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DEFECT MANAGEMENT FOR AVTOMATIC 

TRACK PROCESSING WITIIOUT ID FIELD 

FJELD OF THE JNVENTJON 

The present invention relates to the control of storage systems for digital 

computers. More particularly, the present invention relates to a defect management 

method and apparatus for a rotating media storage system. 

BACICGROUND OF Tim INVENTION 

10 An example of a magnetic media platter with embedded servo fields is illustrated in 

Figure 1. These servo fields may also be referred to as servo bunts or servo marks. Each 

concentric circle schematically represents one track which is subdivided into multiple 

sectors and each radial line extending from the center outward, represents a servo field. A 

servo field contains data which is pre-written on the disk, during manufacturing of the disk, 

15 conceming the location of the servo field and the track on the disk for positioning of the 

iead/write head relative to a particular track. The servo fields are then used by the 

controller for positioning of the read/write head during read and write operations. It is 

imperative therefore, that the data within the servo fields not be written over. In order not 

to write over the data within a servo field, the controller must know where the servo fields 

20 are and be able to suspend write operations over that area. 

Tbe usable regions for storage on the disk are located on the tracks, between the 

servo fields. Data to be stored on the disk is written in these regions between the servo 

fields, which will be refelled to as a data region. The recording of data within these regions 

is measured in bits per inch (BPI). Assuming a constant bit density to record a bit. the 

25 number of bits which can be recorded between servo fields is much less for the inner circle, 

track 0, than the number of bits which can be recorded in the outermost circle. track N. 

Though possible, it is impractical to provide a unique recording and reading speed for each 

track. In order to take advantage of the higher storage potential of the outer tracks without 

exceeding the allowable density on the innerllaeks, the disk is divided into multiple zones 

30 and a method of zone bit recording is used. The uacks are grouped into zones such that all 

the tracks in one zone are adjacent to each other. The data rate at which data is written to 

or read from the disk is constant for all tracks within a zone and different for each zone. 
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Because the disk is rotated at the same speed for all the zones. in order to take advantage 

of the greater recording area of the outer zones, the Ieeording speed is increased for the 

outer zones on the disk. 

The data to be stored on a disk is broken op into manageable portions called 

S sectors. Multiple sectors are generally stored on each track. An example of a typical 

fonnat of a sector is illustrated in Figure 2. Each sector includes an ID field. a GAP field, a 

DATA field and a PAD field. The ID field is the unique identification tag for each sector in 

a track of a disk drive media and differentiates one sector from another. Within the ID field 

are four subfields, the ID PLO subfield, the ID AM subfield, the ID subfield and the CRC 

10 subfield. The ID PLO subfield is a multiple byte field of a known pattern which is used by 

the phase lock loop of the encoder/decoder (BNDEC) to synchronim to the incoming data 

stream. The ID AM subfield is a known pattern which is used by the drive controller to 

synchronim or align to the beginning of the ID subfield. This synchroni:zation is necessary 

to align the disk controller to a data byte boundary, in order to differentiate each segment 

15 of data to a particular field. The ID subfield follows the ID AM subfield and contains the 

actual identification for the sector, including multiple bytes used to specify the addiess ~f 

the sector on the disk. The number of bytes within the ID subfield is at the discretion of the 

manufacturer of the disk drive and is controlled by the fonnat of the particular disk drive 

used. The number of bytes within the ID subfield is the same for every sector and can 

20 comprise a cylinder high byte, a cylinder low byte, a sector number byte, a bead number 

byte and a byte or two for defect management. The ID subfield is then followed by a fixed 

number of error detection bytes in the CRC subfield which are used to detect any errors in 

the ID field. Some fonnats, referred to as ID_Less formats. do not use an ID f1eld. but 

rather use a header subfield within the DATA field. 

25 The GAP field is a fixed number of bytes which are used to separate the ID field 

from the DATA field. The DATA field includes a DAT A subfield and an error correction 

code (ECC) subfield. The DATA subfield is the portion of the sector where the actual 

data. which is communicated between the host computer and the disk drive, is stored. The 

ECC subfield is a fixed number of bytes tagged on to the end of the DAT A subfield which 

30 are used to detect and correct soft or hard errors on the media within the capability of the 

code. This is necessary in order to avoid the transfer of erroneous data to and from the 

host computer. 

2 
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An ID_I..ess sector fonnat of the prior art is illustrated in Figure 2b. In ID _Less 

formats, 1he ID field is replaced by a header subfield within the DATA field, thus combining 

the identification data and the DATA field into one field and reducing the number of bits 

necessary for each sector. The header subfield can be brought under the protection of the 

S same ECC field as the DATA field and therefoie afforded the same protection as the 

DATA field The CRC field associated with the header subfield can be decreased or 

eliminated, further reducing the overhead of the system and eliminating the hardware which 

generates the CRC field. In ID_Less formats all of the infonnation in the sector header 
may be piedetermined by reading a small number of other sector headers on the track, 

10 usually one. The sync field or PLO field in an m_Less fonnat can be reduced in size or the 
reliability of the sync circuitry improved since the sync field will always occur immediately 

after a sector pulse. 

The disk drive system performs three major operations: fonnat, write and read. 

The disk drive can fonnat the disk for storing data in the format supported by the system 

15 and the disk. The disk drive system also performs write operations to the disk to store data 

on the disk transmitted from the host computer to the disk drive system and read 
operations from the disk to read data from the disk and tmnsmit it to the host computer. 

The dist is continuously rotating within the disk drive system. even as the read/write head 

moves between zones, which may cause the read/write head to cross over one or more 
20 servo fields as it tnvels from one track or zone to another track or zone. The controller 

circuit knows the angular position of the read/write bead, but as the read/write head 

changes tracks between different zones, the number of secton between servo marks 

changes. because of the change in bit density between zones. The controller does not know 

how to translate this angular position after a zone change into a known position on the 
25 track relative to the sectOIS and may be unable to determine the relative positioning of the 

sector pulses on the specific track. To re-orient itself on the disk, the hard disk controller 

will normally wait for the INDEX mark and orient itself from the INDEX mark for the 

track that it is on. However. waiting for the INDEX mark during a read or write operation 

increases the latency in reaching the next desired sector. This delay adds to the seek 

30 latency of the disk drive system. 

3 
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DEFECTS 

After a recording media is manufactured it is tested by the manufacturer to 

determine the validity of each sector. Defects may be introduced during the manufacturing 

process which will damage a sector and prevent data from being stored in or retrieved from 

5 that sector. Defects are Daws within the media. usually resulting from the presence of dust 

particles and other aberrations during the manufacturing process. that make a portion of the 

media. usually a single sector, unsuitable for the storage of infonnation. 

The number of defects on a disk increases as the storage capacity per unit area of 

the disk drive system inaeases. Therefore as thC storage capability of the storage media is 

10 increased, it becomes more difficult and expensive to manufacture flawless storage devices. 

It also becomes cost prohibitive to discard all of the flawed devices. For these reasons it is 

desirable to develop a scheme which allows a system with defects occurring on its media to 

be saved and not discarded. 

The manufacturer will identify the defective sectors which are detected after the 

15 manufacturing process in a list of defects. bown as the "primary defect list" or 

"manufacturer's defect list." This list is stcnd directly on the disk in a reserved space, 

usually ourside of the boundaries of the data tracks. Additional defective sectors, known as 

secondary or "grown" defects may be detected after the manufacturer's primary list has 

been compiled. A list of these "grown" defects are maintained and stored in a secondary 

20 defect list also on the disk in a reserved space. 

25 

The primary and secondary lists am read from the disk and stored in the random 

access memory (RAM) upon power up of the dist drive system. The system controller 

then uses the infonnation from the primary and secondary lists to manage the defects and 

avoid writing data to bad or defective sectors. 

LINEAR REPLACEMENT 

Many different defect management schemes have been used in the past. Using the 

method of linear replacement for defect management the defective sectors are flagged and 

mapped to a good sector somewhere else on the disk. which is substituting for the defective 

30 sector, causing the system to jump from the defective sector to the good sector and then 

back to the defective sector in order to read or write the data on the disk in a consecutive 

order. This mapping technique adds considerable latency to lhe system and degrades its 
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performance because of the :required jumps from the defective sectors to the mapped 

substituting good sector and back. Each sector on a track is identified consecutively by a 

physical address or physical sector number, representing the actual location of the sector on 

the track. A logical sector number is used by the system controller to read d~ from and 

S write data to the disk drive. 

An example of a system using the method of linear ieplacement is illustrated in 

Figure 3a. The fust lraCk includes one spare sector at the physical sector number 31 and 

bas two defective sectors at the physical sector numbers l and 2. The fust defective sector 

is flagged as a defective sector and is mapped to the spare sector at the physical sector 

10 number 31 which is labelled as the logical sector number 1. Because the spare sector on 

the first track has been used, the second defective sector at the physical sector number 2 is 

flagged as a defective sector that is mapped off the track. The physical sector number 2 is 

labelled as the logical sector number 2 and the system must travel to another track in order 

to l'ead the data from or write the data to the sector which is substituting for the defective 

15 physical sector number 2 and then travel back to the first ttack in order to read or write the 

· information in a consecutive crier. 

An associated mapping value accompanies the second defective sector to infonn the 

system whel'e the substituting sector is located on the disk. This associated mapping value 

can be found in a pointer within the ID field of the defective sector or can be found in a 

20 defect table which lists all of the defective sectors and their associated substituting sectors. 

The disadvantage of the mdhod of linear replacement is that it requires extra seeks 

to be pedormed by the system if the system is to read or write the data in a consecutive 

order corresponding to the logical sector numbers. For the system illustrated in Figure 3a 

to read the data from the first track in a consecutive order com:sponding to the logical · 

25 sector numbers it will read the logical sector number 0 first. To read the logical sector 

number 1 the system must jump to the physical sector number 31. When the logical sector 

number 1 has been read the system must then jump back to the logical sector number 2, 

which is located at the physical sector number 2. Because the logical sector number 2 is 

defective the system is pointed to the substituting sector on another track and must travel 

30 to that sector in order to l'ead the data in the logical sector number 2. After the logical 

sector number 2 Im been read the system then must travel back to the first track and read 
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the remainder of the logical sector numbers 3-30 in a consecutive order. This method adds 

many extra seeks to the system and thereby increases the latency of the system. 

