-1 METHOD AND APPARATUS FOR MANAG NG BUFFER RANDOM ACCESS MEMORY FI ELD OF
THE I NVENTION 5 The present invention relates generally to management of
medi a defect information in mass storage devices. Mre particularly, the
present invention relates to a nethod of nmanaging a buffer random aé:cess
menory (RAM used for storage of a defect table and for data caching. 10
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mass storage deyj e YbAtbrAP mass storage devices, such as disc drive data storage P

systems, media defect information is recorded in a defect table that is stored on

the recording medium. In a disc drive, the defect table is typically stored in the
reserved tracks of the recording medium. Conventionally the defect table has
15  been of a fixed, predetermined sized, length and/or capacity.
The defect table indicates unreliable portions of the recording medium.
During production of the mass storage device, the device is tested to determine
which portions, if any, of the recording medium are not sufficiently reliable for
writing and reading of a data. The address of each of the unreliable portions is
20 stored on the recording medium in the defect table. When the mass storage device
is running, the defect table is loaded into buffer random access memory (RAM),
4 provided by a volatile memory device, that is also shared with interface transfer
| functions for the purpose of data caching.
Typically, larger defect tables for a mass storage device require more buffer
25 (RAM) space. For a given quantity of RAM, this results in less buffer space being
available for data caching. A typical disc drive type mass storage device with 80

gigabytes (GB) capacity would require not less than 64 kilobyte (KB) of buffer
RAM to be reserved for defect table purposes. The size of the defect table is
usually fixed across all disc drives of a particular type with different numbers of

30 headers. A larger defect table size is usually required to insure that defects can be
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insufficient defect table storage capacity, would therefore be a significant
improvement, particularly for low-cost disc drive type mass storage devices.
Embodiments of the present invention provide solutions to these and/or

15 other problems, and offer other advantages over the prior art.

SUMMARY OF THE INVENTION

A buffer random access memory has a first portion reserved for a defect

table and a second portion reserved for data caching. A method of managing the
20 buffer random access memory includes determining actual memory space of the
first portion which is occupied by the defect table. This identifies unused memory
space of the first portion of the buffer random access memory. The method then
includes reallocating the unused memory space of the first portion of the buffer
random access memory for use in data caching. Controllers and mass storage

5 devices which implement the method are also provided.
In some embodiments, a mass storage device of the present invention
includes a storage media storing a defect table and data cache parameters. A
buffer random access memory having a first portion reserved for the defect table




space of the first portion of the buffer random access nenory. The net hod
then includes reallocating the unused nenory space of the first portion of
the buffer random access nenory for use in data caching. Controllers and
mass storage 25 devices which inplenment the nethod are al so provided. In
sone enbodi nents, a mass storage device of the present invention includes
a storage nedia storing a defect table and data cache paraneters. A buffer
random access menory having a first poBtion reserved for the defect table
-3 and a second portion reserved for data caching is also included. The
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10 invention will be apparent upon reading the following detailed description and

review of the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a disc drive type mass storage device.

15 FIG. 2 is a block diagram illustrating a storage medium and a volatile

memory device of a mass storage device.
FIGS. 3-1 and 3-2 are block diagrams illustrating buffer random access

memory (RAM) provided by the volatile memory device and used to store a

defect table and for data caching.
20 FIG. 4 is a flow diagram illustrating a method of the present invention.

FIGS. 5-1 and 5-2 are block diagrams illustrating a buffer RAM and more

particular steps in the method shown in FIG. 4.

FIG. 6 is a flow diagram illustrating more specific steps in the method

shown generally in FIG. 4.

25




defect table and for data caching. 20 FIG 4 is a f [ [ [
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illustrating a buffer RAM and nore particular steps in the method shown in
FIG 4. FIG 6 is a flowdiagramillustrating nore specific steps in the
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defect table 1%% 2{% nitill be acconmodated when necessary. Thus, the present

i nvention &8 ps achi eve desired production yield goals
The invention includes methods of salvaging unused portions of the buffer

10 RAM which are reserved for defect table storage. The unused buffer RAM space is
then used for data caching by interface data transfer components or functions. The
method can use a firmware approach which allows a larger defect table capacity
to be provided in the mass storage device, without sacrificing the unused buffer
space taken up by the defect table in certain drives. Making more of the buffer

15 RAM available for data caching positively impacts drive performance, while at
the same time, larger defect tables can still be accommodated when necessary.
Thus, the present invention also helps achieve desired production yield goals
related to a minimum number of mass storage devices failing due to a “defect
table full” condition where the media defect information cannot be completely

20  stored in the allocated defect table portion of the buffer RAM. Thus, the present
invention is particularly useful for low-cost disc drive type mass storage devices
where limited size buffer RAM is used. However, the present invention is not
limited to this type of disc drive mass storage device. Instead, the present
invention applies to mass storage device in general.

