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57 ABSTRACT 
Compensation for radial misalignment between a data 
head and a servo head is provided. At least one pair of 
servo data tracks having a servo null there between are 
written on each data surface. The servo head is moved 
to a corresponding servo track null and the offset of the 
data head from its servo track null is measured itera 
tively by injecting voltages generated by a digital-to 
analog converter into the servo head servo loop to 
progressively decrease the offset of the data head from 
its servo null until the data head is positioned over the 
servo null. The digital value of the digital-to-analog 
converter input is then stored in a digital memory for 
later use in fine positioning of the data head over a data 
track by means of retrieving the digital value from 
memory, converting it to a voltage through the digital 
to-analog converter and injecting it into the servo head 
servo loop. 

4 Claims, 3 Drawing Figures 

OOWAA/AA 

  

  

  

  

  

  

  

  



U.S. Patent Feb. 1, 1983 4,371,960 

29-SR Szávo fig. 3 
uses 

E. 

  



4,371,960 
1 

MEASUREMENT OF DISC SERVO HEAD/DATA. 
HEAD MISALIGNMENT 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The invention relates generally to the field of data 

processing and more particularly to servo systems for 
centering a disc drive's read/write head on a track. 

2. Brief Description of the Prior Art 
In disc drives having a dedicated servo surface and a 

plurality of data surfaces wherein the data heads are 
mounted on the same carriage as the servo head in 
vertical alignment therewith, it has been proposed that 
any radial offset of a data head from a servo head be 
electronically measured and later compensated for 
when positioning a data head over a data track. See 
IBM Technical Disclosure Bulletin, Vol. 17, No. 6, 
Page 1781, November 1974. 

In the IBM technical disclosure, one or more servo 
tracks are written on a data surface. During a calibra 
tion procedure the servo head is served to a correspond 
ing servo track on the servo surface. A voltage repre 
sentative of the radial offset of the data head from its 
servo track center (null) is then developed in the same 
manner as the servo head position error signal is devel 
oped. The resulting error signal is converted from an 
analog voltage into a digital value and stored in a digital 
memory. Thereafter, when positioning the data head 
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over the data track, the servo head is positioned off 30 
center from its own servo track center (null) by the 
theoretical amount of the radial offset measured in the 
calibration procedure such that the data head is posi 
tioned directly over its data track center. This is accom 
plished by retrieving the digital value from memory, 
converting it back into a voltage and injecting this volt 
age into the servo loop of the servo head. 
A problem with this approach is that the analog volt 

age developed by the position error measurement sys 
tem from the data head may not be representative of the 
same offset as a similar voltage developed by the servo 
head position error measurement system. That is, the 
same voltage from the two positioned error measure 
ment systems might actually be representative of two 
different offsets. The cause of this might be due to many 
factors including differing gains in the two sets of cir 
cuits. But as a result, injection of the offset voltage 
measured from the data head into the servo head servo 
loop may produce a different offset from that desired. 
The data head will then not be centered on its data track 
as desired. 

SUMMARY OF THE INVENTION 
The above problem is overcome in the present inven 

tion by essentially reversing the head from which the 
error measurement is made. When the data head is ser 
voed to its servo track center (null), the servo head will 
be offset from its servo track center (null) by the 
amount of the radial misalignment between the two 
heads. The position error signal developed from the 

... servo head will be representative of this radial misalign 
ment. This position error signal is in the form of a volt 
age which may then be converted by an analog-to-digi 
tal conversion technique into a digital value and stored 
in a digital memory for later use in fine positioning the 
data head over a data track. As the offset will be mea 
sured from the servo head and the position error mea 
surement system associated therewith, there will be no 
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2 
gain differential error, when the offset voltage is in 
jected back into the servo head servo loop. 