SECTOR SLIPPING 

S An improvement over the linear replacement technique is the method of sector 

slipping which also uses spare sectors assigned to each track to avoid the defective sectors, 

but does not requim as many seeks to be performed by the system. Each sector on a track 

is identified oonsecutively by a physical address or physical sector number, representing the 

actual location of the sector on the track. The sectors are numbered from zero to N-1, 

10 consecutively from the INDEX mark, where N is the number of sectors on the track. The 

sectors on a tlaclc are also identified by a logical sector number corresponding to their 

position within tbe sequence of data stored on the track. The logical sector number is used 

by the controller to read data from and write data to the disk drive. Not every sector will 

be assigned a logical sector number. 

15 A typical system employing sector slipping will include spare sectors at the end of 

each track. In a sector slipping scheme the defective sector is mapped to the next good 

sector on the track until all spare sectors are used. During formatting of the disk drive. 

logical sectors are assigned consecutively from a filst sector on the track to the last sector, 

slipping defective sectors until all spare sectors on the track are used. 

20 Figure 3b illustrates a typical track having thirty two sectors, numbered zero 

through thirty one where the last sector of the track is a spare. In the track of Figure 3b 

there are no defective sectors and therefore the spare sector 31 is not used. Figure 3c 

illustrales a track with a defective sector at the physical sector number 2. As can be seen 

from Figure 3~ the logical sector numbers are slipped after the defective sector and the 

25 spare sector is used as the logical sector number 30. 

After the track has been fonnatted and the logical sectors are mapped out, the 

system then performs a calculation to determine the location of the target sector which it 

must read from or write to. In the case of Figure 3c, if the system was instructed to read 

from a sector having a target logical sector number 26, the system would add the number 

30 of defects appearing before that sector, to that logical sector number to know the physical 

sector number of the target logical sector number. Therefore. because there is one 

defective sector before the physical sector number 26, the comet physical address for the 
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target sector number 26 would be at the physical sector number 27. 

When the number of defects on a track is greater than the number of spares 

assigned to that track, the defective sectors are still slipped, but as soon as the number of 

defective sectors exceeds the number of spares on the track, the remainder of the defective 

S sectors are not slipped, but are mapped to a sector on another track or somewhere else on 

the disk using die linear replacement method as described above. A system using the sector 

slipping method which includes a track with more defective sectors than spare sectors is 

illustrated in Figme 3d. The first track in Figure 3d includes one spare sector and two 

defective sectors. The first defective sector at the physical sector number 1 is skipped and 

10 the logical sector number 1 is slipped to the physical sector number 2 of the first track. The 

second defective sector at the physical sector number 29 is not slipped because the spare 

sector on the track has already been used. The logical sector number 28 is thelefore 

flagged as a defective sector and mapped to a substituting sector somewhere else on the 

disk, in this case the spare sector at the physical sector number 31 on the track I. 

15 The method of sector slipping maintains the logical sectors in a consecutive order 

allowing the system to read or write the data in a consecutive order without extra seeks. 

Extra seeks am required when the number of defective sectors on the track or segment 

exceed the number of spare sectors assigned to the track or segment and the system must 

travel to another track or segment to read or write the data from a substituting spare sector 

20 and then back to the original track. 

CIRCULAR SLIPPING 

Circular slipping or wrapping is another defect management method which can be 

used to map the defective sectors to substituting sectors. In the method of circular slipping 

2S or wrapping. the defective sectors are all slipped, even if the number of defective sectors 

exceed the number of spare sectors. If the number of defects on the ttack does exceed the 

number of spares. then the defective sectors arc used as logical sectors to ens~ that each 

track has a fixed number oflogical sectors. The defective sectors which are used as logical 

sectors are flagged as defective and are mapped to a substituting sector somewhere else on 

30 thedisk. 

A system employing circular slipping is illustrated in Figure 3e. The first ttack of 

Figure 3e includes one spare sector and has two defective sectors. Both of the defective 
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sectors are slipped and the spare sector 31 is used as the logical sector number 29. 

Because the system expects thirty one logical sectors per track. the first defective sector is 

used as the logical sector number 30. This sector is flagged as defective and is mapped to a 

substituting sector somewhere on the disk. in this case the spare sector at the physical 

S sector number 31 on the track 1. 

In the systems of the prior an which otilir.e sector slipping or circular slipping, the 

defect information and flags referred to above were included in the ID field. In drives that 

use an ID _Less fonnat the ID field is eliminated, and in general the sector must be 

identified without reading any subfield of the sector. It is therefore desirable for a system 

I 0 to automatically generate the defect infonnation and corresponding flags. 

SEGMENT SLIPPING 

A segment is a set of logically relared tracks which are positioned adjacent to each 

other on the disk or media. The tmcks within a segment are consecutively numbered from 

lS 0 to M. The physical sectors within a segment are consecutively numbered from 0 to SN-1, 

where SN is the number of physical sectors per segment, SL is the number of logical 

sectors per segment and P is the number of spare sectors per segment. Spare sectors are 

included at the end of a segment and defective sectors within a segment are slipped as 

described above for a track. The segment is treated as one contiguous storage space such 

20 that a defective sector is mapped to the next good sector within the segment and slipping 

occurs across the tracks within a segment. If the number of defective sectors for the 

segment exceeds the number of spare sectors included in the segment then the remainder of 

the defective sectors are mapped to substituting sectors somewhere else within the system. 

The concept of circular slipping can be applied to segment slipping. once the defective 

25 sectors within the segment exceed the spare sectors per segment. the remaining logical 

sectors are mapped to the defective sectors starting from the first defective sector within 

the segment. A special case of segment slipping is cylinder slipping where the segment is a 

cylinder of the disk. 

A group of four tracks comprising a segment is illustrated in Figure Sb. In the 

30 example of Figure Sb, this segment or partition includes four tracks. each with thiny two 

physical sectors and two spare sectors at the end of the segment. A track base value TB 

for each track. specifies the beginning physical sector number PSN for the first sector of 
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each ttack. A track displacement value TD includes the number of defective sectors in the 

ttacks pmvious to the current track that were slipped across a track. The logical sectors 

are numbered consecutively throughout the segment, skipping the defective sectors. The 

first logical sector number of each track can be calculated by subtracting the track 

5 displacement value TD from the track base TB. 

The first track in the example of Figure Sb has a defective sector at the physical 

sector number 1. This defective sector is skipped and the physical sector number 2 is 

labelled as the logical sector number 1. The tract displacement value TD for the second 

track is equal to one because of the one defective sector pmvious to the second track. The 

I 0 tint logical sector number of the second track is therefore thirty one because the track base 

is thirty two and the track displacement value TD is one. The second track also includes a 

defective sector at the physical sector number 61. This defective sector is skipped and the 

physical sector number 62 is therefore labelled as the logical sector number 60. The track 

displacement value TD for the third track is equal to two because of the two defective 

15 sectors previous to the third track. Because the spare seCtors are located at the end of the 

segment, the number of logical sectors and spare sectors on the last track of the segment 

must be appropriately adjusted based on the track displacement value TD and the numbec 

of spare secton. For example, initially there are thirty logical sectors and two spare secton 

on the last track of the segment illustrated in Figure Sb. Because the track displacement 

20 value TD is not equal to zero, the number of logical sectors is increased by the track 

displacement value TD and the number of spare sectors SP is decreased by the track 

displacement value TD. using the following equadon: 

If SP~ TD then L=L+TD, SP=SP-TD else L=L+SP, SP=O 

Automatic track processing requires hardware defect management and mapping the 

physical sector numbers on the track to logical sector numbers. This mapping of a physical 

2S sector number to a logical sector number must take into account the defect management 

strategy employed in the disk drive system and the skew. if any. of the system. A Logical 

Block Address (LBA) is a quantity which is kept for each non-defective sector and includes 

a cylinder number, a head or track number and a sector number. This LBA is translated to 

a Physical Block~ {PBA) which includes a cylinder. head and sector number. This 

30 translation is based on the assumption that there are a fixed number of logical sectors per 
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track and/or segment. 

One method which can be used to translate the LBA to a PBA, when the number of 

logical sectors per track is not constant, is based on the fact that the same address 

translation routine can be used if the target LBA is adjusted by the number of defective 

5 logical sectors with an LBA less than or equal to the target LBA that are slipped across the 

track. If there are no spare sectors used per track by the system then the adjustment will 

simply be the number of defective logical sectors with an LBA less than or equal to the 

target LBA. This translation method will require a table search. Other methods used for 

this translation will :require extra seeks to perfonn the above ttanslation if a segment 

I 0 slipping method is used. 

SKEW 

The skew of a system is a parameter which combines the head skew. the cylinder 

skew and the mne skew and represents the number of sectors that the system travels over 
15 as it changes from one cylinder or track to another or from one zone on the disk to another. 

For example, as the system travels from the end of one track to the beginning of a 

subsequent track, the system may travel over a number of sectors before it is ready to begin 

the operation for that track. The systems described above did not have a skew and began 

logically numbering the sectoJS from the INDEX mark. Disk drive systems which do have 
20 a skew value will begin the logical sector numbering of sectors on the track from the first 

sector at which the system is ready to begin the opCration. which is not at the beginning of 
the track or the INDEX mark. These systems would then number the logical sectors 

consecutively, beginning from this sector and would continue numbering the sectors unlil 

this sector is again reached. 

