
;e3exiddetgLXgh6$iTxicoCo s ~ov NON-VOLATILE CACHE INTEGRATED WITH MASS
STORAGE DEVICE FIELD OF THE INVENTION Embodiments of the present invention
relate to data storage. More particularly, embodiments of the present
invention relate to a mass storage device having a non-volatile cache.
BACKGROUND OF THE INVENTION 10 A computer can store data both in a volatile
memory and a non-volatile mass storage device. Examples of volatile memory
include, but are not Limited to, dynamic random access memory (DRAM),
static random access memory (SRAM), Rambus dynamic random access memory
(RDRAM), etc. Examples of a non-volatile mass storage device include, but
are riot limited to; a hard disk drive, a 3.5-inch diskette, a 5.25-inch 15
floppy diskette, a ZIP disk (e.g., manufactured by Iomega Corporation of
Roy, Utah), a Jaz disk (e.g., manufactured by Iomega Corporation), an
LS-120 Superdisk (e.g., manufactured by Imation Corporation of Oakdate,
Minnesota), a rewritable Digital Versatile Disc (DVD-RAM), a Read/Write
Compact Disk (CD-RVi~, a magnetic mass storage device, an optical mass
storage device, a magneto-optical mass storage device, a 20 holographic
storage device, etc. Examples of data stored in a non-volatile memory of a
computer include computer instructions (e.g., an operating system, one or
application programs, etc.) and data that is accessed by computer
instructions. When a volatile memory loses power) the data stored on the
volatile memory is typically lost. Non-volatile mass storage devices, such
as hard disk drives, typically do 1   o ~ ~o~ Q004 not lose the data stored
(hereon when the non-volatile mass storage device loses power (e.g., when
power to the computer is turned off due to a power outage, etc.).
Non-volatile memory, however, generally has significantly greater access
times for retrieval and storage of data as compared to volatile memory.
Non-volatile memory is also typically less 5 expensive per storage unit
(e.g.) per megabyte, per gigabyte, etc.) than certain volatile memory such
as DRAM, SRAM) RDRAM, etc. In addition to volatile memory and non-volatile
memory, a computer typically includes a processor that can perform
operations based on instructions and data Instructions and data to be
operated on by the processor can be copied from the slower, 10 non-volatile
mass storage device (e.g., a hard disk drive, etc.) to the faster) volatile
memory (e.g., a DRAM main memory, an SRAM cache, etc.) because the faster,
volatile memory typically has a significantly lesser memory access time
than the non-volatile mass storage device. Processor performance and
computer performance can be enhanced when memory access times are reduced.
15 Because the memory access time for a non-volatile mass storage device
(e.g., disk 



drive) is generally greater than the memory access time for the volatile
memory (e:g., DRAM main memory, SRAM cache, etc.), the non-volatile mass
storage device is often a performance bottleneck. Known disk drives include
a volatile cache (e.g., a DRAM cache, an SRAM cache), but such volatile
caches are typically part of the disk drive's 20 microcontoller's main
memory address space and thereby byte addressed. In view of the foregoing,
it can be appreciated that a substantial need exists for methods and
apparatus which can enhance computer system performance. -2   0 8 ~aV 200k
BRIEF DESCRIPTION OF THE DRAWINGS FIG.1 shows an illustration a computer
system in accordance with an embodiment of the present invention. FIG. 2
shows an illustration of the organization of a non-volatile cache in 5
accordance with an embodiment of the present invention. FIG. 3 shows a
method in accordance with an embodiment of the present invention. FIG. 4
shows a method in accordance with an embodiment of the present invention.
10 DETAILED DESCRIPTION According to an embodiment of the present
invention; a non-volatile mass storage device includes a non volatile
cache. The non-volatile cache can store information that is written to, or
can be read from, the main mass storage medium of the non-volatile mass 15
storage device. The non-volatile cache can have a lesser access time with
respect to a data read as compared to the access time of a data read from
the main mass storage medium of the non-volatile mass storage device. A
computer system incorporating an embodiment of the present invention can
have increased system performance when data stored on the nonvolatile mass
storage device is read from the non-volatile cache instead of from the main
20 mass storage medium of the non-volatile mass storage device. FIG.1 shows
an illustration a computer system ("computer") in accordance with an
embodiment of the present invention. Computer 110 can include a processor
120 coupled to a memory 130. The term "coupled" encompasses a direct
connection, an indirect connection, a direct communication, an indirect
communication, etc. Processor _3_   



