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'{-JNIPOLAIII LAST WRITE FOR IMPROVED MAGNETIC STABILITY

BACKGROUND OF THE INVENTION

1. Field of the Invention

- The present invention relates to improving the read performance of a combined
read-write head used for data storage on magnetic media. More particulariy, the
. invention concerns reducing magnetic instability in the read head of a combined read-

write head after writing, to improve read performance.
2, Description of the Related Art

Ooﬁlbined read and write heads, which are typically -mérged' heads or piggyback
heads, are commonly used for storing and retrieving data on magpetic media su~ch:as
magnetic disks and tape. Combined read-write heads include both a read head and a

-write head. In a merged head, the read head and write head share a se;:ond shield that is
also the first pole-of the write head. In contrast, in a piggyback head, the second shiéld
and the first write pole are separate paris separated by almagnetic insulating layer. The

read head portion of a combined read-write head frequently employs a magnetoresistive




5 such’as that used for fabricating sem conductor integrated circuit and
ot-her devices. More particularly the invention relates to patterned
mask structures and to nethods of making such structures, typically for
use in optical |ithography systens for fabricating such devices. These
masks are also called "reticles"” particularly when ~used for formng
optical "i mages on photoresist layers in such optical |ithographic 10
systens having magnifications different fromunity. _ In
order to inprove the resolution of such masks when used as the reticles
in such systens, in the prior art phase-stfting |ithographic masks have
been taught. A phase-shifting mask conprises various regions that
i npart various phase . shifts to the optical radiation that originates
from an opti cal (MR)senser Brehdaaap Txedesisiankh of 4 Magnetgiesistive seraskchiamped wherstfist em
More specifically, these phase-shifting nmasks have

sensor is exposed to a magnetic field. A positive polarity magnetic field results in a

different resistance than a negative polarity magnetic field. To read data, a current is

passed through the MR sensor and the sensor is exposed to magnetic fields on a magnetic

medium. The resulting voltages across the sensor, which are representative of the data

on the mé.gnctic medium, are then detected. Alternatively, a voltage can be applied to

the sensor, and resulting changes in current through the sensor which are representative

of the data on the magnetic medium are detected.

MR sensors are commonty designed with the magnetization of the head oriented
at the optimal angle, also referred to as the optimal bias point, iri relation to the direction
of the current through the sensor. Exposure of the MR sensor to the relatively large
magnetic fields of the pulses from the ;vrite head in a combined read-write head can
disturb the domain state in the MR sensor, causing the résponse of the MR sensor, and

' thu_s the response of the head, to become nonlinear and/or inconsistent, and ca.;1 a_lso
result in Barkhausen noise. Repeatability of the response of the MR sensor when the MR
sensor is successively exposed to magnetic ﬁel&s, and linearity of the response of the MR
sensor when the MR sensor is exposed to a magnetic field, are key to proper operation
of the read head. Thus, the nonlinearity and nonrepc_:atal‘)ility induced by the write pulses

is highly undesirable.



opaque, and transparent regions. The transparent regions typically have at

| east two different thicknesses suitable for inparting at |east two
di ff er ent phase shifts (each relative to the anbi ent atnosphere,
typically air), typically equivalent to O and [err] radi ans, to the

optical radiation (of wavelength [err]) propagating through t He mask 20
when it is being used as the reticle. The expression for the phase shift of

a layer is given by (n-1)d, where n denotes the refractive index of the
| ayer, d denotes the t hi ckness of the layer, and the refractive index -~
of the anbient is assunmed to be equal 310 unity. In

order to facilitate repair of a phase-shifting mask structure, a variety 25
of such mask structures has been proposed in prior art. A typical such

phase-shifting Tm%gﬁéﬂcqﬁ&éﬂilﬁy 0B MR 60BCWRIH bih d &ausell-by Hhewsler UCt ur e

200 is an extension of the
pulses, can degrade the read performance of the head, resulting in errors when reading

data. One commonly used ;lleasuré of instability of read heads is the covariance of the
head (which can also be referred to as the “bias Aljohn numbér”). The covariance is a
measure of the instability of the vol_tagc araplitude of the read head after writing with the
write_head, and is given by dividing the standard deviation of the amplitu;ie of the
voltage across the MR sensor, by the mean amplitude of the voltage across the MR
sensor. Other measures of magnetic instability include the data error rate, the servo error
rate, and track misregistration. The data error -rate is-determined by writing data to the
disk and then reédfng the data and measuring the number of errors. The servo error rate
is the number of servo errors in a time period. Position error signals are monitored to

determine the amount of track misregistration. For example, the standard deviation of

-the position error signals can be used as a measure of magnetic instability of the head.

Figure 1A is a' graph 1;elating to the covariance of the voltage amplitude ;cmss
the MR sensor of a first merged head. Figure 1A depicts the amplitude of the voltage
across the MR sensor at a variety of track positions. The head was tested on a spin-stand,
with the polarity of the last write pulse before each read-being random. 250 samples

" were taken at each track position, and the.covarianc‘e of the voltage amplitude was

“calculated at each track position. The covariance values, which are indicativc of the



+

concepts taught in a paper by N. Hasegawa et al., entitled "Subm cron
Phgt-ol i t hogr aphy usi ng Phase-Shifting Mask-Shifter Defect Repair Method,"
publ i shed in Fourth Hoya Phot onask Synposium Japan. This structure 200 30
i ncludes a transparent quartz substrate 10, a pair of transparent silicon
di oxi de bottom and top phase-shifter (phase-shifting) layers 7 and 9,
respectively, and a patterned opaque chrom um |l ayer 13. The patterning
of . t he opaque layer 13 is in" ..accordance with the desired optical inmge
to be fornmed when the mask is used in the optical lithographic system-
A bottom etching end-point detection | ayerd-6 and top 35 etch-stopping |ayer
8, each typically nade of tin oxide, respectively, separate the quart z
substrate 10 fromthe bottom phase-shifter |ayer 7, and the bottom phase-

voltage amplitude instability of the MR sensor at each track position, are printed above

the horizontal axis. For example, for this first head, the covariance at track position 1500

(on-track) is 2.3,

Figure 2A is a similar graph dépicting the amplitude of the voltage across the MR
sensor of a second merged head. As with the first head, 250 samples were -taken ata.
variety of track positions, with the polarity of the last write pulse before each read being
random. Covariance values are printed above the horizontal axis. F.or. this seci)'na head,

the covariance at track position 1500 is 1.7.

Magnetic storage devices, such as disk drives, commonly employ a number -of
combined read-write heads, for example, 20 combined read-write heads. Magnetic
instability in any of the heads is undesirable. Magnctic instability of heads édversely
affects production yields of disk drives, degrades the performance of heads that pass
initial testing, causes servo instability in sector servo files, and calls into'questior; long-
term magnetic stability during the life of the product. Accofdingly, any imprdvement in

the magnetic stability of heads is highly desirable.



-2 - x5 shifter layer 7 fromthe top phase-shifter layer 9. The
phase-shift introduced by the top phase-shifting layer 9 is equal to
[érr] radian; the sumof the phase shifts introduced

SUMMARY OF THE INVENTION

Broadly, the present invention concerns a method, devices, and an article of
manufacture for reducing magnetic instability in a read head of a combined read-write

head, after writing data onto a magnetic storage medium.

