
.-

-1-

DISC DRIVE WITH DELAYED 

. REASSIGlD!ENT WRITE 

200006195-2 
2 7 OCT 2000 

REFERENCE TO PROVISIONAL APPLICATION 

5 The present application· refers to, and claims priority 

10 

from, U.S. Provisional Patent Application No. 60 / 136, 193, filed on 

October 28, 1999, and entitled DELAY REASSIGNMENT WRITE. 

FIELD OF THE INVENTION 

The present invention relates to disc drives. More 

particularly, the present invention relates to writing data to a 

reassigned sector from a defective sector. 

BACKGROUND OF THE INVENTION 

15 A typical disc drive includes one or more transducers 

supported by an air bearing relative to each disc. The transducers 

and the air bearing are collectively referred to as a data head. A 

drive controller is conventionally used for controlling the disc drive 

system based on commands received from a host system. The 

20 drive controller controls the disc drive to retrieve information from 

the discs and to store information on the discs. 

An actuator typically operates within a closed-loop 

servo system. The actuator typically includes an actuator arm that 

25 supports a fl~ or flexure assembly which, in turn, supports the 

data head. The actuator moves the data head radially over the disc 

surface for track seek operations and holds the transducer directly 

over a track on the disc surface for track following operations. The 
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time when the data head is near a target track and fine tuning its 

position just prior to commencing track following is referred to as 

track settle or seek settle. 

Information is typically stored on the discs by 

providing a write signal to the data head to encode information on 

the surface of the disc representing the data to be stored. In 

retrieving data from the disc, the drive controller controls the servo 

actuator so that the data moves over the disc, sensing the data on 

to the disc, and generating a read signal based on that information. 

15 

The read signal ~s then decoded by the drive controller to recover 

the data represented by the information stored on the disc, and 

consequently represented in the read signal provided by the data 

head. 

Data can be wtjtten to the disc in sectors. However, it 

. sometimes happens that sectors are defective. The disc is typically 

verified during the manufacturing process. If the defective sectors 

are found during a factory defect scan, they are added to a defective 

20 sector list and they are simply skipped during assignment of logical 

block addresses. This is sometimes referred to as slipping the 

sector. In that case, as the disc drive is writing data to the disc, it 

simply skips those sectors when data is written. 

25 However, it also sometimes happens that sectors 

become defective during normal· operation of the disc, and after the 

factory defect scan has been performed. In that case, the sectors 

can not be slipped because the subsequent sectors may already 
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have data written on them. In order to accommodate such 

defective sectors, the drive controller reserves a spare pool of 

reassignment sectors. The spare pool of reassignment sectors 

typically contains a number of unused sectors, near the end of the 

5 disc, which are used to replace the defective sectors. 

By way of example, if the disc drive is to write ten 

sectors (sectors 0-9) and two sectors (sectors 3 and 6) are found to 

be newly defective during operation of the drive, the drive controller 

10 will reassign the logical block address of the newly defective sectors 

to the spare pool of reassignment sectors. Subsequent write 

operations in these sectors (sectors 0-9), where reassignment has 

been performed, requires the following sequence: 

15 

20 

First, sectors 0-2 are written, and the write operation 

is stopped. 

Next, the drive controller seeks to the spare pool of 

reassignment sectors, and sector 3 is written to the spare pool. 

The drive then seeks back to the original track and 

writes sectors 4-5. 

The write operation is again stopped, and the drive 

25 seeks to the spare pool of reassignment sectors where sector 6 is 

written. 
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Finally, the drive seeks back to the original track again 

where sectors 7-9 are written. 

It can be seen that writing the reassigned sectors 

s requires multiple seeks during the original write operation. This 

slows down the access time required to write all of the data sectors. 

SUMMARY OF THE INVENTION 

A method of writing to a disc in a disc drive includes 

10 receiving data to be written to a designated area of the disc 

wherein the designated .area has a beginning, an end, and 

contains a defective portion. The data is written to the disc 

starting from the beginning of the designated area and proceeding 

toward the end of the designated area. The data is written to a 

IS temporary buffer, external to the disc, upon reaching the defective 

portion of the designated area. Writing is then resumed, writing 

data to the designated area of the disc, upon passing the defective 

portion of the designated area. 

