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(57) ABSTRACT 
A method and apparatus for increasing the amount of 
data capable of being stored in a magnetic storage de 
vice is disclosed. Basically, a magnetic characteristic of 
the disk to head interface is measured at several loca 
tions on the disk. The frequency for writing and reading 
the data is optimized in terms of the required resolution 
and the magnetic measurement. The read and write 
modes are then varied, based upon the optimized fre 
quency, such that data is written on the disk at a fre 
quency substantially equal to the optimized frequency 
and read from a disk having data recorded at the opti 
mized frequency. 
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1. 

METHOD AND APPARATUS FOR RECORONG 
DATA 

BACKGROUND OF THE INVENTION 

Magnetic disks are commonly used to store data for 
computer applications. Disks are divided into a number 
of concentric circular tracks and data is stored along 
these tracks as individual magnetized portions of the 
track. A transducer having a flux path and a gap is used 
to magnetize the track. The gap is passed near the disk. 
By changing the magnetic flux passing through the gap 
individual portions of the track are magnetized. The 
same transducer is also used to read the data off the disk. 

It is desirable to maximize the amount of data that can 
be stored on a disk in order to save space and reduce the 
number of disks needed to store a particular amount of 
data. Several methods are currently used to store data 
on a disk. One method writes or inputs the data onto the 
disk at a fixed frequency as the magnetic disk rotates at 
a fixed angular velocity. A major drawback associated 
with this method relates to data density, which is the 
amount of data which can be stored per inch of track. 
Since the outer tracks of a disk are longer than the inner 
tracks, the data density drops off significantly for the 
outer tracks. Consequently, storage space is wasted on 
all but the innermost track when using the fixed fre 
quency, fixed angular velocity method of data storage. 
The constant data density method provides increased 

data storage capacity relative to the fixed frequency, 
fixed angular velocity method. Constant data density is 
achieved by either varying the write frequency as a 
function of radius while keeping the angular velocity 
constant or by varying the angular velocity of the disk 
as a function of radius while keeping the write fre 
quency constant. Typically, the maximum data density 
is determined for the inside track and on all the remain 
ing tracks the data is recorded at the same data density. 
A drawback of either constant data density method is 

that read errors increase on the outermost tracks. Varia 
tions in magnetic characteristics of the magnetic sys 
tems affect the optimal data density from track to track 
across the disk. For example, variations in the flying 
height of the slider, the thickness of the magnetic me 
dium, the linear speed of the slider in relation to the disk 
and the response of the read/write circuitry affect the 
optimal data density. 

Both constant data density methods fail to consider 
these variations in magnetic characteristics. The conse 
quence is that data is written in particular tracks at 
frequencies other than the frequency which would pro 
duce an optimal data density for that track. Typically, 
the optimal data density is lower for the outer tracks 
than for the inner tracks. Since the data density for the 
inner track is used as the constant for the data density 
across the disk increased read errors result in the outer 
tracks where the data density should be lower to ac 
count for the changed magnetic characteristics of the 
system. 
To assure that readings from certain tracks do not 

result in unacceptable read error rates there is a need for 
a data storage method and apparatus which controls the 
frequency to produce optimized data density for each 
track based upon the varying magnetic characteristics 
on a disk 
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2 
SUMMARY OF THE INVENTION 

A method and apparatus for optimizing the data den 
sity on a disk based upon the magnetic characteristics at 
various locations on the disk is disclosed. The charac 
teristics of the magnetic recording system are measured 
at various locations on the disk and then the optimum 
read/write frequency is calculated for each track on the 
disk. During recording, the write frequency or angular 
velocity is varied to produce the optimal data density at 
each track location. On readback, the read clock fre 
quency is varied based upon track location 
BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention 
reference may be had to the accompanying drawings 
wherein: 

FIG. 1 shows a magnetic disk having a number of 
data storage tracks. 

FIG. 2 shows several sectors in one track of a disk. 
FIG. 3 is a flow chart of the program executed to 

optimize frequency and data density at a particular 
track location. 

FIG. 4 is a graph comparing the capacity of a disk 
using the disclosed method compared with the capacity 
of a disk using the constant data density method and the 
constant frequency method. 

