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(57) ABSTRACT 

[An apparatus for providing sector location pulses to a 
controller of a rotating disk data storage device having a 
counter clocked in proportion to the disk rotation rate and an 
accumulator for accumulating times to sectors on the disk. 
A comparator connected to the counter and the accumulator 
enables an accumulator clock for repetitive clocking of the 
accumulator at such times the contents of the accumulator 
do not exceed the contents of the counter. A sector location 
pulse generator connected to the comparator generates the 
controller pulses, when enabled, concurrently with the accu 
mulator clock signals. A master reset generator resets the 
?rst counter and the accumulator each time an index location 
on the disk passes a transducer head used to read and write 
data to and from the disk and a partial reset generator resets 
the accumulator each time the transducer head is moved 
between tracks on the disk. The sector location pulse gen 
erator includes a ?ip-?op that is set following a partial reset 
signal to prevent sector location pulses from being generated 
following partial reset until the accumulator has accumu 
lated the count in the counter] An apparatus for determining 
a sector location in a disk. A location circuit is con?gured 
to determine an angular location of a transducer head 
according to a selected index location on the disk. A memory 
is used to store a first value that corresponds to a selected 
angular distance along a selected track on the disk. An 
accumulator is configured to add the first value to the value 
of the content of the accumulator in response to an accu 
mulator clock signal. A comparator is coupled to the loca 
tion circuit and the accumulator to compare data related to 
the angular location and the content ofthe accumulator to 
generate a result. A generator is coupled to the comparator 
to provide a sector location signal in response to the result. 

40 Claims, 11 Drawing Sheets 
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HARD SECTORING CIRCUIT AND METHOD 
FOR A ROTATING DISK DATA STORAGE 

DEVICE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

Notice: More than one reissue application has been ?led 
for the reissue of US. Pat. No. 5,050,013. The reissue 
application are Ser Nos. 08/116,470 and 09/906,308. This 
application is a continuation to United States Patent Appli 
cation entitled HARD SECTORING CIRCUIT AND 
METHOD FOR A ROTATING DISK DATA STORAGE 
DEVICE, Ser. No. 08/116,470, ?led Sep. 2, 1993, now US. 
Pat. No. RE 37,818, which is a reissue of US. patent 
application Ser No. 07/519,497,?ledMay 4, 1990, now US. 
Pat. No. 5,050,013, which is a continuation of Ser. No. 
[445,753] 07,445,753, ?led Dec. 4, 1989, and noW aban 
doned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention related generally to improvements 
in rotating disk magnetic data storage devices, and, more 
particularly, but not by Way of limitation to improvements in 
locating data sectors on the disks of such devices. 

2. Brief Description of the Prior Art 

In rotating disk magnetic data storage devices, data is 
stored in sectors extending angularly along concentric data 
tracks de?ned on the disks of the device. The disks have 
magnetizable surface coatings. Data is Written and subse 
quently read by transducer heads that ?y over the surfaces of 
the disks to magnetize cells of the surface coating, for 
Writing, or respond to diiferences in magnetization of adja 
cent cells for reading. Both operations are controlled by a 
read/Write controller that provides encoded data to the 
transducer head during Writing and receives emf pulses from 
the transducer heads during readback of the data. 

For such a system to operate, it is necessary for the sectors 
to be located prior to reading or Writing and it is common 
practice to encode a data sector With a header that identi?es 
the sector. Some means must be provided to supply sector 
location pulses to the controller to enable reading of infor 
mation on the track as the transducer head approaches 
alignment With the header. Once the appropriate sector has 
been reached, reading or Writing of data from or to the disk 
can proceed. 

In the past, it has been common practice to include 
address marks on the disks that violate the code used in 
Writing the data and the headers. A circuit can then be 
constructed to search for the address marks Which the 
controller Will place at the beginning of the sector. Such a 
circuit then provides the “sector” location pulses to the 
read/Write controller. 

The use of address marks on a disk suffers from the 
disadvantage that the marks can be lost for any of a number 
of reasons; for example, through ?aWs in the magnetic 
medium in Which the data is Written or accidental turn on of 
a Write gate, used to enable Writing, as a transducer head 
passes over an address mark. In this case, the data stored in 
the sector for that address mark has been lost. That sector’s 
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2 
data can never be retrieved because the controller Will never 
receive the pulses necessary for locating the sector. 
Similarly, read errors While searching for the address mark 
may cause a sector to be missed and loWer the throughput of 
the data storage device. 

The highly preferred alternative has been for the disk 
storage device to output sector location pulses at the 
required regular interval Without having to Write or recover 
any special data on the disk media itself. This is usually done 
With a simple circuit that counts out desired time (or number 
of bytes) in a sector before issuing the next sector location 
pulse. This simple circuit has been referred to as hard 
sectoring. Simple hard sectoring has proven adequate for 
decades of years because the time When sector location 
pulses should occur has been identical on every track of the 
disk storage device. 
The problem is exacerbated by other requirements placed 

on a rotating disk data storage system. As is Well knoWn, it 
is desirable to store as much data on a disk as possible and 
this desire has lead to the recording of data at different 
frequencies on different tracks of the disk as taught by 
Bremmer et al. in US. Pat. No. 4,799,112 issued Jan. 17, 
1989, the teachings of Which are hereby incorporated by 
reference. With recording of different tracks at different 
frequencies, sectors on different tracks occupy different 
angular lengths that take differing times to pass by a trans 
ducer head. Accordingly, for rotating disk data storage 
devices that utilize different data transfer rates for different 
tracks, sector location pulses must be supplied to the con 
troller at different rates that depend upon the radial location 
of the transducer head on the disk. As a result, it has been 
necessary in the past to either forego recording tracks at 
different frequencies or use address marks, despite the 
disadvantage of much loWer data security. 

