaces 120 and 121. The
Controllers 130 and 131 may comprise USB, IEEE-1394,
IDE, or SATA controllers in some embodiments. In some
embodiments, the controllers 130 and 131 may be combined
and implemented using a single application-specific inte-
grated circuit (ASIC). In some embodiments, the controllers
130 and 131 may comprise multiple distinct devices. Further,
although the controllers 130 and 131 preferably execute firm-
ware, a controller that does not execute a firmware program
may be used.
[0030] The storage subsystem 100 further comprises a stor-
age 150. In preferred embodiments, storage 150 is a non-
volatile memory (NVM) array. Storage 150 may, but need
not, be implemented using NAND memory components.
Storage 150 may comprise a plurality of solid-state storage
devices coupled to controllers 130 and 131 through data
arbiter 140. The solid-state storage devices may comprise, for
example, flash integrated circuits, Chalcogenide RAM

Petitioner Micron Ex-1005, 0011



US 2009/0031073 Al 	 Jan. 29, 2009
3

(C-RAM), Phase Change Memory (PC-RAM or PRAM),
Programmable Metallization Cell RAM (PMC-RAM or
PMCm), Ovonic Unified Memory (OUM), Resistance RAM
(RRAM), NAND memory, NOR memory, EEPROM, Ferro-
electric Memory (FeRAM), or other discrete NVM chips.
The solid-state storage devices may be physically divided
into blocks, pages and sectors, as is known in the art.
[0031] In certain embodiments, storage 150 maybe format-
ted into separate partitions. For example, the storage sub-
system 100 may create partitions using the systems and meth-
ods disclosed in U.S. patent application Ser. No. 11/480,303
titled "Systems and Methods for Segmenting and Protecting
a Storage Subsystem" filed on Jun. 30, 2006, which is hereby
incorporated by reference in its entirety herein. In alternative
embodiments, each partition may support any number of host
systems.
[0032] In the embodiment shown, storage 150 is accessed
through data arbiter 140 by controllers 130 and 131 respond-
ing to commands from either host 110 or 111. Controllers 130
and 131, which may be configured to communicate with
storage 150, may nonetheless be connected to data arbiter
140. In certain embodiments, the data arbiter 140 may be
implemented using an ASIC, field programmable gate array
(FPGA), or may comprise multiple distinct devices. In some
embodiments, data arbiter 140 may be implemented with
additional components in a single device. Further, although
the data arbiter 140 also preferably executes firmware, a data
arbiter 140 that does not execute a firmware program may
also be used.
[0033] Data arbiter 140 is responsible for prioritizing read/
write commands received simultaneously from multiple con-
trollers 130 and 131 in one embodiment. If data arbiter 140
receives concurrent read/write commands, then according to
certain embodiments the data arbiter 140 processes the com-
mands serially according to a priority ranking. For example,
data arbiter 140 may first process the command with the
highest priority. Once that first command is processed, data
arbiter 140 may process a command with the highest remain-
ing priority.
[0034] In one embodiment, a restricted memory area 152 of
the storage 150 stores priority control parameters 160 which
may be used to configure the order in which concurrent stor-
age access commands are processed by the storage subsystem
100 via the data arbiter 140. For instance, the data arbiter 140
may determine that the priority control parameters 160 des-
ignate that commands received from the first host system 110
are of highest priority, and are therefore processed before
commands received from the second host system 111. In
different embodiments, priority control parameters 160 may
designate that the priority of a received command be deter-
mined based on the host system sending the command, the
type of command received, information in the command
itself, or some combination of these or other factors.
[0035] The restricted memory area 152, and thus the prior-
ity control parameters 160, maybe accessible via one or more
vendor-specific commands, and thus may not be exposed to
any host system's operating system. A host system, such as
host system 110, may include a driver 170 that may be con-
figured to execute such vendor-specific commands. In some
embodiments, a host system using these vendor-specific com-
mands may modify the priority control parameters 160 stored
in the restricted memory area 152. The vendor-specific com-
mands may indicate that the priority control parameters 160
should be changed to determine a priority based on the host