FIG. 5 is a graph showing the relationship between 
PW50, and the radius of a magnetic disk. 
FIG. 6 depicts the circuit used to implement the dis 

closed method. 
FIG. 7 depicts the frequency synthesizer portion of 

the circuit shown in FIG. 6. 
FIG. 8 depicts a circuit used to implement an alterna 

tive embodiment of the disclosed method. 
These drawings and graphs are not intended as a 

definition of the invention but are provided solely for 
the purpose of illustrating the preferred embodiments of 
the invention described below. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 1, a data storage disk 10 includes a 
plurality of tracks 12, 14, 16 and 18 each located at a 
particular radius R12, R14, R16, and R18, respectively, 
from the center of the disk 10. Referring to FIG. 2, each 
track includes a number of sectors, such as sector 20. 
Each sector on the disk holds a predetermined number 
of data bits. 
Using this inventive method, the data storage capac 

ity of the magnetic disk 10 is increased relative to the 
fixed frequency, fixed angular velocity method and the 
error rate is reduced relative to the error rate associated 
with either constant data density method. Briefly, the 
method includes measuring a magnetic characteristic of 
the data storage system at a number of locations across 
the data storage disk 10. The data density in each track 
on the disk 10 is optimized based upon the measured 
magnetic characteristic. The optimal frequency which 
produces the optimized data density and the corre 
sponding track location are stored in a microprocessor. 
In the preferred embodiment, the microprocessor con 
trols the read and write frequencies for the particular 
tracks. In an alternative embodiment, the microproces 
sor controls the angular velocity of the disk. In addition, 
the microprocessor may be programmed to hold the 
write or read frequency constant for a group of tracks 
capable of holding the same integer number of sectors. 
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A new group is formed when a new integer number of 
sectors will fit onto a particular track at the optimal data 
density. The disclosed method may be applied to each 
particular transducer and magnetic disk combination or 
the results from a particular combination may be used to 5 
program microprocessors for disk drives using the same 
magnetic system combination. The following para 
graphs describe the basis for optimizing the data density 
based on the magnetic characteristics of the disk The 
method and two embodiments of the apparatus used to 
carry out the method are also described in detail. 

10 

Basis for Optimizing Data Density 
The isolated pulse transition is an indicator known in 

the art to give a measure of overall magnetic system 
capacity for a particular magnetic system. In a paper 
entitled Design Techniques for the Saturated Magnetic 
Recording Process, a thesis originally submitted in May 
1972 to the Faculty of the Graduate College of the 
Oklahoma State University in partial fulfillment of the 
requirements for the Degree of Master of Science, the 
author, John Popa, expresses the isolated pulse transi 
tion mathematically in terms of readback voltage (volt 
age induced in a magnetic read head) as a function of 2 
time, as follows: 

15 

20 

5 

m 1 (Equation 1) f) - C misms 

where 30 
C = COnstant 
k=magnetic system figure of merit 
t1=minimum time between current transitions or 
minimum reversal time for current 

Several other mathematical formulations for e(t) for 35 
an isolated pulse transition have been developed. Po 
pa's formulation has a reduced number of variables 
compared to other formulations for e(t) and some of 
the variables are measurable. Thus, using Popa's formu 
lation, results are more easily interpreted than with 
more complex equations. The following is an interpre 
tation of the Popa formulation used to optimize the 
frequency at which data is recorded on a disk based 
upon a measurable magnetic characteristic. 
An isolated pulse transition is written at a frequency 

so that there is no interaction between consecutive 
pulses either when written or during readback. A series 
of pulses may be combined to more closely simulate 
actual conditions, such as data crowding. The pulses are 50 
combined by linear superposition to form a train of 
pulses as follows: 

45 

a0 = l - (Equation 2) 
C 1 + kt (t/t1 - 1) 55 

l 1 anamahawa -- anama-a-anapo 

1 + (kt1(t/t1 - 2) ... 1 + kt1(t/t1 - n) 

In closed form Equation 2 can be expressed as 

e() - in-i-l (Equation 3) - = -(-)- 

Popa shows the constant K in the above equations, 65 
referred to as the magnetic system figure of merit, can 
be expressed in terms of an easily measured value, 
PW50, as follows: 

2 (Equation 4) 
PW50 

k = 

where PW50 is the time between readback voltage half 
amplitude points of a single isolated pulse. Many param 
eters of a given magnetic system, such as the flying 
height of the head, the magnetic media used in a system, 
the radius at which the head is flying, the relative veloc 
ity between the head and the magnetic medium, and 
characteristics of the head, affect the PW50 value. 
The time between transitions, which is the minimum 

reversal time for current, in the above equations, can 
also be expressed in terms of frequency as follows: 

t=2/f (Equation 5) 

where f is the frequency of interest. It should be noted 
that the minimum reversal time, t1, will occur over 
one-half of a cycle. Substituting Equation 4 and Equa 
tion 5 into Equation 3 and manipulating algebraically 
yields the following mathematical form useful for com 
puter analysis: 