25 Referring now to FIG. 1, a perspective view of a disc drive 100 in which the
present invention is useful is shown. Disc drive 100 includes a housing with a
base 102 and a top cover (not shown). Disc drive 100 further includes a disc pack

106 which is mounted on a spindle motor (not shown) by a disc clamp 108. Disc
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gener at ed byadeadsg dd Qrcantk path 022 between a disc inner diameter 124 and a Sisg outer

diameter 126. VCM 118 is driven by servo electronics (diagrammatically included

within electronics 128) based on signals generated by heads 110 and a host
computer (not shown). A micro-actuator 130, which provides fine position control

s of heads 110, is used in combination with VCM 118 that provides relatively coarse
positioning of heads 110.

While disc drive 100 is shown in FIG. 1 for illustrative purposes, the
present invention is not limited to use with disc drive data storage systems.
Instead, the present invention applies to mass storage devices which utilize a

20  buffer RAM for storage of a media defect table and for data caching.

FIG. 2 is a block diagram that provides a system level overview 200 of the
operation of embodiments of the present invention. System 200 includes a
recording medium 210 on a mass storage device 220, for example such as disc
drive 100 shown in FIG. 1. The recording medium 210 includes a defect table 230

25 stored thereon. Also stored on recording medium 210 are data cache parameters
235.
The mass storage device 220 includes a microcontroller 240 which is

operably coupled to the recording medium 210. The mass storage device 220 also
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defect that would prohibit use of the particular portions.

Using conventional methods, controlier 240 or other firmware within the
mass storage device allocates a fixed amount of the buffer RAM 251 for the defect
table. In order to qualify a disc drive with a larger number of media defects as

15 having passed drive certification testing, conventional methodology dictates that
a large RAM size for the defect table is allocated. The amount of RAM allocated
for the defect table has conventionally been fixed. For example, for disc drives
with more than 80 GB capacity, a typical fixed RAM size is 192 KB. FIG. 3-1
illustrates a buffer RAM 251 for a mass storage device in which the number of

20 media defects is large, and thus the defect records within the defect table portion
253 is full or almost full. Conventionally, this mass storage device could be
qualified as passing certification testing.

Typically, a large number of disc drives or other mass storage devices
actually have a much smaller aumber of media defects. FIG. 3-2 illustrates a

s buffer RAM 251 corresponding to a mass storage device having a relatively small
number of defects. In this instance, only a portion 253-1 of the allocated defect
table RAM space 253 is used to record media defect information (defect records).

The remaining portion 253-2 of the RAM space 253 reserved for the defect table is
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to identify unused memory space. In other words, this step includes identifying

actual memory space 253-1, of the total memory space 253 of the buffer RAM
15 reserved for the defect table, which is to be occupied by the defect table. This
identifies unused memory space 253-2 of the total first portion 253 reserved for
the defect table.
In some embodiments, the step 410 of determining the actual memory
space of the first portion of the buffer RAM occupied by the defect table to
20 identify unused memory space further includes obtaining information on a total
number of defects identified on the storage media. Then, the actual memory
space, of the first portion of the buffer RAM occupied by the defect table, is
calculated based upon the total number of defects identified on the storage media.
After determining the actual memory space 253-1 of the buffer RAM occupied by
25 the defect table, the unused memory space 253-2 of the first portion 253 of the
buffer RAM is reallocated for use in data caching.
FIGS. 5-1, 5-2 and 6 illustrate more specific embodiments of the method
which aid in reallocating the buffer RAM. As shown in block 630 of the more




described below. FIG 4 is a flow diagramillustrating an enbodi nent of
that nmethod. The nethod of the present invention allows unused buffer RAM
to be wused as additional data cache menory space. The nethod is used to
dynami cally allocate defect table nmenory locations and data cache menory
locations after 10 scanning the storage nedia for defects during the
certification process. As shown in block 410 in FIG 4, the nethod includes
determning actual nenory space of th& first portion of the buffer RAM
occupi ed by the defect table to identify unused nenory space. In other
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defect table to obtain new defect table parameters.

Then, as illustrated at block 640, the more specific method embodiments
can include saving the new defect table parameters and new data cache
parameters on the storage media. When the storage media is a data storage disc of

15 a disc drive data storage system, the new defect table parameters and new data
cache parameters can be saved in reserved cylinders of the storage disc. As
illustrated in FIG. 5-2, this results in the portion 253 of the buffer RAM 251
reserved for storage of defect records (i.e., reserved for the defect table) being
reduced to the actual space required to store those defect records. It also results in

20 an increase in the portion 254 of the buffer RAM reserved for data cache. This in
turn results in enhanced performance of the mass storage device.

