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DISK DRIVE \VITH REDUNDANT RECORDING 

BACKGROUND OF THE INVENTION . 

RTr\1P ro~ 
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The present invention relates to disk drive data storage devices. More 
.. 

particularly, the present invention is directed to a .<;lisk drive. with reduced . . . . ~ ... . 

latency to optimize performanc~ and data throu$hpµt. 

As the speed and performance of data processing systems is increased it is 

necessary to enhance .the performance of disk data s~orage devices that. include 

m.~~f as electronic functions. Critical ·aspects are the access time 

~~~!l.s?~c~!l~ves _r~om track to track and_ the latency as the rotating 

.ird1~r~<>~-~~ to'~ pos1t10n of the data addressed on the track. The latency 
tobte'm'. 1cari.1ie r · ed by higher rotational velocities of the media, but this 

t_J!' imited by co ints such as recording channel bandwidth, power con-

T-r1.......,a...-.."1!=· ·... t\. die bearing life. These factors are particularly critical in 
ir-f'Atl'I'. rr~,.-a,ctor devices wherein smaller media must rotate at a higher ve­

locity to obtain the same linear velocities obtained using a larger diameter me­

dia and in portable devices where the size of the portable power supply is a 

criteria. 

In various prior art devices the latency problem is addressed by redundant 

recording on the same or different tracks, the use of multiple transducer heads 

or most usually, a combination of multiple heads· and redundant recordi_ng. 

US patent 2,680,239 teaches the use of multiple transducer heads which a<;i­

dress the same track. A switching device activates the head nearest the data 

of interest. In US patent 3,103,650 multiple heads are used and in one em­

bodiment four heads are used in conjunction with triplicate recording to read 

data stored on a track in one-twelfth of a revolution. US patent 3,729,725 in­

cludes two transducer heads that write in separate regions (different tracks) 
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with the data written by the second transducer head delayed by 180 degrees 

of rotation to assure that the beginning of t~e redundant data is displaced 180 -=- •• 

degr~es. A dual actuator system is ~sed in US patent 4,270,154 wherein the 

actuators are positioned 180 degrees apart around ~he disk periphery so that 

any read or write operation is done by the actuator that can first commence 

the operation·. 

SUMMARY OF THE INVENTION 

In the device of the presen~ invention only __ ~.single transducer is utilized to 

address each track. The data is redundantly recorded on each track With the 

duplicate recordings angularly separated by 360 degrees divided by the ·number 

of redundant recordings. The most practical embodiµient is the dual recqrding 

of data written at locations 180 degrees apart. This reduces the latency asso­

ciated with a read operation by half, but actually infaeases the duration rof the 

write operation because of the duplicate recording. 

Although it would appear that the recording capacity of the device would 

be reduced by half as a result of the dual recording of data, such is not the 

result. Since the data is recorded· twice, a higher soft error rate (SER) can be 

accepted in each of the redundant fields while achieving an overall soft error 

rate that is acceptable. For example, dual recording enables a recording den­

sity 36% ~reater while maintaining the SER of the single recording technique. 

Thus the reduction of storage capacity is 32% rather than 50% with respect 

to this aspect alone. In addition, the duplicate recording enables other storage 

capacity improvements. For example, with most devices utilizing run length 

limited (RLL) codes for recording data, different RLL codes can be used for 

initial recording and duplicate recording of the data. By selecting RLL codes 

with different code words that are most highly stressed, the likelihood of errors 

in the same portion of the duplicated data is reduced which also permits in­

creased recording density with the same SER. 
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In addition, the user can choose to oper~te the drive in single mode at full 

·capacity, redundant mode at reduced capacity, or in a combination mohe with 

some single and some redundan~ modes. witb~n the same drive. This definition 

is determined when the user prepares the drive during the formatting process 

and can be changed by reformatting the drive to another configuration. 

BRIEF DESCRIPTION OF THE ORA WING 

Fig. I is a schematic showing ~fa disk drive media surface_ wherein a track 

has been redundantly recorded 180 degrees out of phase. Fig. 2 shows a single 

sector of a data track. Fig_. 3 is a showing similar to Fig. 1 wh~rein a rµixed 

format of redundant and normal recording is used. Fig. 4. is a block diagram 
i. .. 

of a disk drive control system including the redundant recording technique of 

the present invention. 

DETAILED DESCRIPTION 

The disk drive industry trend is for specific user applications to require ever 

increasing performance, which is s.atisfied by increasing spindle rotational ve­

locities and reducing access times. The need for improved access speed and 