SUMMARY OF THE INVENTION 

The present invention provides an advanced hard sector 
ing circuit and method for generating the sector location 
pulses that is particularly suited to data storage devices in 
Which data is recorded at different transfer rates on different 
track radii to maximize storage of data by the device. To this 
end, the hard sectoring circuit is comprised of a master clock 
generator that is synchronized With the rotation rate of the 
disk to produce master clock signals that are indicative of 
distances along the disk and a master reset generator that 
marks passage of an index location de?ned on the servo disk 
by the servo transducer head. The master clock signals are 
utilized to clock a counter folloWing resetting by a master 
reset signal generated by the master reset generator so that 
the counter provides a continuous indication of the location, 
or time from index, of the transducer head With respect to the 
index location on the disk. An accumulator and latch assem 
bly are used to accumulate next sector times in response to 
accumulator clock pulses that are generated by an accumu 
lator clock that is enabled by a comparator Whenever the 
time from index counter exceeds or equals the next sector 
time in the accumulator. Thus, the accumulator Will be 
increased by one sector time each time the time from index 
counter reaches a sector pulse location. Concurrently With 
the generation of the accumulator clock signals, a sector 
location pulse generator, also connected to the comparator, 
generates the sector location pulses to the controller. The 
accumulator, as Well as the counter, is reset by the master 
reset generator so that, subsequent to reset, a sector location 
pulse is generated each time a neW sector is brought into 
angular alignment With a transducer head. 
The circuit further comprises a partial reset generator that 

provides a partial reset signal to the accumulator each time 
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the transducer head is moved from one track to another so 
that the accumulator clock Will operate repetitively folloW 
ing a partial reset signal until the count in the accumulator 
reaches the time from index stored in the counter. The partial 
reset signal is further provided to the sector location pulse 
generator to disable generation of the sector location pulses 
until the comparator provides an indication that the contents 
of the accumulator has risen to the time from index stored in 
the counter. The partial reset signal is triggered by entry of 
sector times for the neW track into a latch assembly that 
supplies time to be accumulated to the accumulator. Thus, 
each time the transducer heads are moved to a neW track, the 
next sector time for the neW track is accumulated by the 
accumulator While the sector location pulses are suppressed 
until the time from index in the counter is reached by the 
accumulator. Generation of the sector location pulses then 
ensues as if the transducer head had been folloWing the neW 
track to Which it has been moved. 
An object of the invention is to reliably provide sector 

location pulses for locating sectors on data storage disks. 
Another object of the invention is to provide a circuit for 

providing sector location pulses for locating sectors on disks 
of a rotating disk data storage device that does not depend 
upon address marks on the disks. 

Still a further object of the invention is to provide hard 
sectoring of rotating disk data storage devices that Write data 
to different data tracks at different transfer rates. 

Other objects, features and advantages of the present 
invention Will become apparent from the folloWing detailed 
description When read in conjunction With the draWings and 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a rotating disk data 
storage including the hard sectoring logic circuit of the 
present invention. 

FIG. 2 is a draWing of a data storage disk indicating the 
sectoring of the disk. 

FIG. 3 is a schematic circuit diagram for a portion of the 
hard sectoring logic circuit. 

FIG. 4 is a circuit diagram for the master clock-master 
reset generator of the hard sectoring logic circuit. 

FIG. 5 is a timing diagram for the master clock-master 
reset generator. 

FIG. 6 is a circuit diagram for the partial reset generator 
of the hard sectoring logic circuit. 

FIG. 7 is a timing diagram for the partial reset generator. 
FIG. 8 is a circuit diagram for a delayed index controller 

of the hard sectoring logic circuit. 
FIG. 9 is a circuit diagram for an index-sector pulse 

generator of the hard sectoring logic circuit. 
FIG. 10 is a timing diagram for the index-sector pulse 

generator. 
FIG. 11 is a circuit diagram for a raW sector pulse 

generator of the hard sectoring logic circuit. 
FIG. 12 is a timing diagram for one mode of operation of 

the hard sectoring logic circuit. 
FIG. 13 is a timing diagram for a second mode of 

operation of the hard sectoring logic circuit. 
FIG. 14 is a timing diagram for a third mode of operation 

of the hard sectoring logic circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring noW to the draWings in general and to FIGS. 1 
and 2 in particular, shoWn therein and designated by the 
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4 
general reference number 20 is a rotating disk data storage 
device including a hard sectoring logic circuit 22 con 
structed in accordance With the present invention. As is 
conventional, the data storage device 20 is constructed to 
receive information from a host computer (not shoWn) via an 
interface 24 and store the information on a data storage disk, 
such as the disk 26 shoWn in FIGS. 1 and 2, that rotates in 
the direction indicated at 28 on a spindle 30. (As is knoWn 
in the art, the device 20 Will be comprised of a plurality of 
data storage disks. For clarity of illustration, only one data 
storage disk has been shoWn in the draWings.) Subsequently, 
the information is read from the disk 26 and returned to the 
host computer via the interface 24. 
As shoWn in FIG. 2, the information received from the 

host computer is Written to angularly extending sectors on 
concentric data tracks, tWo of Which are illustrated and 
designated by the numerals 32 and 34, by a transducer head 
36 that is supported by an electromechanical actuator 38 that 
moves the transducer head 36 to selected tracks in a manner 
that, While conventional, Will noW be described to provide a 
basis for an understanding of the invention. 

For purposes of illustration, the draWings contemplate 
that the data storage device 20 Will be of the type in Which 
positioning of the transducer heads used to Write data to a 
disk is carried out by a servo circuit 40 in response to 
electrical signals received from a servo head 42 that is 
supported by the actuator 38, in alignment With the trans 
ducer head 36, adjacent a dedicated servo surface 44 on a 
disk 46 that is mounted on the spindle 30 to rotate With the 
disk 26. A servo pattern (not shoWn) is magnetically Written 
on the surface 44; for example, the surface 44 may contain 
a tri-phase servo pattern as described in US. Pat. No. 
4,811,135 issued Mar. 7, 1989 to Donald W. JanZ, and the 
servo head responds to passage of elements of the pattern to 
provide position error signals to the servo circuit 40 on a 
conducting path 48. In particular, the servo pattern de?nes 
concentric servo tracks that are aligned With the data tracks 
and the position error signals provide an indication of the 
position of the servo head With respect to the nearest servo 
track. The servo circuit 40 provides control signals to the 
actuator 38, on a conducting path indicated at 52 in FIG. 1, 
that maintain the servo head in alignment With a selected 
servo track and, accordingly, maintain the transducer head in 
alignment With a selected data track in a track folloWing 
mode of operation of the device 20. The servo circuit 40 also 
receives positioning signals from a microcomputer 54 on a 
data bus 56 to cause the servo circuit 40 to provide appro 
priate signals to the actuator 38 for moving the servo and 
transducer heads betWeen tracks in a conventional manner. 
Thus, upon command received by the microcomputer 54 
from the host computer via the interface 24, the microcom 
puter 54, servo circuit 40 and actuator 38 operate to move 
the transducer heads to a selected track at Which data is to 
be stored. While the above description of the servo system 
for the data storage device has been presented to provide a 
clearer understanding of the invention to be described beloW, 
it Will be recogniZed that the use of the invention is not 
limited to data storage devices using a dedicated servo 
surface for radially positioning the transducer heads that 
Write and read information received from a host computer. 
Rather, it is contemplated that the hard sectoring logic circuit 
22 can equally Well be used in data storage devices that use 
a scheme in Which the servo patterns are embedded in the 
data tracks to maintain track folloWing and for moving the 
transducer heads from one track to another. 