The invention is based upon the discovery that, in a combined read-vdhté head
having a magnetoresistive (MR) read head, magnetic instability in the MR read head can
be reduced or substantially eliminated if the last write pulse before eachrread always has
the same d-esignated polarity. The combined head can be any typé of combined read-
write head, and will typically be a merged head or a piggyback head. The designated
polarity is either alwgy_s positive or aiwgys negative, with one of the polarities usually
producing better results than the other for a particular head. 'This is in contrast to the
previous practice wherein the polarity of the last write pulse before a read is -dcpe;ldent
upon the data written, and is thcrcfore random. The polarity of last v.vrite.pulses that
results in the smallest amoﬁnt of magnetic instability is determined empirically. One or
more of a variety of methods for determining the amount of magnetic instability can be
used. For example, the c;ovariance of the voltage amplit.ude, the data efror rate, the servo

error rate, and/or the- amount of track misregistration can all be used to determine the

-
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by the bottom phase-shifting |ayer 7 and the bottom end-point detection
al so equal to [err] radian. 5 The structure

| ager 8 i

200 contains protruding and i ndentation def ect

S

regions 21 _.and 22, ...

respectively. The purpose of the bottom end- point detecﬁﬁgﬁ Liasrar 188 5 EE
enabl e repair of the mask structure 200--insofar as the!indentatieom defe
region 22 is :
defect region (and perhaps its nei ghbor hood) down to the bottom
end- poi nt detection |ayer 6 wi thout (undesirably) 10 penetrating farther
downward, as expl ained nore fully bel ow. The purpose of the top
etcch-stopping layer 8 is to enable patterning, as by anisotropic dry

et chi ng,

of the

concerned--by a process of etching (i oh#il-ting) -t

top phase-shifter layer 9 without the etching

e

undesi rabl y penempatt bfrgagietioinstabilisy sftveboth postive pelanitp traigwgative palacity labtaazise 7.

addi ti on,

the t

op etch-stopping |layer 8 can serve
pulses. -

To pra-ctice an illustrative embodiment of the invention, the last write pulse
polarity that results in the least amount of magnetic instability for the head is determined,
and is then referred to as the designated polarity. Next, after a set of wxi_te -p_ulses is
Wntten, itis _determined whether the last write pulse has the designatcd.polarity: Ifthe
last write pulse does not have the desighated polarity, then an additional iyrite pulsé with
the designated polarity is written. Thus, the last write pulse before a read always has the

designated polarity.

The invention affords its users with the distinct zidvantage of improving the

magnetic stability of the MR head, which improves the linearity of fhe response when

the MR head is exposed to a magnetic field, and ixﬁproves the repeatability of the

response of the MR head when the MR head is successively exposed to magnetic fields.

Accordingly, the performance of the read head is improved. The present invention also -

provides other advantages and benefits, which are apparent from the following

“description.

i
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the function of end-point detection during repair of the mask structure

20Q--insofar 15 as the protruding defect region 21 is concerned--by a

process of etching (ion mlling) wi t hout penetrating farther downward
than the bottom surface of the defect region 21 itself.
In order to repair the mask structure 200--i.e., to renpbve unwanted

phase-shifting effects caused by the defect

protrudi ng 20

et ch- st oppi ng

mlling begin to shift fromthose known to be emtted by the nmateri al

t he defect region 21 BRIEPAESCRICHON OFEHE BRAWINGY t he

the top etch-

regions 21 and 22--first the

defect region 21 can be renoved, as by focused i on beam
etching (ion mlling) that scans the top surface of the top
| ayer 8. The mlling is teri nated as soon as secondary -
I ons or secondary el ectrons being emtted and detected during the

" The nature, objects, and advantages of the invention will become more apparent
to those skilled in the art after considering the following detailed description in
connection with the accompanying drawings, in which like reference numerals designate

like parts throughout, wherein:

Figure 1A is a graph depicting the amplitude of the voltage attoss the
magnetoresistive (MR) read head in a first representative merged head at a variety of

track positions, with the polarity of the last write pulse before each read being random.

Figure 1B is a graph depicting the amplitude of the voltage across the
magnetoresistive (MR) read head in the same merged head used for Figure 14, at a
variety of track positions, with the polarity of the last write pulse before each read being

positive.

Figure 1C is a graph depicting the amplitude of the voltage atross the
magnetoresistive (MR) read head in the same merged head used for Figure 1A, at a
variety of track positions, with the polarity of the last write pulse before each read being

negative.

i on
of

mat eri al of



25 stopping layer 8. Then the indentation defect region 22 is renoved by
ani,sotropically (vertically) etching it, together with a nei ghbor hood of

it, through both the phase-shifting layers 9 and 7 as well as the top
et ch-stopping | ayer. 8, down to the top surface of the bottom end- point
detection layer 6 but not at all penetrating it. In this way, the

resul ting phase shift associated with the resulting hole penetrating 30
t hyough the bottom and top phase shifter layers 7 and 9 plus the top
et ch- st oppi ng | ayer 8 is equal to [err] radian + [err] radian = 2[err]
radian--i.e., equivalent to a zero phase 8- shift, as is desired.
The foregoing technique suffers fromone or nore of the foll ow ng
shortcom ngs. First, the. optical absorptions by the top etch-stopping |ayer
8 and of 35 the bott Biguen@Apti atgrahdt depidtion theyampligide sof the voidgsiacradsl ¥ hi gh,
especially if the

magnetoresistive (MR) read head in a second representative merged head at a variety of

track positions, with the poiarity of the last write pulse before each read being random.

Figure 2B is a graph depicting the amplitude of the voltage across the
magnetoresistive (MR) read head in the same merged head used for Figure~ 2A, ata
variety of track positions, with the pblan'ty of the last write pulse before each read being

positive.

Figure 2C is a graph depicting the amplitude of the voltage across the
magnetoresistive (MR) read head in the same merged head used for Figure 24, at a’
variety of track positions, with the polarity of the last write pulse before each read being

negative.

Figure 3 is a block diagram of a di'sl; drive, including drive electronics, according

to an illustrative embodiment of tl}c invention.

Figure 4 is a plan view of an application specific integrated circuit (ASIC) with
at least one circuit that includes drive electronics for a combined read-write head disk

drive.



wavel ength [err] is in the deep ultraviolet (typically the 248 nm opti cal
wayel engt h -3 -

-9-
Figure 5 is a block diagram of a magnetic media drive according fo an illustrative

embodiment of the invention.

Figure 6 is a flow chart for a method for writing a block of data with a combined

read-write head according to an illustrative embodiment of the invention.

Figure 7 is a flow chart for a method for writing a block of data with a combined

read-virite head according to another illustrative embodiment of the invention.

Figure 8A is a flow chart for a method for determining the designated polarity for

a combined read-write head.

Figure 8B is a flow chart for a preferred method for determining the. designated

polarity for a combined read-write head.

Figure 8C is a flow chart for an alternative method for determining the designated

polarity for a combined read-write head.