25 An example of this numbering system, taking into account the skew of a system. is 
illustrated in Figure 4. The skew value of this system is five sectors and therefore the 

system begins logically numbering from the physical sector number 5. After taking into 

account the skew of the system, this system can then implement any one or a combination 

of all of the defect management schemes described above. When the system comes to the 

30 physical sector number 31, it is assigned a logical sector number 25. The system then 

wraps around to the beginning of the track and the next logical sector number on this track 
is the physical sector number 0 because of the skew of the system. Therefore. the physical 
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sector number 0 is assigned a logical sector number 26. As the system jumps from this 

track to the next track, the skew of the system must again be taken into account and the 

first logical sector number of the next track will consequently be the physical sector number 

10. 

S A system which uses an ID_Less format was taught by Greenberg et al. in U.S. 

Patent No. 4,656,532 issued on April 7, 1987. Under the method taught by Gmmberg, the 

system, by reading a single header of a sector, can ascertain the location of the Jogical 

sectors on the track, as long as the number of defective sectors on the track is less than the 

number of defective sectors for which information can be stored in the header. If the 

10 number of defective sectors on the track exceecls the number of defective sectors for which 

information can be stored in the header, then more than one header will have to be used to 

ascertain the informalion for the track. The header includes the offset of the first logical 

sector on the track •d the locations of the defective sectors on the track that must be 

skipped. The method of Greenberg translates the target logical sector number to a target 

lS physical sector number and counts the sector pulses until the target physical sector is 

reached. The method of Greenberg does not teach a translation algorithm for ttanslation of 

the physical sector number to a logical sector number, and does not teach a method of 

translating physical to logical sector numbers and comparing the logical sector number with 

the target sector number for sector identification. The method of Oleenberg et al. does not 

20 teach using a defect table in memory or using a first-in first-out (FIFO) stack for processing 

the track defects. 

What is needed is a defect management method and apparatus which can be used 

with ID_Less formats, wherein the ID and DATA fields of a sector are merged. What is 

further needed is a method for automatic sector identification and track processing for disk: 

2S drive systems which use the ID_Less format. What is also needed is a system which 

automatically supports the defect management schemes of the prior an without any real 

time intervention by the microprocessor in disk drive systems which use the ID_Less 

format. 

30 
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SUMMARY OF THE INVENTION 

Defect management for automatic track processing without an ID field. processes 

defect information for a track on a magnetic media within a disk drive system. A system 

which uses any method of defect management including linear replacement, sector slipping, 

S cylinder slipping or segment slipping. can be supported. A physical sector number for each 

sector is translated to a logical sector number relating to the order of data on a track. This 

translation of the physical sector number to a logical sector number for automatic track 

processing can be accomplished using any one of three methods: 1) a track defect table can 

be built in the buffer RAM; 2) the defect infonnation can be written in the header of every 

I 0 sector; or 3) a system FIFO, located in the onboard logic, can be used to manage the defect 

list. The first and third methods support an ID_less format wherein the data field does not 

contain a header subfield and information for sector identification is maintained by the disk 

drive system. In the second method, the header subfield comprises four defect ICCOrds. In 

the third method, if there are more defect records for the track than will fit in the FIFO, 

15 then after initialization and loadmg the first and second banks of the FIFO by the drive 

microprocessor, the first and second banks are each loaded by the drive microprocessor 

while the other is being processed, in a ping-pong manner, until the track processing is 

complete. A defect iecord includes a physical sector number of the defective sector, an 

offset number and a Dag indicating whether or not the defective sector has been slipped. 

20 The defect record may be either a faxed two byte entry or may be of a user def med number 

of bytes. Defect tlags are automatically generated by the system for each defective sector. 

BRJBF DF.SCIUm()N OF THE DRAWINGS 

Figure 1 illusttates a magnetic media platter with embedded servo fields. 

25 Figure 2a illustrates the format of a typical sector. 

Figure 2b illustrates the fonnat of an ID_Less sector of the prior art. 

Figure 3a illustrares a typical track within a system using the linear replacement 

method of defect management. 

Figure 3b illustrates a typical track having thirty two sectors, including one spare 

30 sector. 

Figure 3c illustrates a typical track including one slipped defective sector. 

Figure 3d illustrates a system using a sector slipping method of defect management. 

12 
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Figure 3e illustrates a system using a cilcular slipping method of defect 

management. 

Figure 4 illustrates a track within a system having a skew value of five sectors. 

Figure Sa illustrates an example of a track with one spare sector and two defective 

5 sectors. 

. Figure Sb illuscrates an example of a cylinder slipping method for a cylinder 

including four tracks. 

Figure 6 illustrates a flow chart of the main program of the present invention. 

Figure 7 illustrates a lrack defect list stored in the buffer RAM. 

10 Figure 8 illustrates a header sector for a system using an ID_I...BSS format, 

including four defect pairs. 

Figure 9 illustrates a schematic block diagram of the apparatus of the present 

invention. 

Figure 10 illustrates an alternative track defect list including a programmable 

15 number of bytes for each record. 

Figure 11 illustrates a format of two consecutive ID_Less sectors without a header 

subfield. 

DEIAU,EQ DESCRIPTION OF DIE P8RfERBEQ EMBODIMENT 

20 In previous systems. the defect information, including the mapping of defective 

sccton to replacement sectors was contained in the ID field of the sector. The apparatus 

and method of the present invention can be used with systems which include an ID field in 

the sector and can also be used with systems which use the ID_Less format without an ID 

field. The apparatus and method of the present invention can also support the defect 

25 management schemes of the prior art described above automatically without any real time 

intervention by the microprocessor in disk drive systems which use the ID_Less format. 

The apparatus and method of the present invention also automatically generates four flags. 

which will be described below, for each defective sector. 

The present invention can implement any of the prior art methods described above 

30 for mapping the defec:livc sectors to good sectors depending on the method used by the 

system. The method of the prefened embodiment of the present invention employs the 

method of circular slipping or segment slipping. In this method, the defective sectors are 
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slipped using sector slipping until the number of defective sectors on the track or segment 

exceeds the number of spares assigned to that track or segment. The number of spares 

aaigned to the track or segment can be chosen to minimi7.e the number of tracks or 

segments for which the number of defects will exceed the number of spares. When the 

S number of spares has been exceeded by the number of defects on the track or segment, the 

method of the present invention will assign the sectms that would have been shifted out to 

the defective sectms on the track or segment, beginning with the first defective sector and 

continuing Wltil the lat defective sector on the track or segment. From the defective 

sector, this logical sector is then mapped to a substituting spare sector somewhere else on 

10 the disk. 

By using the circular slipping method the number of logical sectors per track or 

segment can be kept constant. When the number of spare sectors on the track. or segment 

is exceeded by the number of defective sectors, the system does not have to travel back to 

the original track but can travel directly to the next subsequent ttaclc:. The system will have 

15 to perfonn extra seeks to read or write the data in a consecutive order corresponding to the 

logical sector numbets. However, by using this method the system will save a seek over 

the other methods because when the last logical sector is read or written to, the system 

does not have to travel back to the original track but can travel directly to the next 

subsequent track. 

20 Fsgurc Sa illustrates an example of a track. where the number of defective sectors 

exceeds the number of spues assigned to that track. The track of Figure Sa has one spare 

assigned to it and two defective sectors. The track has thirty one logical sectors and one 

spare sector. The physical sector numbers 1 and 28 are defective and are slipped. as is 

illustrated in Figure Sa. To keep the number of logical sectors on each track constant, the 

25 logical sector number 30 is assigned to the first defective sector, the physical sector number 

1. The logical sector number 30 must be flagged as defective and additional infonnation 

must also be kept so that the system will know the location of the spare substituting sector 

where this sector is mapped to.on the disk. 

An offset value is kept for each defective sector and is used to infonn the system 

30 where the substituting sector for the defective sector can be found. The offset value is a 

user defined value and is programmed according to the defect management scheme 

employed by the system. The offset value is a pointer which will infonn the system where 
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the substituting sector is on the disk. 

MAPPING WHEN SYSTEM SKEW IS EQUAL TO ZERO 

The defect information of the track includes an ordered list, based on an increasing 

5 defect physical sector number, wherein the entry for each defective sector includes a 

physical sector number, an associated offset value and a binmy valued flag SUPPED, 

which indicates whether the sector has been slipped In an embodiment of the present 

invention, a hexadecimal value of FF is not a valid defect sector number or a valid physical 

or logical sector number and is a default value used to signal an invalid logical sector 

10 number. Alternatively, a Not Valid Logical Sector Flag NVLSN is used to signal an invalid 

logical sector number. 

The associated offset value is user defined, and is used for mapping the defective 

sectors to alternate sectors. Since the apparatus of the present invention uses the offset 

value as described below in detail, the user defined offset value must conform to these 

IS restrictions. When the SLIPPED flag is at a logical low voltage level, then a non-zero 

offset value less than or equal to the number of spare sectors per track indicates that the 

substituting sector is a spare sector on the same track. When the SLIPPED flag is at a 

logical low voltage level then a non-zero offset value greater than the number of spare 

sectors per track indicates that the altemate sector is not on the same track. When the 

20 SUPPED flag is set to a logical high voltage level, a non-zero offset value indicates that 

the defective sector is mapped to a logical sector which is not on the track. The defective 

spam sectors are included in the list of defect records, however the offset value for a 

defective spare sector should be zero. When the flag SLIPPED is set to a logical high 

voltage level, this indicates lbat the defective sector is slipped. When the flag SLIPPED is 

25 reset to a logical low voltage level, this indicates that the defective sector is not slipped. 

The number of spare sectors per track is kept in a register SP. The number of 

sectors per physical track is stored in the register N and the number of logical sectors per 

track is stored in the registerL. The values SP, N and Lare not embedded in the defect 

infonnation on the track but are initialized by the apparatus of the present invention for 

30 each zone. 