system transmitting the command, a type of command
received, information in the command, or some combination
of these or other factors.
[0036] In one embodiment, control parameters 160 are
stored in a restricted 512-byte block of storage 150. However,
the priority control parameters 160 may be stored in any type
of non-volatile storage, including register storage that is sepa-
rate from storage 150. Priority control parameters 160 may
advantageously be stored in a predetermined location within
restricted area 152 so that data arbiter 140 may be preconfig-
ured to locate priority control parameters 160 when neces-
sary.
[0037] By storing priority control parameters 160 in
restricted area 152, certain embodiments avoid inadvertent or
intentional altering of the control parameters 160 due to the
generally inaccessible nature of restricted area 152. For
example, a user of either host system 110 or 111 cannot
inadvertently copy over the priority control parameters 160
using conventional tools that do not have access to restricted
area 152. Other types of information may additionally or
alternatively be stored in restricted area 152 and may be
accessible using vendor-specific commands.
[0038] In certain other embodiments, the priority control
parameters 160 may be stored in the user data memory area
151 that is generally accessible by the operating systems of
host systems 110 and 111. In one such embodiment, host
system 110 further comprises driver 113, which may generate
priority control parameters 160. In these embodiments, con-
trols modifying priority control parameters 160 stored in
storage 150 may include additional information instructing
data arbiter 140 on the location of priority control parameters
160.
[0039] FIG. 2 illustrates a block diagram of one embodi-
ment including an audio recording system 210, a video
recording system 211, and an instrument recording system
212. Each system may utilize a different signal interface to
communicate with storage subsystem 100. For example, the
system may transfer audio information from an audio record-
ing system 210 with a USB interface 220 selected because of
its low cost and throughput, video information from a video
recorder system 211 with an IEEE-1394 interface 221
selected for its high throughput to support video data transfer
rates, and instrumentation information from an instrument
recording system 212 with an IDE interface 222 selected
because it was the most cost effective method for use with a
Single Board Computer.
[0040] Each recording system may be connected to the
storage subsystem 100 with a corresponding physical con-
nector 233, 234, and 235 and over a bus structure 236, 237,
and 238. The recording systems may be connected to corre-
sponding controllers 230, 231, and 232. In the embodiment
shown, audio recording system 210 is connected to USB
controller 230, video recording system 211 is connected to
IEEE-1394 controller 231, and instrument recording system
212 is connected to IDE controller 232. Accordingly, physical
connector 233 may be a USB mini-A connector, physical
connector 234 may be a four-pin Firewire connector, and
physical connector 235 may be a CompactFlash card connec-
tor. Bus structures 236, 237, and 238 may then correspond to
USB, IEEE-1394, and PATA bus structures, respectively.
Each controller may receive storage access commands from a
host system and translate these signals to access storage 150.
Any of the controllers attempting to access storage 150 may
send such control, address, and data signals to data arbiter
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140. Data arbiter 140 may then forward the signals to storage
150 or may return a busy signal to the originating host system
through the controller depending on conditions such as what
other signals are being received concurrently and the priority
of the signals.
[0041] FIG. 3 is a flow chart illustrating a sample process
300 utilized by a data arbiter 140 of a storage subsystem 100
to handle a storage access command received from a host
system according to one embodiment. Reference is made to
the storage subsystem shown in FIG. 2, but the process shown
or a variation may also be utilized by other embodiments. The
flow chart shown in FIG. 3 is applicable both to embodiments
using a restricted storage area 152 of the storage subsystem
100 to store the priority control parameters 160 as shown in
FIG. 2, and to embodiments that use a non-restricted storage
area 151 of the storage subsystem 100. Furthermore, the flow
chart is applicable to both solid-state storage subsystems and
non-solid-state storage subsystems. A skilled artisan will rec-
ognize that certain steps of the process 300 may be omitted,
modified, or performed in a different order in other embodi-
ments.
[0042] First, at step 301, a storage subsystem 100 including
a data arbiter 140 is connected to at least one host system. For
example, the storage subsystem 100 may be concurrently
connected to the USB interface 220 of the audio recording
system 210, to the IEEE-1394 interface 221 of the video
recording system 211, and the IDE interface 222 of the instru-
ment recording system 212 as shown in FIG. 2.
[0043] Next, in step 302, the storage subsystem 100
receives a first read/write command from at least one host
system. For example, the storage subsystem 100 may receive
a write command from audio recording system 210 through
USB interface 220. USB controller 230 translates the com-
mand and attempts to access storage 150. This signal is there-
fore received by data arbiter 140 from controller 230.
[0044] In step 303, the data arbiter 140 determines if this
signal was received approximately simultaneously with
another signal. For example, other signals that might have
been received include a write command from video recording
system 211 through the IEEE-1394 interface 221 and IEEE-
1394 controller 231, or a write command from instrumenta-
tion recording system 212 through the IDE interface 222 and
IDE controller 232. A concurrent signal may include signals
received by the storage subsystem 100 at approximately the
same time as well as earlier received signals still being pro-
cessed. If no other signal was received concurrently with the
first read/write command, then the data arbiter 140 proceeds
to step 304 and allows that signal to be processed by storage
150 of storage subsystem 100. If another signal was received,
then the data arbiter 140 proceeds to step 305.
[0045] At step 305, the data arbiter 140 of the storage
subsystem 100 reads the priority control parameters 160 from
the storage 150 of the storage subsystem 100. In the embodi-
ment shown in FIG. 2, the priority control parameters 160 are
stored in and read from the restricted memory area 152. The
priority control parameters 160 may designate a priority for
processing the concurrently received signals. In one embodi-
ment of the system of FIG. 2, this may comprise giving the
video recording system 211 highest priority, the audio record-
ing system 210 second highest priority, and instrument
recording system 212 lowest priority.
[0046] At decision step 306, the data arbiter 140 uses the
priority control parameters 160 to determine whether the
pending read/write command is the highest priority com-