It is also contemplated that the hard sectoring logic circuit 
can be used in data storage devices that position the head 
using a stepper motor actuator or any other positioning 
system. 
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As is also conventional, the servo circuit 40 is comprised 
of a servo PLO (not shoWn) that generates servo clock 
signals that are synchronized With the rotation of the disks, 
26 and 46, so that distances along the tracks 32 and 34 are 
equivalent to times measured in servo PLO clock pulses. 
These pulses are transmitted to the hard sectoring logic 
circuit 22 on conducting path 58 for use in generating master 
clock signals for the circuit 22 in a manner and for a purpose 
to be discussed beloW. Additionally, the servo pattern Will 
include a radially extending series of elements that provides 
an index indicated by the line 60 in FIG. 1. Corresponding 
to the index 60, each of the data storage disks Will have 
de?ned therefor an index location, indicated by the dashed 
line 62 in FIGS. 1 and 2, that serves as an origin for de?ning 
data sectors along the data tracks. In the present invention, 
it is contemplated that a delayed index can be used in 
de?ning the data sector locations so that the general lay out 
of the data tracks Will generally folloW the scheme indicated 
for the tracks 32 and 34 in FIG. 2; that is, beginning from the 
index location, each track Will contain a delayed index 
portion, 64 for the track 32 and 66 for the track 34, that 
extends a selectable skeW distance from the index location 
folloWed by a plurality of data storage sectors indicated at 68 
for the track 32 and at 70 for the track 34. Since the rotation 
of the disks is synchronized With the generation of PLO 
clock signals, the skeW distances and sector lengths corre 
spond to delayed index times and sector times that are used 
in the invention in a manner to be discussed beloW. As Will 
also be discussed beloW, the sector times, and lengths, Will 
be the same for all sectors along a particular track but Will 
vary for different tracks. The servo circuit 40 is further 
constructed to provide a servo index pulse to the hard 
sectoring logic circuit 22 on a conducting path 72 that 
de?nes the index location to the hard sectoring logic circuit 
22. 

For the reading and Writing of data, the data storage 
device 20 is further comprised of a data buffer 74 Which 
temporarily stores data to be exchanged betWeen the host 
computer interface 24 and the read/Write controller 76 that 
controls the transfer of data from the buffer to the disk 26. 
Thus, in the Write mode, data in the buffer 74 is transferred, 
in parallel, on bus 78 to the controller 76 and serially Written 
to the disk by signals transmitted on conducting path 80 
from the controller to transducer head 36. It Will thus be seen 
that the timing of placement of data bits on each data track, 
to ?t a block of data Within a sector, is effected by the 
controller 76. For such elfectuation, the controller 76 must 
have knoWledge of the beginning of each sector and, for 
formatting, the location of the ?rst sector; that is, an index, 
on the disk. The hard sectoring logic circuit 22 provides 
sector location pulses, both index and sector, to the control 
ler 76 on conducting paths 82 and 84 respectively to indicate 
to the controller the locations of the sectors on the disks. 
As noted above, sector lengths for different data tracks 

Will vary, such variation arising from the Writing of data on 
different tracks at different rates as taught by Bremmer et al. 
in the aforementioned U.S. Pat. No. 4,799,112. To this end, 
the data storage device 20 is comprised of a zone clock 86 
that receives the servo PLO clock signals from the conduct 
ing path 58 and is controlled by the microcomputer 54 to 
generate zone clock signals that are rational multiples of the 
servo PLO frequency. The zone clock signals are transmitted 
to the read/Write controller 76, for establishing the transfer 
rate of data to the disks, and to the hard sectoring logic 
circuit 22, for synchronizing the sector location pulses from 
the circuit 22 to the controller 76 With the zone clock signals 
received by the controller, on a conducting path 88. 
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6 
With this introduction, attention is noW invited to the hard 

sectoring logic circuit 22, major portions of Which have been 
illustrated in FIG. 3. Remaining portions of the circuit 22 are 
a raW sector pulse generator 89 and an index-sector pulse 
generator 91. These, illustrated in FIGS. 11 and 9 
respectively, together form a sector location pulse generator 
(not numerically designated in the draWings). 
As can be seen in FIG. 3, the circuit 22 is comprised of 

a plurality of functional units that operate coactively to 
provide the controller pulses and it Will be useful to brie?y 
describe the functions of these units and to indicate the 
coactive relationships therebetWeen them before describing 
the structure and operation of each unit. 