Clt (Equation 6) 
2 

(2ft - o 

The PW50 value and any selected frequency can be 
used in Equation 6 to yield a voltage value divided by a 
constant. By dividing the result of Equation 6 at one 
frequency by the result of Equation 6 by another fre 
quency, the resolution between the two frequencies 
results. By using equation 6, the optimum resolution for 
a magnetic system is approximated by an iterative pro 
cess, the details of which are explained in the following 
paragraphs. 
The first step is to measure PW50. Once PWso is mea 

40 sured, an estimate is made of the optimal frequency and 
the value obtained from equation 6 is used to calculate 
resolution. Resolution is a comparison of the readback 
voltage of a pulse as written to the readback voltage of 
a recovered isolated pulse. More strictly defined resolu 
tion equals the readback voltage amplitude of a train of 
pulses recorded at the highest data frequency divided 
by the readback voltage amplitude of a train of pulses 
recorded at the lowest data frequency for the particular 
recording system. 
As is known in the art, data is encoded using one of 

several coding schemes in order to pack more data onto 
a disk. For each particular coding scheme used in a 
magnetic system there is a particular error rate associ 
ated with a particular resolution. Therefore, knowing 
the coding scheme for a magnetic system, a resolution is 
selected with an error rate less than the value specified. 
Each particular coding scheme also has a range of fre 
quencies associated with it. The highest recording fre 
quency in the range is related to the lowest recording 
frequency in the range by a constant. 

In a magnetic system a relationship exists between 
resolution, error rate, frequency and data density. The 
common thread in the relationship between resolution, 
error rate, frequency and data density is the amount of 
interaction between pulses. As the data density or the 
frequency at which data was written increases, the in 
teraction between recovered pulses also increases. As 
the interaction between pulses increases the readback 
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voltage amplitude of a pulse train decreases. Since reso 
lution is a comparison of the amplitude of the readback 
voltage of actual highest frequency pulse train to the 
readback voltage for the actual lowest pulse train it 
follows that the resolution drops as the interaction be 
tween pulses increases. The error rate also increases as 
interaction between the pulses increases since each 
pulse becomes less distinguishable from the others. 

Optimizing the data density for a particular track is an 
iterative process of choosing the highest frequency that 
produces a particular resolution. Now turning to FIG. 
3, this iterative process will be detailed. 
The initial starting step in the iterative process is to 

select an actual read/write frequency for a particular 
track as indicated by box 100, for a particular track. As 
indicated by box 102, the track position is determined 
and the previously determined value for PWso is re 
called from memory. Employing the preferred embodi 
ment of the method, the starting track is the outermost 
track and the starting frequency is one known to be 
greater than the optimal frequency. It should be obvious 
to one skilled in the art that the initial starting point 
could also be the innermost track with the starting fre 
quency known to lesser than the optimal frequency. Of 
course, if the innermost track is selected as the starting 
point, many of the steps that follow would have to be 
reversed. In Box 104, the initially selected frequency 
and the recalled PWso to calculate e/t)/c using equation 
6. 
The lowest recording frequency in the range of re 

cording frequencies is then determined in Box 106 by 
dividing the actual frequency used in 104 by the con 
stant which relates the highest recording frequency in 
the range to the lowest recording frequency in the 
range of recording frequencies. Thus, the selected fre 
quency is assumed to be the high frequency. The con 
stant is actually the ratio between the actual highest 
read/write frequency and the lowest read/write fre 
quency. 

In Box 108, e(t)/c for the lowest data frequency is 
determined using the frequency determined in Box 106 
and the recalled PWso value for the particular track 
location. 
As depicted by Box 110, the resolution is determined 

by dividing the result of Box 104 by the result from Box 
108 which is stored in address J. It should be noted that 
the value for resolution is dimensionless since the reso 
lution is the voltage amplitude associated with the high 
est write frequency divided by the voltage amplitude 
associated with the lowest write frequency. 
The calculated resolution is compared to the desired 

resolution in decision Box 114. The desired resolution is 
the same for each track on the disk. If the calculated 
value is less than a predetermined resolution, the itera 
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tive process continues after subtracting a decrement of 55 
frequency from the frequency as shown in Box 116. The 
process is repeated beginning at Box 104. 