mand. For example, if the priority control parameters 160
designate that a concurrently received write command for
video data from the IEEE-1394 interface 221 would be con-
sidered highest priority, then the write command for audio
data from the USB interface 220 would not be the highest
priority signal and data arbiter 140 would handle the audio
data signal by proceeding to step 307. At step 307, the data
arbiter 140 provides a busy signal to the host system from
which the signal originated. Alternatively, if the priority con-
trol parameters 160 designate that the audio signal was the
highest priority signal of those received, then the data arbiter
140 would proceed to step 304 and the signal would be
processed.

[0047] Steps 304 and 307 describe alternatively processing
a received command or returning a busy signal. The step of
processing a command may include additional actions such
as performing handshake procedures to verify the receipt and
handling of the signal in certain embodiments depending on
the communication protocol used. Similarly, the step of
returning a busy signal may not require an actual return signal
be sent in some embodiments where the communications
protocol requires the data be resent by the host system until
received and confirmed.

[0048] FIG. 4 is a block diagram illustrating a single host
system 410 linked via two interfaces 420 and 421 to a storage
subsystem 100 containing two controllers 430 and 431
according to one embodiment of the invention. The embodi-
ment illustrated is advantageously configured for redundancy
in case a primary interface should cease operation. Without
redundancy, critical data may be lost if the primary interface
were to cease operation. For example, if the interface 420
connected to the controller 430 ceased operating, then the
host system 410 could alternatively use the interface 421
connected to the second controller 431 without significant
downtime or loss of data.