It is to be understood that even though numerous characteristics and
advantages of various embodiments of the invention have been set forth in the
foregoing description, together with details of the structure and function of

25 various embodiments of the invention, this disclosure is illustrative only, and
changes may be made in detail, especially in matters of structure and
arrangement of parts within the principles of the present invention to the full

extent indicated by the broad general meaning of the terms in which the




of the defect table 253-1 and the unused nenory space 253-2 in the first
portion 253 of the buffer random access nenory. This places the unused
menory space 253-2 closest to the second portion 254 of the buffer random
access nmenory 5 reserved for data caching, as is shown in FIG 5-1. Prior
to swapping locations of the defect table 253-1 and the unused nenory
space 253-2, variables defined in the defect table are typically coded as
address dynami ¢ changeabl e. Thus, swafping |locations of the defect table
and the unused nenory space in the first portion of the buffer random
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5-2, this results in the portion 253 of_th bq%fer R@gLZS re egégd for
storage of of@nassstoragedenice it will be appresiated By there skdieddn %‘F%ﬁsna ‘g
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dat a cache.wifliiu departirigrfforh élseidcope and epiltia o€ et presehbinventen.of t he mass
storage device. It is to be understood that even though nunerous
characteristics and advantages of various enbodi nents of the invention
have been set forth in the foregoing description, together with details of
the structure and function of 25 various enbodi nents of the invention, this
disclosure is illustrative only, and changes nmay be nade in detail,
especially in matters of structure and




arrangenment of parts within the principles of the present invention to the
full extent indicated by the broad general neaning of the terns in which
the -9 appended cl ai ns are expressed. For exanple, the particular elenments
may vary depending on the particular application for the mass storage
device or system while maintaining substantially the sane functionality

W t hout departing from the scope and spirit of the present invention. In
addi tion, although the preferred enbedFnent described herein is directed
to a disc drive data storage systemtype of mass storage device, it wll

be apprecigbﬁgggﬁgggﬁi= [lled in the art that the teachings of the
present in f plied to other mass storage devices, wthout
departing from AhgetA6@BEmARSGiRR abulfePtarlddgh ABSAAEMbAY SR biefer ran@oHAT 1S

CLAIMED I'S: 1. A nethod of managing a buffer random access nenory, the
buf f er randeess aeowsy having ¢ fhelvperdion teparyed for aidefect éadde vad & sgconddef ect

tabl e and a second ti reserved f ata caching, the nethod

conpri si ngP0 @nerff‘ﬁrﬁg‘ﬁgoré@?%%ﬂc&r?gh&eﬁn%bgg8018Pnflﬁlg: figrst portion of the
buf fer random gaeesmilE RGN REASH SAOYf thedirsied&eibn o BebiiflerirdRAGhT Y
unused nenory space of the first "portion; and reallocating the unused
nmenory space of the aresgtmpmpry oacurfied fhy Hhef flefect Fablgl donidentifysumusedry f or
use in data caching. | &l wherein determ ning the
actual menory spacgIB%”°§&§“E?§Q¥S6%%#%%%&g?&§he buf f er randon1acgess
menory further gfalpdatingstheabidedim@nonf graratdfahe dirstapoionl ofnthebieuffeaf

defects identified on a storage nedia; an )
' random access memory for use in data caching.

2. The method of claim 1, wherein determining the actual memory space of
the first portion of the buffer random access memory further comprises:
obtaining information on a total number of defects identified on a storage
media; and
calculating the actual memory space of the first portion of the buffer
random access memory occupied by the defect table based upon the

total number of defects identified on the storage media.

3. The method of claim 1, and further comprising swapping locations of the
defect table and the unused memory space in the first portion of the buffer
random access memory such that the unused memory space of the first portion of
the buffer random access memory is closest to the second portion of the buffer

random access memory reserved for data caching.

4. The method of claim 3, and prior to swapping locations of the defect table
and the unused memory space in the first portion of the buffer, further
comprising coding variables defined in the defect table as address dynamic

changeable.




cal cul ating the actual nenory space of the first portion of the buffer
random access nenory occupi ed by the defect table based upon the total
nunber of defects identified on the storage nedia. 3. The nethod of claim
1, and further conprising swapping |ocations of the defect table and the
unused nenory space in the first portion of the buffer random access
menory such that the unused nenory space of the first portion of the
buffer random access nmenory is cl osestjjto the second portion of the buffer
random access nenory reserved for data caching. 4. The method of claim 3,
and prior to swapping |ocations of the defect table and the unused nenory
space in the first portion of the buffer, further conprising coding

vari abl es defingd in.the defect table as address. dynam c., changeable. -11
5. The nethod o ec]ingmﬁlazﬁf Ty in%%ﬁﬁiaﬂ?Bu}%@é‘itf%%ﬁE‘e ?“I’f@‘:tdgl? épdt apl e
and the UMeSadisERMINOrFRPEE ihthé At boftihh JIRd bR FandOE Cfgbgsg Hentpdom
access nenory further Conprising dynam cally changi ng addresses of the
vari abl es futhesecgmprising, dynashiselly changing @ddirsaésnofnthe defables defivked in

par anet ers ' and further conprising saving the new

67 .:Th had .of cl
def ect t abfhe defect ?abrlre%o cﬂ)qal(rjl dleg've Ifg]%?%bl% Berﬁéneﬁ