If the calculated value of resolution is greater than or 
equal to the predetermined resolution the read/write 
frequency is considered optimum for the track. The 
optimum frequency and the track location are stored as 
shown in Box 120. It should be obvious to those skilled 
in the art that the calculated value could also be com 
pared to a range of values centered about a particular 
predetermined value of resolution. The next step is to 
determine if optimal frequencies have been determined 
for all the tracks on the disk as depicted by decision Box 
122. If not, the next track is treated in a similar fashion. 

65 

6 
Since the distance between tracks is small the optimal 
frequency for the previous, adjacent track is generally 
selected for the starting read/write frequency for the 
next track. 
Once all the tracks have been treated according to the 

iterative process shown in FIG. 3, the process is com 
plete Completion of the iterative process produces a 
table having an optimized frequency for each track 
location stored in memory. 
The iterative process can be used in several ways to 

optimize the data density on a magnetic disk. The itera 
tive process can be used to optimize the capacity for one 
particular combination which comprises a magnetic 
system. This can then be used to program all similarly 
manufactured units. The process can also be applied to 
each unit upon manufacture. A particular storage de 
vice could also be programmed to perform the iterative 
process. 
FIG. 4 compares the data density of several record 

ing methods as a function of track location to the data 
density achieved by using the disclosed optimal data 
density method. The constant data density method is 
shown by broken line 22. The constant angular velocity 
method is shown as line 15. The curve 11 shows the data 
capacity of the disclosed method as a function of the 
radius of the disk. As can be seen, the data density of the 
disclosed optimization method approaches the data 
density of the constant data density method. The data 
density on the inside track is the same with all three 
methods. The data density associated with the constant 
angular velocity method declines linearly as a function 
of radius from the inside track. The data density associ 
ated with the disclosed optimization method more 
closely approaches constant data density, however, it 
drops toward the outer tracks as shown by curve 11. 
FIG. 5 shows the general relationship between PW’so 

and the radius on a disk where PW50 is measured. Basi 
cally, the value of PWso is smallest on the outer tracks 
of the disk and increases to a larger value at the inner 
most track. The drop in data density is related to the 
nonlinear characteristic of the PW50 value as shown in 
FIG. 5. If the density at which data is being written 
stays constant, increased amounts of read errors would 
result. The disclosed optimization method corrects for 
this decrease in the magnetic capability of the magnetic 
system by decreasing the write data density. The resolu 
tion remains substantially constant across the disk and 
therefore no higher incidence of read errors occurs on 
the outer tracks than on the inner tracks. 
As an additional step the tracks may be grouped into 

bands. After determining the optimal frequency using 
the disclosed method, the number of sectors each track 
can hold is calculated and the tracks capable of holding 
the same integer number of sectors are grouped to 
gether. Each sector holds a predetermined number of 
bits and the disks are formatted in terms of sectors. In 
terms of data storage, portions of sectors are not usable. 
It also takes time to switch frequencies. Consequently to 
simplify the method during operation and to increase 
the speed of the storage system, the read/write fre 
quency is held constant throughout the group of tracks. 
The read/write frequency is changed when a new inte 
ger number of sectors can be fit on the track at the 
previously determined optimal frequency. For example, 
three adjacent tracks may each be able to hold 10.3, 10.5 
and 10.9 sectors a piece. Each track can hold 10 sectors. 
Rather than switch write frequencies for each track to 
achieve optimal data density for each track, the write 
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frequency is held constant for each track in the group. 
The write frequency is not changed until a new integral 
number of sectors can be held on a track at the optimal 
data density for the track. When a different integer 
number of sectors can be held, the write frequency is 
changed to the write frequency of the shortest track 
capable of holding the same integer number of sectors at 
the optimized frequency. It should be noted that a par 
ticular group may only include one track. Previously 
tracks were grouped arbitrarily and optimal read/write 
frequencies were ignored when grouping the tracks. 
The result of this added step is that the data capacity 

of a storage disk drops slightly from the optimal curve 
11 shown in FIG. 4. As can be seen in FIG. 4, the data 
density decreases incrementally rather than continu 
ously when placing the data in bands and appears as a 
stair case line 13. The innermost track in the group 
determines the frequency for the group. The frequency 
stays constant and then moves to the new optimized 
data frequency when a new band capable of holding a 
new integer number of sectors is entered. This is indi 
cated by the vertical line portions of line 13. 
The disadvantage of losing some storage capacity is 

offset by several advantages associated with grouping 
the tracks. By incorporating this additional step the 
operation of the method is simplified at no cost in terms 
of usable sectors on each track. Furthermore, since the 
number of frequency changes is decreased the overall 
speed of the system is increased. 