os~o~~ ~ 120 can be, for example, a Pentium III processor manufactured by
Intel Corporation of Santa Clare, California, an application specific
integrated circuit (ASIC), a microcontroller, etc. Memory I30 encompasses
devices that store digital information such as DRAM) RDRAM, SRAM; read only
memory (ROM), flash memory, etc. In another 5 embodiment, a system bus can
provide a communication path between the processor 120 and system
components. The system bus can be a Peripheral Component,Interconnect (PCn
bus, an Extended Industry Standard Architecture Bus (EISA), etc. In an
embodiment, a chipset can be coupled to, and manages interaction between,
the processor 120 and other system components, such as the memory 130, mass
storage 10 device 140, peripheral components attached to an expansion bus,
etc. The term chipset encompasses a group of one or more integrated circuit
chips that acts as a hub (or core) to transfer data between the processor
and other system components. Examples of a chipset include the 820 and 810E
chipsets made by Intel Corporation. A chipset can be a single integrated
circuit chip or can comprise two or more integrated circuit chips. A
chipset can 15 include a memory control hub. In an embodiment including a
PCI bus, a memory conhrol hub can perform functionality known as
"northbridge functionality." A chipset can include an input/output
controller hub. In an embodiment including a PCI bus, an input/output
controller hub can perform functionality known as "southbridge
functionality." 20 Processor 120 is also coupled to mass storage device 140
via a communication path 135. In an embodiment, communication path 135 can
be an Integrated Device Electronics (IDE) bus, an Enhanced 117E (FIDE) bus,
an AT Attachment (ATA) bus, etc. In a further embodiment, the communication
path 135 can be an expansion bus such as a -4   A 8 Nab' Z 4 small computer
system interface (SCSI) bus, an IEEE 1394 bus, a Universal Serial Bus
(USB), etc. Examples of mass storage device 140 include a hard disk drive,
a ZIP drive, a daz drive, a CD-RW drive, a DVD-RAM drive, an LS-120
Superdisk drive, a magnetic storage device, an optical storage device, a
magneto-optical storage device, a holographic storage device, etc. An
example of a hard disk drive is the Cheetah 18XI. hard disk drive
manufactured by Seagate Technology Inc. of Scoffs Valley, California. Mass
storage device 140 can include a mass storage device controller 141, a main
mass storage medium 148, and a non-volatile cache 149. The mass storage
device 10 controller 141 can include a microcontroller 142, a memory 143,
interface logic 144, main mass storage medium ECC (error control and
checking) logic 145, and non-volatile cache ECC logic 146. In another
embodiment of the present invention, mass storage device controller 141 can
include one or more ASICs implementing functions to operate mass storage
device 140 (e.g., a first ASIC incorporating a processor, a memory and
interface 15 logic and a second ASIC implementing ECC logic, etc.):
Microcontroller 142 can execute instructions stored in memory 143 to
control the operations of mass storage device 140 (e.g., memory 143 can
include read only memory that stores program instructions to initialize and
operate mass storage device 140 upon power up, memory l43 can store
instructions to perform reads of data from mass storage 20 device 140,
memory 143 can store instructions to control formatting of andlor writing
data 



to mass storage device 140, etc.). The memory 143 can also include a buffer
(e.g.) a volatile memory buffer, etc.) that can temporarily hold data that
is being written to, or read fiom, mass storage device 140. -5   0 8 00~ ~
Microcontroller 142 and interface logic 144 can process requests from
processor 120 to read data from, or write data to, mass storage device 140.
In an embodiment, mass storage device 140 is a hard disk drive and
interface logic 144 can be IDE interface logic, EIRE interface logic; ATA
interface logic; SCSI interface logic, Fibre Channel interface logic,
InfmiBand interface logic, etc. In another embodiment, mass storage device
140 is a CD-RW drive or a DVD-RAM drive and intet~face logic 144 is ATA
Packet Interface (ATAPn Logic. The term "logic" encompasses hardware,
firmware, software, a combination thereof, etc. In an embodiment, the mass
storage device 140 is a hard disk drive, and the main 10 mass storage
medium 148 includes one or more platters. Each platter can have one or more
recordable surfaces, and each recordable surface can be read/written by a
particular read/write head. Each surface can be divided into a plurality of
tracks; and each track can be divided into a plurality of physical sectors.
When a hard disk drive has a plurality of recordable surfaces, the
collection of all the tracks at the same radial location on all 15
recordable surfaces is called a cylinder. The location of each physical
sector of a hard disk drive can be specified by a physical address
specifying the cylinder, head (surface); and physical sector. In an
embodiment, when a processor requests data from a hard drive, the request
does not specify the physical address of the data but rather the logical
address of the data. 20 Logical addresses of hard disk data can include
logical sector addresses, logical block addresses, etc. When a hard disk
drive is formatted, the hard disk drive controller of the hard disk drive
can organize all of physical sectors into logical sectors (e.g.) assigning
each physical sector a logical sector address, etc.), and a mapping
algorithm can map each logical sector address to a particular physical
address. When read/write requests to a hard -6    8 IOU 2ap4 disk drive
specify a logical sector address, the hard disk drive can be considered
sector oriented (i.e., sector addressable). A hard disk drive controller
can also map collections of physical sectors into particular logical block
addresses. When read/write requests to a hard disk drive specify a logical
block address, the hard disk drive can be considered block-oriented (i.e.,
block addressable). Non-volatile cache 149 can cache data that is typically
stored on main mass storage medium 148. Non-volatile cache I49. can cache
data read from, and written to, main mass 



storage medium 148. Non-volatile cache 149 can have a faster access time as
compared to the access time of main mass storage medium.148. Accordingly,
data reads &om, and data 10 writes to, mass storage device 140 can be
completed faster as compared to data read/writes to main mass storage
medium 148. 1n an embodiment, data read/writes to non-volatile cache 149
require less power as compared to data read/wcites. Write-back algorithms
(i.e., write backs from the non-volatile cache 149 to the main mass storage
medium 148) can be implemented to increase cache performance. In another
embodiment, write-through 15 caching is implemented. Non-volatile cache 149
can store a duplicate copy of frequently used mass storage device data and
provide reduced access times for that frequently used data. In an
embodiment, when data is read from main mass storage medium 148 and sent
over communications path 135, a copy of the data can be stored in
non-volatile cache 149: 20 When data is sent to mass storage device 140
over communications path 135 to be stored, the data can be written to
non-volatile cache 149 and written to main mass storage medium 148
according to a write-back algorithm, a write-through protocol, etc. Because
the nonvolatile cache 149 is a non-volatile memory, the data saved in the
non-volatile cache is typically not lost when the power (e.g., power to the
mass storage device 140, power to the -7- .   0 8 NOV Zpp4 computer 110,
etc.) is turned off. Non-volatile cache 149 can be any type of memory that
can be read from/written to and retain its data when power extental to the
non-volatile cache 149 is removed or turned off. Non-volatile cache 149 can
be, for example, a flash memory, a battery backed-up DRAM, a battery
backed-up SRAM, an atomic force probe memory, a magnetic RAM, a
ferro-electric RAM, a holographic memory, a storage array, etc. In an
embodiment, reads from non-volatile cache 149 can be destructive reads.
Non-volatile cache 149 can be a block-oriented cache where data is accessed
(e.g., written, read, etc.) in logical blocks. For example, when mass
storage device 140 receives a data request (e.g., a data request to 10 read
data from mass storage device I40 onto communications path 135, a
datarequest to write data to the mass storage device 140 from
communications path 135,, etc.), the data request can contain an address
that is a logical block address, a logical sector address, etc. In an
embodiment of the present invention; each of the data entries stored in
non-volatile cache 149 corresponds to data stored at a logical address of
main mass storage medium 15 148. 1n an embodiment in which mass storage
device 140 is a hard disk drive, a nonvolatile cache 149 can increase
system perform because data reads/writes from the nonvolatile cache 149 do
not require the warm-up time incidental in writing/reading data from bard
disk drive platters (e.g., spinning the platters up to operational speed,
positioning 20 read/write heads, etc.). For example, the time required for
system boot-up of computer 110 can be reduced when boot-up information
(e.g., operating system data, device drivers, application data, etc.) is
read from a non-volatile cache 149 as opposed to hard disk drive platters.
Keystroke/mouseclick latency experienced by a user of computer 110 can also
be reduced: _g_   Q ~ ~QV 204 