Figure 8D is a flow chart for another alternative method for determirting the

designated polarity for a combined read-write head.



em tted- by an exciner |aser source), and hence the overall optical

trgnsm ssion of the structure 200 can becone undesirably |ow. Second,
the refractive index di scontinuities at various interfaces between the
different materials of the various | ayers in the structure 200 can give
rise to undesirable high-anplitude optical 5 reflectieoens, which again can
result in undesirably | ow overall optical transm ssion. Third, the

conplexity of fabrication, owing to the etch-stopping |ayer 8 and the
bott om end- poi nt detection |ayer 6, can undesirably add to production
costs, and also - can |ower production yfelds because of unwanted
pi nhol es that can exist in these | ayers. Therefore, it would be
desirable to have a phase-shifting mask structure for 10 wuse in the
optical lithographic systemthat mtigates the shortcom ng of this prior
art. Summary of the Invention

Figure 8E is a flow chart for another alternative method for determining. the

designated polarity for a combined read-write head.

Figufe 9 is a flow chart for a method for recovery from a read error with a

. combined read-write head according to another illustrative embodiment of the invention.

Figure 10 is an article of manufacture embodied by a data storage mE3mum in

accordance with the invention.



Thi s invention is defined in clains 1 and 4. Enbodi nents of the

i nyention are given in the dependent claims. Brief Description of the
Drawi ng(s) 15 FIG 1 is a cross-sectional elevational view of
a phase-shifting mask structure in accordance with prior art;

FIGS. 2-5 are cross-sectional elevational views of various stages of a
phase-shifting mask structure as it is being repaired in accordance with a
specific enbodi nent of the invention. 20 Only for the
sake of clarity, none of the drawings is to scale. Elenents that are
simlar or the sane in different Figures-Hre denoted by the sane reference
nuner al s.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention concems a method, devices, and an article of manufacture
for reducing magnetic instability in a read head of a combined read-write head after

writing data onto a magnetic storage medium.

The invention is based upon the discovery that, in a combined read-write head
having a magnetoresistive (MR) read head (which is a read head employing a
magnetoresistive sensoi'), magnetic in.;;tability in the MR read head can be reduced or
sﬁbstantially eliminated if the last write pulse before each read always has the same
designated polarity. The designated polarity is either always positive or always negative,
with one of the polarities usually producing better results than the oﬁer for a particular
head. All positive polarity pulses or all negative polarity pulscs.can.b'e referred to as
unipolar last write pulses.. This is in contrast to the previous practic_e wherein the polarity
of the lagt write pulse before a read is dependent upon the data written, and is therefore
random. The polarity of last write pulses that results in the smallwt-amount of magnetic
instability is determined empirically. One or more of a variety of methods for measuring
the amount of magnetic ixistability can be used. For example, the covariance of the
voltage amplitude of the read head, the data error rate; the servo error rate, and/or the

amount of track misregistration can all be used to determine the amount of magnetic

~



Det ai |.ed Descri ption
(FISG 2) in accordance with an 25
repaired, in order to forma repaired phase-

A phase-shifting mask structure 300
enbodi nent of the invention is to be
shifting mask structure

600 (FIG 5) for use as the reticle in an optical |ithographic system
This structure 300 differs fromthe structure 200 in that the etch-stopping

| ayers 6 and 8 are onmtted and the (unpatterned) bottom phase-shifting

| ayer 11 is

(patterned) top phase-shifter 30 |layer 12. Nevertheless, it is inportant
that the refractive indices at the opticail?-
substrate 10 and of both bottom and the top.phase-shifting
and 12 be nutually at |east approximtely equal at the wavel ength [err],

chemcally different fromboth the substrate and the

wavel ength [err] of the
| ayers 11

in

order to preveninstabidigsintizeyd head gter dnthlpositivieepadasity e neggtiviepotarityrisst aurither at

the interface

pulses.

When the final write pulse is of the desired polarity, the domain state of the MR
sensor is, to a substantial extent, restored to the optimal magnetic domain state that the
MR sensor was in prior to being subjected to magnetic pulses from the writ.c head. The
biasing layer of the MR sensor is also, to a substaqtial extent, restored to its-optimal
magnetic domain state. This improves the linearity of the response of the MR read hedd
when the MR read head is exposed to a magnetic field, and fmproves the repeatability

of the response of the MR read head when the MR read head is successively exposed to

magnetic fields. Consequently, the magnetic instability of the read head is reduced, and -

the performance of the read head is improved. The reduced magnetic instability can be
indicated by reduced voltage amplitude covariance, a better data error rate, a better servo
error rate, anc}/or reduced track misregistration. |
Fig;xre 1B is a graph depicting the amplitude of the voltage across the MR sensor,
whic_}i can also be referred to as the voltage across the MR r;:ad head, of a first merged
head at a variety of track positions. The head was tested on a spm-sténd,' with the
polarity of the last write pulse before each read Beiﬁg positive, which may also be

referred to as positive disturb, 250 samples were taken at each track position. The



bet ween. t he substrate 10 and the bottom phase-shifting |layer 11 or at the
inLerface 35 between the bottom and top phase-shifting |layers 11 and 12.
Al so, the (uniform t hi cknesses of the bottom and the top
phase-shifting layers 11 and 12 respectively,

-13-

covariance of the voltage amplitude was calculated at each track position, and is printed
above the horizontal axis. For example, for this first-head, wifh positive polarity last

write pulses, the covariance at track position 1500 (on-track) is 1.0.

Figure 1C is a similar graph depicting the amplitude of the voltage across the MR
sensor of the same first merged head ata variel'ty of track positions, but with thc; polarity
of the last write pulse before each read being negative, which may also be referred to as
negative disturb. For this first head, with negative polarity last write puises, the

covariance at track position 1500 is 1.1.

Figure 1A, which is a similar graph for the first merged head, but with the
polarity of the last write pulses being random, which may also be referred to as random

disturb, is discussed in the background section.

Comparing the covariance values at track position 1500 for the first head, it is
evident that the covariance value of 1.0 for positive polarity last_\;vritc pulses (Figure 1B),
and the covariance value of 1.1 for-negative polarity last write pulses (Figure 1C), are
both far less than the covariance value of 2.3 for random ﬁolarity last write pulses (Figure
1A). Thereis a 56% decrease in the covariance whe;l the last write pulse polarity is

either always positive or always negative. There is similar improvement at track



-4 -  + typically are at |east approximately equivalent to optical

shifts of [err] = (2m+ 1 ) [err] and [err] = (2n+ 1 ) [err] at t
optical wavelength [err], where mand n are integers, preferably
equal to zero. Moire inportant, the sum of these phase shifts ([er

[err] ) should be equal to 2 p [err], where pis an integer. 5
For' exanple, the following table indicates sets of choices of materials:’

Substrate 10

Bottom Layer 11 Top Layer 12
-14-

positions other than 1500. Thus, for this first head, there is a significant decrease in the
covariance with either all positive polarity or all negative polarity last write pulses, with
the covariance for all posilﬁve polarity last write pulses being slightly less than for all

negative polarity last write pulses.

Figure 2B is a similar graph depicting the amplitude of the voltage acrqés the MR

sensor of a second merged head. For this second head with positive polarity last write

pulses, the covariance at track position 1500 is 1.0.

phase
he

bot h
r] +

Figure 2C is a similar graph depicﬁng the amplitude of the voltage across the MR

sensor-of the same second merged head at a variety of track positions, but with the -

polarity of the last write pulse before each read being negative. For this second head

with negative polarity last write pulses, the covariance at track position 1500 is 1.6.

" Figure 2A, which is a similar graph for the second merged head, but with the

polarity of the last write pulses being random, is discussed in the background section.