In the preferred embodiment, the invenion employs a 
double-ended comparator in an iterative process con 
trolled by a microprocessor to eliminate the need for a 
conventional analog-to-digital converter in measuring 
the offset voltage. This approach initially positions the 
servo head over its servo track center (null) and takes 
the position error signal developed from the data head 
and introduces it into a double-ended comparator. A 
microprocessor inspects the state of the double-ended 
comparator and depending on the results places an 
appropriately signed predetermined digital value into a 
digital-to-analog converter, the output of which is in 
jected into the servo loop of the servo head. This volt 
age moves the servo head away from its servo track 
center (null) and simultaneously moves the data head 
towards its servo track center (null). After a time, the 
double-ended comparator is again inspected and a new 
voltage is developed by the microprocessor until the 
double-ended comparator indicates that the data head is 
over its own servo track center (null). The digital value 
which produces this result is stored by the microproces 
sor into memory for later use in positioning the data 
head over a data track. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of an offset measurement 

technique according to the present invention; 
FIG. 2 is a schematic of the double-ended compara 

tor of FIG. 1; and 
FIG. 3 shows the relative positions to which the 

servo and data heads are servoed from an initial position 
as shown in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 illustrates a block diagram of a preferred 
means for implementing the present invention. In this 
regard, at least one pair of servo data tracks are prere 
corded on a portion of a data surface. A cross section of 
such a pair is shown as 10 in FIG. 1. A corresponding 
servo track 16 is prerecorded on the servo surface in 
nominal vertical alignment with the data surface servo 
track. 
Each pair of servo data tracks 10, 16 is conventionally 

composed of a pattern of a first type written on one 
track 11 and a second pattern written on the other 13. A 
read head, such as 18 or 20, reads the entire width of a 
track at once. If it is centered between the pair of servo 
tracks, each adjacent track will be read with equal am 
plitude. If it is more over one track than the other, such 
as with head 18, one track will be read at a greater 
amplitude than the other. The difference in amplitude is 
used as an error signal in a servo loop to servo the head 
toward track center, as is known in the art. The point 
between the tracks where the amplitudes are read 
equally is at the center of a data track and is referred to 
in the art as a servo null and sometimes as a servo track 
center. 

65 

The data surface read/write head 18 and the servo 
head 20 are mounted on the same carriage (not shown) 
and are aligned vertically to close tolerances. However, 
some misalignment, such as radial offset 'E', inevitably 
remains. Such misalignment is a major limiter on in 
creased track densities. 
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The apparatus illustrated in FIG. 1 measures the 
radial offset "E" in the following manner: the standard 
demodulator 24 is connected to the fine servo loop 50 
and receives servo data from servo head 20. The func 
tion of a demodulator, as is known, is to convert the raw 
servo data read from the disk into a position error sig 
nal, which is essentially the difference in amplitude 
between the signals read from adjacent servo track's. 
The auxiliary demodulator 26, which is connected to 
the data head, is connected during calibration to low 
pass filter 32 by closing normally open switch 42. 

After coarse positioning, the connection of the servo 
head 20 into the fine servo loop 50 causes the servoing 
of the servo head to the center (null) of its servo track 
16. This results in the data head 18 being physically 
offset from its servo track 16. This results in the data 
head 18 being physically offset from its servo track 
center by the amount of radial misalignment, 'E', be 
tween it and the servo head 20. The auxiliary demodula 
tor 26 now outputs a voltage representative of this off 
Set. 

This voltage is input to low pass filter 32. The output 
33 of the low pass filter 32 is virtually dc and slowly 
varying. This output 33 is fed into a double-ended com 
parator 34, such as the one shown in FIG. 2. 
The top comparator 44 of FIG. 2 has a “1” output if 

the input voltage lies above + ref, and a zero below. 
The bottom comparator 46 has a “1” output below 
-ref. and a zero above. Feedback resistors 48 are added 
to avoid "toggle'. 
The effect of the double-ended comparator is to 

change state from a "1" to zero when the input voltage 
falls into a range from - ref. to --ref. The reference 
range may be chosen to accomodate the accuracy limits 
desired. 
The outputs 35 of the double-ended comparator 34 

are provided as inputs to microprocessor 22. 
Microprocessor 22 has output lines (eight in the pre 

ferred embodiment), represented by line 36, into digital 
to-analog converter (DAC) 38. The DAC 38 converts 
the digital value on lines 38 into a dc voltage online 40. 
Line 40 is provided as one input to the fine servo loop 
50 through summing junction 49. The other input to the 
fine servo loop 50 is from the standard demodulator 24. 
These two combined inputs together form a position 
error signal in the fine servo loop 50 which servos the 
carriage and thereby the heads mounted thereon, as 
known in the art. 