In an embodiment, cache management instructions can manage data reads
from/writes to non-volatile cache 149. The cache management instructions
can be stored in memory 143, can be part of a mass storage device driver,
etc. Cache management instructions can make decisions regarding what data
can be cached, what data can be 5 evicted $om the cache, what Vita can be
written back to the main mass storage medium, when data write-backs occur,
etc. Cache management instructions can also determine what data can be
pre-fetched into the non-volatile cache 149. Cache management
determinations, such as whether certain data should be cached in
non-volatile cache 149, can be made using known cache management
algorithms. For example, when a cache 10 management algorithm determines
that there is a low likelihood that the data read from mass storage device
140 will be read again in the near future (e.g., the data is part of an MP3
audio file, part of a WAV file, part of an AVI file, part of a streaming
data file, etc.), then the data need not be cached. In addition, when it
becomes advantageous to write data from non-volatile cache 149 to main mass
storage medium 148, cache management 15 instructions can determine which
data to write back using, for example, a least recently used (LRLI)
algorithm, a random replacement algorithm, etc. In an embodiment, a mass
storage device driver for the mass storage device 140 can be a typical mass
storage device driver (e.g., ATAPLSYS in a WIN98 environment, etc.), and
the cache management instructions can be stored in memory 143. In such an
20 embodiment, the existence of non-volatile cache can be transparent to
the operating system. In a further embodiment) the cache management
instructions can be part of cache management logic of mass storage device
controller 141. Data read from main mass storage medium 148 can be
processed by main mass storage medium ECC logic 145, and data read from
non-volatile cache 149 can be -9- .   0 0 0~ 200 processed by non-volatile
cache ECC logic 146. Each of main mass storage medium ECC logic 145 and
non-volatile cache ECC logic 146 can detect errors at the bit or multi-bit
level and correct the errors as the data is being sent to communications
path 135. FIG. 2 shows an illustration of the organization of a
non-volatile cache in accordance with an embodiment of the present
invention. A non-volatile cache 200 (e.g., non-volatile cache 149 of FIG.1)
may store a plurality of cache entries 205. Each cache entry 205 can
include a table entry field 210 and a data entry 220. Data entry 220 can
include a valid field 222, a modified field 224, an address field 226, a
data field 228) and an ECC field 229. 10 ' The table entry field 210 of a
cache entry 205 can correspond to tag/index information for each data entry
220 of the cache entry 205. The plurality of table entry fields 210 can
comprise a cache directory table 215, and the cache directory can be
accessed to determine whether a specific set of data of a mass storage
device (e.g., a disk sector of a hard disk drive, a logical block of a hard
disk drive, etc.) is present in the non 15 volatile cache. In an
embodiment, the table entry field 210 of a cache entry 205 can store an
address (e.g., a logical sector address, a logic block address, etc.) of
the data entry 220 of the cache entry 205. To determine whether a specific
set of data of a mass storage device is present in a non-volatile cache,
the cache directory table 215 can be searched using, for example, a known
search algorithm. Alternatively, the cache directory can be 20 sorted using
a hashing algorithm. In an embodiment where the mass storage device is a
hard disk drive, the presence of a requested disk sector in a non-volatile
cache can be confirmed by comparing the sector address of the requested
disk against the sector addresses stored in the cache directory table 215.
In an embodiment, a non-volatile cache -10   a 0 ~~~ 2Q04 can be a fully
associative cache. In another embodiment, a non-volatile cache can be a set



associative cache. In an embodiment, each of the cache entries 205 stored
in a non-volatile cache of a mass storage device corresponds to a logical
block of a mass storage device. In another 5 embodiment, each of the cache
entries 205 stored in a non-volatile cache of a mass storage device
corresponds to a sector (e.g., a physical sector, a logical sector) of a
mass storage device. In an embodiment that has 2,000,000 cache entries 205
in a non-volatile cache, there are 2,000,000 table entries in the cache
directory table 215. 1n this embodiment, 10 each table entry of the cache
directory table 215 can be four bytes long, and the cache directory table
215 can use eight megabytes of non-volatile memory. 'fhe size of a cache
directory table 215 can be reduced (and thus the speed of the average cache
access increased) by including a block of multiple disk sectors in each
cache entry. In an embodiment, a data entry 220 of a cache entry 205 may
have a valid field 15 222, a modified field224, an address field 226, a
data field 228, and an ECC field 229. Valid field 222 may be set to "valid"
(e.g., one of a logical one and a logical zero, etc.) when cache entry 205
contains valid data and may be set to "invalid" (e.g., the other of a
logical one and a logical zero, etc.) when cache entry 205 does not contain
valid data. For example, when data is evicted from the non-volatile cache
to allow other data to be cached 20 in the non-volatile cache, the valid
fields of the evicted data entries can be changed $om "valid" to "invalid"
to signify that such cache entries no longer store cached data. Modified
field 224 can be set to "modified" if the data in cache entry 205 is not
identical to the data stored in the corresponding location on the main mass
storage medium of the mass storage device. For example, and referring to
FIGS. 1 and 2, when data -11   0 8 NOV 2Q04 corresponding to a logical
address of the mass storage device 140 is written back to the mass storage
device 140 and stored in the non-volatile cache 149, and that data was
modified after having been read from the main mass storage medium 140, then
the modified field 224 for the non-volatile cache entry 205 can be set to
"modified" to indicate 5 that the copy of the data corresponding to that
logical address stored in the non-volatile cache 149 is different than the
data corresponding to that logical address stored on the main mass storage
medium 148. Modified field 224 can be referred to as a "dirty bit" and can
be cleared when the data is successfully written-back to the main mass
storage medium 148 and retained in the non-volatile cache '149. 10 Address
field 226 can contain the address (e.g., logical address, physical address)
for the data stored in the cache entry 205. In an embodiment in which the
mass storage device is a hard disk drive, the address field 226 can store
the sector address and can be referred to as a "sector identifier." In such
an embodiment where logical blocks of data are cached in the non-volatile
cache (e.g., each logical block corresponding to a plurality 15 of
sectors), address field 226 can contain the starting sector address of the
logical block where each logical block has a known fixed size. Data field
228 can store the data of cache entry 205. In an embodiment in which the
mass storage device is a hard disk drive, data field 228 can contain a disk
sector of data (e.g., 512 bytes), a logical block of data, etc. ECC field
229 can stores error connecting 20 codes for the data of the cache entry
205. In an embodiment, each logical block of data is associated with an
error correcting code. 