20 In one illustrative embodiment, the disc includes a 

reassignment portion located discontiguously from the 

designated area where the data is to be written. The write 

operation to the designated portion of the disc is completed and 

then the drive seeks to a reassignment portion of the disc. Data 

25 is then written from the temporary buffer to the reassignment 

portion of the disc. 
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In yet another illustrative embodiment, prior to writing data 

to the temporary buffer, it is determined whether the temporary 

buffer is full. If so, the drive seeks to the reassignment portion of 

the disc and writes the data from the temporary buffer to the 

s reassignment portion, prior to completing the write operation in 

the designated area. In still another illustrative embodiment, the 

drive does not seek to the reassignment portion of the disc until 

the temporary buffer is full. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates one embodiment of a disc drive in 

accordance with the present invention. 

FIG. 2 is a more detailed block diagram of a portion 

15 of the disc drive shown in FIG. 1. 

20 

FIG. 3 illustrates 10 data sectors to be written, 

wherein sectors 3 and 6 have been newly discovered to be 

defective. 

FIG. 4 is a block diagram illustrating a write 

operation in accordance with the present invention. 

FIGS. 5 and 6 are flow diagrams illustrating write 

25 operations in accordance with various embodiments of the 

present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
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FIG. 1 is a perspective view of a disc drive 100 in 
which the present invention is useful. 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 

5 spindle motor (not shown) by a disc clamp 108. Disc pack 106 
includes a plurality of individual discs, which are mounted for co­
rotation about central axis 109. Each disc surface has an 
associated disc head slider 110 which is mounted to disc drive 100 
for communication with the disc surface. In the example shown in 

10 FIG. 1, sliders ·110 are supported by suspensions 112 which are in 
turn attached to track accessing arms 114 of an actuator 116. The 
actuator shown in FIG. 1 is of the type known as a rotary moving 
coil actuator and includes a voice coil motor (VCM), sJ;iown 

'° generally at 118. Voice coil motor 118 rotates actuator 116 with its 
15 attached heads 110 about a pivot shaft 120 to position heads 110 

over a desired data track along an arcuate path 122 between a disc 
inner diameter 124 and a disc outer diameter 126. Voice coil motor 
118 is driven by servo electronics 130 based on signals generated 
by heads 110 and a host computer (not shown). 

20 

FIG. 2 is a more detailed block diagram of a portion 
of the disc drive shown in FIG. 1. FIG. 2 illustrates drive 
controller 200, defective sector list 202, temporary holding buffer 
204, write circuit 206 and disc 106. Controller 200 is 

25 illustratively a digital computer, microprocessor, microcontroller, 
or other similar control device. Defective sector list 202 is 
illustratively either a solid state, integrated -circuit, memory which 
contains a list of the defective sectors on disc 106, or a 
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designated portion of disc 106 which contains the list of defective 

sectors thereon. Temporary holding buffer 204 is illustratively a 

solid state, integrated circuit memozy, or other memocy device 

~hich is accessible by controller 200, without doing a seek on 

s disc 106. ~rite circuit 206 illustratively includes amplification 

and signal conditioning circuitry, as well as a write head. 

In general, data to be written to disc 106 is provided 

to controller 200, along with the desired location (e.g., target 

10 track) for the data on disc 106. Controller 200 then causes the 

servo system to seek to the desired location such that write 

circuit 206 can access the desired location on disc 106. 

Assuming no sectors are defective, and once the servo system has 

seeked to "'1:he proper track, controller 200 provides the data to 

IS write circuit 206, which writes the data to disc 106. 

The operation of the disc drive system shown in FIG. 

2 will now be described where sectors have been newly discovered 

to be defective. FIG. 3 illustrates 10 sectors (0-9) 207 which are 

20 to have data written to them. FIG. 3 further shows that sectors 3 

and 6 have been recently found to be defective and have been 

reassigned as sectors R3 and R6 in a reassignment pool of sectors 

209. 

25 FIG. 4 is a flow diagram illustrating writing of data to 

sectors 0-9, shown in FIG. 3, in accordance with one illustrative 

embodiment of the present invention. First, controller 200 

accesses defective sector list 202 based ·upon the desired location 
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for the information to be written on disc 106. This is indicated by 

block 208 in FIG. 4. Controller 200 finds that sectors 3 and 6 are 

defective, and are contained within the span of the desired 

location for data in the current write operation. 

The disc drive then seeks to the desired location on 

disc 106 such that write circuit 206 can access the location to be 

written. This is indicated by block 210. 

· 10 Once write circuit 206 is positioned appropriately 

with respect to disc 106, controller 200 provides data to write 

circuit 206 to write sectors 0-2 to disc 106. This is indicated by 

block 212 in FIG. 4. Then, rather than seeking to the 

reassignment sectore 209 ·to write sector 3, controller 200 simply 

15 writes sector 3 to temponuy holding buffer 204. Recall that a 

temporary holding buffer 204 can be accessed by controller 200 

without causing the disc drive to seek to another location. 