‘Comparing the covariance values at track position 1500 for the second head, it
is evident that the covariance value of 1.0 for positive bolarity last write puises

(Figure 2B), and the covariance value of 1.6 for negative polarity last write pulses



QJaI’-t‘Zv MyF[ err] Sigerr]

Quartz CaF[err] Siqerr]

Quartz xSigerr] +(1-x)Al[err]Jerr] Sigerr] 10
Typically, x is in the approxi mate range of between 0.3 and 0.95 by

nmol ecul ar nunber. The top layer 12 of (pure) Si 2 can be deposited by
means of chem cal vapor deposition (CVD); whereas the bottom | ayer of
(the m xture) xSigerr] + (1-x)Al[err](err], or of (the pure) MyF2,
or of (the pure) CaF2 can be deposited by neans sputtering from

suitabl e targets. The top and bottom | ayets are

(Figure 2C),- are less than the covariance value of 1.7 for random polarity last write
pulses (Figure 2A). There is a 41% decrease in the covariance when the last write
pulse polarity is always po;iﬁvc. There is similar improvement at track positions

other than 1500.

HARDWARE COMPONENTS AND INTERCONNECTIONS
Drive Electronics

Figure 3 illustrates a combined read-write head disk drive 300, including an
illustrative cmquimept of the drive electronics 305 of the invention, which may also be
refen;ed to as arm elpctronics. The drive electronics are connected to the combined read-
write head 310 with signal liﬁes 315. The combined read-write head iﬁcl_udes aread head
employing a magnetoresistive (MR) sensor, and a write head, and is prcferahI'y ametged

head.

The drive electronics include a write driver 320 for generating a set of write
pulses. The drive electronics also include a polarity detector 325. The polarity detector
provides a polarity signal that indicates the polarity of the last write pulse of a set of

write pulses. Preferably, the polarity detector is part of a channel chip 327, which is part



15 advant ageously, as indicated, different in their respective chem cal

coppositions, in order to enable end-point etching detection, as by
det ecti on secondary ions or secondary el ectrons, or etch-stopping
during patterning of the top l|ayer 12. The bottom
phase-shifting layer 11 typically has a defect region 21 (FIG 2) in

the form of excess material of the top phase-shifting |ayer 12; whereas 20
the top phase-shifting layer 12 has a defect region 22 in the formof an
i ndent ati on. Al t hough t he defect regigns 21 and 22 are both depicted
in FIG 2 as having triangul ar shapes; other shapes are possible
I ndependently for each of them Typically, the location each of the
defect. regions is detect.ed by neans, of a_ fwo- di pensi gnal . scanni ng
optical mi crosceffe dgge electronics. The chanpg| chipfapodey dpfa ﬁ%g‘gSt?r 2§ ERAEPs Tegi on
22, a focused galliumion beam (not ) ) .

current in the write head. The channel chip communicates the required changes in

current to the write driver. The polarity detector is a register or other logic element of
the channel chip that indicates the polarity that the channel chip instructed the write
driver to use for the last write pulse.

- Altematively, the polarify detector may be implemented in other embodiments.
In one alternative embodiment, the polarity detector counts the number of pulses, and
based on knowledge of the polarity of the first pulse and the number of polarity changes
associated with each ﬁulse, determines the polarity of the last write pulse. 'In another
alternative embodiment, the polarity detector detects the polarity by ascertaining the -
direction of the current supplied to the write head for the last write pulse. . In all of the
embodiments of the polarity detector, the polarity detector provides a polarity signal that

| indicates the polarity of the last Wte p_ulse.

The drive electronics also include a write head polarity controller 330, which
optionally can be part of the channel chip 327. In a preferred embodiment, the write
head polarity controller is respoﬁsive to the polarity signal, and pulses the write head
with one or more additional pulses of a designated polarity if the polarity signal indicates

that the last write pulse of the set of pulses does not have the designated polarity.



shown) i s directed point-by-point at this defect region (as well as perhaps

a . surroundi ng nei ghbor hood) but not at the defect

sur r oundi ng

mlling, a recess

region 21 (or at
nei ghborhood). This beamthus forms, by the process of
region 32 penetrating entirely through the top and

its
i on

bott om phase-shifting layers 12 30 and 11, respectively, down to.the top

surface of the substrate 10. This ion m.lling

process is imedi ately

term nated as soon as the detected chem cal by-products, or secondary

ions or electrons, of the process begin to shift fromthose known to be
emtted by the material of the botton1pha§%-shifting | ayer 11 to those

known to be

Preferably, the write head is pulsed with just one additional pulse. The write polarity

controller pulses the write head with the one or more additional pulses by outputting a

signal that causes the write driver to supply the requisite current to the write head. More’

specifically, the write head polarity controller outputs a pulse activation signal if the last
write pulse does not have the designated polaritjt, and the pulse activation signal causes
the write drfve_r to pulse the write head with one or more additional pulsgas of the
designated polarity. In an alternative embodiment, the write head polarity controller
pulses the write head with one or more additional pulses of the designated‘*pdlaﬁ{y
regardless of the polarity of the last write pulse. The designated polarity, also referred

to as the desired polarity, of the additional pulses is preferably programmable intd the

write head polarity controller of the drive electronics.

The drive electronics preferably also include a preamplifier 335 for amplifying

signals from the MR sensor of the read head of the combined read-write head.

The drive electronics preférably also include a digitai processing device 340 that
controls the writ;a driver, the channel chip, the polarity detector, and the write head
polarity controlier. The qigiml processing device 340 can be any type of digital
processing device, for example a microcontroller, a mféroprocessor, or a digital signal

processor, The digital processing device can even comprise a combination of devices.



-5- . emtted by the material of the substrate 10, in order to guard
agai nst significantly penetrating the top surface of the substrate 10
during the ion mlling process. Al so, it is advantageous that the ion
mlling rate through the material of the substrate 10 is significantly
| ower than the rate through the material of the bottomlayer 11, to

-18-

The digital processing device 340 is preferably a microcontroller. The digital processing
device executes a sequence of machine readable instructions to implement one or more -
of the methods of the present invention. In an altemnative embodiment, rather than being;
a part of the drive electronics, the digital processing device could be separate from, but

| in communication with, the drive electronics. Data bus 345 provides for communication
between the digital processing device, the write driver, channel chip, polarity detector,

write head polarity controller, and the preamplifier.

Application Specific Integrated Circuit.

Figure 4 illustrates a preferred embodiment of the invention in which drive-
electronics 305, including the polarity dctéc.tor 325 and write head polarity controller
330, and preferably also including the channel chip 327, the write driver 320, the
prcampﬁﬁcr.335, and the digital processing device 340 are implemented in an
application specific 'integrated circuit (ASIC) 400, on a monolithic substrate of silicon

" material. Optionally, the ASIC may also include additional circuits.

Known intcgrate& circuit manufacturing techniques provide for the fabrication

of ASIC’s. For example, the ASIC can be built using a 0.35 micron CMOS fabrication



5 fqrther guard agai nst the top surface of the substrate 10 bei ng

si,gnificantly penetrated by the ion mlling process. In this way the
Structure 400 (FIG 3) is obt ai ned. Because of the galliumions
contained in the ion beam in this structure 400 a nontransparent
stained region 30--located in the region underlying the areas where

the i on beam was directed--has been formed. It can be renoved 10 later. At
any rate, the ion beam has thus produced a recess region 32 cutting through
an.area portion of the top and bottom phase-shifting | ayers 12 and 11,

respectively. Next, thel%ocused galliumion beamis
drrected at the defect region 21, in order to renove it by ion
mlling. This ion mlling is term nated as soon as the det ect ed

by- products, orprédass avERBRBERMYhd Bida@énaEB@iietsMachined Céerafidd, Mfh)Neges s
begin 15 to shift fromthose known to be emtted by the material of this

def ect region Ad,40

In an alternative embodiment, the drive electronics could be assembled with a

number of digital and analog IC chips and/or discrete components.