If the optimization is done for one particular system 
and the systems using the same components are "cop 
ied,' then incorporating the additional step will require 
the storage of the tracks within a group and the fre 
quency used in the particular group. If each particular 
storage system has the capability of programming itself, 
implementing this additional step will require several 
added programming steps. 

It should be noted that only one pulse in a string of 
pulses is needed to obtain the amplitude necessary to 
determine resolution at a particular frequency. How 
ever, generally several pulses are placed on either side 
of the pulse thereby forming a train of pulses and sub 
stantially eliminating end effects. 

It should also be noted that other equations may be 
used to optimize the write frequency for a given error 
rate. The above set of mathematical equations is pro 
vided as an example of one way, using the readily mea 
sured PW50 value, the ratio between the highest record 
ing frequency and the lowest recording frequency for a 
particular coding scheme and an iterative process, for 
optimizing the write frequency. 

First Embodiment 

The first embodiment of the data read/write circuit 
30, shown in FIG. 6, includes a program control 32, a 
frequency synthesizer 34, a reference clock 36, a write 
encoder 38, a write current generator 40, a read phase 
locked loop 42, and a read decoder 44. 
As mentioned previously, the optimal frequency and 

the respective track location are stored in table form in 
the program control 32 shown schematically in FIGS. 
6, 7 and 8. In operation, the track location of the trans 
ducer is input to the program control 32. In response to 
this input, the program control 32 produces a signal 
which causes the transducer to magnetize data at the 
optimized frequency for the particular track. The disk 
in the first embodiment rotates at a constant angular 
velocity. While the frequency of the transducer is 
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8 
changed to write at the optimized frequency for the 
particular track. 
Now referring to FIGS. 6 and 7, the portion of the 

circuit which writes the data will be described. The 
reference clock 36 is a crystal controlled oscillator hav 
ing a stable and accurate reference frequency or a servo 
PLO signal that is frequency locked to the rotational 
speed of the disk. The program control 32 loads a first 
bit counter 46, referred to as the N counter and a second 
bit counter 48, referred to as the M bit counter 48 with 
a division coefficient. The signal from the reference 
clock 36 is input to the N counter and is divided by the 
division coefficient stored therein. The resultant output 
is sent to phase-frequency detector 50. The zone clock 
signal 54, which is the output from the zone clock syn 
thesizer 34, is fed back to the M counter 48 and divided 
by the division coefficient stored therein. The output 
from the M counter is also sent to the phase-frequency 
detector 50. In the phase-frequency detector 50, the 
output signals from the N counter 46 and the M counter 
48 are compared. The phase-frequency detector 50 
produces an output signal proportional to the difference 
between the two input signals The output from phase 
frequency detector 50, also known as the phase error 
signal, is filtered by the loop filter 51 that also provides 
the frequency synthesizer with phase locked loop com 
pensation. Voltage-controlled oscillator 52 is controlled 
by the filtered phase-error signal. The output of the 
voltage-controlled oscillator (VCO) 52 is the zone 
clock signal 54. The frequency synthesizer 34 is a pro 
grammable phase locked loop that is programmed to 
produce an output having a frequency equal to the 
optimal frequency associated with the particular track 
or zone. It should be noted that the division coefficients 
in the N bit counter 46 and the M bit counter 48 will 
stay the same throughout a particular track or zone. 
The frequency of the zone clock signal 54 is equal refer 
ence frequency times the ratio of the division coeffici 
ents in M counter 48 and N counter 46 respectively. 
Mathematically, this can be shown as: 

ZONE CLOCK FREQUENCY = 

-- (REFERENCE CLOCK FREQUENCY) 

The remaining write circuitry uses the zone clock 
signal 54 for encoding the write data 58. The zone clock 
signal 54 and the data to be stored on the magnetic disk 
10 are both input to the write encoder 38. The write 
encoder 38 encodes the data at the frequency of the 
zone clock signal 54 to produce a write data signal 58. 
The write data signal 58 is then input to the read-write 
preamp 60 and, from the preamp, to a read/write head 
62 which magnetizes the disk (not shown in FIGS. 6 or 
7) at the optimized frequency. 