Writing sector 3 to the temporary holding buffer 204 is illustrated 

by block 214 in FIG. 4. 

20 

25 

After sector 3 has been written to temporary holding 

buffer 204, controller 200 continues writing to disc 106. Thus, 

controller 200 writes data to sectors 4 and 5 on disc 106, as 

indicated by block 216. 

Next, rather than seeking to the reassignment sectors 

209 to write the data for sector 6, controller 200 simply accesses 
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temponuy holding buffer 204 and writes the data for sector 6 in 

the temporaiy holding buffer 204. This is indicated by block 218. 

After the data for sector 6 is written to temporaiy 

s holding buffer 204, controller 200 again continues writing to disc 

106. Controller 200 thus writes the data to sectors 7-9 on disc 

106 as indicated by block 220. After all of the data has been 

written (either to disc 106 or to temporaiy holding buffer 204), the 

disc drive seeks to the spare pool of reassignment sectors 209. 

10 This is indicated by block 222 in FIG. 4. Once write circuit 206 is 

positioned at the next available reassignment sector, controller 

200 retrieves the data which was originally intended for defective 

sectors 3 and 6, from temporary holding buffer 204, and provides 

that data to write circuit 206. Thus, the data originally intended 

1s for sectors 3 and 6 is written to the reassigned sectors R3 and R6 

in the spare pool of sectors 209. This is indicated by block 224 in 

FIG. 4. 

It can thus be seen that writing all of the data for 

20 sector 0-9 can be done by simply doing an initial seek to sector 0, 

writing data to all of the valid sectors, and then doing one 

additional seek to the spare pool of reassignment sectors 209 and 

writing the data originally intended for defective sectors to the 

spare pool. This greatly reduces the seek latency required for 

2s writing data to an area of disc 106 which contains defective 

sectors. 
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FIG. 5 is a flow diagram which illustrates one 

embodiment of the present invention more generally than that 

shown in FIG. 4. First, the disc drive seeks to the desired 

location for the· data to be written. This is indicated by block 226 

s in FIG. 5. Next, drive controller 200 writes data to a valid sector 

at the desired location. This is indicated by block 228. Controller 

200 then determines whether there are additional sectors to be 

written, as indicated by block 230. If so, controller 200 

determines whether the next sector to be written is valid. This is 

10 indicated by block 232. If so, the data is simply written to that 

sector as indicated at block 228. 

However, if at block 232 it is determined that the 

next sector to be written on disc 106 is not valid, but i~ defective, 

ts then drive controller 200 writes data intended for that sector to 

temporary holding buffer 204. This is indicated by block 234. 

After the data is written to temporary holding buffer 204, 

controller 200 again determines whether there is additional data 

to be written to disc 106, as indicated by block 230. This process 

20 continues until the entire write operation has been completed 

(either to disc 106 or to temporary holding buffer 204). 

Once, at block 230, it is determined that there are no 

additional sectors to write, then controller 200 determines 

25 whether it has written any data to temporary holding buffer 204. 

This is indicated by block 236. If not, the write operation is 

completed. If so, however, then the disc drive seeks to the 

reassignment pool for the data which is currently in the 
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temporary holding buffer 204. This is indicated by block 238. 

Once write circuit 206 is properly positioned over the 
reassignment pooJ, controller 200 provides the data from 

temporary holding buffer 204 to write circuit 206 such that data 
5 can be written to the reassignment pool on disc 106. This is 

indicated by block 240. 

It can thus be seen that the seek latency associated 
with the write operation is greatly reduced over conventional write 

10 operations. 

FIG. 6 is another block diagram illustrating yet 
another method of writing data in accordance with one illustrative 

embodiment of the present invention. The operatio;p. 
15 corresponding to FIG. 6 is similar to that shown with respect to 

FIG. 5, except that drive controller 200 waits until temporary 

holding buffer 204 is full, before it seeks to the reassignment 

tracks, at which point it writes all data from temporary holding 

buffer 204 to the reassignment tracks. Specifically, the disc drive 
20 first seeks to the desired location for the specified write operation. 

This is indicated by block 242 in FIG. 6. Assuming the first 
sector to be written on disc 106 is valid, controller 200 writes the 
data to the valid sector on disc 106, as indicated by block 244. 
Of course, if the first sector to be written is invalid, drive 

25 controller 200 simply writes that information to temporary 

holding buffer 204. 

.J 
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Drive controller 200 then determines whether there is 
any additional data to be written as indicated by block 246. If 
not, then the write operation is completed, as indicated by block 
248. 