[0049] FIG. 5 is a diagram illustrating a storage subsystem
100 connected to three computing systems 510, 511, and 512
in an aircraft system. The computing systems include instru-
mentation recorder system 510, a video recorder system 511,
and an audio recorder system 512. Storage subsystem 100
comprises a portable memory device having a card type form
factor. As shown in FIG. 5, storage subsystem 100 has a PC
Card form factor. Storage subsystem 100 thus is inserted into
a PC Card slot connector in instrumentation recorder system
510 and is connected to the CPU 580 through a chipset 597 of
the instrumentation recorder system 510 via an IDE bus struc-
ture 520. Instrumentation recorder system 510 collects panel
instrumentation readings 591, which are processed by I/O
control 594. I/O control 594 communicates with CPU 580.
CPU 580 may store data in volatile storage DRAM 570, and
may also transmit storage access commands over IDE bus
structure 520 to storage subsystem 100. For example, panel
instrumentation readings 591 may be stored on storage sub-
system 100.
[0050] Storage subsystem 100 is further connected to the
video recorder system 511 via an IEEE-1394 cable and bus
structure 521. A video feed 592 is processed by video card
595. Video data is transmitted to CPU 581. Video recorder
system 511 further comprises DRAM 571 connected to CPU
581, and video data may be temporarily stored in DRAM 571
or some other storage of the video recorder system 511. CPU
581 transmits storage access commands over IEEE-1394 bus
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structure 521 to storage subsystem 100. For example, video
recorder system 511 may store recorded video data on storage
subsystem 100.
[0051] Storage subsystem 100 is further connected to audio
recorder system 512 via a USB cable and USB bus structure
522. Audio recorder system 512 collects audio data 593 from
the cockpit which is encoded by codec 596 and transferred to
CPU 582. CPU 582 may store data on DRAM 572 and may
transmit storage access commands and data to storage sub-
system 100. Storage subsystem 100 may therefore store audio
data 593.
[0052] Accordingly, storage subsystem 100, comprising a
PC Card form factor having at least three physical connectors
and bus structures for utilizing at least three signal interfaces,
may be connected to a first instrument recorder system 510
while simultaneously recording data from a video recorder
system 511 and audio recorder system 512. As discussed in
more detail above, storage subsystem 100 may be configured
to prioritize data received concurrently from the three record-
ing systems 510, 511, and 512. For example, because video
data may require more memory and may not be easily stored
on DRAM 570 of instrument recorder system 511, video data
captured by video recorder system 511 and transferred to
storage subsystem 100 may have priority over instrumenta-
tion readings and audio recordings.
[0053] FIG. 6 shows storage subsystem 100 after it has
been disconnected from the aircraft recording system shown
in FIG. 5. Storage subsystem 100 may now be connected to a
data analysis system 610. For example, data analysis system
610 may be a personal computer having software installed for
the analysis of recorded flight data. Data analysis system 610
connects to storage subsystem 100 using USB bus structure
620. Data analysis system 610 comprises a chipset 693 con-
figured to interpret USB signal interface data collected from
storage subsystem 100, chipset 693 may also handle key-
board and mouse input 691. Chipset 693 transmits data to
CPU 680. Data analysis system 610 may further comprise
volatile storage DRAM 670 and additional non-volatile stor-
age (not shown). Data analysis system 610 may further com-
prise video card 692. Monitor 690 may be connected to video
card 692 of data analysis system 610.
[0054] Data collected from the audio recording system 512,
video recording system 511, and instrument recording system
510 as shown in FIG. 5 maybe stored on data analysis system
610. By collecting all the information on the single storage
subsystem 100, the data may be easily transferred to data
analysis system 610 and analyzed together. Transfer of data
from storage subsystem 100 may utilize whichever signal
interface is available, convenient, and efficient for data analy-
sis system 610.
[0055] FIG. 7 shows one embodiment of a storage sub-
system 100 having a PC Card form factor. Storage subsystem
100 is shown with a PC Card housing 700. Storage subsystem
100 shown in FIG. 7 includes three physical connectors 701,
702, and 703. Physical connector 701 comprises a PC Card
connector, and is connected with a PC Card bus structure to a
controller. Physical connector 702 comprises a USB mini-A
connector and is connected to a USB connector over a USB
bus structure. Physical connector 793 comprises an IEEE-
1394 four-pin connector, and is connected to an IEEE-1394
controller using IEEE-1394 bus structure. The storage sub-
system 100 is advantageously confguredto be inserted into a
PC Card slot on a host system. When storage subsystem 100
is inserted into a PC Card slot, PC Card physical connector