Combined Read-Write Head Disk Drive

Figure 3 illustrates a preferred embodiment of the disk drive 300 of the invention.

The components of the disk drive are mounted in 2 housing 350. The disk drive includes
the polarity detector 325 and the write head polarity controller 330, and preferably also
includes the channel chip 327, the write driver 320, the preamplifier 335, and the digital

" processing deﬁcc 340 discussed above. The disk drive also includes a rotatable
magnetic disk 355 on a spindle 360, and a motor 365 for rotating the magnetic disk. The
motor is controlled by drive controls 370. Signal line. 375 enables electronic
communication between the drive controls and the motor, and signal line 377 enables

electronic communication between the drive electronics and the drive controls.

The disk drive also includes a combined read-write head 310, which is preferably

a thin film merged head. Combined read-write heads, which include both a write head



thoég known to be emtted by the -material of the bottom phase-shifting

| ayer 11. Thus, the resulting ion mlling renoves the defect region
21--.agai n, however, | eavi ng anot her nontransparent stained region 41
in the resulting structure 500 (FIG 4). 20 The

structure 500, despite the presence of the stained regions 30 and 4 1.
Is thus a repaired version of the original structure 300 and can be used as

the reticle in the optical lithographic system especially if the ion
beamis such as not to produce a degree of staining that undesirably
degrades optical performance of the -80-ructure 500. \When used as the

reticle in the optical lithographic system the 25 phase-shifting mask
structure 500 is oriented typically with its substrate 10 being
| ocated closer iufi 41881 Kl iackidslg héen infthd € ThETERMeAd AR dofnbinB@tda@ RS

chrom um
head is typically implemented with a magnetoresistive (MR) sensor. Data and other

signals are communicated between the drive electronics and the combined read-write

head over the signal lines 315.

_ The disk drive also includes a slider 380, and a support 385 that may aIso be
referred to as a suspension. The combmed read-write head is mounted on the slider
which in turn is connected to the support. The support is mounted in the housing*850 for
supporting the combined read-write head in a transducing relationship with one of the

_ information-carrying circular tracks (not shown) on the magnetic disk 355, in response

to rotation of the magnetic disk.

When the disk is rotated, the slider rides on a cushion of air, referred to as an air
bearing, which is generated by the movement of the disk. - The bottom surfaces of the |
slider and the combined read-write head are in a plane, called an air bearing surface
(AB S), that faces a surface of the disk. Movements of the combined read-wnte head

- with respect to the magnetic disk are controlled by signals from the drive electronics.



| ayer, 23. On the other hand, if it is desired to renove the stained regions
30,and 4 1. and thus produce a stain-free phase-shifting mask
structure 600 (FIG 5), a thickness equal to H2 is to be renoved both
fromthe top phase-shifting |ayer 12, a thickness 30 equal to Herr] from
the substrate 10, and a thickness equal to Herr] is to be renoved
fromthe bottom phase-shifting layer 11. Typically Herr] and Herr] (as
well as Herr]) are of the order to 20 nm Advantageously, both Herr]
and H err] are greater than the depths of the.respective stained
regi ons 30 and 41. Advantageously al so, ®terr], Herr], and Herr] at
| east approxi mately satisfy the nutual relationships: 35
Herr](n[err] -1)= Herr](n[err]-1)=Herr](n[err]-1) eq. (1),
where no is refractPreferablydbxdisk ditivedndudes & phirdity 6f combihatiperead-vwaitchaafierr] are
the refractive

each mounted on a respective slider. Alternatively, more than one combination read-

write head may be mounted on a single slider. '

Magnetic Media Drive

Figure 5 is an illus&aﬁve embodiment of a magnetic media drive 500 illustrating
an alternative embodiment of the invention. The oompgnents of the magnetss inedia
drive are fhounted in a housing 503. The magnetic m;:dia drive includes the polarity
detector 325 and the write head polarity controller 330, and preferably also includes the

- channel chip 327, the write driver 320, the preamplifier 335, and the digital processing -
device 340 discussed above. Data bus 345 provides for cormmunication between the
'digital processing device, the write driver, polarity detector, channel chip, write head -

polarity controller, and the preamplifier.

The magnetic media drivé also includes a pair of rotatable reels 505a, 505b, that
house magnetic tape 510, A motor 515 rotates the reels. The motor is controlled by
motor controls 520. Optionally, another motor (not shown) can be connected to the
second reel § OSS. Optionally, a capstan (not shown) and. capstan motor (not shown) may

also be included. Signal line 523 enables electronic communication between the motor



-6 - ., » indices of the bottomor top phase-shifting layers 11 and 12,
r__‘e:spectlvel y--the refractive indices n[err], .n[err], and n[err] all
bei ng measured at the wavelength [err] to be used

22-

controls and the motor, and signal line 530 enables electronic communication between

the drive electronics and the motor controls.

«

The magnetic media drive also includes a combined read-write head 525, which
is preferably a thin film merged head. Signals and data are communicated between the
drive.clectronics and the combined read-write head over the signai line 533.

The combined read-write head is mounted on a head mount 535, that suppoits the
combined read-write head in a transducing relationship with one of a plurality of
information-carrying tracks (not shown) on the magnetic tape, in response to movement
of the magnetic tape between the reels. Preferably, there are a plurality of combined -
read-write heads in a transducing relationship with the information-carrying tracks -on. tl.lc
magnetic tape. Movement of the tape across the combined rcac_i—wxite head or heads is

controlled by signals from the motor electroniés. '

'OPERATION
In addition to the hardware embodiments described above, a different aspect of
the invention concerns a method for writing a block of data with a combined read-write

head, and a method for recovery from a read error. Fof clarity of explanation, but with



in the-optical lithographic system In this way, not only are the stained
regi ons 30 and 41 renoved, but the added phase-shifts produced by the
resulting added 5 indentation regions 51, 52, 53 and 54 forned,

respectively, in the bottom phase- shifting layer 11, the substrate 10,
and the top phase-shifting |ayer 12 also are mut ual Iy conpensated. The
I ndentation region 52 together with the original recess region 32 (FIG

4). form a recess-indentation region.
t he stained regions 30 and 41 and thus produce the 10

In order to renove
stain-free structure

600, by way of exanple, the thickness He¥r] is rempved from respective
exposed areas of the substrate 10 and of the top phase-shifting | ayer
12--such as by neans of, a wet or dry etching process that does not

si gni ficantly no limitation interded therebm thtrtasks-of theitethogs hra ylbustratéd in(thiecomtekhef t er m

"not significantly" neans

the hardware components of Figure 3.