Prior to describing the circuit 22, it is noted that a 
preferred manner of fabrication of the circuit 22 is to place 
the circuit on a single silicon chip using large scale integra 
tion techniques. In doing so, the amount of chip surface used 
can sometimes be minimized by using negative logic in 
Which active signals or states are implemented by a loW 
voltage. Thus, a negative logic signal Will be referred to 
herein as either “active loW” or “inactive high”. A positive 
logic signal Will be referred to herein as either “active high” 
or “inactive loW”. An event or signal can sometimes be 
indicated by a momentary active state then immediately 
returning inactive. This Will be referred to as a “positive 
pulse” if implemented in positive logic or a “negative pulse” 
if implemented in negative logic. Further, as Will be recog 
nized by those skilled in the art, it Will be useful to position 
buffers and inverters at selected locations in the circuit to 
provide higher poWer driving capabilities for elements 
Which are heavily loaded by other parts of the circuit. Since 
the use of inverters and buffers to increase the fan-out of a 
circuit component is Well knoWn, elements Whose sole 
purpose is to increase fan-out have not been illustrated in 
order to facilitate the understanding of the invention. 
As shoWn in FIG. 3, the hard sectoring logic circuit 22 is 

comprised of a master clock-master reset generator 90 that 
receives the servo index signal on path 72 and, in response, 
generates a negative pulse master reset signal each time the 
index location on the disks passes by the transducer heads. 
This master reset signal is outputted directly on conducting 
path 92 and, via an AND gate 94 and conducting path 93, 
also outputted on conducting path 96 as a negative pulse. 
(The numerical designations for the conducting paths 92 and 
96 have been carried into remaining draWings as 
appropriate.) Additionally, the master clock-master reset 
generator 90 receives the servo PLO signals on the conduct 
ing path 58 and, in response, provides a master clock for the 
circuit 22, one phase of Which is outputted on conducting 
path 98 and a second phase, 180 degrees from the ?rst phase, 
of Which is outputted on a conducting path 100 (not shoWn 
in FIG. 3). In the preferred construction of the invention, the 
master clock phases are derived from the servo PLO so that 
the master clock is synchronized With the rotation of the 
disks 46 and 26. 
A ?rst counter 102 has a reset terminal connected to the 

master reset via conducting path 104 and a clock terminal 
that receives the ?rst phase of the master clock on a 
conducting path 106 so that, folloWing a master reset, the 
?rst counter continuously counts a time from index from the 
passage of the index location on the servo disk 46 by the 
servo head 42. This time from index is compared With a next 
sector time; that is, the time the next sector location pulse 
should occur, to mark the beginning of the sector folloWing 
that currently adjacent the transducer head 36, by a ?rst 
comparator 108 Which is a conventional gate circuit having 
A and B parallel inputs that [receive] receives signals 
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indicative of a digitally expressed number. The ?rst com 
parator is constructed to provide an inactive loW output, on 
conducting path 110, at all times that the time from index 
expressed at the A input is less than the next sector time 
expressed at the B input and an active high output at such 
times that the time from index is equal to or exceeds the next 
sector time. The next sector time is provided by an accu 
mulator 112 Which is reset via a negative reset pulse supplied 
on a conducting path 114 from the AND gate 94. 

Next sector times are accumulated in accumulator 112 
using the output of a latch assembly 116, to be described 
beloW. The accumulator 112 is clocked, to enter the next 
sector time, by a negative pulse provided by an accumulator 
clock 118 on conducting path 120. As shoWn in FIG. 3, the 
accumulator clock 118 receives the output of the ?rst 
comparator 108 so that clocking of the accumulator Will 
occur, in a manner to be discussed beloW, When the time 
from index in the ?rst counter reaches or exceeds the present 
next sector time stored in the accumulator 112. At present, 
it Will be useful to note that the connections betWeen the ?rst 
counter, the ?rst comparator, the accumulator, and the accu 
mulator clock generator Will result in the accumulator con 
tinuously storing and updating the time that the beginning of 
the next data sector on the disk Will come into alignment 
With the transducer head 36. 
As noted above, the next sector time accumulator 112 uses 

the output of latch assembly 116 Which Will noW be dis 
cussed. The latch assembly 116 is comprised of a sector time 
latch 122 and a delay time latch 124 that are both connected 
to the microcomputer data bus 56 so that both the sector 
times corresponding to sectors 68, 70 and delay times 
corresponding to track portions 64, 66 in FIG. 2 can be 
entered into the latch assembly 116 by negative pulse latch 
enable signals received from the microcomputer on con 
ducting paths 126, for latch 122, and 128, for latch 124. 
Additionally, the latch assembly 116 comprises an accumu 
lation time selector 130 that receives the contents of both 
latches 122 and 124. The latch assembly 116 outputs the 
contents of the sector time latch 122 to the accumulator 112 
in response to a loW signal received on a conducting path 
132. At such times that the signal on the conducting path 132 
is high, the contents of the index delay time latch 124 Will 
be transferred to the accumulator 112. 

The conducting path 132 extends, via an inverter 134 and 
conducting path 136, from a delayed index controller 138 
that receives a signal from one line 140 of the microcom 
puter data bus 56 and a negative enable pulse from the 
microcomputer 54 on conducting path 142 so that the 
delayed index controller can place the hard sectoring logic 
circuit 22 in either of a nondelayed index mode of operation, 
in Which the index delay time is forced to Zero, or a delayed 
index mode of operation in Which the index delay time 
entered into the delay time latch 124 Will be used. 

The hard sector logic circuit 22 is further comprised of a 
number of sectors latch 144 Which is connected to the data 
bus 56 to enter the number of sectors chosen for a data track 
in response to a negative enable pulse received from the 
microcomputer 54 on a conducting path 146. The number of 
sectors latch 144 provides such number to a second com 
parator 148 that also receives, for comparison, the output of 
a second counter 150 that is clocked by the trailing; that is, 
rising, edge of each negative accumulator clock pulse, via 
conducting path 120. Thus, the second counter 150 Will 
count the number of sector location accumulations per 
formed in accumulator 112 so that the second comparator 
148 can indicate When the number of sectors stored in 
number of sectors latch 144 has passed the transducer head 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
36. The second counter 150 is reset each time the index 
location passes the servo transducer head 36 by a negative 
master reset pulse received from AND gate 94 via conduct 
ing paths 96 and 155. The second counter is also disabled, 
as Will be discussed beloW, for the ?rst accumulator clock 
signal When in the delayed index mode by a signal trans 
mitted from the delayed index controller 138 on a conduct 
ing path 154. Such initial disablement prevents counting of 
the delayed index skeW distance as a sector location in a 
manner that Will be discussed beloW. 