The apparatus of the present invention keeps track of the physical sector number 

and based on the track defect infonnation, maps the physical sector number to a logical 
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sector nmnber. The apparatus of the present invention also keeps track of and 

automatically generates four flags. a DEFECT flag. a LOGICAL END OF TRACK 

(LEOT) flag, a PHYSICAL END OF TRACK cPE0n flag and a TARGET SECTOR 

NOT ON TRACK (TSNOT) Dag. Alternatively, an additional flag is generated by the 

S apparatus of the present invention if the Not Valid Logical Sector Flag NVLSN is used to 

signal an invalid logical sector number, rather than assigning a hexadecimal value of FF to 

the logical sector number. The DEFECT flag, when set to a logical high voltage level. 

indicates that the defective sector is mapped to a spare sector off of the track. 

Mapping of the physical sector number to a logical sector number requires the 

10 apparatus of the present invention to scan the track defect information and compute the 

number of defective sectors on the traclc that are slipped, represented by the value SD, the 

logical sector number of the last logical sector on the track, represented by the value X, the 

logical sector number of the last good sector on the track, represented by the value z. and 

the logical sector number of the defective sectors on the track that are skipped and mapped 

15 to the spare sectors on the track. The first logical sector number that is skipped and 

mapped to a spare sector on the track is repn:sentcd by the value SKIPl_LSN. The second 

logical sector number that is skipped and mapped to a spare sector on the track is 

represented by the value SKIP2J.SN. A hexadecimal value of FF for the values 

SKIPl_LSN and SKIP2_LSN indicates that there was no defective sector on the track that 

20 was skipped and mapped to a spare sector on the track. Note that the hexadecimal value of 

FF for the values SKIPl_LSN and SKIP2_LSN does not indicate that the spare sectors 

were not used because defective sectors on other tracks could have been mapped to the 

spare sectors on the cunent track. 

The logical sector number of the last good sector on the track Z and the logical 

25 sector number of the last logical sector on the track X are computed using the following 

equations: 

Z = (N-1) - SD (2) 

X = (L-1) If SP~ SD, Else x = z (3) 

Using the above equations for the track illustrated in Figure Sa, the number of sectors per 

physical track N is equal to thiny two. and the number of defective sectors on the track that 
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are slipped SD is equal to two. The logical sector number of the last good sector on the 

ttack Z is therefore equal to twenty nine. The number of spare sectors per ttack SP is 

equal to one and is therefore not greater than the number of defective sectors on the track 

that me slipped SD. The logical sector number of the last logical sector on the track X is 

S therefore equal to the logical sector number of the last good sector on the track Z, which is 

equal to twenty nine. 

The apparatus of the present invention begins its computations for a track by 

initializing the number of defective sectors on the track that are slipped SD to zerot the 

logical sector number of the first defective sector on the track SKIP1_13N to the 

10 hexadecimal value FF, the logical sector number of the second defective sector on the track 

SKIP2_LSN to the hexadecimal value FF, the logical sector number of dJe last logical 

sector on the track X to the number of logical sectors per track L minus one ad the logical 

sector number of the last good sector on the track Z to die number of sectors per physical 

track N minus one. A value of one is subtracted from the pievious values because the 

lS system of the present invention begins numbering the sectors, both logically and physically. 

from r.ero. Alternatively, the sectors on each track could be numbered beginning from one 

and then the value of one would not have to be subtracted from the pmvious values. 

The apparatus of the piesent invention will next scan the defect infonnation for the 

track and the entry in the defect list for each defective sector of the track. H the defect 

20 sector number DSN is not equal to a hexadecimal value of FF and if the SLIPPED flag is 

equal to a logical high voltage level, then the apparatus will increment the number of 

defective sectors on the track that am slipped SD and the logical sector number of the last 

good sector on the track Z is decmmented. Otherwise, if the defect secror number DSN is 

equal to a hexadecimal value of FF or if the SLIPPED flag is not equal to a logical high 

25 voltage level. and the offset value OFFSET is equal to a value of one or two, signalling that 

one of the spare sectors was used for this defective sectort then the logical sector number 

associated with the defective sector number DSN is saved in one of the registers 

SKIPl_LSN or SKIP2_LSN. The apparatus of the present invention repeats this process 

for all of the defective sectors on the track. When the apparatus of the present invention 

30 finishes these calculations for the defective secton on the track, if the logical sector number 

of the last good sector on the track Z is less than the number of sectors for the logical track 

L minus one. then the logical sector number of the last logical sector on the track X is set 
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equal to the logical sector number of the last good sector on the track z. 
After the appantus of the present invention computes the values for the logical 

sector number of the last logical sector on the traclc :X, the logical sector number of the first 

defective sector on the track mapped to a spare sector on the same track SKIPl_LSN and 

S the logical sector number of the second defective sector on the track mapped to a spare 

sector on the same track SKIP2_LSN, it then goes through the track sector by sector and 

assigns the logical sector numbeIS to the sectors on the track. The logical sector number 

for the first and second defective sectors mapped to spare sectors on the same track are 

stored in the registers SKIPI_LSN and SKIP2_LSN. A value of FF within one of the 

10 registers SKIPl_LSN and SKIP2_LSN will indicate that there is no valid logical sector 

number for the defective sector stored in the respective regisrer. Alternatively, two flags 

SKIP I_ USED and SKIP2_USED are used to indicate whether the data within die registers 

SKIPl_LSN and SKIPl_LSN is valid for a defective sector. 

If a physical sector number PSN is not a defect sector number DSN, then the 

15 corresponding logical sector number LSN is equal to the physical sector number PSN 

minus the number of slipped defective sectors between the physical sector number 0 and the 

physical sector number PSN. Otherwise, if the physical sector number PSN is a defect 

sector number DSN, then the sector is wrapped and the conaponding logical sector 

number LSN is equal to the logical sector number of the last logical sector on the track X 

20 plus the number of slipped defective sectors between the physical sector number 0 and the 

current physical sector number PSN. 

MAPPING WHEN SYSTEM SKEW IS NOT EQUAL TO ZERO 

In the previous discussion the system skew was assumed to be equal to zero. 

25 However. for practical application. additional calculations need to be performed before the 

physical sector numbers can be mapped to logical sector numbers, in order to handle the 

more general case of a non-zero skew. With a non-zero skew the physical sector number 

PSN is first mapped to a skew adjusted physical sector number F(PSN) prior to mapping to 

a corresponding logical sector number LSN. The skew adjusted physical sector number 

30 F(PSN) is calculated using the following equation: 

= PSN - SKEW if PSN ~ SKEW, Else N + PS. (4) 
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The value N in equation 4 is equal to the number of sectors per physical track. Figure 4 

which was discussed above can be used to illustrate the above calculations. If the skew of 

the system is equal to five. then the skewed physical sector number F(PSN) for any of the 

sectors after the physical sector number 4 is equal to the physical sector number minus five, 

S the skew of the system and the skewed physical sector number F(PSN) for any of the 

sectors before the physical sector number S is equal to the number of sectors for the 

physical track N, which in this case is thirty two, plus the physical sector number minus 

five, the skew of the system. The skewed physical sector number F(PSN) for the physical 

sector number 29 would be equal to 24. The skewed physical sector number F(PSN) for 

10 the physical sector number 2 would be equal to 29. 

15 

To calculate the logical sector number LSN from the skewed physical sector 

number F(PSN) the following equations are used for a physical sector number which is not 

equal to a defective sector number DSN: 

!" PSN < SKEW then LSN = N + PSN - SKEW - b> (S) 

where bx=b+c2 

IF PSN ~SKEW then LSN = PSN - SKEW - bx: (6) 

where bx=b-cl 

For a physical sector number which is equal to a defective sector number which is slipped: 

If PSN < SKEW then LSN = X + bx (7) 

where bx=b+cl 

If PSN ~ SKEW then LSN = x + bx (8) 

where bx=b-cl 

20 In the above equations, the value b is equal to the number of defective sectors between the 

physical sector number 0 and the physical sector number PSN. The value c 1 is equal to the 

number of defective sectors between the physical sector number 0 and the physical sector 

number corresponding to the skew of the system. The value c2 is equal to the number of 

defective sectors between the physical sector number corresponding to the skew of the 
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system and the physical sector number corresponding to the number of sectors per physical 

trackN. 

In the track illustrated in Figure 4, having a skew equal to five, the value of c 1 is 

equal to zero because there are no defective sectors between the physical sector number 0 

5 and the physical sector number corresponding to the skew of the system, in this example 

the physical sector number 4. The value of c2 is equal to one because there is one defective 

sector between the physical sector number 4 and the physical sector number corresponding 

to the number of sectors per physical ttack N. in this example the physical sector number 

31. For physical sector numbers greater than twenty eight, the value of b is equal to one 

10 and for physical sector numbers less than twenty eight. the value of bis equal to zero. 

Therefore, the logical sector number LSN corresponding to the physical sector number 29, 

using the equation (6) is equal to twenty three. because the physical sector number 29 

minus the skew, five, minus the value of bx, in this case one. is equal to twenty three. The 

logical sector number LSN conesponding to the physical sector number 2, using the 

15 equation {S) is equal to tw~ eight, because the number of physical sectors on the track 

N, thirty two, plus the physical sector number 2, minus the skew, five, minus the value of 

bx, in this case one. is equal to twenty eight. 

If the physical sector number is a defective sector which was slipped then the 

physical sector number is mapped to a logical sector number LSN using the equations (7) 

20 and (8), and adding the logical sector number of the last logical sector on the ttack X to the 

value bx. For the defective sector of Figure 4 which has a physical sector number 28. it is 

assigned a logical sector number 31. 

GENERAL DESCRIPTION OF THE METHODS OF TRANSLATION 

25 A schematic block diagram of the apparatus of 1he prefened embodiment of the 

present invention is illustrated in Figure 9. The preferred embodiment of the method and 

apparatus of the present invention can use any one of three methods for translation of the 

physical sector number to a logical sector number for automatic track processing in disk 

drive systems. The first method builds a track defect table in the buffer RAM of the 

30 system. The buffer manager 150 uses the buffer interface 162 to control the rettieval of the 

defect records from the track defect table and load them into the defect FIFO. The track 

defect table includes a defect record for every defective sector on rhe track. The defect 
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record includes a physical sector number of the defective sector DSN, an offset number and 

a flag bit indicating whether or not the defective sector is slipped. 