First Method for Writing a Block of Data

A first method for writing a block of data with a combined read-wri’;e head is
illustrated by the tasks 600 of the flowchart in Figure 6. In task 605 of Figure 6;a set of
write pulses is generated by the write driver of the drive electronics. In task 610, the

write head polarity controller causes the write driver to generate at least one additional

write ‘pulse of a previously determined designated polarity. Preferably, a single

additional pulse is generated. Preferably, the additional pulse has an amplitude and

duration similar to the pulses used to write data on the disk 355. However a smaller
amplitude and/or a smaller duration could also be used. In this embodiment, the
additional pulse or pulses are generated regardless of the polarity of ﬂle preceding pulse,
thereby ensuring the desired polarity of the last write pulse without having to evaluate
the polarity of any of the pulses. The additional write pulse or pulses may. also be
referrea to as a restore pulse or pulses. The block of data includes the set of write pul§es

and the additional write pulse.



thaf any departure fromnot etching any of the bottom phase-shifting |ayer
11.does 15 not introduce any intolerable defects in the optical inage

formed in the photoresist | ayer 10, in the optical |ithographic
system) For exanple, if the materials of the substrate 10 and of the
top phase-shifting | ayer are both oxides that etch at the sanme rate,
say silicon dioxide (quartz, or CVD silicon dioxide), and the material of
t he bott om phase-shifting layer 11 is a fluoride, say cal cium or
magnesi um fl uoride, then 20 the etchant can conprise (wet) hydrofluoric
acid or a (dry) fluorinated gas m xture o?4- CHF[err], CF[err], and

(err]. Thereby the indentations 52, 53 and 54 are forned--all having
the depth Herr]. The actual value of the depth Herr]is then nmeasured, or
i's known (by eco ethodfoe Biriting @ Blddvef hing tine duration and the
etching conditions. In this way, the stained region 30 is renoved.
A second, prcfcrre:i method for writing a block of data with a combined read-
write head is illustrated by the tasks 700 of the flowchart in Figure 7. In task 705, a set
of write pulses is generated by the write driver of the drive electronics. Next, in task 710,
the pglarity detector determines whether the last write pulse of the sethas a pi'eviously
determined designated polarity. Next, in task 715, if the last write pulse of the set does
not have the designated polarity, the write head polarity controller causes the write driver
to generate at least one additional write pulse of the desigﬁated polarity, which may also
be referred to as a res'tore pulse. Preferably a single additional pulse is generated.
Preferably, the additional pulse has an amplitude and duration similar to the pulses used
to write data on the disk 355. Howcx}er a smaller amplitude and/or a smaller duration
~ could also be ﬁsed. The additional pulse or pulses may be referred to as a restore pulse
or pulses. The block of data includes the set of write pulses and the additional write

pulse or puilses.

Determining the Desi ggat_ed Polarity

Preferably, both the first and second methods for writing a block of data

described above are preceded by the tasks 800 of the flowchart of Figure 8A. The .



25 | ¢ Next, the depth (thickness) Herr], is calculated fromthe

abeve equation (1). Then this known (desired) thickness Herr] is
ani sotropically renoved from exposed areas of the bottom
phase-shifting |ayer 11--such as by nmeans of an et ching process that

does not significantly etch the substrate 10 or the top phase- _
shifting layer 12. For exanple, in cases of the above-mentioned nmaterials,
the 30 etchant can conprise hydrochloric acid. This etching of the bottom
phase-shifting | ayer 11 is term nated when the (desired) depth Herr]
of the resulting indentation 51 is a%t ai ned- - as actual Iy nmeasured or
as’ known (by experience) fromthe etching tine duration and the
etching conditions. In this way the stained region 41 is renoved, ~and
at the sane ti riesks 8@ arclsteomplishekinidef tosdefrrmoiie thedietignatedpolasity ofihetllse st ai ned
35 regions 30 and 41 all conpensate one another. The structure 600 can then.
write pulse. In task 802 the magnetic instability of the MR head is measured when
the last write pulse before each read has positive polarity. Similarly, in fask 804, the
magnetic instability of the MR head is measured when the last write pulse before each
read has negative polarity. In task 806, the magnetic instability of the MR head with
positive polarity last write pulses is compared with the magnetic instability of the MR
head with negative polarity last write pulses. Finally, in task 808, the designated
polarity-is set equal to the polarity of the last write pulses that produces the ledst

amount of magnetic instability.

Figure 8B illustrates the preferred method for measuring the magnetic

. instability in order to determine the designated polarity. Preferably, both the first and
-second methods for writing a block of data described above are preceded by the tasks
810 of the flowchart of Figure 8B. In task 812 the voltage amplitude of the MR head
is measured for a plurality of writes and reads, with the last write pulse before each

 read having positive polarity. Similarly, in task 814 the voltage amplitude of the MR
head is measured for a plurality of writes and reads, with the last write pulse before
each read having negative polarity. Preferably, the peak to peak voltage is measured.
Alternatively, RMS or other measures of the voltage a;:ross the MR sensor of the MR

head could be used. In task 816 the covariance of the voltage amplitude of the MR



advén\t ageously be used as the reticle in the optical |ithographic system
again -7 -
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head is ca_lculéted for the case when the last write pulse before each read has positive
- polarity. Similarly, in task 818 the covariance of the voltage amplitude of the MR
head is calculated for the case when the last write pulse before each read has negative
polarity. In .task 820 the covariance of the voltage amplitude of the MR head with
positive polarity last write pulses is compared to the covariance of the véltagc
amplitude of the MR head with ricgat.ive polarity last write pulses. Finally, in task
822, the designated polarity is set equal to the polarity of the last write pulses that

produces the lowest covariance.

Figure 8C illustrates the tasks 830 of an alternative method for measuring the
magnetic instability in order to determine the designate§ polarity. In task 832, the data
error rate is determined when the last write pulse before each read has positive polarity.
Similarly, in task 834, the data error rate is determined when the last write pulse before-
each read has negative polarity. In task 836, the dafa error rate with positive polarity last
write pulses is compared with the data error rate with negative polarity last.writc pulses.
finally, in task 838, the designated polarity ig set equal to the polarity of the last write

pulses that produces the best data error rate.

Figure 8D iilustrates the tasks 840 of another alternative method for measuring

the magnetic instability in order to determine the designated polarity. In task 842, the



typlcally with the substrate 10 being | ocated closer to the optical

than t he

enmbodi nent ,

patterned chrom um | ayer.
invention has been described in detail with respect to a specific
various nodifications can be nade w thout_ departing fromthe

Al t hough the

scope of the invention. For exanple, the order of sequence of renoval
t he stai ned
necessary that the etching process that is used to renove the stained

region 30 does not significantly renove ampy of the mat eri al of the

regions 30 and 41 can be reversed. Also, it is not

of

source

bott om phase-shifting layer 1 1, so long as the ratios of Herr] to Herr]

to

stai ned region 41 does not signi

H err]

in the final structure 600 satisfy equation 1. Simlarly,

i's not necessaggd Badr rhtb % ée%mﬁkg la)h&gme TREGRR fullbefofe dieRtball Bad fRBIVE t he

icantly renove any of the materi al

the substrate 19, Q0 Qimid§, hRkRARIEs Mo drol Baed i§¥1§trcm{1ged when the last write

puise before each réad hat negative polarity. In task 846, the sefvo error r;te with
positive polarity last write pulses is compared with the servo error rate with negative
polarity last write pul;es. Finally, in task 848, the designated pol.arity is set equ-al to the
polarity of the last write pulses that produces the best servo error rate.