FIG. 3 shows a method in accordance with an embodiment of the present
invention. In an embodiment of the present invention, a mass storage device
receives a request for data (e.g., a request from processor 120, a request
from an operating system of -12   o ~ ~dQlf 2Q0 computer 110, a request
from an application being executed on computer 110, etc.) (box 310).
Whether the requested data is stored in a non-volatile cache of the mass
storage device is determined (box 320). In one embodiment, the request for
data includes an address, and that address is used to generate a cache hit
or cache miss indication. In 5 another embodiment; a cache directory
includes addresses of the data cached in the nonvolatile cache, and an
indication that the requested data is cached in the non-volatile cache can
be generated based on the cache directory and the address of the requested
data. When the requested data is stored in the non-volatile cache, the data
is read from the nonvplatile cache (box 330), error checking and correction
can be performed upon the read 10 data (box 335), and the data can be sent
from the mass storage device (box 340). When the requested data is not
stored in the non-volatile cache, the data can be read from a main mass
storage medium of the mass storage device ((box 360), error checking and
correction can be performed upon the read data (box 365), the data can be
sent from the mass storage device (box 370), and the data can be written to
the non-volatile cache (box 375). 15 FIG. 4 shows a method in accordance
with an embodiment of the present invention. A request to store data in
non-volatile mass storage device is received (box 410). For example, a user
editing a document in a word processing program can instruct the word
processing program to save the document. As another example, the word
processing program can include an auto save feature that causes the
document to be saved 20 periodically. As another example, an operating
system can instruct that data stored in main memory (e.g., DRAM) be stored
to a hard disk drive or other non-volatile memory (e.g., to free up room in
the main memory for other data, etc.). A determination can be made whether
the data is to be stored in a non-volatile cache (box 420). When a
determination is made to store the data in the non-volatile cache, the data
can be stored in -13   0 ~ 00~ 204 the non-volatile cache (box 430). In an
embodiment, storing data in the non-volatile cache includes updating a
cache directory table of the non-volatile cache (box 440). When a
determination is made not to store the data in the non-volatile cache, the
data can'be stored in the main mass storage medium of the non-volatile mass
storage device (box 450). 5 In accordance with an embodiment ofthe present
invention, instructions adapted to be executed by a processor to perform a
method are stored on a computer-readable medium. The computer-readable
medium can be a device that stores digital information. For example, a
computer-readable medium includes a ROM as is known in the art for storing
software and/or firmware (e:g., microcode). The computer-readable medium
can 10 be accessed by a processor suitable for executing instructions
adapted to be executed. The term "adapted to be executed" is meant to
encompass any instructions that are ready to be executed in their present
form (e.g., machine code) by a processor, or require further manipulation
(e.g., compilation, decryption, or provided with an access code, etc.) to
be ready to be executed by a processor: I S Methods and apparatus in
accordance with embodiments of the present invention can advantageously
cache data read &om, or written to, a mass storage device in a non volatile
cache. The non-volatile cache can retain its data even when external power
to the non-volatile cache and the mass storage device is fumed off.
Embodiments of the present invention can reduce the access time for data
read from, or written to, a mass storage 20 device and thereby increase
system performance of a system having a mass storage device. Embodiments of
methods and apparatus to store data in a non-volatile cache of a 



mass storage device have been described. In the foregoing description, for
purposes of explanation, numerous specific details are set forth to provide
a thorough understanding of the present invention. It will be appreciated,
however, by one skilled in the art that the -14   o ~ ~~~v z present
invention may be practiced without these specific details. In other
instances, structures and devices are shown in block diagram form.
Furthermore, one skilled in the art can readily appreciate that the
specific sequences in which methods are presented and performed are
illustrative and it is contemplated that the sequences can be varied and
still 5 remain within the spirit and scope of the present invention. In the
foregoing detailed description, apparatus and methods in accordance with
embodiments of the present invention have been described with reference to
specific exemplary embodiments. Accordingly, the present specification and
figures are to be regarded as illustrative rather than restrictive. 10 -IS
0 8 ~0~' 2p8 WHAT IS CLAIMED IS: I. An apparatus to store data, the
apparatus comprising a non-volatile mass storage 5 device including a
non-volatile cache. 2. The apparatus of claim 1, wherein the non-volatile
mass storage device is block oriented and the non-volatile cache is block
oriented. 3. The apparatus of claim 1, wherein the non-volatile mass
storage device is sector oriented and the non-volatile cache is
sector-oriented. 10 4. The apparatus of claim 1, wherein the non-volatile
mass storage device is a hard disk drive. 5. The apparatus of claim 1,
wherein the non-volatile mass storage device includes a main mass storage
medium having a first non-volatile. storage medium, the non-volatile cache
includes a second non-volatile storage medium, the first non-volatile
storage 15 medium being a different type of non-volatile storage medium
than the second non 