This defect list includes a two-byte or four-byte entry for each defective sector on 

the track. This defect list must be contiguous and can be located in any 64 Kbyte segment 

S of the buffer. A defect list start address pointer DLSAP is stored in the register 1S6 and 

points to the starting address of the defect list within the buffer RAM. A defect list end 

address pointer DLEAP is stored in the register 1S8 and points to the ending address of the 

defect list within the buffer RAM. A three-byte defect list address pointer DLAP is stored 

in the register 154 and points to the current entry in the defect list. When the lower sixteen 

10 bits of the pointer DLAP is equal to the ending address pointer DLBAP, the lower sixteen 

bits of the pointer DLAP is automatically reloaded with the starting address pointer 

DLSAP. The remaining eight bits of the defect list address pointer DLAP is a segment 

selector which selects a segment within the buffer RAM. The si?.e of the defect list is 

specified by the parameter DL_SIZB. 

15 A track defect list is illustrated in Figure 7. Each defective sector on the track has a 

corresponding entry in the defect list which includes an eight-bit defect sector number 

DSN, a seven bit offset value and a flag SLIPPED. wherein the flag SLIPPED is stored in 

the most significant bit of the second byte of the defect record. Alternatively, the defect 

sector number DSN could be a two-byte value and the offset value could be a fifteen-bit 

20 value, with the flag SLIPPED stored in the most significant bit of the second word of the 

defect record. 

The second method embeds the defect information for the track within the header 

subfield of each sector. The defect infonnation includes an ordered list of n defect records, 

based on an increasing defect sector number DSN. If a defect record is not used it is 

25 assigned a hexadecimal value of FF, indicating that it is not a valid defect record. To begin 

processing the defect infonnation for a tract it is only necessary to read a single header 

field on the track and load the track defect infonnation into the FIFO 152. 

When an ID_Less fonnat including the header subfield is being used, the defect 

information for each ttack can be written into the header of each sector, directly on the 

30 track. This defect infonnation, in the preferred embodiment of the present invention, 

includes an ordered list of four records, each record comprising a defect sector number 

DSN. which is the physical sector number of the defect. an associated offset value and a 
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tlag SLIPPED. The ordering of the list of four records is based on an increasing defect 

sector number DSN and as with the operation described above. a hexadecimal value of FF 

is not a valid defect sector number DSN. 

The associated offset information is defined, and used for mapping the defective 

5 sectors to alternate sectors. Additionally. a FLAG byte is included in the header which 

contains a flag bit indicating that there are more than four defect records for this track. In 

the case when there are more than four defect records for the track, the system cannot 

process anything automatically and must use the microprocessor assisted method or store 

the defect list in the buffer RAM. 

10 The fonnat of a sector with embedded defect infonnation in the header is illustrated 

in Figure 8. The sector comprises three subfields, including a header subfield, a DATA 

subfield and an ECC subfield. The header subfield contains a defect list of four defect 

records, a flag byte, optionally a displacement value, a skew value, a head number value 

and an error detecting CRC subfield. The programmable ECC subfield covering the header 

15 and DATA subfields also can be split to accommodate a servo mark in the preferred 

embodiment of the invention. Alternatively, the offset information could be removed from 

the header, and all defective sectors assumed to be slipped. 

The third method includes the onboard first-in first-out stack FIFO 152 having a 

first bank BANKl 170 and a second bank BANK2 172 which are used as a ping-pong 

20 storage for the defect records. The microprocessor will fill the FIFO with track defect 

records if the number of defect records will fit in the FIFO. Otherwise, the microprocessor 

fills one of the banb while the other bank is being processed. Since the sector processing 

by the system will take more time than filling the FIFO. the microprocessor intervention 

time is negligible and if a iasonable sized FIFO is used, not time critical. 

25 This information can be loaded into the FIFO by the microprocessor. The internal 

FIFO 152 consists of two banks which are used in a ping-pong manner. After the setup 

computation, if the number of defect records will not fit in the FIFO. the microprocessor 

loads both banks with defect infonnation and the microprocessor sets both a flag 

BANKl_READY and a flag BANK2_READY to a logical high voltage level. loads other 

30 parameters and instructs the apparatus of the present invention that it can begin the 

operation. 

Each bank within the FIFO 152 of the preferred embodiment can ho1d four entries 
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from the defect list at any one time. To begin the automatic processing for the current 

track. the first four entries from the defect list for the track are loaded into the first bank. If 

there are more than four entries, the next four entries are loaded into the second bank. The 

microprocessor manages the loading of the banks but the computations are done by the 

S hardware of the present invention. After the defect list in the first bank is processed, the 

flag BANKl_RBADY is reset to a logical low voltage level and an interrupt is sent to the 

microprocessor. When the microprocessor receives the interrupt. it initiates the load into 

the first bank if there arc more than eight entries in the defect list for this track. 

The microprocessor and the hardware of the present invention then continue this 

10 operation, processing the entries in one bank, while the other bank is being loaded, until the 

operation is completed. 

The first method which maintains a track defect table within the buffer RAM and 

the third method which uses a FIFO to store the defect records, both suppon an ID_Less 

format with no header subfield. In both of these methods a header subfield is not necessary 

15 because any information ~uired for sector identification is maintained somewhere else 

within the disk drive system. Two consecutive JDJ,.ess sectors without a header subfield 
are illusttated in f'°igure 11. :Each of the other subfields included in a typical ID_I..ess 

format sector are included in the ID_Less format sectors without a header subfield 
illustrated in Figure 11. An intersector gap (ISG) follows the first sector i and precedes the 

20 second sector i+ 1. 

DESCRIPTION OF THB ALGORITHM OF THE PRESENT INVENTION 

A Bow chan illustrating the method of the present invention is illustrated in Figure 
6. The default values for the registers and flags are set in the Block 10. The logical sector 

25 number LSN is set to a hexadecimal value of FF, the DEFECT flag, the logical end of track 

flag LEOT, the physical end of track flag PEOT and the target sector not on track flag 

TSNOT are all reset to a logical low voltage level. The DEFECT flag is generated for a 

defective sector that is mapped to a spare sector off of the cunent track. The logical end of 
track flag LEOT is generated for a sector which is the last logical sector on the track. The 

30 physical end of track flag PEOT is generated for a sector which is the last physical sector 

on the track. The target sector not on track flag TSNOT is generated when the logical 

sector number of the rarget sector T ARGET_LSN is greater than the logical sector number 
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of the last logical sector on the track. 

After the default values are set, the apparatus of the present invention then 

determines if the defect list is stored in the headers of the sectors at the Block 11. If the 

defect list is stored in the header then the apparatus of the present invention detennines if it 

S is to wait for the apparatus of the present invention to read the defect list from a header at 

the Block 16. If the apparatus of the present invention has already read the defect list from 

the header and has the defect list loaded, it then jumps to the Block I Sa and begins 

processing the defect information for the ttack. If the apparatus of the present invention is 

to wait while the defect list is read and does not yet have the defect list loaded, then it waits 

I 0 at the Block 17 until the defect list is ready. Once the defect list is l'C&dy, the apparatus 

proceeds to the Block 17a where it determines if the more defect flag for the sector is set to 

a logical high voltage level signalling that the number of defects has exceeded the number 

of records available in the defect list. If the apparatus determines that the more defect flag 

is set to a logical high voltage level then an enor is signalled and the signal ST ART is reset 

15 to a logical low voltage level at the Block l 7b and the apparatus returns to the Block 10 to 

begin the algorithm again. If the more defect flag is not set to a logical high voltage level 

then the apparatus jumps to the Block 1 Sa. 

If the defect list is not stored in the header of each sector on the track, the 

apparatus then determines at the Block 13 if the defect list is stored in the buffer RAM. If 

20 the defect list is stored in the buffer RAM then the defect list address pointer DLAP is 

initialized with the address of the defect list starting address pointer DLSAP and the 

apparatus is instructed to begin the fetch of the records from the defect list stored in the 

buffer RAM at the Block 14. At the Block 15, the apparatus waits until the fetch of the 

entries in the defect list is complete or until the FIFO is full whichever occurs first. Once 

25 the fetch of all of the entries in the defect list is complete or the FIFO is full the apparatus 

then determines at the Block 15a if a sector mark rising pulse is detected. A sector mark 

rising pulse is generated when the rising edge of a sector mark is detected. If no sector 

mark rising pulse is detected the apparatus jumps to the Block 18 and begins processing the 

defect infonnation for the track. 

30 If the defect infonnation is not stored in the header of each sector or in the buffer 

RAM. the apparatus then detennines at the Block 12 if the defect list fits completely in the 

defect FIFO and that the microprocessor has loaded the defect list in the defect FIFO. If 
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the defect list does not fit completely in the defect FIFO. then the operation mode control, 

set by the microprocessor. indicates that the defect list does not fit completely in the defect 

FIFO and the microprocessor will manage loading a first bank BANKl of registers and a 

second bank of registers BANK2. A starting physical sector number START_PSN is 

S loaded into the internal physical sector number register N_PSN at the Block 31. At the 

Block 32, the defect FIFO pointer i is reset to :zero and a command is given by the onboard 

logic to begin a mapping subroutine C. The apparatus then waits until the subroutine C is 

complete at the Block 33 and it has received an asserted signal DONE_C. During the 

mapping subroutine C, the compU1ations for physical to logical mapping are perfonned, 

10 utilizing the spare sectors and taking into account the skew value for the system and the 

number of slipped defective sectors. Also during the subroutine C, the defect list is loaded 

in the fint and second banks of the FIFO if it is determined that the defect list is not already 

loaded in the buffer RAM. 