701 connects the storage subsystem 100 with the host system.
Physical connector 702 and 703 are further accessible to be
connected to USB and IEEE-1394 cable connections from
additional host systems.
[0056] FIG. 8 shows a storage subsystem 100 having a
CompactFlash form factor. Storage subsystem 100 has a
CompactFlash card housing 800. Storage subsystem 100 fur-
ther comprises a physical connector 801, comprising a Com-
pactFlash physical connector. An ATA bus structure is con-
nected between the physical connector 801 and an IDE
controller. Additional physical connectors are shown on the
opposite side of the CompactFlash card housing of storage
subsystem 100. For example, the physical connectors may
comprise USB or IEEE-1394 connectors. In other embodi-
ments, different connectors maybe accessible on the opposite
side of the storage subsystem 100. For example, an SATA
connector 802 may be available. The physical connectors are
connected to controllers via bus structures configured to
transmit data using the corresponding signal interfaces of the
physical connectors. A data arbiter is connected between the
controllers and a memory of the storage subsystem 100 in
order to prioritize concurrently received storage access com-
mands.
[0057] Different embodiments of the system may employ a
variety of form factors in addition to those described above. In
some embodiments, the storage subsystem 100 may comprise
a CompactFlash Card form factor storage solution. This stor-
age subsystem may utilize, for example, non-volatile
memory devices, volatile memory devices, or an electro-
mechanical hard disk drive. In one such embodiment, the
storage subsystem comprises a CompactFlash connector
using a PATA signal interface along with a SATA connector
and signal interface in a single product in an industry standard
CompactFlash form factor. In another such embodiment, the
storage subsystem may comprise a CompactFlash connector
and PATA signal interface along with an IEEE-1394 connec-
tor and interface in an industry standard CompactFlash form
factor. Other embodiments using a CompactFlash form factor
may alternatively or additionally include a USB connector
and signal interface.
[0058] Other embodiments of storage subsystem 100 may
comprise a PC Card form factor storage solution comprising
non-volatile memory devices, volatile memory devices, or an
electro -mechanical hard disk drive. In this embodiment, the
storage subsystem 100 may comprise a PC Card connector
using a PATA signal interface and a SATA connector and
signal interface in a single product in an industry standard PC
Card form factor. Other such embodiments may alternatively
or additionally comprise an IEEE-1394 connector and signal
interface or a USB connector and signal interface.
[0059] In other embodiments, storage subsystem 100 may
comprise another form factor storage solution, such as a hard
disk form factor (e.g. 3.5", 2.5", 1.8", etc.) storage solution, a
custom form factor storage solution, or some other form
factor storage solution. Connectors and signal interfaces uti-
lized in a given embodiment of storage subsystem 100 may be
adapted to comprise some combination of signal interfaces
such as PATA, SATA, R5232/423, PCMCIA, USB, Firewire
(IEEE-1394), FibreChannel, PCI Express bus, or any wire-
less interface. In further embodiments, other combinations
and greater numbers of signal interfaces and controllers may
be used within a single storage subsystem.
[0060] In some embodiments, the storage subsystem 100
may, for example, be a solid-state memory card that connects
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to an interface of each host system 110 and 111 with at least
one of the following card specifications: CompactFlash,
PCMCIA, SmartMedia, MultiMediaCard, SecureDigital,
Memory Stick, ATAIATAPI. The storage subsystem 100 may,
for example, have a housing and signal interfaces that comply
with one of the following specifications: sub 1 inch hard disk
drive, 1.8 inch hard disk drive, 2.5 inch hard disk drive and 3.5
inch hard disk drive. A custom form factor and/or signal
interface may alternatively be used.
[0061] While certain embodiments of the inventions have
been described, these embodiments have been presented by
way of example only, and are not intended to limit the scope
of the inventions. Indeed, the novel methods and systems
described herein may be embodied in a variety of other forms.
Furthermore, various omissions, substitutions and changes in
the form of the methods and systems described herein may be
made without departing from the spirit of the inventions. The
accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the
scope and spirit of the inventions.

What is claimed is:
1. A memory card, comprising:
• card housing which houses a non-volatile memory and

controller circuitry; and
• first external connector corresponding to a first signal

interface and a second external connector corresponding
to second signal interface, said first and second external
connectors enabling multiple host systems to connect to
and use the memory card simultaneously using different
respective bus structures;

wherein the controller circuitry is capable concurrently
receiving memory access commands via the first and
second external connectors using the first and second
bus structures, and is additionally capable of prioritizing
the received memory access commands such that
memory access commands received via one of the two
external connectors are given priority over memory
access commands received via the other external con-
nector.

2. The memory card of claim 1, wherein the controller
circuitry implements a command that enables a host system to
specify how the memory access commands received via the
first and second external connectors are to be prioritized
relative to each other.

3. The memory card of claim 1, wherein the controller
circuitry is capable of partitioning the non-volatile memory
such that a first partition is allocated to the first external
connector and the second partition is allocated to the second
external connector.