Finally shoWn in FIG. 3 is a partial reset generator 156 
that provides negative partial reset pulses, via conducting 
path 177 and AND gate 94, that are used to reset the 
accumulator 112 and the second counter 150 each time the 
transducer head 36 is moved to a neW track on the disk 26 
in FIG. 1. (The positive pulse complement of the partial reset 
pulse is provided on a conducting path 153 for use in a 
manner to be discussed beloW. Additionally, since the AND 
gate 94 transmits a negative pulse corresponding to either a 
master reset pulse or a partial reset pulse, it Will be useful to 
refer to the negative pulse issuing therefrom in either case as 
a combined reset pulse). To this end, the partial reset 
generator 156 is responsive, in a manner to be discussed 
beloW, to the latch enable signals appearing on the paths 126, 
128 and 146 to generate the partial reset pulse during the 
microprocessor entry of changes in sector times, index delay 
times, and number of [sector] sectors for the track to Which 
the transducer head 36 is to be moved during a Zone change 
to a neW data transfer rate. 

After a partial reset due to a Zone change, the contents of 
the ?rst counter 102 exceed the contents of the accumulator 
112 so that, for a time, the output of the ?rst comparator 108 
Will remain high. The result, also to be discussed beloW, Will 
be that the accumulator clock 118 Will be continuously 
enabled to provide a series of accumulator clock signals on 
conducting path 120 that Will clock the cleared accumulator 
112 and second counter 150 until the contents of the accu 
mulator 112 and second counter 150 reach the values 
appropriate to the neW Zone With respect to the current 
orientation of the transducer head 36 relative to the index 
location on the servo disk. 

Thus, the general operation of the portion of the circuit 22 
shoWn in FIG. 3 is to continuously count sectors folloWing 
a master reset With the ?rst comparator providing an elec 
trical indication of the entry by the transducer head 36 into 
a neW sector on the disk so long as a particular track is 

folloWed. During a change of tracks, a partial reset is 
generated that causes the second counter and accumulator to 
clear and then count the sectors that Would have passed the 
transducer head and sector times that Would have been 
accumulated had the transducer head been continuously over 
the neW track. Thus, the next sector time, for the neW track, 
and the number of sectors, again for the neW track, are 
entered into the accumulator and the second counter respec 
tively While the movement to the neW track is accomplished 
by the servo circuit 40 under the control of the microcom 
puter 54. Thus, at all times other than the time necessary for 
the accumulator and second counter to reach the values 
appropriate to a neW track during a movement of the 
transducer head betWeen tracks, the circuit 22 Will be in a 
state to generate correct sector location pulses that enable 
the read/Write controller to locate sectors on the disk 26. The 
generation of these signals Will be discussed beloW. 

DETAILED DESCRIPTION OF COMPONENTS 
FOR FIG. 3 

With this overvieW, attention is noW invited to the com 
ponents of the circuit 22 Which are used in the operation 
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generally described above. Referring ?rst to FIGS. 4 and 5, 
shown therein respectively are the circuit for the master 
clock-master reset generator 90 and a timing diagram that 
illustrates the operation of the generator 90. As shoWn in 
FIG. 4, the generator 90 is comprised of a type D master 
reset ?ip-?op 157 that receives servo PLO clock signals 
(shoWn on time axis 159 in FIG. 5) on path 58 at its clock 
input and the servo index signal on conducting path 72 at its 
data input. Additionally, the ?ip-?op 157 has an active loW 
set input that receives the servo index signal (time axis 161 
in FIG. 5) on path 72 via a NOR gate 160. Thus, as the servo 
index signal, a positive pulse, rises, the output of the NOR 
gate goes active loW to set the ?ip-?op 157. The master reset 
pulse on conducting path 92 (time axis 163 in FIG. 5) is 
delivered from the ON output of the ?ip-?op 157 so that the 
leading edge of the master reset, a negative pulse, com 
mences With the rise of the servo index pulse as shoWn in 
FIG. 6. The master reset pulse then continues until the servo 
PLO clock pulse folloWing the servo index pulse resets the 
?ip-?op 157 as shoWn on time axes 161 and 163 in FIG. 5. 

In addition to the master reset ?ip-?op 157, the master 
clock-master reset generator includes a type D master clock 
?ip-?op 162 that also receives the inverted servo index pulse 
from NOR gate 160 at an active loW set input for setting of 
the ?ip-?op 162 by the servo index pulse. Upon setting of 
the ?ip-?op 162, master clock signals generated thereby and 
appearing on the paths 98 and 100 connected to the Q and 
ON outputs of the ?ip-?op 162 are suppressed, as shoWn on 
times axes 164 and 166 for the ?rst and second phases 
respectively, until the rise of the ?rst servo PLO signal 
folloWing the servo index signal. Thereafter, the master 
clock Will provide pulses at half the frequency of the servo 
PLO due to the logic state at the ON output of ?ip-?op 162 
entering the D input thereof via a conducting path 167 Which 
Will toggle the state of ?ip-?op 162 at the next rise of servo 
PLO clock signals on conducting path 58. Since the resump 
tion of generation of the master clock signals occurs With the 
rise of the ?rst PLO clock signal folloWing the servo index 
signal, the above described synchronization of the PLO 
clock signals With the rotation of the disk 26 results in 
synchronization of the master clock for the circuit 22 With 
the rotation of the disk. 

The master clock-master reset generator can further 
include an RS system reset ?ip-?op 168 that can be reset by 
a position pulse from the microcomputer 54 on conducting 
path 201 to effect a complete shutdoWn of the entire circuit 
22 until the next servo index signal appears on conducting 
path 72. To this end, the ON output of the ?ip-?op 168 Will 
go inactive high Which is connected to a second input of 
NOR gate 160 to cause the output of such [gaste] gate to go 
loW and set both ?ip-?ops 158 and 162. At this point, the 
master reset remains active and the master clock is main 
tained in a set state. The set input of ?ip-?op 168 is 
connected to the path 72 Whereon the servo index pulse is 
received so that the shutdoWn of the entire circuit 22 is 
discontinued by setting ?ip-?op 168 With the servo index 
pulse going active then inactive. This causes NOR gate 160 
output to go inactive high and a subsequent resumption of 
master clock pulse generation at the next servo PLO clock 
signal. 