However, if at block 246 it is determined that there is 
additional data to be written, drive controller 200 accesses 
defective sector list 202 to determine whether the next sector is 
valid. This is indicated by block 250. If so, drive controller 200 

10 simply writes the data to that valid sector and processing 
continues to block 244. 

However, if at block 250 it is determined that the 
next sector is not valid, then controller 200 accesses temporary 

ts holding buffer 204 to determine whether temporary holding buffer 
204 is full. This is indicated by block 252. If the temporary 
holding buffer is not full, then drive controller 200 simply writes 
the data originally intended for the defective sector to temporary 
holding buffer 204, as indicated by block 254, and processing 

20 continues at block 246 where controller 200 determines whether 
there are any additional sectors to be written. 

However, if at block 252, it is determined that 
temporaiy holding buffer 204 is full, then the disc drive seeks to 

2s the spare pool of reassignment sectors. This is ·indicated by block 
256 in FIG. 6. Once write circuit 206 is appropriately positioned 
relative to the spare pool of reassignment sectors, controller 200 
writes the. current data, which was originally intended for a 
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defective sector, along with all of the data from temporary holding 

buffer 204, to the spare pool of reassignment sectors on disc 106. 

This is indicated by block 256. It can thus be seen that this 

system for writing data to disc 106 even further decreases the 

5 seek latency required for such an operation. 

Therefore, in accordance with one aspect of the 

present invention, data is written to a disc 106 in a disc drive 100 

by first receiving data to be written to a designated area of the 

10 disc 207 which has a beginning, an end, and contains a defective 

portion (207-3 and 207-6). The data is written to the disc 106 

starting from the beginning of the designated area 207 and 

proceeds towards the end of the designated area 207. The data is 

written to a temporary buffer 204 external to the disc 106 upon 

IS reaching the defective portion of the designated area 207. Writing 

is resumed at the designated area 207 of the disc 106 upon 

passing the defective portion of the designated :area 207. 

In one illustrative embodiment, writing the data to 

20 the designated portion 207 of disc 106 is completed and then 

drive 100 seeks to a reassignment portion 209 of disc 106. The 

data is written from the temporary buffer 204 to the reassignment 

portion 209 after seeking to the reassignment portion 209 of disc 

106. 

25 

In one illustrative embodiment, prior to seeking to 

reassignment portion 209, drive controller 200 deterlnines 

whether temporary buffer 204 is full. If so, the drive 100 seeks to 
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reassignment portion 209 prior to continuing writing at the 

designated area 207. 

In yet another embodiment, the disc 106 has a 

5 plurality of defective portions (207-3 and 207-6) and data is 

written to temporary buffer 204 upon reaching each of the 

plurality of defective portions of disc 106. Writing is again 

resumed at designated area 207 upon passing each of the 

plurality of defective portions of disc 106. 

10 

In yet another embodiment, drive 100 includes a 

defective ·sector list 202. Drive controller 200 receives an 

indication of a target track as the designated area 207 and the 

.., defective portions 207-3 and 207-6 comprise defective sectors in 

15 the designated area 207. Drive controller 200 illustratively 

obtains an indication of the defective sectors from defective sector 

list 202. 

In still another embodiment, temporary holding 

20 buffer 204 is a solid state memory, integrated circuit device. 

25 

The present invention can also be implemented as an 

apparatus wherein a controller is configured to perform the 

writing steps discussed above. 

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, 
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together with details of the structure and function of 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 

s present invention to the full extent indicated by the broad general 

meaning of the terms in which the appended claims are 

expressed. For example, the particular elements may vary 

depending on the particular application for the write operation 

while maintaining substantially the same functionality without 

10 departing from the scope and spirit of the present invention. 
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WHAT IS CLAIMED IS: 

1. A method of writing data to a disc in a disc drive, comprising steps of: 

(a) receiving data to be written to a designated area of the disc having a 

beginning, an end and containing a defective portion; 

(b) writing the data to the disc starting from the beginning of the 

designated area and proceeding toward the end of the designated 

area; 

(c) writing the data to a temporary buffer external to the disc upon 

reaching the defective portion of the designated area; and 

(d) resuming writing the data to the designated area of the disc upon 

passing the defective portion of the designated area. 

2. The method of claim 1 and further comprising steps of: 
c:) 

(e) completing writing the data to the designated portion of the disc; and 

(t) seeking to a reassignment portion of the disc. 

3. The method of claim 2 and further comprising a step of: 

(g) writing the data from the temporary buffer to the reassignment 

portion of the disc after seeking to the reassignment portion of 

the disc. 