After the apparatus completes the mapping subroutine C, it then waits for a sector 

15 mark rising pulse at the Block 34. After the apparatus has detected a sector mark rising 

pulse. it then waits at the Block 36 until the physical sector number PSN is equal to the 

starting physical sector number START_PSN. As soon as the physical sector number PSN 

is equal to the starting physical sector number START_PSN, the apparatus determines at 

the Block 36a whether or not a stop conunand has been issued. If a stop command has not 

20 been issued the apparatus jumps to the Block 30, otherwise at the Block 37 an error 

condition Dag is set to a logical high voltage level, the signal ST ART is reset to a logical 

low voltage level and the apparatus jumps up to the Block 10. 

If the apparatus determines at the Block 12 that the defect list fits completely in the 

defect FIFO and the microprocessor has loaded the defect list in the defect FIFO, it then 

25 jumps to the Block 1 Sa to begin processing the defect information for the track. The 

apparatus determines at the Block lSa if a sector mark rising pulse is detected. If a sector 

mark rising pulse is detected the apparatus waits at the Block lSa until no sector mark 

rising pulse is detected and then proceeds to the Block 18. At the Block 18 the apparatus 

loads the next physical sector number NEXT(PSN) into the intemal physical sector number 

30 register N_PSN. At the Block 19 the apparatus begins the subroutine A. During the 

subroutine A. the track defect information is scanned and the number of defective sectors 

on the track that are slipped. the logical sector number of the last logical sector on the track 
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X. the logical sector number of the last good sector on the track Zand the logical sector 

number of the defective sectors on the track that are skipped and mapped to the spare 

sectors on the track SKIPl_LSN and SKIP2_LSN, the defective list address pointer offset 

DLAP _offset and the values k, cl, c2 and b are all calculated. A hexadecimal value of FF 

S for the logical sector number of the defective sectors on the track that are skipped and 

mapped to the spare sectors on the track SKIPl_LSN and SKIP2_LSN indicates that there 

is not a defective sector on the track that was skipped and mapped to the spare sector on 

the track. but does not indicate that the spare sectors on the track were not used, because 

defective sectors from other tracks could have been mapped to the spare sectors on the 

10 track. 

The defective Jist address pointer offset DLAP _offset is a pointer offset used when 

the defect list is stored in the buffer RAM. The value k represents the number of defect 

records already processed in the track defect list. The value cl represents the number of 

defective sectors between the physical sector number 0 and the physical sector number 

15 conesponding to the skew of the system. The value c2 represents the number of defective 

sectors between the physical sector number corresponding to the skew of the system and 

the physical sector number corresponding to the number of sectors per physical track N. 

The value b repleSellts the number of defective sectors between the physical sector number 

0 and the physical sector number PSN. 

20 While the apparatus of the pl'CSCDt invention is executing the subroutine A it also 

checks for a sector mark rising pulse at the Block 21. If a sector mark rising pulse is 

detected before the apparatus completes rhe subroutine A, the apparatUs aborts the 

execution of the subroutine A at the Block 28 and then determines at the Block 28a if the 

defect list is stored in the buffer RAM. If the defect list is stored in the buffer RAM the 

25 apparatus jumps back to the Block 13, otherwise it jumps back up to the Block I Sa. Also 

at the Block 28 the logical sector number LSN is set to a hexadecimal value of FF, the 

DEFECT flag, the logical end of track flag LEOT. the physical end of ttack flag PEOT and 

the target sector not on track flag TSNOT are all reset to a logical low voltage level. The 

apparatus waits at the Block 22 until the completion of the subroutine A. as long as no 

30 sector mark rising pulse is detected before the subroutine A is finished. 

After the subroutine A is completed the apparatus then begins the subroutine C at 

the Block 23. While the apparatus is executing the subroutine Cit also checks for a sector 

26 



W096127882 PCT/US96/0283l 

mark rising pulse at the Bloclc 24. If a sector mark rising pulse is detect.ed before the 

apparatus completes the subroutine C, the apparatus aborts the execution of the subroutine 

C at the Block 29 and jumps back up to the Block 28a. Also at the Block 29, the logical 

sector number LSN is set to a hexadecimal value of FF, and the DEFECT flag, the logical 

S end of track flag LEOT, the physical end of track flag PEOT and the target sector not on 

track flag TSNOT are all reset to a logical low voltage level. The apparatus waits at the 

Block 25 until the completion of the subroutine C, as long as no sector mark rising pulse is 

det.ectecl before the subroutine C is finished. 

After the completion of the subroutine C. the apparatus of the present invention 

10 determines at the Block 26 if it is to stop processing the defect information for this track. 

If the apparatus is to stop processing the defect information for this track, then an error 

condition flag is set to a logical high voltage level at the Block 37, the signal START is 

reset to a logical low voltage level and the apparatus jumps back up to the Block 10. If the 

apparatus determines that it is not to stop processing the defect infonnation for this track, 

lS then it waits at the Block 27 for a sector mark rising pulse. After the apparatus bas 

detected a sector mark rising pulse, it then completes the instructions at the Block 30 and 

jumps to the Block 23 and begins the subroutine C for the next sector. 

At the Block 30, the next physical sector number NEXT(PSN) is loaded into the 

internal physical sector number register NySN, the value from the internal logical sector 

20 number register N_LSN is loaded into the logical sector number register LSN, the value of 

the internal defect flag N_DEFECT is stored in the defect flag DEFECT, the value of the 

internal logical end of track flag N_LEOT is stoled in the logical end of track flag LEOT, 

the value of the intemal physical end of track tlag N_PEOT is stored in the physical end of 

track flag PEOT and the internal target sector not on traclc flag N_TSNOT is stored in the 

25 target sector not on traclc ftag TSNOT for processing by the Format Sequencer 166. The 

apparatus of the present invention always performs the calculations for the sector ahead of 

where the apparatus actually is on the disk. The results of these calculations are stored in 

the internal registers and flags denoted by an N before them and when a sector mark rising 

pulse is detected, the values of the internal registers and flags are loaded into the apparatus 

30 registers and flags for that sector and the apparatus then begins performing the calculations 

for the next sector, always one ahead of its actual position. 

While only the functions of the subroutines A and C have been described above and 
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a detailed description has not been included. it will be apparent to those skilled in the art 

that the implementation of these functions may be achieved in numerous ways by someone 

skilled in the art, with a specific implementation depending upon the overall system 

configuration. 

ALTERNATE EMBODIMENT 

Jn the embodiment described above, the size of the defect record per entry in the 

defect list was fixed at two bytes. In an alternate embodiment of the present invention, the 

number of bytes contained in the defect record may be defined by the user. When the 

10 defect list is in the buffer, the Defect Management Apparatus will automatically process the 

defect list from the buffer. The ttack defect list illusttated in Figure 10 is contiguous and 

located in any 64K segment of the buffer. A track defect list start address pointer TDLSAP 

signals the beginning of the ttack defect list in the buffer. A track defect list end address 

pointer TDLBAP signals the end of the track defect list in the buffer. The track defect list 

15 start address pointer TDLSAP and the track defect list end address pointer TDLEAP 

correspond to the pointers DLSAP and DLEAP discussed above. 

The user will define the sil.e of the defect record per entty in the parameter 

REC_5IZE. As stated above, the value stored in the register DL_SIZE specifies the 

number of entries in the track defect list. Each entry in the track defecc list includes a fll'St 

20 byte. Byte 0, specifying the defect sector number (DSN), a second byte. Byte 1, specifying 

the offset value OFFSET and the value of the flag SLIPPED and optional bytes 2 through n 

which specify optional user defined flags, where n equals the defect record size. The 

optional user defined bytes are skipped over automatically by the Buffer Manager lSO. 

The Defect Management Apparatus keeps track of the physical sector number PSN 

25 and based on the track skew and the defect list information, will map the physical sector 

number PSN to a logical sector number LSN. The Defect Management Apparatus also 

keeps track of the flag DEFECT, the target sector not on track flag TSNOT. the logical 

end of track flag LEOT and the physical end of track flag PEOT. As described above. a 

hexadecimal value fF is not a valid physical sector number PSN or logical sector number 

30 LSN. This limitation may be eliminated by including a not valid logical sector number flag 

NVLSN. as described above, instead of assigning a hexadecimal value FF to the logical 

sector number LSN of an invalid sector. Thus, for an invalid logical sector number LSN, 
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the not valid logical sector number flag NVLSN will be asserted. 

In the preferred embodiment. described above. the values stored in the registers 

SKIPl_LSN and SKIP2_LSN were calculated in the subroutine A. representing the first 

and second defective sectors mapped to spare sectors on the same track. A value of FF 

S within one of the iegisters SKIPIJ.,SN and SKIP2_LSN will indicate that then: is no valid 

logical sector number for the defective sector stored in the respective register. 

Alternatively, instead of storing the value FF in the registers SKIPl_LSN and SKIP2_LSN, 

a logical zero value may be assigned to the flags SKIPl_used and SKIP2_used during the 

subroutine A. indicating that there is no valid logical sector number stoml in the 

10 corresponding register. Then, in the subroutine C, when a first skipped sector or a second 

skipped sector is encountered, the appropriate values SKIPl_LSN or SKIP2J.,SN will be 

calculated and the appropriate flag SKIPl_used or SKIP2_used will be set to a logical one 

value. This altcmative method is advantageous because there are no extra computational 

steps required in the subroutine A or the subroutine C in order to calculate the values 

IS SKIPl_LSN and SKIP2_LSN. However, until a skipped defective sector is encountered. 

the not valid logical sector number flag NVLSN for the spare sectors is asserted which 

results in an extra revolution of the disk before the spare sector is identified as an a1temate 

sector for a skipped defective sector. This will not cause any performance degradation in 

the system unless the first target sector on the track is a skipped defective sector that is 

20 mapped to a spare sector on the track. 