: In operation, the microprocessor 22 inspects the in 
puts on line 35 from the double-ended comparator 34 to 
determine the sign of the voltage error signal from the 
auxiliary demodulator 24. Depending on this sign, it 
places an appropriately signed, predetermined value on 
the output lines 36 and waits. This value is converted 
into a voltage by DAC 38 and fed into the fine servo 
loop 50. This voltage causes the fine servo loop to move 
the carriage such that the date head offset "E" is re 
duced. Likewise, the servo head 20 is moved a corre 
sponding distance away from its servo through center. 
Movement is stopped and circuit balance is restored 
when the standard demodulator 24 is outputting a volt 
age equal and opposite to the voltage being output by 
DAC 38. ' 
After a period of time sufficient to allow the heads 

time to move to the equilibrium position and the low 
pass filter 32 time to change to the new voltage, micro 
processor 22 again inspects lines 35. If their state is 
unchanged, it increases the value on output lines 36. If 
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4. 
their state has reversed, the value is reduced. And, if 
their state is Zero, the process is complete. The data 
head 18 would then be approximately above its servo 
track center and the servo head 20 offset a distance “E” 
as shown in FIG. 3. The value on the output lines 36 is 
a digital representation of the inverse of the error signal 
for the offset "E" then being output by the standard 
demodulator 24. This value is stored into memory by 
the microprocessor 22 for future reference. When the 
standard demodulator 24 is again used to position the 
data lead 18 over a data track center, injection of this 
value into the fine servo loop via DAC 38 and summing 
junction 49 will cause the servo head 20 to move away 
from its servo track center by approximately the offset 
"E'. The data head 18 then will be approximately over 
data track center. 
Other methods of measuring the offset error due to 

misalignment may occur to those skilled in the art. For 
example, the outputs of the auxiliary and the standard 
demodulator may be swapped in FIG. 1 during calibra 
tion. The error signal from the servo head could then be 
input to an analog-to-digital converter (not shown) 
substituted for the double-ended comparator of FIG. 1. 
The analog-to-digital converter would directly convert 
the offset voltage from the servo head into a digital 
value for storage in memory in lieu of the iterative 
process discussed above. 
Such alternate methods are deemed to be within the 

scope of the present invention in which I claim: 
1. In a method of compensating for radial offset be 

tween a disk drive's servo head and a data head wherein 
at least one track of data surface servo data is written on 
a data surface and at least one track of servo surface 
servo data is written on a servo surface in vertical align 
ment with said data surface servo data, an auxiliary 
demodulator is connected with the data head to develop 
a position error signal from said data surface servo data 
and a standard demodulator is connected with the servo 
head in a servo loop for developing a position error 
signal from said at least one track of servo surface servo 
data, the improvement comprising: 
A. measuring the position error signal due to the 

radial offset between the servo head and the data 
head as developed by the standard demodulator 
connected to the servo head; 

B. converting this signal into a digital value; and 
C. storing it in a digital memory for later compensat 

ing for said radial offset in fine positioning of a data 
head over a data track center by retrieving said 
digital value from memory, converting it to a volt 
age via a digital-to-analog converter and injecting 
said voltage into the servo loop. 

2. The improvement of claim 1 wherein the measur 
ing of said position error signal due to said offset com 
prises: 

D. servoing said servo head toward its servo track 
center (null); 

E. inspecting the error signal from the auxiliary de 
modulator connected to the data head to determine 
if said signal is approximately zero; 

F. injecting a voltage into the servo loop to offset said 
servo head from its servo track center and to re 
duce the magnitude of the error signal from said 
auxiliary demodulator; and 

G. repeating Steps E and Funtil the error signal from 
said auxiliary demodulator is reduced to approxi 
mately zero. 
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3. The improvement of claim 2 wherein Step B in 
cludes inputting a digital value into a digital-to-analog 
converter, the output of which is connected into the 
servo loop; and wherein the digital value which causes 
the error signal from the auxiliary demodulator to be 
reduced to zero comprises the digital value of the posi 
tion error signal due to said offset as developed by the 
standard demodulator connected to the servo head. 
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4. The improvement of claim 1 wherein Steps A and 

B comprise: 
H. servoing the data head over its servo track center; 
and 

I. inputting the error signal from the standard demod 
ulator connected to the servo head into an analog 
to-digital converter, the output of which comprises 
the digital value of the position error signal duet 
said radial offset. . . 
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