Reading Data 
The portion of the circuit 30 for reading the data will 

now be detailed. The read circuitry includes the read 
phase locked oscillator 42 which phase locks onto either 
the zone clock signal 54 or the raw read pulse data. 
During the times when the circuit is not reading (read 
mode disable) the circuit locks onto the zone clock 
signal 54. When the circuit is reading (read enable 
mode), the read phase locked oscillator 42 locks onto a 
raw read pulse data. The output of the read PLO 42, the 
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zone read clock signal, is used to produce time windows 
into which detected data pulses are placed. The read 
data is detected by the read/write head 62, amplified by 
read/write preamp 60 and then input into an amplifier 
66. The analog read data from the output of the ampli 
fier is processed through the equalizer-filter 68 with 
optional program bandwidth control. The program 
control 32 selects the bandwidth for the equalizer filter 
68 which depends on the optimal frequency of the zone 
being read. After filtering, the read signal is sent to the 
read pulse data detector 74 that detects the peaks of the 
complex read analog signal waveforms. The output of 
the read pulse data detector is zone raw pulse data. 
During the read operation (read enable mode) the read 
phase locked loop locks onto the raw read pulse data 
stream and reconstructs a stabilized replica of the read 
data to produce an output referred, to as the synchro 
nized read data. The read phase locked loop 42 also has 
an optional range control to optimize the performance 
of read PLO 42 for different zones which would have 
different frequencies. The program control 32 deter 
mines the read PLO range control signal based upon the 
zone being read. The zone read clock and zone synchro 
nized read data have fixed timing relationship with 
respect to one another. Both signals are sent to the read 
decoder 44 to decode and reproduce the data. 

Second Embodiment 

Another method for producing a disk having opti 
mized data density in various tracks or zones would be 
to hold the write frequency constant while varying the 
angular velocity of the disk 10. A schematic circuit 
diagram for implementing this method is shown in FIG. 
8. The program control 32 loads both the N bit counter 
46 and the M bit counter 48 with division coefficients. 
The reference clock signal is also input to the N bit 
counter 46. 
The circuit shown in FIG. 8 includes the frequency 

synthesizer 34 which functions as described previously. 
The zone clock signal 54, which is the output of the 
zone clock synthesizer, is used to control the angular 
velocity of the disk 10 (not shown in FIG. 8). The zone 
clock signal 54 is amplified by amplifier80 and is then 
sent to the spindle motor 82. The spindle motor control 
82 would then control the angular velocity of the spin 
dle (now shown). The angular velocity would be a 
function of the frequency of the zone clock signal 54. 

It should be understood that the foregoing descrip 
tion of the invention is only illustrative and explanatory 
thereof, and that other means and techniques can be 
employed without departing from the full scope of the 
invention as set forth in the appended claims. 
What is claimed is: 
1. A data storage device including a read/write head 

and a magnetic disk which form the disk to head inter 
face, the magnetic disk capable of retaining data pulses 
recorded at various frequencies, the amplitude of the 
readback voltage of a pulse train varying as a function 
of the selected frequency, the amplitude of the readback 
voltage of a pulse train recorded at the selected fre 
quency divided by the amplitude of the readback volt 
age of a pulse train recorded at a lower frequency yield 
ing the resolution, the magnetic system manufactured 
with disks formatted by a process comprising the steps 
of: 

determining a magnetic characteristic for the head to 
disk interface for each track on the magnetic disk; 
and 
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10 
using the determined magnetic characteristic for each 

track to select a frequency for each track that will 
produce a substantially constant resolution in each 
track across the disk. 

2. The process of claim 1 wherein determining the 
magnetic characteristic for each track is comprised of 
the steps of: 

measuring the pulse width at fifty percent amplitude 
of an isolated pulse in a plurality of tracks on the 
disk; and 

generating a curve from the known measured pulse 
widths and the corresponding track locations to 
determine pulse width values for the tracks on the 
disk having no measured pulse width value. 

3. The process of claim 1 wherein the step of using 
the determined magnetic characteristic to determine a 
frequency that produces a substantially constant resolu 
tion for each track of the disk further comprises the 
steps of: 

selecting a starting frequency for each track; 
calculating the amplitude of the readback voltage for 

a pulse train recorded at the selected starting fre 
quency using the selected starting frequency and 
the determined magnetic characteristic; 

dividing the selected starting frequency by a constant 
to arrive at the lower frequency; 

calculating the amplitude of the readback voltage for 
a pulse train recorded at the lower frequency using 
the lower frequency and the determined magnetic 
characteristic; 

determining the resolution; 
comparing the calculated resolution to the desired 

high value of resolution and a desired low value of 
resolution and adding an increment of frequency to 
the selected frequency and if the resolution is 
larger than a desired high value, subtracting a dec 
rement of frequency from the selected frequency 
and redetermining the resolution, and if the resolu 
tion is below a desired low value adding an incre 
ment of frequency to the selected frequency and 
redetermining the resolution until it is between the 
desired high value and the desired low value of 
resolution. 