volatile storage medium. 6. The apparatus of claim 5, wherein the main mass
storage medium includes a platter having a recordable surface to store
data. -16   o a ~o~ ~oo~ 7. The apparatus of claim 5, further comprising:
first error correction logic to process data read from the main mass
storage medium; and second error correction logic to process data read
li'om the non-volatile cache. 5 8. T9ie apparatus of claim 1, wherein the
non-volatile cache includes a non-volatile storage array. 9. A computer
system comprising: a processor; a memory coupled to the processor; and 10 a
non-volatile mass storage device coupled to the processor, the non-volatile
mass storage device having a main mass storage medium, and a non-volatile
cache coupled to the main mass storage medium.. 10. The computer system of
claim 9) wherein the main mass storage medium includes 15 a first
non-volatile storage medium, the non-volatile cache includes a second
non-volatile storage medium, the first non-volatile storage medium being a
different type of non volatile storage medium than the second non-volatile
storage medium. 11. The computer system of claim 9, wherein the
non-volatile mass storage device is block-oriented and the non-volatile
cache is block-oriented. _1~_   08 NOV 4 



12. The computer system of claim 9; wherein the non-volatile mass storage
device is sector-oriented and the non-volatile cache is sector-oriented.
13. The computer system of claim 9, wherein the first non-volatile storage
medium is a recordable medium selected from the group consisting of a
magnetic recordable medium, 5 an optical recordable medium, and a
magneto-optical recordable medium. 14. The computer system of claim 9,
wherein the second non-volatile storage medium is a storage medium selected
from the group consisting of battery-powered dynamic random access memory,
battery-powered static random access memory, flash memory, atomic probe
storage memory, ferro-electric memory, and holographic memory. 10 15. A
method of processing a request for data, the method comprising: receiving a
request for a first set of data stored in a non-volatile mass storage
device; determining that the first set of data is stored in a non-volatile
cache of the non volatile mass storage device; 15 reading the first set of
data from the non-volatile cache; and sending the first set of data. -18
~ ~OV 2Q04 16. The method of claim 15, wherein: reading the first set of
data from the non-volatile cache includes performing error correction on a
subset of the fast set of data; and sending the data read from the
non-volatile cache includes sending the error 5 corrected subset of the
first set of data. 17. The method of claim 16, further comprising:
receiving a request for a second set of data stored in the non-volatile
mass storage device; determining that the second set of data is not stored
in a non-volatile cache of the 10 non-volatile mass storage device; 



reading the second set of data from a main mass storage medium of the non
volatile mass storage device; writing the second set of data to the
non-volatile cache; and sending the second set of data. 15 - 18. The method
of claim 15, wherein the request for a first set of data is a block
oriented request. 19. The method of claim 15, wherein the request for a
first set of data is a sector oriented request. 20 -19   8 NOV 2004 20. A
disk cache comprising a Ferro-electric random access memory to cache data
for a disk drive, wherein the size of the Ferro-electric random access
memory is at least .5 gigabytes. 5 21. The disk cache of claim 20, wherein
the Ferro-electric random access memory is block oriented. 22. The disk
cache of claim 21, wherein the disk cache further comprises l0 logic to
check error correcting codes associated with data stored in the
Ferro-electric random access memory to correct errors that may occur when
reading data from the Ferro-electric random access memory. 23. The disk
cache of claim 20, wherein the disk cache includes 15 instructions to
determine if data that was requested from a mass storage device is stored
on the Ferro-electric random access memory and, if so, to provide the data
from the Ferro-electric random access memory instead of the mass storage
device. 24. A mass storage device, comprising: 20 a main non-volatile mass
storage medium; and a Ferro-electric random access memory to cache data for
the main non-volatile mass storage medium, wherein the size of the
Ferro-electric random access memory is at least .5 gigabytes. 25 25. The
mass storage device of claim 24, wherein the main non-volatile mass storage
medium and the Ferro-electric random access memory are integrated into a
mass storage device. 26. The mass storage device of claim 25, wherein the
Ferro-electric random 3o access memory is block oriented. 



27. The mass storage device of claim 26, wherein the mass storage device
further comprises a mass storage device controller. 35 -20   8 NOV 2004 28.
The mass storage device of claim 27, wherein the mass storage device
controller comprises logic to check error correcting codes associated with
data stored in the ferro-electric random access memory to correct errors
that may occur when reading data from the ferro-electric random access
memory. 5 29. The mass storage device of claim 28, wherein the mass storage
device controller further comprises logic to determine if data that was
requested from the mass storage device is stored on the ferro-electric
random access memory and, if so, to provide the data from the
ferro-electric random access memory. 10 30. The mass storage device of
claim 24, wherein the mass storage device further comprises logic to
control the main non-volatile mass storage medium and the ferro-electric
random access memory. 15 31. A system comprising: a chipset to manage
interaction between a processor and other system components; a disk drive
coupled to the chipset; and a non-volatile disk cache coupled to the
chipset, the non-volatile disk cache 20 comprising a ferro-electric random
access memory to cache data for the disk drive, wherein the size of the
ferro-electric random access memory is at least .5 gigabytes. 32. The
system of claim 31, wherein the non-volatile disk cache is integrally
coupled to the disk drive. 25 33. The system of claim 32, wherein the
non-volatile disk cache is block oriented. 34. The system of claim 33,
wherein the non-volatile disk cache includes 30 logic to check error
correcting codes associated with data stored in the non-volatile disk cache
to correct errors that may occur when reading data from the non-volatile
disk cache. 35 -21   8 NOV 2004 35. The system of claim 31, wherein the
disk drive contains a disk drive 