4. The method of claim 3 wherein the writing step ( c) comprises steps of: 

( c )(1) determining whether the temporary buffer is full; and 

( c )(2) if so, performing the seeking step (t) and the writing step (g) 

before the resuming step (d) and the completing step (e). 

11111111111111 llllf 11111111111 
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5. The method of claim 3 wherein the designated area of the disc has a 

plurality of defective portions and wherein the step of writing ( c) comprises a 

step of: 

(c)(3) writing the data to the temporary buffer upon reaching each of the 

plurality of defective portions of the disc. 

6. The method of claim 5 wherein the resuming step (d) comprises a step 

of: 

(d)(l) resuming writing the data to the designated area of the disc upon 

passing each of the plurality of defective portions of the disc. 

7. The method of claim 1 wherein the receiving step (a) comprises a step 

of: 

(a)(l) receiving an indication of a target track as the designated area, 
C) 

wherein the defective portion comprises a defective sector, and 

wherein it is determined that a portion of the target track is 

located in the defective sector. 

8. The method of claim 7 wherein the receiving step (a) comprises a step 

of: 

(a)(2) obtaining an indication of the defective sector. 

9. The method of claim 1 wherein the writing step (c) comprises a step of: 

(c)(4) writing to a solid state memory device. 

10. A disc drive, comprising: 

a rotatable disc; 

11111111 llllff 1111111111111111 
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a write component positioned relative to the rotatable disc to write data 

on the rotatable disc; 

a temporary data buffer; and 

a controller, coupled to the write component and the temporary data 

buffer and configured to perform steps of: 

(a) receiving data to be written to a designated area of the disc 

having a beginning, an end and containing a defective 

portion; 

(b) writing the data to the disc starting from the beginning of the 

designated area and proceeding toward the end of the 

designated area; 

( c) writing the data to the temporary data buffer upon reaching 

the defective portion of the designated area of the disc; 

and 
c:> 

(d) resumiitg writing the data to the designated area of the disc 

upon passing the defective portion of the designated area. 

11. The disc drive of claim 10 wherein the disc includes a reassignment 

portion located discontiguously from the designated area on the disc, and 

wherein the controller is further configured to perform steps of: 

(e) completing writing the data to the designated portion of the disc; and 

(f) seeking to a reassignment portion of the disc. 

12. The disc drive of claim 11 wherein the controller is configured to . 

perform a step of: 

(g) writing the data from the temporary buffer to the reassignment 

portion of the disc after seeking to the reassignment portion of 

the disc. 

I 111111111111111111 1111111 1111 
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13. The disc drive of claim 12 wherein the controller is configured to 

perform the writing step ( c) by performing steps of: 

( c )(1) determining whether the temporary buffer is full; and 

(c)(2) if so, performing the seeking step (f) and the writing step (g) 

before the resuming step (d) and the completing step (e). 

14. The disc drive of claim 13 wherein the controller is configured to 

perform the seeking step (f) and the writing step (g) only if the temporary buffer 

is full. 

15. The disc drive of claim 12 wherein the designated area of the disc has a 

plurality of defective portions and wherein the controller is configured to 

perform writing step· ( c) by performing a step of: .., 
( c)(3) writing the data to the temporary buffer upon reaching each of the 

plurality of defective portions of the disc. 

16. The disc drive of claim 15 wherein the controller is configured to 

perform the resuming step (d) by performing a step of: 

(d)(l} resuming writing the data to the designated area of the disc upon 

passing each of the plurality of defective portions of the disc. 

17. The disc drive of claim 10 wherein the controller is configured to 

perform receiving step (a) by perfonning a step of: 

(a)(l) receiving an indication of a target track as the designated area, 

wherein the defective portion comprises a defective sector, and 

wherein it is determined that a portion of the target track is 

located in the defective sector. 

\ \11\11\ l\\lll Ill\\ \\Ill \\ \II\ . 
* C L M S * 



-20-

18. The disc drive of claim 17 and :further comprising a defective sector store 

containing a defective sector list listing defective sectors and wherein the 

controller is configured to perform the receiving step (a) by performing a step 

of: 

(a)(2) obtaining an indication of the defective sector .from the defective 

sector list in the defective sector store .. 

19. The disc drive of claim 10 wherein the temporary buffer comprises: 

a solid state, integrated circuit, meniory device. 

20. A disc drive, comprising: 

a data storage disc including a defective portion and a reassignment 

portion; and 

means for writing data to the disc. 

111111111111111111111111-111111 
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