4. The process of claim 3 wherein the step of deter 
mining the magnetic characteristic for the head to disk 
interface further comprises measuring the pulse width 
at fifty percent amplitude of an isolated pulse. 

5. The process of claim 4 wherein the steps of calcu 
lating the amplitude of the readback voltage for the 
starting frequency pulse train and calculating the ampli 
tude of the readback voltage for the lower frequency 
pulse trains further comprises substituting the pulse 
width at fifty percent amplitude for the particular track 
and the frequency into the following equation: 

()-- Clt 
C - n = 1 1. 2 

1 Prof an - ) 
where 
PW50 = pulse width at fifty percent amplitude 
f=frequency 
e(t) = voltage as a function of time 
C = a Constant. 
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6. The process of claim3 wherein the step of selecting 
a starting frequency includes using the frequency which 
produced the desired resolution for an adjacent track. 

7. A method of determining the read/write frequency 
for each track of a magnetic disk in a magnetic system 
which also includes a read/write head, the method 
comprising the steps of: 

determining a magnetic characteristic of the magnetic 
system for each track of the magnetic disk; 

selecting a first frequency for each track; 
determining the voltage amplitude as a function of 

time for a train of pulses occurring at the first fre 
quency using the first frequency and the magnetic 
characteristic for the track; 

selecting a second frequency lesser than the first fre 
quency; 

determining the voltage amplitude as a function of 
time for a train of pulses occurring at the second 
frequency using the magnetic characteristic for the 
track and the second frequency; 

dividing the value of the voltage amplitude as a func 
tion of time for the train of pulses occurring at the 
first frequency by the value of the voltage ampli 
tude as a function of time for the train of pulses 
occurring at the second frequency to yield a value 
called the calculated resolution; 

selecting a desired resolution, the desired resolution 
having an associated error rate which is less than 
the specified error rate; and 

comparing the calculated value of the resolution to a 
desired value of resolution to determine if it is 
within a desired range of the desired value of the 
resolution. 

8. The method of claim 7 further comprising the step 
of adding an increment of frequency to the first free 
quency when the calculated resolution is greater than 
the desired range of resolution and redetermining the 
resolution. 

9. The method of claim 7 further comprising the steps 
of subtracting a decrement of frequency from the first 
frequency when the calculated resolution is less than 
the desired range of resolution and redetermining the 
resolution. 

10. The method of claim 7 wherein the step of select 
ing the first frequency further comprises selecting the 
frequency that produced a resolution within the desired 
range for the adjacent track as the first frequency for a 
particular track. 

11. The method of claim 7 wherein the step of select 
ing the second frequency further comprises dividing the 
first frequency by a constant which is a function of the 
coding scheme used in the magnetic system, the con 
stant converting the first frequency to the lowest fre 
quency in the range of the recording frequencies for the 
coding scheme. 

12. The method of claim 11 wherein the steps of 
determining the magnetic characteristic further com 
prises the step of measuring the time between half am 
plitude points of an isolated pulse in every track on the 
magnetic disk. 

13. The method of claim 11 wherein the steps of 
determining the magnetic characteristic further com 
prises the steps of: 

measuring the time between half amplitude points of 
an isolated pulse in a plurality of tracks; and 

generating a curve that fits the measured points and 
determining the time between half amplitude points 
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12 
of an isolated pulse in the unmeasured tracks based 
upon the generated curve. 

14. The method of claim 13 wherein the steps of 
determining the voltage amplitude as a function of time 
further includes the step of substituting the first or sec 
ond frequency and the time between half amplitude 
points of an isolated pulse for the track into the follow 
ing equation: 

co-2-(c)it - 2 

-- Ply (f - ) 
where 
PW50=the time between half amplitude points of an 

isolated pulse in the particular track 
f=frequency of the pulse train 
e(t)= voltage as a function of time; and 
C = a constant. 
15. The method of claim 7 wherein the step of select 

ing a desired resolution comprises selecting the same 
desired resolution and the same desired range for each 
track on the disk. 