€ parareters an HPaneters on a storage nedia.
7. The nethod of claim®6, wherein the storage nedia is a data storage disc
of a disc drive data storage system and wherein saving the new defect
tabl e par &net eFke mathodeaf clrameb, and Hartherrcomnrising savingthemeavidefptti tabller s of
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of claim 1. nmass st orage ce conpri's

7. The method of claim 6, wherein the storage media is a data storage disc of
a disc drive data storage system, and wherein saving the new defect table
parameters and new data cache parameters in reserved cylinders of the data

storage disc.
8. A controller configured to implement the method of claim 1.

9. A mass storage device comprising:

a storage media storing a defect table and data cache parameters;

a buffer random access memory having a first portion reserved for the
defect table and a second portion reserved for data caching, the
defect table and the data cache parameters being uploaded into the
buffer random access memory from the storage media; and

a controller operably coupled to the storage media and to the buffer
random access memory, the controller configured to implement the
steps of:
determining actual memory space of the first portion of the buffer

random access memory occupied by the defect table to

identify unused memory space of the first portion; and



a storage nedia storing a defect table and data cache paraneters; a buffer
random access nenory having a first portion reserved for the defect table
and a second portion reserved for data caching, the defect table and the
data cache paraneters being uploaded into the buffer random access nenory
fromthe storage nedia; and a controller operably coupled to the storage
media and to the buffer random access nenory, the controller configured to
i npl enent the steps of: determ ning at2-ual nmenory space of the first
portion of the buffer random access nmenory occupi ed by the defect table to
identify unused nennrélspace f the first portion; and -12 reallocating the

unused nmenory space ‘§ ‘{CﬁHn{Eit S UNYEET MY Shee %Jh?é%rsﬁﬁﬂﬂ% elcthess
merory for use in data CaaRonfndbih acthl S YoPLANR dfYLkfufY Claim O

wherein the controller is configured to detérmne the actu menory space
of the first portion of the buffer random access nenory by inplenenting

the steps  optaining information. on a total nunber of defects jdentified
on the sto?éige JP’E&%W&% gtgfﬁge Ivlfﬁlogf]faﬁﬁ % Wéefaf’d?ﬁléqf%rrﬂyﬂ/ms‘f?&g‘g“fﬁd ®©he first
portion of delembnd BN acthANBRMARF GPac BEMY Yird GSotabR brte iR 6hRGIm! abl e

based upon the total nunber of defects identified on the storage nedia.
11. The naaecess Meawsy Hp inplemshtiog dhewteps ofwherein the controller is further

configured to i Tent e.step of . swappi ng.l.ocati ons..of t defect table
and the unused%%nrﬁ%}mé%g%aetmlnnoont%t@téﬁin E‘ﬁ’ eﬁgf fl?fCS sb‘?e ifigd Bﬂfqﬁﬁ?tofﬁdom
access nenory media; and

calculating the actual memory space of the first portion of the buffer

random access memory occupied by the defect table based upon the

total number of defects identified on the storage media.

11.  The mass storage device of claim 10, wherein the controller is further
configured to implement the step of swapping locations of the defect table and the
unused memory space in the first portion of the buffer random access memory
such that the unused memory space of the first portion of the buffer random
access memory is closest to the second portion of the buffer random access

memory reserved for data caching.

12.  The mass storage device of claim 11, wherein variables defined in the

defect table are coded as address dynamic changeable.

13. The mass storage device of claim 12, wherein the controller is configured to
implement the step of swapping locations of the defect table and the unused
memory space in the first portion of the buffer random access memory by
dynamically changing addresses of the variables defined in the defect table to

obtain new defect table parameters.



such that the unused nenory space of the first portion of the buffer random
access nenory is closest to the second portion of the buffer random access
menory reserved for data caching. 12. The nmass storage device of claim1l
wherein variables defined in the defect table are coded as address dynanm c
changeabl e. 13. The mass storage device of claim 12, wherein the controller
is configured to inplenment the step of swapping | ocations of the defect
tabl e and the unused nenory space in-i1Re first portion of the buffer
random access nenory by dynamically changi ng addresses of the variabl es

defined in.the defect table tpo . obtain new defect table paraneters. -13 17.
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and new data cache paraneters on a storage nedia.
new data cache parameters on a storage media.