controller to control the disk drive and the non-volatile disk cache. 36.
The system of claim 35, wherein the non-volatile disk cache further 5
comprises logic to determine if data that was requested from the disk drive
is stored on the non-volatile disk cache and, if so, to provide the data
from the non-volatile disk cache instead of the disk drive. 37. The system
of claim 36, wherein reads from the ferro-electric memory 10 are
destructive reads. 38. A method of reading a block of data associated with
a disk memory, the method comprising: receiving a request to read a block
of data from a disk memory; 15 determining whether the requested block of
data is cached in a ferro-electric random access memory, wherein the size
of the ferro-electric random access memory is at least .5 gigabytes; and
reading the requested block of data from the ferro-electric random access
memory instead of from the disk memory when said data is cached on the
ferro 2o electric random access memory. 39. The method of claim 38, wherein
said determining comprises checking a cache directory table stored on the
ferro-electric random access memory. 25 40. The method of claim 38, further
comxpising: reading the requested block of data from the disk memory if
said block of data is not cached on the ferro-electric random access
memory. 41. The method of claim 40, wherein said reading data from the disk
3o memory further includes storing said data to the fetro-electric random
access memory. 42. The method of claim 41, wherein the method further
comprises storing said data to a second random access memory. -22   8 NOV
2004 43. The method of claim 42, wherein said reading data from the disk
memory further includes updating a cache directory table on the
ferro-electric random access memory. 



5 44. A disk cache comprising a non-volatile ferro-electric random access
memory to cache data for a disk drive, wherein the size of the
ferro-electric random access memory is at least .5 gigabytes. 45. The disk
cache of claim 44, wherein the ferro-electric random access 10 memory is
block oriented. 46. The disk cache of claim 45, wherein the disk cache
further comprises logic to check error correcting codes associated with
data stored in the ferro-electric random access memory to correct errors
that may occur when reading data from the 15 ferro-electric random access
memory. 47. The disk cache of claim 44, wherein the disk cache includes
instructions to determine if data that was requested from a mass storage
device is stored on the ferro-electric random access memory and, if so, to
provide the data from 20 the ferro-electric random access memory instead of
the mass storage device. 48. The disk cache of claim 44, wherein the
ferro-electric memory stores a cache directory table. - 23  .Aui.A.AF8 .AXO
.A .A2 .A.A; .A.Aqv.A#><.Ac;@ .A.A.Av.AY.A>.A.AX.A.A.A.A8?V$'sldXG
+z|wrmgb\W]ca]c^a]c"aU]c"a]ca]ca]ca]ca]ca]c0a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]caU]ca]c^a]ca]ca]ca]c^aU]caU]ca]c0aU]c0a
z`k%6%v$-wdd"krt/|wqlgb]X]]ca]ca]ca]ca]c$aU]c$a]ca]ca]ca]ca]ca]ca]ca]c0a]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca!6| y !
"[""#_##$q$$$$$$'`''!))))=***c,j,r,|wrmhc^Y]]]c"a]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]c$aU]c$a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!r
,w,,0--.].. /d//0q0014111&2{22=4F4H4N4S4(5578P:;
;;zupkfa\VU]c"a]ca]ca]ca]ca]ca]ca]caU]c"a]c"aU]c"a]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]c"a!;
;>?BBBCCCCCHDDD]FFHtHI3JJJ8K@KBKHKKKMKKKLgLL~ysnid_ZU]ca]ca]ca]ca]ca]c$aU]c
$a]c$aU]c$a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]c"a]c"aU]c"a]caU]ca]
ca]ca]ca]ca]c"a!L!M)MxMM+NNN%OtOO=QQRRRSTPVYZZZX^^_`acc#cdd'f|wrlgb]X]c]ca]
ca]ca]c"aU]c"a]ca]ca]ca]ca]ca]ca]c$a]ca]ca]ca]ca]ca]c"aU]c"a]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca!'ffgh^hhihijkjj*k,k5kll*m~mmnnnnn0nno8oRoUooop}
wqlfa[Ulgb]XU]caU]ca]caU]ca]caU]caU]caU]ca
U]c^a]c"aU]c"a]ca]ca]ca]ca]ca]ca]ca]ca]c0aU]c0a]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca p(p}pp(q}qqqrrr
r&r'r+r\rrrrs]slsssst-tMtt<uuu*v{vqlgb]XSlg]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]ca]ca]ca]ca]c2aU]c2a]c2aU]c2a]caU]caU]caU]caU]caU]caU]caU]caU]c
aU]ca *vgvovrvxvvwwxTxxxCyyyy;
zYzzzzzzF{z{{{$|y||||F}d}|wrmhc^Yca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c"
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c"aU]c"a]ca]ca!d}}}~,~~~~
~~@acj
p)MB}xsnid_Zca]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!BE$iZP\_grIenv+^}xsnid_Zca]]]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca!+PT|+<5^}xsnid_Zca]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca8?VfE ,!10%;
;&'()-10%g&'()- XH|J10%&'()-&}10%g&'()-S10%g&'()-l"10%g&'()-$sliK*
'10%&'()- %@10%g&'()- #!10%g&'()- V- 10%g&'()-3P10%g&'()-
f10%g&'()-<10%gj&'()-dXiK)!=35 10%  &'()-y4=10%g&'()- 3,2f10%g&'()-
30C10%g&'()- -M!10%g&'()-=+10%g&'()-<)10%g&'()- s  