data rate performance places-demands on specific form factor constraints such 

as the spindle and actuator mass, power consumption and bearing life. At a 

given form factor, the cost of improving these performance numbers by a sig­

nificant percentage is substantial. This invention is directed to solving the 

problem of reducing latency in disk storage devices without increasing the ro­

tational speed of the device and with minimal impact on the storage capacity 

and error rate performance. 

n 
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Although the data could be replicated any number of times at angularly.,,­

displaced locations, the invention is illustrated by writing data twice ion the 

same track at locations 180 degrees apart. Using this format, the latency or 

average time for a head on the track to reach d~sired data on tllat track is re­

duced by ex~ctly 50%. It is recognized that ~is format only enhances per­

formance for the read operation, while the write operation requiring_ that the 
• • I~ • 

data be written twice will actually result in a longer delay. During the read· 

operation, With track split in halves of redundant data, the mean _fatency for 

the first occurrence of the desired data is 0.25 of the time for oµe revolution. . 

Ordinary latency without the use of redundant data is 0.5 the time for one . . 

revolution of the spindle. For the write operation with two redundant track 

halves, the average latency is 0.75 of the time for one revolution. Thus the 

performance depends on the read· to write ratio. In an environment where four . . 
reads per write occur, the use of two redun4ant zones would reduce latency 

by 30%. While a one to one ratio would result in no savi~g, a nine to one ratio 

would achieve a 40% saving. 

A limitation to the use of redundant data is the time delay caused by a 

head switch that occurs more often since it is necessary to switch heads every 

half revolution rather than following a full revolution. This limitation results 

in a reduced saving as the size of the data block being transferred increases. 

To the first order, the above concept involves a 50% loss in capacity using 

the conventional mindset about a design point. _However, given that data is 

written twice on the disk, it is possible to use a smaller track pitch, higher lin­

ear density or ooth to offset this loss of capacity. This can reduce the loss of 

storage capacity at the same error rate. 

Assume that the magnetic design is optimized in the classical sense with a 

track density and a linear density for a given acceptable error rate perform­

ance. This represents the capacity that can be achieved using the conventional 

approach and is therefore the benchmark for the subsequent comparison. 
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In simple terms, the rapacity loss occasioned by double recording of the 

data can be completely recovered if it is possibie to double either th~ track 

density or the linear density .. A inore likely option is a suitable c~mb;.nation 

of increases in both densities. An accurate estimate of what can be achieved . . 
in terms of capacity at the same error rate perf orinance would require the 

convolution of"the bathtub curve (soft error rate versus head off-track curve) 

associated wit!?- a doubling of data on· ~ trac~ with the track misr~gistration 

(TMR) distribution. From a test viewpoint, the data would have tq'be written . . 
twii:e on a track and a suitable algorithm develoj>ed to. handle the ~ond at­

tempt at reading data after an error is encountered. With ·these features in 

place, the optimization of linear density and track pitch would proceed in the 

same manner as i~ the classical· approach. Errors would be registered only if 

they occur on both attempts to read the same data in one revolution. Curves 

would be generated based on higher linear and track density designs until the 

benchmark curve is approximated. Under this condition the SER will closely 

match that of the benchmark. 

In the absence of the above test data, it is possible to sense the ability to 

achieve higher areal densities to offset the duplication of data by the following 

argument. Suppose that for a given linear density the SER achieved is some 

number, say 10-10 • If the data on the track is repeated once while maintaining 

the linear density fixed, then the SER theoretically possible is the probability 

of having the error twice. From probability theory, this is the product of the 

original error rate with itself or 1q-20• Hence lost capacity due to duplication 

can be recouped by increasing the linear density until the SER degrades back 

to 10-10• 

This concept is readily accomplished using existing hardware with appro­

priate modifications to the microcode. For most applications the string of in­

formation to be recorded is typically small in length so the double write 

operation will be completed with essentially no overhead. ·For longer strings, 

a write cache would buffer the data until the drive can resume doubling the 

data. 
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Even if the recovery of capacity lost as a result of duplication is not I 00%, 

there are many applications where throughput far outweighs capacity. In that. 