Returning to FIG. 3, the accumulator clock generator 118 
is comprised of a type D ?ip-?op 170 that is reset by the 
leading; that is, falling, edge of a master reset pulse 
appearing, as a combined reset from the AND gate 94, on 
conducting path 96 via an inverter 172. Subsequent opera 
tion of the accumulator clock 118 then depends upon the 
state of the ?rst comparator 108. The output of the com 
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parator 108 is connected to an inverting input of a NOR gate 
173, the output of Which is connected to the D input of the 
?ip-?op 170, so that, at such times that the output of the ?rst 
comparator 108 is loW, the output of NOR gate 173 Will be 
held loW to maintain the Q output of the ?ip-?op 170 loW. 
On the other hand, should the output of the comparator 108 
be high, operation of NOR gate 173 Will be controlled by the 
state of the ?ip-?op 170. In particular, the ?ip-?op 170 is 
continuously clocked by the ?rst phase of the master clock, 
via conducting paths 98, 106 and 174, so that the rise of such 
phase of the master clock While the Q output of ?ip-?op 170 
is loW, such output being transmitted to the NOR gate 173 
via conducting path 171 to provide a high voltage to the D 
input of ?ip-?op 170, Will cause the Q output to go high. The 
rise of such phase While the Q output of ?ip-?op 170 is high 
Will cause the Q output of ?ip-?op 170 to fall in reverse 
fashion. Thus, folloWing a master reset of the circuit 22, the 
accumulator clock 118 Will remain in a state in Which the 
ON output of ?ip-?op 170 is high so long as the output of 
the ?rst comparator remains loW. Should the output of the 
?rst comparator go high, ?ip-?op 170 Q output is continu 
ously clocked betWeen high and loW states by alternate 
master clock signals to provide a series of negative accu 
mulator clock pulses on ON the conducting path 120 to the 
clock terminals of the accumulator and second counter. 
The circuit of the partial reset generator 156 has been 

illustrated in FIG. 6 and the operation of such circuit has 
been shoWn by a timing diagram in FIG. 7. As shoWn in FIG. 
6, the partial reset generator 156 is comprised of a type D 
?ip-?op 175 that receives the second phase of the master 
clock signal on conducting path 100 at the clock input 
thereof (time axis 179 in FIG. 7) and receives the output of 
a NOR gate 176 at the D input thereof. The Q and ON 
outputs of ?ip-?op 175 provide the positive pulse comple 
ment of the partial reset pulse (on path 153) and the partial 
reset negative pulse itself (on path 177) respectively. The 
?ip-?op 175 is reset via an inverter 178 that is connected to 
the conducting path 92 shoWn in FIG. 3 that carries the 
negative pulse master reset signal. This reset serves to 
suppress the partial reset during a master reset of the circuit 
for a purpose that Will become clear beloW. 

In addition to the ?ip-?op 175, the partial reset generator 
156 includes a second type D ?ip-?op 182 having a Q output 
connected to one input of the NOR gate 176. The other input 
of the NOR gate 176 is connected to the [inverted] inverter 
178, so that the reset of the ?ip-?op 182, in the absence of 
a master reset on the conducting path 92, Will cause the 
output of the NOR gate 176 to be high. Such output is 
connected via an inverter 186 to an inverting set input of 
?ip-?op 175 so that ?ip-?op 175 is set to provide the leading 
edge of a negative partial reset pulse With the reset of 
?ip-?op 182. Such reset is effected upon entry of sector and 
delay times into the latches 122 and 124 via connection of 
the active loW latch enable conducting paths 126 and 128 to 
the inputs of a NAND gate 187 Whose inverting output is 
connected to the reset input of the ?ip-?op 182. Thus, as 
shoWn on time axes 188 and 190, initiation of a partial reset 
pulse begins With the entry of the sector times and delayed 
index times into the latches 122 and 124. The partial reset is 
terminated With the entry of the number of sectors into the 
latch 144; in particular, the D input of the ?ip-?op 182 is 
connected to the high terminal of a pull-up 192 and the clock 
terminal of the ?ip-?op 182 is connected to the conducting 
path 146 that is used to enable the latch 144. Thus, at the end 
of the entry of the number of sectors by a negative latch 
pulse to the latch 144, the Q output of the ?ip-?op 182 is 
clocked high to cause the output of the NOR gate 176 to go 
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loW and allow the QN output of ?ip-?op 175 to rise, ending 
the partial reset pulse, at the rise of the second phase of the 
next master clock signal that is transmitted to the clock input 
of ?ip-?op 175 on the conducting path 100 from FIG. 4. 
Thus, a negative partial reset pulse is initiated, as shown at 
180 on the time axis 190 in FIG. 7, With entry of sector and 
delay times into the latches 122 and 124 and terminated With 
the occurrence of the ?rst master clock pulse folloWing 
completion of entry of the number of sectors into latch 144 
as shoWn at 181 in FIG. 7. 

Referring noW to FIG. 8, the delayed index controller 138 
is comprised of a type D ?ip-?op 200 having a D input 
connected to the line 140 of the data bus 56 and a clock input 
connected to the conducting path 142 from Which a negative 
pulse enable signal is received from the microcomputer 54. 
Thus, the ?ip-?op 200 can be clocked high or loW by 
providing an appropriate data byte on the bus 56 While 
concurrently providing an enable pulse on the conducting 
path 142. In the present invention, the delayed index mode 
of operation of the hard sectoring logic circuit 22 is selected 
by clocking the Q output of ?ip-?op 200 high. A loW state 
of the Q output of the ?ip-?op selects the nondelayed index 
mode of operation. 

The Q output of ?ip-?op 200 is connected to one input of 
a NOR gate 202 and the QN output thereof is connected to 
one input of a NOR gate 204. The other input of each of the 
gates 202 and 204 is connected to conducting path 92, to 
receive the negative master reset pulses generated by the 
master clock-master reset generator 90. Since clocking the Q 
output of the ?ip-?op 200 high, for the delayed mode of 
operation of the hard sector logic circuit 22, of the ?ip-?op 
200 Will place a high voltage on one input of the NOR gate 
202, gate 202 is unelfected by master reset pulses so that its 
output on conducting path 206, referred to herein as an 
output index conducting path, remains inactive loW and its 
operation in the delayed index mode need not be further 
considered. 