Figure 8E illustrates the tasks 850 of another alternative method for rﬁéasumig
the magnetic instability in order to determine the designated polarity. In task 852, the
amount of track misregistration when the last write pulse before each read has positive
polarity is determined. Similarly, in task 854, amount of track misregistration when the
last write pulsé before each r;a‘ad has negative polarity is determined. In task 856, the
amount of track x‘nisre’gistraﬁon with péxsitivc polarity last write pulses is compared with
the amount of track misregistration with negative polarity last write pulses. F@ly, in
task 858, the designated polarity is set equalito the i)olarity of the last write pulses that

produces the least amount of track misregistration.

It

of

5



again so long as the ratios of Herr] to Herr] to Herr] in the final
structure 600 satisfy equation 1. Finally, instead of the optical
source in the |lithographic system an X-ray source can be used in
conjunction with suitable nodifications of the other 15 el enents | ocated
bet ween the source and the (X-ray sensitive) photoresist |ayer, as

known in the art.

-28-

Method for Récoverv from a Read Error

A method for recovery from a read error with a combined rcad-writ;a head
according to another illus‘trative embodiment of the invention is illustrated by the tasks
900 of the flowchart in Figure 9. In task 905, the polarity of the last write pulse is
detennined with the polarity detector. Next, in task 910 at least one write pulse having
a polz;rity opposite the polarity of the last write pulse is generated ;tay the write head
polarity controller. In task 915, the combined read-write head attempts to réatl'dath.

. Generating the additional write pulse will improve read performance if the polarity of the
additional write pulse results in lower read head magnetic instability than the polarity of

the last write pulse.
ARTICLE OF MANUFACTURE

As discussed above, the driw;e electronics 305 preferably includeg a digital
processing d.c;,vi'ce 340 that executes .a sequence of machine readable instructions to
implem;?nt one or more of the methods of the present invention. One or more of the
methods of the present invention may include determining the designated polarity.
Altemnatively, the designated polarity is programmable, in which case the designated

polarity can be designated in the machine readable instructions. In this alternative



-8- dains: 1. A phase-shifting |ithographic mask structure
(300; 500; 600), for use in an optical lithographic systemutilizing
optical radiation of wavelength [err],

-29-

embodiment, the designated polarity is programmed into the drive electronics by being
designated in machine readable instructions, that can reside in memory of the drive
electronics. Alternatively, the designated polarity can be programmed into the drive

electronics in hardware, for example in an ASIC.

In an illustrative embodiment of the invention, the machine readable instructions
may c-ornprise lines of “C” and/or assembly language code that implement the tasks of
one or more of the methods discussed herein. Th_ese instructions may reside itrvarious
types of data storage media. -In this respect the present invention concerns an article of
manufacture, comprising a data storage medium tangibl); embodying a program of
machine readable instructions executable by a digital data processor (or digital
processing device) to perform one or more of the methods for writing a block of data
with a combined read-write head, and/or a method for recovery from a read error, as
discussed herein.

Preferably, the data storage medium is a read only memory (ROM) integrated
circuit 1000, illustrated in Figure 10. Alternatively, instead of, or in addition to the
ROM, the data storage medium may bea magnetic data storagc diskette, a “hard- drive”
(for example the disk drive 300), a RAID array, random access memory (RAM),

electronically erasable RAM, an optical storage device (for example, a WORM), -



conprising a transparent substrate (10) having a mjor surface,

CHARACTERI ZED BY a first transparent layer (11) of first
material that is chemcally different fromthat of the substrate, |ocated
on and contiguous with the nmajor ~“surface; - a second
transparent |ayer (12) of second material that is chemcally di fferent
fromthat of the first nmaterial, |located on and contiguous with the first
tr.ansparent | ayer, the second transparent |ayer being patterned with
apertures that penetrate conpletely thrélgh it; t he

refractive index of the substrate at the wavelength [err] being
substantially equal to the refractive indices of the first and second
t ranspar ent magnetic tape, paper “punch” cards, and/or other data storage media, or any combination

of these media. Preferably, for execution of the sequence of machine readable

instructions, the instructions are loaded into RAM in the channel chip.
CONCLUSION

" While there have been shown what are presently considered to be preferréd
embodiments of the invention, it will be appairent to those skilled in the art thatvarious
changes and modifications can be made herein without departing from the scope of the

invention as defined by the appended claims.

® Kk & Kk %k



| ayers-at the wavelength [err], such that optical reflections of the
optical radiation at the interface of the substrate and the first
transparent | ayer and at the interface of the first and second
transparent |ayers are insubstantial; and . the first and second
transparent |ayers having respective first and second thicknesses such _
that optical phase shifts inparted by the first and secgnd @axgns«at ;
wavel ength [err] are substantially equal to (2mtl)[err] Jadla@ !
(2n+1)[err] radian, respectively, where #lis equal to zero-or. & pb T'tive-l
I nt eger and n is equal to zero or a positive integer. 2.
A structure in accordance wth claim 1 further

CLAIMS
WHAT IS CLAIMED IS: .
1. A method for writing a block of data with a combined read-write head,
comprising:

generating a set of write pulses; and

generating at least one additional write pulse of a designated polarity. )

2. The method of claim 1 wherein the read head of the combined read-write head
is a magnetoresistive (MR) senso-r, and further comprising determining the designated
polarity by:

measuring the magnetic instability of the MR head when the last write pulse
before each read has positive polarity;

measuring the magnetic instabili.ty of the MR head when the last write pulse
before each read has negative polarity;

comparing the magnetic instability of the MR head with positive polarity last
write pulses with the magnetic instability of the MR head with negative polarity last

write pulses; and

‘This Sheet Has Been Replaced
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CHARACTERI ZED BY a recess region (32) penetrating entirely
t hr ough the second and the first layers, or

-32-

setting the designated polarity equal to the polarity of the last write pulses that

produces the least amount of magnetic instability.

3. A method for writing a block of data with a combined read-write head,
comprising:
generating a set of write pulses;
i determining whether the last write pulse of the set has a designated polarity; and
generating one or more additional write pulses of the designated polafity if the

last write pulse of the set does not have the designated polarity.

4, A method for writing a lblock of data with a combined read-write head,
comprising: |
generating a set of write pulses;
determining whether the last write pulse of the set has a designated polarity; and
generating a plurality of additional write pulsesl of the designated polarity if the

last write pulse of the set does not have the designated polarity.

5. A method for writing a block of data with a combined read-write head,
comprising:

generating a set of write pulses; —_—

————
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9 - : a first indentation region (51) penetrating through a first
thi ckness of the first | ayer and a second indentation region (54)

penetrating through a second thickness of the second |ayer, or a
first indentation region (51) penetrating through a first .t-hi-ekress-of- t-he
first layer, a second indentation region (54) penetrating: througﬁ-a Secbﬂd‘
t hi ckness of the second |ayer, and a recess-indentation r?glon LB2ALKT

£

-33-

determining whether the last write pixlse of the set has a designated polarity; and
generating at least one additional write pulse 6_f the designated polarity if the last

write pulse of the set does not have the designated polarity.
6. The method of claim 5 wherein determining whether the last write pulse of the
set has the designated polarity comprises determining the state of a logic element of a

channel chip.

7. The method of claim 5 wherein determining whether the last write pulse of the

set has the designated polarity comprises counting the number of pulses.

8. The method of claim 5 wherein determining whether the last write pulse of the
set has the designated polarity comprises ascerfaining the polarity of an electric current
connected to the write head.