case this invention-offers a strategic solution. From a power and· spindle speed _ . ,: 

viewpoint, it is becoming more and more difficult to make significant advances 
. . 

that translate into improved data throughput performance. In some applica-

tions, the power required for high rotational velocities is prohibitive. Moreover 

as spindle bearings are being designed to run faste~ and fit into s~aller form 

factors, bearing life is found to drop rapidly. with rotational speed. ;ilence, this 

invention provides a relatively simple solution tQ lowering latency when hard­

ware and power ~on~iderations are reaching apparent technic~l b~rriers. 

Also, in many specific applications the· standard requirements for extremely 

low SER are not necessary. In pai:ticufar, applications such as multimedia, 

animated graphics, etc, where the output is pictures on a screen, the SER could 

be orders of magnitude higher since the eye is forgiving at that scale. Hence 

it is possible to be much more aggressive regarding linear density (and optimize 

the design point write to channel capability and RPM) so latency is improved 

without impacting capacity. 

Fig. 1 is a.schematic representation of a recording media disk surface that 

has been written using 100% redundancy including sectors A through L re­

corded on one half of a track and duplicated by sectors Ar through Lr written 

on the other half of the track with the redundant sectors separated by a 180 

degree phase shift. As shown in Fig. 2, each sector has a header portion which 

includes identification of the media surface, track number, sector number, 

format and coding information and a data portion in which the user data to 

be stored is written. 

Fig. 3 is a schematic showing of a disk data surface incorporating a mixed 

format including tracks with the 100% redundant format wherein data stored 

in sectors A through L is duplicated in sectors Ar through Lr on the other half 

of the track. Other tracks include a normal format where sectors A through 

X occupy the entire track. Thus the drive may be used totally in the normal 

mode or totally in the redundant mode or one portion or zone can be formatted 
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for redundant recording while another zone is fomiatted for normal recordin3 

as in Fig. 3. · The trade off option bet~een the high capadty of nor~al re;. 

cording and the high performance of redundant recording may be chQsen by_ 
. . 

the user. This ability provides a drive which can be customized to the user's· 

needs and can be changed to accommodate changing requirements. 

The block diagram of Fig. 4 includes a microprocessor controller 14 which 
• • .If 

exercises overall control of the .disk drive including spindle _motor cpntrol logic 

17 to regulate the rotational speed of disk stack 13 and actuator servo control . . 
logiG 18 which positions the transducer in alignment with a selected media . . 

track and maintains track alignment. The angular position is sensed from the 
- . 

signal from the servo head in drives where a dedicated serv~ surface is used 

or from the individual surface servo information within the sector header in 

drives which use an embedded or sec~or servo system. Data to be written is 

received at interface 9 from a host system on data bus 10 and. processed by . . 
channel control logic 11 which ~enses the type of~ata and sets the parameters 

as to single or dual recording and the recording density to optimize the overall 
i 

recording density and performance in accordanc~ with the error tolerance of 
. . 

the type of data bejng recorded. For dual recording, the recording code 

(encodejdecode 1 or 2) is selected in accordance with the angular position of 

the disk stack and encoded serial data is received by the channel 15 for trans­

mission to the transducer head 16 for recording on a media track on disk stack 

13. If the single recording mode ~ to be used, the recording code is selected. 

With the availability of dual encoding methods, the defaul~ code for a single 

recording format can be selected at the time of manufacture to be the code 

which is most effective for each transducer-media surface combination. Thus 

it is possible to further accommodate medi? and head variables such as heads 

which are narrower or wider within the manufacturing tolerance. 

When reading data stored on the media of disk stack 13, the serial data 

received on· channel is decoded using the code indicated by the angular posi­

tion, data type and selected default code in the environment of single record­

ing. 
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In direct access stora~c devices such as rigid magnetic disk drives, it has - . . . 

been found that a 6% increase in the linear recor(ling density results in a cor-...,.. 

responding order of magnitude (factor of 10) increase in the soft error rate _ 
- . 

(SER). Thus if-the soft error rate sta~dard is 10-12 a1,1d 100% redundancy is 

used, the error rate in each of the recorded areas can be f0-6 to maintain an 
. . . . . 

overall SER of 1 ~-12• The error rate of I 0-6 is six order of magnitude less than 

the I 0-12 standard alloWing for a six times 6% or 36% increase in. the linear 
• • . -= ~ 

recording density while maintaining the same overall error rate. 