GrP1=0"10%d&'()-!G0"10%&'()-!N30"10%&'()-!U0"10%&'()-!10%d&'()-= 10   10
10  Gj  z[PE:= 10d 10d 10d<710%d&'()-!U<%m"10%&'()-G !G<%m"10%&'()-G
"10%d&'()-9!@"10%&'()-9+zdEPE:= 10dF10%&'()-
s10%&'()-10%&'()-s@10%&'()-Z10%&'()-# 10%&'()-v`kaBPE:= 10dsw
10%&'()-l10%&'()-f10%&'()-Zs&10%&'()-!c 10%::&'()-s10%&'()-%6aBPE:=
10d-j10%&'()- v%J 10%&'()-3p#"10%&'()- i!
10%&'()-F10%&'()-!BHFm"10%&'()-%v!"#$-rdV7=l"10%*r&'()- 10 10
10!=5c10%&'()-]3 10%&'()- 1 10%&'()- /10%&'()-
-wdd"!wX6dV7=!*$!10%TT&'()-PP"10%*&'()-!8P"10%brbr&'()-!"10%**&'()-!1B"10%[
[&'()-!8"10%brbr&'()-!kopqr~_@=!*p 10%*r&'()-010%*r&'()- #10%*r&'()- 10*r 



10*r
10*r610%*r&'()-!@$!10%jrjr&'()-P/6|aB~_@=!*10%*r&'()-Y10%*r&'()-!f0!10%rr&'
()-=10%*r&'()-<HG10%*r&'()-s<  10%*r&'()-= y ! "[""dE~_@=!*&'c10%*r&'()-=
%10%*r&'()-6#c10%*r&'()- J 10%*r&'()-P3"10%*r&'()-]10%*r&'()-
"#_##$q$$dE~_@=!*33#10%*r&'()-c1
10%*r&'()-=\/&10%*r&'()-=V-"10%*r&'()-=P+10%*r&'()-<,)10%*r&'()-=$$$$$$$'`'
bC=!*10%d&'()- S10%d&'()-) 0w10%d&'()-<"10%d&'()-Z 10*r 10*r
10*r610%*r&'()-`''!))))=*dEbC=!*(10%d&'()-
&10%d&'()-$s$10%d&'()-=""10%d&'()- 10%d&'()- 10%d&'()-
=***c,g,h,i,j,w,rdV7=!P"10%J&'()- 10   10   10  !H/- 10%  &'()-/-
10%d&'()-- 10%d&'()-*10%d&'()-w,,0--.]..dBdV7=!P"!Ucm"10%&'()-=V10%J&'()-
10%J&'()-  }10%J&'()-'- 10%J&'()-=H010%J&'()-. /d//0q00^?dV7=!)I 10%J&'()-
!#p#10%bb&'()-=!10%&'()-m"10%J&'()-=!10%J>&'()- ,
10%J&'()-Z014111&2{2dEdV7=!P+}10%J&'()- I)10%J&'()- C'10%J&'()-
<%@10%J&'()-S# 10%J&'()-
0!10%J&'()-<{22=4C4D4E4F4S4(5uV7=!L10%&'()-W"10%&'()-\ 108  8   108  8
108  8  !H@/!10%8 



8  &'()-@/!10%J&'()-V-3"10%J&'()- (55,778P:;
zX6uV7=!G"10%&'()-:!G"10%&'()-:!\"10%ff&'()-:l3"10%_&'()-t!*l3"10%&'()-t!
L10%&'()-W;;;;;;=>?~\==!G!10%d&'()-!8,!10%&'()-!*!10%&'()-P"10%d&'()- 10 10
10610%&'()-?w@ABBCCCwUG9==! 10
10!"10%&'()-!\"10%&'()-!U"10%&'()-!N"10%&'()-!#"10%&'()-CCCCHDDD]FuV7==!l!1
0%E&'()-< 10%8&'()- 10%8&'()- 10%8&'()- 10%8&'()-=#v10%&'()-v
10]FFHtHI3JJdE7==!l!3\/`10%8&'()- V-!10%8&'()- <%10%8&'()-4,6#!10%8&'()-
310%8&'()-4,*10%8&'()- JJ8K=K>K?K@KMKKbC=!l10%%&'()- 0!<10%%&'()-Z 108 108
108<710%8&'()-33-
10%8&'()-31y10%8&'()-KKLgLL!M)MaBbC=!lv10%%&'()-!6"10%%%&'()- 0!10%%&'()- )
10%%&'()- s@10%%&'()- 910%%&'()-)MxMM+NNN%O}[<bC=!10%%&'()- !'y 10%&'()-
!s"10%%%&'()-l 10%%&'()- f}10%%&'()-!l#CS#10%I%I%&'()- %OtOO=QQRRRdB4C=
10!H/- 10%&'()-/- 10%%&'()--!10%%&'()- %J 10%%&'()-P# 10%%&'()- !
10%%&'()-RRRS_TTUPVaBC=
103"10%u&'()-!#3"10%&'()-,i!10%>&'()-:!,i!10%qMqM&'()-:"@10%&'()-Y 10
10PVWGXQYYZZwU3BC=!Hc"10%X X
&'()-!8c"10%EE&'()-!@c"10%uu&'()-!1c"10%&'()-!Uc"10%MM&'()-!dc"10%77&'()-ZZ
ZZZA\M]X^rPC=!Hc"10%X X
&'!*P"10%dd&'()-!#PP"10%&'()-!P"10%&'()-H!10%d&'()-@ 10X X  10X X 



10X X X^^_`[aacz[<PC=!H/-
10%dC&'()-p%P"10%dF&'()-9!%P"10%<<&'()-9ym"10%dL&'()-!ym"10%&'()-!vI!10%&'(
)-ccccc#cdd'fuV7=!10%&'()-3,!10%&'()- - 10%&'()-P#10%&'()-w 10'' 10''
10''!H/- 10%''&'()-p'ffgh^hhidEuV7=!,) 10%&'()- &' 10%&'()-Z
%$10%K&'()-#!10%&'()- 10%&'()-P"10%&'()- ihijkjj'k(k)k*k^PB4=! 10<< 10<<
10<<!Rp5)10%<<&'()-yi3 10%&'()- c1F10%&'()-!9-"10%&'()-
3+D10%&'()-=*k5kll*m~mmdEPB4=! 10<< 1&D10%d&'()-= 10%d&'()-
sY10%d&'()-=10%d&'()- 10%d&'()-m$v10%d&'()-Zmnnn nnnn0nbC=! 10<<   V10%
U&'()-!Y10% &'()-Z 10d 10d
10dY710%d&'()-10%d&'()-I410%d&'()-0nno8ooopaBbC=! 10<<M!10% U&'()-S 10%
U&'()-pL10% U&'()- 10% U&'()-p10% U&'()-!Jf  10% 