In the prefened embodiment of the present invention, the number of skipped 

defective sectors for a track is limited to two. In systems which have more than two spare 

sectors per track. the apparatus of the prefem=d embodiment will flag any subsequent 

defective sector on a track, after the second defective sector, as defecli.ve. For such a 

25 subsequent defective sector the DEFECT Dag will still be set even though the defective 

sector may be mapped to a spare sector on the same track. Alternatively, additional 

registers are used to store the logical sector number of these subsequent defective sectors 

that are skipped and mapped to the additional spare sectors on the ttack. In systems with 

more than two spare sectors per track. the number of registers used to store the logical 

30 sector numbers of the defective sectors can be se1 equal to the number of spares on each 

track. Also, if necessary, additional flags may be used to indicate that there is no valid 

logical sector number stored in a corresponding register. 
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In the pICfened embodiment, as described above, the logical end of track flag 

LEOT is set to a logical high voltage level for a sector which has a logical sector number 

LSN equal to the logical sector number of the last logical sector on the track X. 

Altematively, a programmable mode select value LEOT_Mode may be programmed to 

S select when the logical end of track flag LEOT is gcnerared. If the programmable mode 

select value LEOT _Mode is programmed to a logical low voltage level then the logical end 

of track flag LEOT is generated when the logical sector number LSN is equal to the logical 

sector number of the last logical sector on the track X. If the programmable mode select 

value LEOT_Mode is programmed to a logical high voltage level, then the logical end of 

10 track flag LBOT is generated when the logical sector number LSN is equal to one less than 

the number oflogical sectors on the ttack L (L-1). 

The present invention has been described in terms of specific embodiments 

incorporating details to facilitate the understanding of the principles of construction and 

operation of the invention. Such refeience herein to specific embodiments and details 

1 S thereof is not intended to limit the scope of the claims appended hereto. It will be apparent 

to those skilled in the art that modifications may be made in the embodiment chosen for 

illustration without departing tiom the spirit and scope of the invention. Specifically. it will 

be apparent to one of ordinary skill in the art that the method of the present invention could 

be implemented in many diffemlt ways and the apparatus disclosed above is only 

20 ilJusttative of the preferred embodiment of the present invention. 
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CLAIMS 

1. A hardwme driven defect management method in a magnetic media system using a 

magnetic media having one or 11\0m partitions each including a first plurality of physical 

sectors. a portion of which may be defectiv~ wherein the first plurality includes a second 

5 plurality of logical sectOIS and a third plurality of spare sectors, the method comprising the 

steps of: 

10 

20 

25 

2. 

a. accessing a list of defect records for a current partition on which an 

operation is to occur; 

b. detennining a method of defect management used by the magnetic media 

system; 

c. mapping each physical sector within the current partition to a logical sector 

d. 

within the CUITellt partition using the list of defect r=ords and the method of 

defect management used by the magnetic media system. the logical sectors 

beginning from a first sector and continuing consecutively to a last sector, 

avoiding the defective sectors and utilizing the spare sectors if there are 

defective sectors within the current partition; and 

mapping the defective sectors within the current partition to a substitute 

spare sector within another partition if the number of defective sectms 

within the current partition exceeds the number of spare sectors within the 

current ·partition. 

The method as claimed in the claim I further comprising the step of obtaining for 

execution of an operation a physical sector number address for accessing a location in the 

storage media at which the operation is to occur. 

3. The method as cJaimed in the claim 2 wherein the operation can be one of a format 

operation, a read operation or a write operation. 

4. The method as claimed in the claim 2 wherein the partition is a ttack on the media 

30 and the fust plurality is the number of physical sectors on the track. 

5. The method as claimed in the claim 4 wherein the list of defect records includes 
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defect records for a track on the media. 

6. The method as claimed in the claim 2 wherein a panition is a group of N tracks on 

the media, each having M sectors. and the first plurality is equal to M sectors multiplied by 

5 Ntracks. 

7. The method as claimed in the claim 1 wherein the first sector can be anywhere on 

the track depending on the skew value of the system. 

10 8. The method as claimed in the claim 1 wherein the list of defect records includes an 

offset value for each defective sector within the partition, which depends on the method of 

defect management used by the system. 

9. The method as claimed in the claim 8 wherein the offset value is used to indicate 

1 S where in the system the logical sector is mapped. 

1 O. The method as claimed in the claim 2 wherein the list of defect records is stored in a 

buffer RAM within the system. 

20 11. The method as claimed in the claim 10 wherein each defect record includes a 

25 

predetennined number of bytes. 

12. The method as claimed in the claim 11 wherein the predetermined number of bytes 

of each defect record is programmed by a user. 

13. The method as claimed in the claim 12 whelein each defect record includes at least 

two bytes. wherein a first byte specifies a defect sector number and a second byte specifies 

an offset value. 

14. The method as claimed in the claim 13 wherein the offset value is used to indicate 

30 wherein the system the logical sector is mapped. 

15. The method as claimed in the claim 2 wherein each sector includes a separate data 
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and ID field, and the method further comprises the step of reading at least one ID field to 

determine the list of defect records. 

16. The method as claimed in the claim 2 wherein each sector includes merged data and 

S header fields, and the method further comprises the step of reading at least one sector 

header to detennine the list of defect records. 

17. The method as claimed in the claim 2 wheiein the list of defect records is loaded by 

a microprocessor into a storage element having a fourth plurality of locations. 

10 

18. The method as claimed in the claim 17 further comprising the step of detennining if 
the list of defect iecords will fit in the fourth plurality of locations. 

19. The method as claimed in the claim 18 further comprising the step of dividing the 

lS fourth plurality of locations into a first bank and a second bank, each having an equal 

number of locations, if it is detenninecl that the list of defect records will not fit in the 

fourth plurality of locations, wherein the fust bank and the second bank are alternately 

loaded and processed until the operation is completed. 

20 20. The method as claimed in the claim 19 wherein the first bank is loaded, then the 

records in the first bank are processed while the second bank is loaded, then the records in 

the second bank are processed while the first bank is again loaded and the process is 

repeated until the operation is completed. 

25 21. The method as claimed in the claim 2 wherein each sector includes merged data and 

30 

header fields and the method further comprises the step of detennining if the list of defect 

records is stored in a buffer RAM within the system. in a header of each sector on a track 

on which the operation is to occur or will_ be loaded by a microprocessor into a storage 

elemenL 

22. The method as claimed in the claim 21 wherein the storage element includes a 

fourth plurality of locations and is loaded from an appropriate one of the buffer RAM, by 
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reading a header of a sector on the track on which the operation is to occur or by the . 

microprocessor. 

23. A hardware driven defect :management apparatus in a magnetic media system using 

S a magnetic media having one or more partitions each including a first plurality of physicaJ 

sectors. a portion of which may be defective, wherein the first plurality includes a second 

plurality of logical sectors and a third plurality of spare sectors, the apparatus comprising: 

10 

15 

20 

a. a ietrieving circuit for retrieving a list of defect records for a current 

partition on which an operation is to occur; 

b. 

c. 

d. 

a selecting circuit coupled to the retrieving circuit for selecting which 

method of defect management is to be used by the system; 

a first mapping circuit coupled to the magnetic media for mapping each 

physical sector within the current partition to a logical sector within the 

current partition using the list of defect records and the method of defect 

management used by the magnetic media system. the logical sectors 

beginning from a fmt sector and continuing consecutively to a last sector. 

avoiding the defective sectoIS and utilizing the spare sectors if there are 

defective sectors within the cunmt partition; and 

a second mapping circuit coupled to the first mapping circuit for mapping 

the defective sectors within the cwrent partition to a substitute spare sector 

within another partition if the number of defective sectors within the current 

partition exceeds the number of spare sectors within the current partition. 

24. The apparatus as claimed in the claim 23 wherein each defect record includes a 

25 predetennined number of bytes. 

25. The apparatus as claimed in the claim 24 wherein the predetemJined number of 

bytes is programmed by a user. 

26. The apparatus as claimed in the claim 25 wherein each defect record includes at 

30 least two bytes. wherein a first byte specifies a defect sector number and a second byte 

specifies an offset value. 
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27. The apparatus as claimed in the claim 26 wherein the offset value is used to indicate 

where in the system the logical sector is mapped. 

28. The apparatus as claimed in the claim 23 further comprising a controlling circuit 

5 coupled to the storage media for providing a physical sector number address for accessing a 

location in the storage media. 

29. The apparatus as claimed in the claim 28 wherein the operation can be one of a 

fonnat operation, a read operation or a write operation. 

10 

30. The apparatus as claimed in the claim 28 wherein the partition is a track on the 

media and the first plurality is the number of physical sectors on the track. 

31. The apparatus as claimed in the claim 30 wherein the list of defect records includes 

15 defect records for a track on the media. 

20 

32. The apparatus as claimed in the claim 28 wherein a panition is a group of N tracks 

on the~ each having M ~ and the rust plurality is equal to M sectors multiplied 

byNtracks. 

33. 1be appamtus as claimed in the claim 28 further comprising a skew circuit coupled 

to the controlling circuit for numbering the first sector according to a skew of the system. 

34. The apparatus as claimed in the claim 28 whe:rein the list of defect records includes 

an offset value for each defective sector within the partition, which depends on the method 

25 of defect management used by the system. 

35. The apparatus as claimed in the claim 34 wherein the offset value indicates where in 

the system the logical sector is mapped. 

30 36. The apparatus as claimed in die claim 23 whetein each sector includes merged data 

and header fields comprising defect infonnation for the track and further wherein by 

reading at least one sector header the controlling circuit can determine defect infonnation 
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for the track in which the operation is to occur. 

37. The apparatus as claimed in the claim 23 wherein each sector includes a separate 

data and ID field, the ID field comprising defect information for the track so that by reading 

S at least one ID field the controlling cin:uit can determine defect information for the track in 

which tbe operation is to occur. 

10 

15 

38. The apparatus as claimed in the claim 28 further comprising a microprocessor 

coupled to the controlling circuit for loading the list of defect records. 

39. The apparatus as claimed in the claim 23 further comprising a detennining circuit 

coupled to the controlling circuit for detennining if the list of defect records is stored in a 

buffer RAM within the system, in a header of each sector on the track on which the 

operation is to occur or will be loaded by a microprocessor. 