For a typical disk driv~ rotatii:>-g at 4500 RPM (6.66 milliseconds latency) 

with a capacity of l.2 GB assuming an on track erro~ rate of 10-12, 100% re­

dundancy would result in a diSk drive with 816 MB capacity with a latency 

of 3.33 milliseconds while maintaining.the same error rate standard. Thus the 

user must sacrifice some capacity, but not 50%, to cut the latency time in half. 

If zone bit recording (ZBR) was used in this case with a capacity gain of 25%, 

the storage capacity of such a drive would be over I GB. The alternative 

would be to spin the spindle at 9000 RPM increasing the spin.die power 

consumption by a factor of4 and reducing the bearing .life. 

f:: 
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CLAIMS 

1. A data recording device wherein data is recorded in pai:allel,tracks that 

repetitive_ly pass a transducing location comprising 

a recording media; 

,· 

transducing means position·able to write data on and read data from said 

media; and· 

data record~d on said :device a multiplicity of times at out of phase lo­

cations, 

said data having been recorded _at each of the multiplicity of locations at a 

density that exceeds the density at which the data can be read at an acceptable. 

level of errors, 

whereby if an error occurs, the data can be read at the alternate recording 

location and the error rate after reading at each of the multiplicity of data lo­

cations is with in said acceptable level of errors. 

2. The data recording device of claim 1 wherein said recording device is 

a magnetic disk drive and data is duplicated on the same track on said media. 

3. The data recording device of claim 2 wherein data duplicated on the 

same track 180 degrees out of phase from the initial recording location. 
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4. The data recordin~ device of claim. 3 wherein the dup~icated data is 

initially written _at a first loc~tion using a first encoding system and is dupli--

cated by being written using a second encoding system. 

5. The data recording device of claim _4 wherein said first and second en­

coding sY'stems are different forms of run length limited codes. 
·~ 

6. · A data recording device wherein data is. recorded in parallel tracks that 

repetitively pass a transducing l?cation comprising 

a recording media; 

transducing means positionable to write data on ·~nd read data from said 

media; and 

means for recording data on at least some of the tracks a first time using 

a first code and a second time using a second code. 

7. The data recording device of claim 6 wherein said first and second 

codes are differing run length limited codes. 

8. The data recording device of claim 7 wherein said first and second re­

cordings of said data are l 80 degrees out of phase on said track. 

9. The recording device of claim 8 wherein said means for recording re­

cords data at ·a higher linear density than the density at which the data can 

be read at an acceptable soft error level, 

u 
I!· 
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whereby if a~ error occurs, the data can be read at the alternate recording 

location and the error rate after reading at each of the locations is with said·= .. 

acceptable level of errors. I 

10. A data recordi~g device wherein data is recorded in paratlel tracks 

that repetitively pass a transduCing location comprising 
" 

a recording media; 

transducing means positionable to write data on and read data. from Said 

media; 

means for recording data on tracks of said media a plurality of times at 

substantially uniform angular displacements; and 

means for effecting either single recording Of multiple recording on a given 

track on said media. 

11. The data recording device of claim 10 wherein said media is a rigid 

disk magnetic media and 

said means for recording data includes means for twice recording data on 

a single track at first and second track locations 180 degrees out of phase from 

one another. 

12. The data recording device of claim 11 wherein said means for recording 

data causes data to be_ recorded at said first track location using a first run 

length limited code and at said second track location using a second run length 

limited code. 
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13. The data recordinr device of claim 12 wherein said data written at said 
first and second track locations is recorded at ~ linear density that exceeds the 
density at which data can be read ~th an acceptable l~vel of of errors, i 

whereby if an error occurs, the data can be read at the alternate recording 
location and the error rate after reading at each of the locations is within the 
acceptable level of errors. .. 

14. The data recor~ing device of clain;is 1 and 13 further CC?mprising con­
trol means including a format function, said format function operable to des­
ignate a first portion of said recording media for normal data recording and a . . 

second portion of said recording media for redundant recording wherein data 
~s recorded at a multiplicity of ou_t of phase locations. 

15. The data re~ording device of claim .J 4 wherein said control means is 
responsive to a user command to designate the size of said first and second · 
portions effected by a format operation. 