U U&'()-p(p}pp(q}qqaBbC=! 10<<3+10% U&'()-,) 10% U&'()-&'$10% &'()- $F10%
U&'()-=p#|10% U&'()-!'10%4U4U&'()-qqrrrrr+r\r~_@=!
10<<lp10%_&'()-!10%_&'()-= 10 U 10 U 10 U<710% U&'()-010%
U&'()-!`.l"10%mUmU&'()- \rrrs]slssdB~_@=! 10<<![I10%r_r_&'()-#10%_&'()-
10%_&'()-=sf10%_&'()- 10%_&'()-sY 10%&'()- ssst-tMttdE~_@=!
10<<!#p#10%_&'()-#!&10%_&'()-10%_&'()-H!10%_&'()-s10%&'()-F10%_&'()-t<uuu*v
gvlvmvaB7@=! 1 10v710%&'()-I2`10%_&'()-p&0C10%_&'()- ,310%_&'()- *
10%_&'()- !&3"10%__&'()-CmvnvovxvvwwxjK@=! 1 10,S10%G&'()-!}F !10%G?G?&'()-
`10%G&'()-p10%G&'()-!10%G&'()- 10 10xTxxxCyyydEK@=! 



1 10I #10%Gx&'()-&10%G&'()- 10%G&'()- 10%G&'()- 10%G&'()- S`10%G&'()- yy;
zYzzzzzaB7@=! 1 10Gf710%G&'()-sL* 10%G&'()-F(710%G&'()-\&
10%G&'()-!|9$10%&'()-P"10%G&'()-zzzzzF{z{{jK@=! 1 10Gs,10%d&'()-
&S10%d&'()-s  10%d&'()- 6 10%dX&'()-!l"10%<<&'()- 10G 10G{{$|y||||dEK@=! 1
10G10%d&'()-s10%d&'()-10%d&'()-s10%d&'()-710%d&'()-P10%d&'()-|F}d}}}~,~aBK@
=! 1 10Gf)10%d&'()-C' 10%d&'()-s$
10%d&'()-s!&10%d&'()-!c@10%44&'()-s10%d&'()-,~~~~~~~~~xmbC=! 1
10G6#F10%*r&'()- 10d 10d 10d<710%d&'()-210%d&'()-.10%d&'()-
6,10%d&'()-~@acja?mbC=! 1 10G!"10%*r*r&'()- 010%*r&'()-
10%*r&'()-ICW10%*r&'()- 10%*r&'()-!f 10%*r*r&'()-zj @p}[<mbC=! 1
10L!10%*r&'()-z!L!10%::&'()-z!#9"10%MrMr&'()- 



10%*r&'()-10%*r&'()-!"10%FrFr&'()- p)MzX9mbC=! 1 910%*r&'()-!4
10%*r*r&'()-z!`0"10%*r*r&'()-s-p10%*r&'()-!@L*"10%jrjr&'()-!V$
10%*r*r&'()-~_@=! 1 I`W10%*r&'()- c10%*r&'()-v! 10%*r*r&'()- S#F10%*r&'()-
10*r 10*r 10*rcp>#10%*r&'()-BE$i}^<~_@=! 1 !V"10%+r+r&'()-zV"10%*B&'()-z!C
10%*r*r&'()- 10%*r&'()- 10%*r&'()-y!  10%*r*r&'()-iZ|Z;~_@=! 1
|010%*r&'()-!+ 10%*r*r&'()-@*10%*r&'()-!|' 10%*r*r&'()-z!|"10%*r*r&'()-
)|"10%HXH&'()-P\_defgruj_@=! 1 6#F10%*r&'()- 10*r 10*r
10*rc>#10%*r&'()-910%*r&'()-5*10%*r&'()-!G2"10%qrqr&'()-yrIeaBj_@=! 1
910%*r&'()-010%*r&'()-!4I&P"10%rr&'()-z
10%*r&'()-10%*r&'()-10%*r&'()-endEj_@=! 1
10%*r&'()-V"10%*r&'()-10%*r&'()-L10%*r&'()-10%*r&'()- 10%*r&'()-v+^aBj_@=!
1 



+10%*r&'()-*10%*r&'()-`'10%*r&'()-%10%*r&'()-"J10%*r&'()-!
10%*r*r&'()-+dE:/= 10*r
10*rc>10%*r&'()-610%*r&'()-410%*r&'()-2"10%*r&'()-|010%*r&'()-s-10%*r&'()-P
TxY:/= 10*r  10%*r&'()-I&m"10%*r&'()-s10%*r&'()-
10%*r&'()-10%*r&'()-S#F10%*r&'()- 10*rT|+dE:/=
10*r10%*r&'()-L10%*r&'()-10%*r&'()-10%*r&'()-910%*r&'()-0f10%*r&'()-<5aB:/=
10*r|'10%*r&'()-%z10%*r&'()-!Gi!"10%*r*r&'()-zf
10%*q&'()-`m10%*r&'()-VP10%*r&'()-5aB:/=
10*r|'10%*r&'()-%z10%*r&'()-!Gi!"10%*r*r&'()-zf
10%*q&'()-`m10%*r&'()-c>10%*r&'()- Normal" "Heading 13]c" "Heading 23]c"
"Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Heading 83]c" "Heading 93]c"A "Default Paragraph
Font#q!i)E18@?HOW`)hkonsw{fzr,;L'fp*vd}BcdefghijklmnG-!"$`'=*w,.0{2(5;
?C]FJK)M%ORPVZX^c'fi*km0npq\rstmvxyz{|,~~jpireTopqrstuvwxyz{|}~6Times New
RomanArialCourier New"h Root EntryWordDocumentxi
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