The connection of one input of the gate 204 to the QN 
output of ?ip-?op 200, on the other hand, causes the NOR 
gate 204 to invert the negative master reset pulses on the 
conducting path 92 in the delayed index mode and produce 
a positive mask delayed index pulse at conducting path 208. 
The conducting path 208 leads to one input of a NOR gate 
210, the other input of Which receives the positive pulse 
complement of the partial reset pulse on the conducting path 
153. Thus, either a mask delayed index pulse or the positive 
complement of a negative partial reset pulse, received on 
conducting path 211 shoWn in FIG. 3, at either input of NOR 
gate 210 Will result in a negative pulse output at a mask ?rst 
sector output of NOR gate 210. Thus, in the delayed index 
mode of operation of the circuit 22, the output index 
conducting path 206 is alWays held inactive loW While the 
gates 204 and 210 transmit either a master reset pulse or a 
partial reset pulse through to the mask ?rst sector output 
conducting path 212. The result of such transmittal Will be 
discussed beloW. 

At such times that the ?ip-?op 200 is reset; i.e., in the 
nondelayed index mode of operation, one input of NOR gate 
202 Will be loW While the other input Will be high in the 
absence of a master reset pulse. Thus, the NOR gate 202 Will 
provide a positive pulse on the output index conducting path 
206 in response to a negative master reset pulse. The NOR 
gate 204 Will, on the other hand, have a high voltage at one 
input in this mode of operation to provide an inactive loW 
voltage on the mask delayed index conducting path 208 so 
that operation of NOR gate 210 is effected solely by partial 
reset pulse complements appearing on conducting paths 153 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
(FIG. 3) and 211. Thus, the operation of of the gates 202, 
204, and 210 in the nondelayed index mode of operation is 
to provide positive pulses on the conducting path 206 in 
response to master reset pulses and to provide negative 
pulses on the conducting path 212 in response to partial reset 
pulses. The effect of this operation Will be discussed beloW. 

Additionally, the delayed index controller 138 is com 
prised of a type D ?ip-?op 214 having an active loW set 
terminal connected to the conducting path 96 from the 
output of the AND gate 94 that provides a negative com 
bined reset pulse on conducting path 96 Whenever a master 
reset or partial reset pulse is generated. Thus, the ?ip-?op 
214 is set on either of these occasions. The D input of 
?ip-?op 214 is connected to the loW output of a pull-doWn 
216 and the clock input of ?ip-?op 214 is connected, via 
connecting path 120 shoWn in FIG. 3 and carried into FIG. 
8, to the inverting output of the ?ip-?op 170 that provides 
the negative pulse accumulator clock signals. Thus, folloW 
ing setting of the ?ip-?op 214, the Q output of such ?ip-?op 
is clocked loW by the trailing edge of the ?rst accumulator 
clock pulse to occur thereafter. The Q output of ?ip-?op 214 
is connected to one input of a NAND gate 218, the other 
input of Which is connected to the Q output of delayed index 
mode ?ip-?op 200. With this latter connection, the output of 
the NAND gate 218, in the nondelayed mode of operation of 
the hard sectoring logic circuit 22, Will alWays be high and 
and such high level is transmitted on the conducting path 
154 to the enable terminal of the second counter so that all 
accumulator clock pulses received by the second counter 
folloWing a master reset or a partial reset Will alWays be 
counted. In the delayed mode of operation, the input of the 
NAND gate connected to ?ip-?op 200 Will always be high 
so that the conducting path 154 to the second counter Will be 
driven loW by either a master or a partial reset to disable the 
second counter and cause the accumulator to equal the 
delayed index time at the time that the ?rst accumulator 
clock pulse is received thereby. The trailing edge of the same 
accumulator clock pulse Will reset ?ip-?op 214, to drive 
conducting path 154 high and thereby enable the second 
counter to count subsequent accumulator clock pulses and 
enable normal accumulator action until the next master or 
partial reset occurs. Thus, the operation of the ?ip-?op 214 
and gate 218 is to suppress counting by the second counter 
150 of the ?rst accumulator clock pulse in the delayed index 
mode of operation folloWing a master or partial reset to 
prevent counts associated With the delayed index skeW 
distances 62 and 64 from being entered in the second counter 
150. As shoWn, in FIG. 3, the conducting path 136, used to 
select the time to be entered into the accumulator 112, is 
connected to the conducting path 154 so that, While counting 
by the second counter 150 is suppressed, the accumulation 
time selector 130 Will select the delay time in the latch 124 
for entry into the accumulator 112. This causes the accu 
mulator to account for the delayed index skeW distance. 
Coming noW to the sector location pulse generator Which, 

as noted above, is comprised of the raW sector pulse gen 
erator 89, shoWn in FIG. 11, and the index-sector pulse 
generator 91, shoWn in FIG. 9, it Will be useful to ?rst 
consider the structure and operation of the index-sector 
pulse generator 91. Such circuit is a substantially self 
contained unit that generates the index and sector pulses in 
response to raW sector pulses generated by the raW sector 
pulse generator 89 Whose operation is intimately associated 
With remaining portions of the hard sectoring logic circuit 22 
and acts as a go-betWeen to the index-sector pulse generator 
91. After discussion of the structure and operation of the 
index-sector pulse generator, the structure of the raW sector 
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pulse generator 89 Will be described and the operation 
described in relation to remaining portions of the circuit 22. 

Referring to FIG. 9, the index-sector pulse generator 91 is 
comprised of a pulse time counter 220 that is a conventional 
up counter having a clock input connected, via the conduct 
ing path 88 in FIG. 1, to the Zone clock used by the 
read/Write controller 76 in transferring data from the buffer 
74 to the disk 26. Thus, the operation of the index-sector 
pulse generator 91 is synchronized With the operation of the 
read/Write controller 76, rather than With remaining portions 
of the hard sectoring logic circuit 22, so that the delivery of 
the sector location pulses is coordinated With the transfer of 
data to the disk. The connection of the pulse time counter 
220 to the remainder of the hard sectoring logic circuit 22 is 
via an enable terminal that responds to negative raW sector 
pulses on a conducting path 222 (see also FIG. 11) to provide 
index and sector pulses, having selectable durations in Zone 
clock periods, to the read/Write controller 76 in a manner to 
be described beloW. 