4. The memory card of claim 1, wherein the card housing
has a CompactFlash form factor.

5. The memory card of claim 4, wherein the first external
connector is a CompactFlash connector and the second con-
nector is a Serial ATA connector.

6. The memory card of claim 5, wherein the CompactFlash
and Serial ATA connectors are positioned along opposite
edges of the card housing so that the Serial ATA connector is
accessible when the memory card is plugged into a Compact-
Flash card slot.

7. The memory card of claim 5, wherein the controller
circuitry is configured to use a parallel ATA signal interface to
receive and process commands via the CompactFlash con-

nector, and is configured to use a Serial ATA signal interface
to receive and process commands via the Serial ATA connec-
tor.

8. The memory card of claim 1, wherein the card housing
has a PC Card form factor, and the first external connector is
a PC Card connector.

9. The memory card of claim 8, wherein the PC Card
connector and the second external connector are provided
along opposite edges of the card housing, such that the second
external connector is accessible when the memory card is
plugged into a standard PC Card slot.

10. The memory card of claim 8, wherein the second exter-
nal connector is a mini USB connector.

11. The memory card of claim 10, further comprising an
external FireWire connector coupled to the controller cir-
cuitry, wherein the controller circuitry is capable of concur-
rently receiving memory access commands over the PC Card,
mini USB and FireWire external connectors concurrently.

12. A storage subsystem, comprising:
a memory configured to store data;
at least one priority control parameter stored in the

memory;
• first controller connected to a first physical connector of

a first type and configured to process memory access
commands received over the first physical connector
according to a signal interface of a first type;

• second controller connected to a second physical connec-
tor of a second type and configured to process memory
access commands received over the second physical
connector according to a signal interface of a second
type; and

• data arbiter connected to the first and second controllers
and to the memory, the data arbiter configured to receive
• first set of processed data from the first controller and
• second set of processed data from the second control-
ler, the data arbiter further configured to transmit the first
and second sets of processed data according to a priority
order, wherein the priority order is based at least in part
on the at least one priority control parameter.

13. The storage subsystem of claim 12, wherein the
memory is a non-volatile memory.

14. The storage subsystem of claim 12, wherein the
memory comprises at least one memory device, and wherein
the at least one memory device comprises at least one of: a
flash integrated circuit, a GRAM device, a PC-RAM device,
a PMC-RAM, an OUM, an RRAM device, a NAND memory
device, a NOR memory device, an EEPROM device, an
FeRAM device, and a magnetic storage device.

15. The storage subsystem of claim 12, wherein the at least
one priority control parameter indicates that the first set of
processed data is ranked ahead of the second set of processed
data in the priority order.

16. The storage subsystem of claim 12, wherein the first
type signal interface is a PATA signal interface and the first
type physical connector comprises one of: a PC Card connec-
tor, a SmartCard adapter, and a CompactFlash adapter.

17. The storage subsystem of claim 12, wherein the first
and second type signal interfaces correspond to different
types of signal interfaces, and wherein the first and second
type physical connectors correspond to different type physi-
cal connectors.

18. The storage subsystem of claim 12, wherein the first
physical connector is a CompactFlash card connector.
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19. The storage subsystem of claim 18, wherein the second
physical connector comprises one of a USB series A connec-
tor receptacle, a USB series B receptacle, a USB mini-A
receptacle, a USB mini-B receptacle, and a Micro USB con-
nector.

20. The storage subsystem of claim 18, wherein the second
physical connector is an SATA connector.

21. The storage subsystem of claim 18, wherein the second
physical connector comprises one of a four-pin FireWire
connector receptacle, a six-pin FireWire connector recep-
tacle, and a nine-pin FireWire connector receptacle.

22. The storage subsystem of claim 12, wherein the first
physical connector is a PC Card connector.

23. The storage subsystem of claim 22, wherein the second
physical connector comprises one of a USB connector, a
FireWire connector, and an SATA connector.

24. The storage subsystem of claim 12, further comprising:
a third controller connected to a third physical connector of

a third type and configured to process memory access
commands received over the third physical connector
according to a signal interface of a third type; and

the data arbiter additionally connected to the third control-
ler and configured to receive the third set of processed
data from the third controller, the data arbiter further
configured to transmit the first, second, and third sets of
processed data according to the priority order.