40. The appamtus as claimed in the claim 38 further comprising a storage element 

having a fourth plurality oflocations coupled to the controlling circuit and the 

microprocessor for loading the list of defect records into the storage element. 

20 41. The apparatus as claimed in the claim 40 wherein the storage element comprises a 

first bank and a second bank which are altematcly stored with defect IeCOrds from the list 

of defect records and processed. until the operation is completed. 

42. Jn a data storage device with multiple media surfaces that rotate in unison and a 

25 plurality of transducers earned by an actuator to enable movement in unison and alignment 

with concentric data tracks on said media surfaces permitting each transducer to be in a 

read/write relationship with one of a series of tracks. whereby at a given location the traeks 

confronting said plurality of transducers form a cylinder and wherein each of said data 

tracks are divided into a plurality of sequential sectors. and further wherein cylinder 

30 information and an actual physical sector number for each sector are provided by the 

storage device and are not stored on any one of the sequential sectors, wherein the actual 

physical sector number is the sequential number of the sector on the track. each sector 
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comprising an identifier portion and a data portion wherein the identifier portion includes a 
head number and a list of defect records for sector numbers on the track which are to be 

avoided, each defect record including a programmable number of bytes; whereby the 

identifier portion of each sector provides the infonnation as to the position of all logical 

S sectors on the track. 

10 

43. The data stomge device as claimed in the claim 42 wherein each defect record 
includes at least two bytes, wherein a first byte specifies a defect sector number and a 

second byte specifies an offset value. 

44. The data stmage device as claimed in the claim 43 wherein the offset value is used 
to indicate w:taem in the system the logical sector is mapped. 

4S. The data storage device as claimed in the claim 42 further comprising means 
IS for adjusting a start location for an operation in response to a skew value of the device. 

20 

25 

46. The data stomge device as claimed in the claim 43 wherein the identifier portion 
further includes a flag byte comprising a flag bit indicating that there are more than a 

predetermined number of defect n:cords for a track. 

47. The data storage device as claimed in the claim 42 wherein said defective sector list 
contains an identification of all the sectors on the track that are to be skipped, whereby the 
identifier portion of each sector provides the information as to the position of every logical 
sector on the track. 

48. The data storage device as claimed in the claim 42 wherein the identifier ponion and 

the data portion of each sector are recorded as a single consecutive sequence of data bits. 

49. The data storage device as claimed in the claim 48 wherein the sector data ponion 

30 funher includes an error correction field that corrects errors in the consecutive sequence of 
bits that form the combined identifier and data sector ponions. 
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· SO. The data storage device as claimed in the claim 48 wherein said sector identifier 

portion further includes tlag bits for recording the data condition of the associated sector. 

51. In a data storage system having multiple media surfaces, each surface having a 

5 plurality of concentric tracks subdivided into a plwality of sectors, wherein a cylinder is 

formed from a given location of tracks on different media surfaces, wherein cylinder and an 

actual physical sector number information for each sector are provided by the storage 

system and are not stmed within any of the plurality of sectors, and further wherein the 

actual physical sector number is a sequential number of a sector on a respective one of the 

10 plurality of concentric tracks, each sector comprising: 

a predetermined sector organization having an identifier ponion and a data 

portion wherein the identifier portion includes a head number and a list of 

defect records for sector numbers on the respective one of the plurality of 

concentric tracks, which are to be avoided, each defect record including a 

15 programmable number of bytes and from the identifier portion of each 

sector the information as to the position of all logical sectors on the 

respective one of the plurality of concentric tracks is determined allowing 

the data storage system to translate each physical sector number to a logical 

sector number.\ 

20 

52. The data storage system as claimed in claim 51 wherein the identifier portion and 

the data portion are within one field within each sector. 

53. In a data storage system having multiple media surfaces, each surface having a 

25 plurality of concentric tracks subdivided into a plurality of sectors each having a 

predetermined sector organization including an identifier portion and a data portion, 

wherein each track includes repetitively occurring prerecorded servo sectors, and further 

wherein a cylinder is fonned from a given location of tracks on different media surfaces, the 

data storage systan comprising: 

30 cylinder and head numbers embedded in each servo sector on the track and 

wherein lhe identifier ponion of each sector includes a defective sector list 

including defect records for sector numbers on a respective one of the 
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plurality of concentric tracks, which are to be avoided. each defect record 

including a programmable number of bytes; wheicby the defective sector list 

provides information as to a position of all logical sectors on the respective 

one of the plurality of concentric tracks allowing the data storage system to 

5 translate each physical sector number to a logical sector number. 

54. The data storage system as claimed in claim 53 wherein the identifier portion and 

the data portion are within one field within each sector. 

10 SS. In a data storage system having multiple media surfaces. each surface having a 

plurality of concentric tracks subdivided into a plurality of secton each having a 

predetennined sector organization including an identifier portion and a data portion. 

wherein each track includes lq)Ctitively occurring prerecorded servo secton. and further 

wherein a cylinder is formed from a given location of tracks on different media surfaces and 

15 bead number infonnation is provided by the storage system, the data storage system 

comprising: 

a cylinder number of a respective one of the plurality of concentric tracks 

embedded in each servo sector and wherein the identifier ponion of eaCb 
sector includes a defective sector list including defect records for sector 

20 numbers on the respective one of the plurality of concentric tracks, which 

are to be avoided, each defect record including a programmable number of 

bytes; whereby the defective sector list provides information as to the 

position of all logical sectors on the respective one of the plurality of 

concentric tracks allowing the data storage system to translate each physical 

25 sector number to a logical sector number. 

56. The data storage system as claimed in claim SS wherein the identifier portion and 

the data portion are within one field within each sector. 

30 57. In a data storage system having multiple media surfaces each having a plurality of 

concentric tracks subdivided into a plurality of sectors each having a predetennined sector 

organization without an identifier portion, wherein each track includes repetitively 
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10 

1S 

20 

occurring prmecorded servo secton, and further whetein a cylinder is fonned from a given 

location of tracks on diffemit media smfaces, the data storage system comprising: 

a. 

b. 

c. 

cylinder and head numbers embedded in each servo sector on 

each track and not within any of the plurality of sectors; 

a retrieving circuit for retrieving a list of defect records for a 

current partition on which an operation is to occur, each 

defect record including a programmable number of bytes; 

a selecting circuit coupled to the retrieving circuit for 

selecting which method of defect management is to be used 

by the system; 

d. a first mapping circuit coupled to the multiple media surfaces 

e. 

for mapping each physical sector within the current partition 

to a logical sector within the cummt partition using the list of 

defect records and the method of defect management used by 

the magnetic media system, the logical sectors beginning 

from a first sector and continuing consecutively to a last 

sector, avoiding the defective sectors and utilizing the spare 

sectolS if there am defective sectors within the current 

partition; and 

a second mapping circuit coupled to the first mapping circuit 

for mapping the defective sectors within the cunent partition 

to a substitute spare sector within another partition if the 

number of defective sectors within the current partition 

exceeds the number of spare sectors within the cunent 

2S partition. 

58. In a data storage device with multiple media surfaces that rotate in unison and a 

plurality of transducers carried by an actuator to enable movement in unison and alignment 

with concentric data tracks on said media surfaces pennitting each transducer to be in a 

30 read/write relationship with one of a series of tracks, whereby at a given location the tracks 

confronting said plurality of transducers fonn a cylinder and wherein each of said data 

tracks are divided into a plurality of sequential sectors, and further wherein cylinder 
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infonnation and an actual physical sector number for each sector are provided by the 

storage device and are not stored on any one of the sequential sectors, wherein the actual 

physical sector number is the sequential number of the sector on the ttack, each sector 

comprising an identifier portioo and a data ponion wherein the identifier portion includes a 

S head number and a list of defect RC01'ds for sector numbers on the track which are to be 

avoided, each defect record including a programmable number of bytes; whereby the 

identifier portion of each sector provides the information as to the position of all logical 

sectors on the track allowing the physical sector number for each sector on the track to be 

translated to a logical sector number. 

10 

59. A method of performing an operation in a storage device having multiple media 

surfaces that rotate in unison and a plurality of transducers earned by an actuator for 

movement in unison into read/write alignment with mpsective data tracks on the media, 

wherein the data tracks accessed by the transducers when the actuator is at a given position 

1 S from a cylinder, comprising the steps of: 

20 

a. 

b. 

c. 

d. 

translating a physical sector number to a logical address of a target sector; 

formulating the identifier information for the addressed sector ID field; 

_waiting until the target sector is the next sector on the track; and 

synchronizing with a sync field of the target sector and perfonning the 

operation. 

60. The method as claimed in the claim 60 wherein the steps a-d are repeated for each 

sector of the track. 

25 61. The method as claimed in the claim 61 wherein the operation can be one of a fonnat 

operation, read operation or a write operation. 

62. A method of perfonning an operation in a storage device having multiple media 

surfaces that rotate in unison and a plurality of transducers carried by an actuator for 

30 movement in .unison into read/write alignment with respective data tracks on the medi~ 

wherein the data tracks accessed by the transducers when the actuator is at a given position 

from a cylinder. comprising the steps of: 
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a. reading an ID field. including the present sector identification and the 

identify of bad sectors to be skipped; 

b. ttanslating a physical location to a logical address of a target sector; 

c. 

d. 

e. 

operation. 

fonnulating the identifier infonnation for the addressed sector JD fieid; 

waiting until the target sector is the next sector on the track; and 

synchronizing with a sync field of the target sector and performing the 

63. The method as claimed in the claim 62 wherein the step of reading an JD field is 

10 done once for a track and the steps b, c, d, and e are repeated for each sector of the track. 

64. The method as claimed in the claim 63 wherein the operation can be one of a format 

operation, a read operation or a write operation. 

65. The method as claimed in the claim 63 wherein the ID and data portions of the 

IS sector are a continuous, unintempted sequence of serial data. 

66. The method as claimed in the claim 65 wherein the sector further comprises an error 

correction code that extends to both the data and ID sector portions. 
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