The counter 220 has four output terminals, for counting 
from a binary Zero to a binary ?fteen. These terminals are 
connected to four inputs of an AND gate 224 that is thus 
enabled When counting is complete and all counter 220 
outputs are high. The output of the AND gate 224 is 
connected to the D input of a type D ?ip-?op 226 Which is 
clocked by Zone clock pulses received on the conducting 
path 88 and a conducting path 228 therefrom. Both the 
counter 220 and the ?ip-?op 226 have active loW set 
terminals that receive negative combined reset pulses from 
the AND gate 94 via the conducting path 96 every time a 
master or partial reset occurs. 

The outputs of the counter 220 are also connected to the 
inputs of a NAND gate 301, Which receives the raW sector 
pulses at an additional input and the output of NAND gate 
301 is connected via conductor 302 to the enable terminal of 
the counter 220. Thus, at the end of a count up to a binary 
?fteen and in the absence of a negative raW sector pulse on 
conducting path 222, the output of NAND gate 301 Will be 
loW and the counter 220 Will be disabled. Enablement of the 
counter 220 Will thus occur With the reception of the raW 
sector pulse Which causes the counter output to become Zero 
on the ?rst Zone clock pulse and then count to a binary 
?fteen With the enablement thereof being maintained by loW 
voltages appearing at the outputs of the counter While 
counting occurs. The counter 220 is then disabled While 
aWaiting the next raW sector pulse. 

The most signi?cant bit of the number appearing at the 
output terminals of the counter 220 is connected to the inputs 
of a three input NAND gate 230, directly for one input and 
via serially connected pulse stretches 232 and 234 for the 
remaining tWo inputs. As Will become clear beloW, short 
duration sector location pulses, eight Zone clock periods in 
length, are provided via the NAND gate 230 and, as is 
knoWn in the art, polling at a one byte rate is commonly 
utiliZed by read/Write controllers to pick up sector location 
pulses. The use of the pulse stretchers 232 and 234 insures 
that the cycle time for the NAND gate 230, that is the time 
betWeen a drop of the most signi?cant bit of the counter 220 
to Zero and and its subsequent rise at the end of a countdoWn 
Will exceed eight Zone clock periods by an amount suf?cient 
for the read/Write controller to detect all sector location 
pulses. 
From the above, it can be seen that in the normal state of 

the index-sector pulse generator 91; that is, While “disabled” 
due to no raW sector pulse input at the conducting path 222, 
all counter outputs are alloWed to count up to all high. At this 
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point, as Will be discussed beloW, the raW sector input is also 
high causing the output of gate 301 to go loW and disable 
counter 220. The output of the NAND gate 230 Will, at this 
time, go loW. During the count up by the counter 220, the 
QN output of the ?ip-?op 226 is utiliZed to generate 15 bit 
long duration sector location pulses so that, in the normal 
state of the index-sector pulse generator 91, both the NAND 
gate 230 and the ?ip-?op 226 Will provide a loW voltage to 
components that, as Will be discussed beloW, provide the 
sector location pulses to the controller 76. 

It Will be useful at this point to consider the operation of 
the above-described portion of the index-sector pulse gen 
erator 91 before continuing With the remaining structure 
and, for this purpose, selected points of the circuit have been 
identi?ed With the letters A, B, and C corresponding to time 
axes 235, 237 and 239 in FIG. 10. In particular, time axis 
235 (point A) illustrates the signal at the output of AND gate 
224, time axis 237 (point B) illustrates the signal at the QN 
output of ?ip-?ip 226 and time axis 237 (point C) illustrates 
the signal at the NAND gate 230 output folloWing reception 
of a negative raW sector pulse by the counter 220. 
As noted above, the index-sector pulse generator 91 is 

clocked by the Zone clock and Will, accordingly, be asyn 
chronous With the remainder of the hard sectoring logic 
circuit 22 so that, as indicated on time lines 238 and 240, the 
raW sector pulse Will not necessarily coincide in time With a 
Zone clock pulse. HoWever, as Will be discussed beloW, 
provision is made in the raW sector pulse generator to insure 
that the raW sector pulse Will be of a duration that Will be 
long enough to include one rising edge of a Zone clock pulse. 
Accordingly, during the rise of the ?rst Zone clock pulse, as 
at 231, following the leading edge 233 of a raW sector pulse, 
the output of counter 220 Will be clocked to Zero and, 
subsequently, countup of the counter 220 Will occur. At this 
time, the output of the AND gate 224 Will drop to Zero so 
that the D input of the ?ip-?op 226 Will also drop. As a 
result, the Q output of ?ip-?op 226 Will be clocked loW at 
the rise of the next Zone clock pulse 229 to provide an 
upgoing signal at the QN output thereof as indicated at 242 
in FIG. 10. Since the AND gate 224 Will remain disabled for 
the remainder of the up count, as shoWn for the point A on 
the time axis 235, point B Will remain high as indicated at 
244 on the time axis 237, for the remainder of the count; that 
is, for ?fteen Zone clock periods. HoWever, the output of the 
NAND gate 230 (point C) Will go active high immediately 
after the ?rst Zone clock pulse 231 folloWing reception of the 
raW sector pulse and remain high for slightly over 8 Zone 
clocks, as shoWn at 248, until slightly after the rise of the 
ninth Zone clock pulse, at 246, folloWing reception of the 
raW sector pulse, as shoWn on time axis 239. This results 
because of the control of this gate solely by the most 
signi?cant bit of the number in the counter 220. Thus, the 
operation of the counter 220, ?ip-?op 226 and gates 224 and 
230 is to provide a positive pulse on the conducting paths 
250 and 252 for eight and ?fteen Zone clock periods respec 
tively. It Will be noted that the voltage level at the QN output 
of ?ip-?op 226 is delivered to the raW sector pulse generator 
on conducting path 254 (FIGS. 9 and 11) to terminate the 
raW sector pulse in a manner to be discussed beloW. 

Returning to FIG. 9, the selection of the duration of the 
index and sector pulses is effected by a type D ?ip-?op 256 
having a D input terminal connected to one line, indicated at 
258, of the microcomputer data bus and a clock input 
terminal that receives an enable signal from the microcom 
puter on a conducting path 260. The Q output of the ?ip-?op 
256 is connected directly to one input of an AND gate 262, 
Which receives the long duration pulse from the ?ip-?op 226 






