25. The storage subsystem of claim 24, wherein the first
type physical connector comprises a USB connector, the sec-
ond type physical connector comprises a FireWire connector,
and the third type physical connector comprises a card-type
connector, and wherein the first type signal interface corre-
sponds to a USB signal interface, the second type signal
interface corresponds to a FireWire signal interface, and the
third type signal interface corresponds to an IDE signal inter-
face; and

wherein the storage subsystem is configured to substan-
tially adhere to a PC Card form factor.

26. A method of handling multiple data requests performed
by a data arbiter of storage subsystem having a portable card
type form factor and including a plurality of physical connec-
tors connected to a plurality of controllers, the data arbiter
connected to the plurality of controllers and a memory, the
method comprising:

receiving a first data request from a first one of the plurality
of controllers;

determining if a second data request has been received
from a second one of the plurality of controllers;

processing the first data request when the second data
request has not been received;

determining if the first data request should be processed
before the second data request when the second data
request has been received, the determination based at
least in part on at least one priority control parameter;

transmitting a busy signal to the first one of the plurality of
controllers when it is determined that the second data
request should be processed before the first data request;
and

processing the first data request when it is determined that
the first data request should be processed before the
second data request.

27. The method of claim 26, wherein the first data request
comprises one of: a request to write data to the memory, a
request to read data from the memory, and a request to erase
a portion of the memory.

28. The method of claim 27, wherein the second data
request comprises one of: a request to write data to the
memory, a request to read data from the memory, and a
request to erase a portion of the memory.

29. The method of claim 26, further comprising:
generating the first data request from a first type data signal

received by the controller from a first host system; and
generating the second data request from a second type data

signal received by the controller from a second host
system.

30. The method of claim 29, wherein the first type data
signal corresponds to a signal interface selected from: a USB
signal interface, a FireWire signal interface, an IDE signal
interface, and an SATA signal interface.

31. The method of claim 29, wherein the second type data
signal corresponds to a signal interface selected from: a USB
signal interface, a FireWire signal interface, an IDE signal
interface, and an SATA signal interface.

32. The method of claim 26, further comprising:
processing the second data request when it is determined

that the second data request should be processed before
the first data request.

33. The method of claim 32, further comprising:
determining if a new data request should be processed

before the first data request based at least in part on the
at least one priority control parameter.

34. The method of claim 33, further comprising:
terminating the busy signal and processing the first data

request when it is determined that the new data request
should not be processed before the first data request.

35. A storage subsystem configured to receive a plurality of
data signals from one or more host systems utilizing a plural-
ity of signal interfaces, the storage subsystem comprising:

a non-volatile storage configured to store data, the non-
volatile storage comprising an unprotected access area
and a restricted access area;

at least one priority control parameters stored in the
restricted access area;

a data arbiter connected to the non-volatile storage;
a USB controller connected to the data arbiter and config-

ured to process a USB data signal received from one of
the one or more host systems, the USB controller further
configured to transmit the processed USB data signal to
the data arbiter, wherein the received USB data signal
corresponds to a non-volatile storage access;

a Firewire controller connected to the data arbiter and
configured to process a FireWire data signal received
from one of the one or more host systems, the FireWire
controller further configured to transmit the processed
FireWire data signal to the data arbiter, wherein the
received FireWire data signal corresponds to a non-
volatile storage access;

an IDE controller connected to the data arbiter and config-
ured to process an IDE data signal received from one of
the one or more host systems, the IDE controller further
configured to transmit the processed IDE data signal to
the data arbiter, wherein the received IDE data signal
corresponds to a non-volatile storage access; and

wherein the data arbiter is configured to access the
restricted area of the non-volatile storage, and wherein
the data arbiter is configured to determine a priority
corresponding to the processed USB, FireWire, and IDE
data signals based at least in part on the at least one
priority control parameters, and wherein the data arbiter
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is configured to transmit one of the processed USB,
FireWire, and IDE data signals to the non-volatile stor-
age based at least in part on the determined priority and
to transmit a busy signal to the two controllers corre-

sponding to the other two of the processed USB,
Fire Wire, and IDE data signals.
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