16. A method for reading and writing data at an error 
rate less than the specified value in a data storage device 
including a magnetizable disk with tracks and a read/- 
write head which form a disk to head interface, and a 
memory, the data storage device encoding data before 
recording and decoding data after reading according to 
a coding scheme, the data storage device capable of 
recording data through a range of frequencies, the high 
est frequency in the range related to the lowest fre 
quency in the range by a constant which is a character 
istic of the coding scheme being used, the amplitude of 
the readback voltage of the high frequency in the range 
divided by the voltage amplitude of the lowest fre 
quency in the range yielding resolution, each resolution 
having a specific error rate associated therewith, the 
method comprising the steps of: 

determining a magnetic characteristic of the magnetic 
disk to read/write head interface for each track on 
a disk; 

dividing the selected high frequency by the constant 
for the particular coding scheme to produce the 
lowest frequency in the range for a track; 

determining the amplitude of the readback voltage 
for the selected high frequency and the lowest 
frequency in the range using the frequency and the 
magnetic characteristic; 

calculating the resolution; 
selecting a range of desired values of resolution, the 

error rates of the resolutions in the range being less 
than that specified; and 

determining if the calculated resolution falls within 
the range of desired values of resolution and if the 
calculated value of resolution is less than the de 
sired range, subtracting a decrement of frequency 
from the selected frequency and recalculating the 
resolution, and if the calculated resolution is 
greater than the desired range of resolution adding 
an increment of frequency to the selected fre 
quency. 

17. The method for reading and writing data as re 
cited in claim 16 further comprising the steps of: 

storing each track location and the selected fre 
quency for the particular track in the memory; 
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comparing the track location of the read/write head 
to the stored track location in the memory; and 

recalling the selected frequency corresponding to the 
track location of the read/write head. 

18. The method of claim 17 further comprising the 
step of altering the magnetic system such that data is 
written and read at the selected frequency for the track. 

19. The method of claim 18 wherein the step of alter 
ing the magnetic system further comprises producing a 
frequency equal to the recalled selected frequency for 
reading and writing data at the track location. 

20. The method of claim 18 wherein the step of alter 
ing the magnetic system further comprises changing the 
angular velocity of the magnetic disk to a level where 
the data is written and read on the magnetic disk at the 
recalled selected frequency. 

21. The method of claim 17 further comprising the 
steps of: 

determining the number of bits a track will hold at the 
selected frequency for the track; 

dividing the number of bits the track will hold by the 
number of bits each sector will hold; and 

altering the magnetic system when the number of 
sectors capable of being held in a first track is a 
different integer number than the number of sec 
tors capable of being held in a track adjacent to the 
first track. 

22. An apparatus for reading and writing data in a 
storage device having a read/write head and a magne 
tizable disk with tracks, the apparatus comprising: 
means for storing and recalling a track location and a 

read/write frequency for each track on the disk; 
means for determining the position of the read/write 

head; 
means for producing data pulses on the magnetizable 

disk at a frequency substantially equal to the fre 
quency stored in the storing and recalling means 
which corresponds to the location determined by 
the position determining means; and 

means for reading data recorded at various frequen 
cies from the magnetizable disk, the read frequency 
being substantially equal to the frequency stored in 
the storing and recalling means which corresponds 
to the location determined by the position deter 
mining means. 
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23. The apparatus of claim 22 further comprising a 

frequency synthesizer which produces a zone clock 
signal having a changeable frequency. 

24. The apparatus of claim 23 wherein the means for 
producing data pulses comprises a read/write head 
writing at the zone clock frequency and wherein the 
means for reading data comprises a read phase locked 
loop using the zone clock signal to synchronize the raw 
read data. 

25. The apparatus of claim 23 wherein said means for 
producing data pulses is means for varying the angular 
velocity of the magnetizable disk in response to the 
frequency of the zone clock signal, the angular velocity 
being varied such that a read-write head writing at a 
constant frequency will produce data pulses on the 
magnetizable disk at a frequency substantially equal to 
the frequency stored in the storing and recalling means 
for the position of the read/write head determined by 
the position determining means. 

26. The apparatus of claim 23 wherein said frequency 
synthesizer further comprising a frequency generator: 

a reference clock which produces a reference signal; 
a first bit counter storing an integer used to divide the 

frequency of the reference clock to produce a di 
vided reference clock signal; 

a Zone clock signal; 
a second bit counter storing an integer used to divide 

the frequency of the zone clock signal to produce a 
divided zone clock signal; 

a phase-frequency detector which receives the di 
vided reference clock signal and the divided zone 
clock signal and produces an output proportional 
to the phase difference between the two received 
signals; 

a loop filter which receives the phase-frequency de 
tector output and produces a voltage output in 
response to the frequency of the phase-frequency 
detector output; and 

a voltage controlled oscillator which produces the 
zone clock signal, the frequency of the zone clock 
signal varying in response to the level of the volt 
age output of the loop filter. 

27. The apparatus of claim 26 further comprising a 
spindle motor control which controls the angular veloc 
ity of a disk in response to the frequency of the zone 
clock signal. 

B B K B 