9. The method of claim 5§ wherein the designated polarity is positive.

10.  The method of claim 5 wherein the designated polarity is negative.

This Sheet Has Been Replaced
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penetrating entirely through the second and first |layers and through a

t hi ckness of the substrate equal to the first thickness, the substrate and
the second | ayer having essentially the sang chemnical conposition.

3. The structure of claimor 2 further CHARACTERI ZED IN THAT at least a....
super posed portion of each of the first and second Iayerswna§ﬁ§:5ﬂlf@gnf“_g
t hi ckness, and I N THAT t he superposed portions of the firist' aﬁﬁ T Qn J
| ayers together i mpart to the optical radiation a total ppase shiTt equal
to 2p[err] radian when the radiation of waelength [err] Is propagatlng

through the structure, -where p is a positive integer.

11.  The method of claim S wherein the read head of the combined read-write head
is a magnetoresistive (MR) sensor, and further comprising determining the designated
polarity by:

measuring the magnetic instability of the MR head when the last write pulse
before each read has positive polarity;

measuring the magnetic instability of the MR head when the last .writc puls‘e
befo;e each read has negative polarity;

comparing the magnetic instability of the MR head with positive pofanity last
write pulses with the magnetic instability of the MR head with negative polarity last
write pulses; and

setting the designated polarity equal to the polarity of the last write pulses that )

produces the least amount of magnetic instability.

12, The method of claim 5 wherein the read head of the combined read-write head
_ is a magnetoresistive (MR) sensor, and further comprising determining the designated
polarity by: |
measuring, for a plurality of writes and reads, the voltage amplitude of the MR
head when the last write pulse before each read has positive polarity;
measuring, for a plurality of writes and reads, the voltage amplit.ude of the MR

head when the last write pulse before each read has negative polarity;

This Sheet Has Been Replaced
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4. A nmethod of making a phase-shifting |ithographic mask structure (300;

500; 600), for use in an optical lithographic systemutilizing optical
radi ati on of wavelength [err], having a transparent substrate (10) haV|ng a
maj or surface, CHARACTERI ZED BY formng a flrskw%%aﬁspgmfﬁu ’

| ayer (11) of first material that is chemcally different: From!
substrate, | ocated on and contiguous with the major surface f
farmi ng a second transparent |ayer (12) of second materidltThat ' Ts
chemcally different fromthat of the fir3s material, |ocated on and
conti guous

célculéting the covariance of the voltage amplitude of the MR head when the last
-write pulse before each read has positive polarity;

calculating the covariance of the voltage amplitude of the MR head when the last
write pulse before each read has negative polarity;

comparing the covariance of the voltage amplitude of the MR head with positive
polarity last write pulses to the covariance .of the voltage amplitude of the MR head with
negat;ve polarity last write pulses; and

setting the designated polarity_equal to the polarity of the last write ptilses that

produces the lowest covariance.

13.  Themethod of claim 5 further comprising determining the designated polarity by:

determining the data error rate when the last write pulse before each read has
positive polarity;

determining the data error rate when the last write pul-se before each read has
negétive polarity; -

comparing the data error rate with .po'sitivc polarity last write pulses to the data
error rate with negative polarity last write pulses; and

| setting the designated polarity equal to the polarity of the last write pulses that

produces the best data error rate.
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with.the first transparent |ayer, the second transparent |ayer having
apertures that penetrate conpletely through it;

-36-

14.  Themethod of claim 5 further comprising determining the designated polarity by:

determining the servo error rate when the last write pulse before each read has
positive polarity;

determining the servo error rate when the last write pulse before each read has
negative polarity;

comparing the servo error rate with positive polarity last write pulses to thé éervo
error rate with negative polarity last write pulses; and

setting the designated polarity equal to the polarity of the last write pulses that

produces the best servo érror rate.

- 15.  Themethod of claim 5 further comprising determining the designated polarity by: _
determining the amount of track misregistration when the last wﬁte pulse before
each read has positive pqlarity;
determining the amount of track misregistration when the last write pulse beforc;
each read has negative polarity; ‘ : -
comparing the amount of track niisregistration with positive polarity last write
pulses to the amount of track misregistration with negative polarity last write pulses; and
setting the designated polarity equal to the polarity of the last write pulses that

produces the least amount of track misregistration.
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- 10 - the refractive indices at the wavelength [err] of the
substrate and of the first and second transparent |ayers being at |east
approxi mately equal; and the first -and second transparent |ayers
havi ng respective flrst and second thicknesses such that .optical _phase. ___
shifts inparted by the first and second | ayers at the mavé¥éh§tﬁ:13(fkf f;
substantially equal to (2mtl)[err] radian and (2n+1)[err} radlan; e

respectively, where mis equal to zero orzg positive i nt éger- and--n equal
to zero or apositive Integer.

16. A method for reéovery from a read error with a combined rca;d-write head,
comprising:

determining the polarity of the last write pulse;

generating at least oﬁe write pulse having a polarity oppos_ite.the polarity of the
last write pul;e; and

attempting to read data.
17. | Drive electronics for a combined read-write heﬁd disk drive, comprisifig:

a polarity detector that provides a polarity signal indicating the polarity of a last
write pulse of a set' of write pulses; and

a write head polarity controller responsive to the polarity signal, the write head
polarity controller being configured to output a pulse activation signal if the last write
pulse of the set of write pulses does not have the designated polarity, the pulse activation
signal causing the write head to be pulsed with one or more additional pullses ofa
designated polarity.
18.  The drive electronics of claim 17 wherein the designated polarity is fzrogramrned .
into the drive electronics.
19.  The drive electronics of claim 17 further comprising a write Ariver.
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5. The method of claim4 further CHARACTERI ZED BY t.he step of form ng
a-recess region (32) penetrating entirely through the second and the first
tayers, or a first indentation region (51) peneLrat|ng t hrough-a
first thickness of the first layer and a second indentation‘iFegliton (:54)5tEK |
penetrating through a second thickness of the second Iayer or i q
first indentation region (51) penetrating through a first fhlthess of the”
first layer, a second indentation region (54) penetrating through a second
t hi ckness of the second |ayer, and a rece8s-indentation region (52, 53)

20.  The drive electronics of claim 19 further comprising a digital processing device.

21. A magnetic media drive, comprising:

a_housing;

magnetic media mounted in the housing;

means for moving the magnetic media;

" a combined read-write head;

meaﬁs mounted in the housing for supporting the combined read-writ&head in
a transducing relationship with respect to thé magnetic media in response to movement
of the magnetic media;

a polarity detector that provides a polarity signal indi.cating the polarity of a last
write pulse of a set of write pulses; and

a write head polarity controller responsive to the polarity signal, the write head
polarity controller being configured to output a pulse activation signal if the last write
pulse of the set of write pulses does not have the designated polarity, the pulse activation
signal causing the write he-ad tc; be pulsed with one or more additional pulses of a

designated polarity.
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penetrating entirely through the second and first | ayers and through a
thickness of the substrate equal to the first thickness, the substrate and
the second | ayer having essentially the sane chem cal corrposition.
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-390.

22. A disk drive, comprising:
a housing; .
a rotatable magnetic disk mounted in the housing;
means for rotating the magnetic disk;
a combined réad-V{xite head;

a support, including a slidér, mounted in the housing for supporting the combined
read-write head in a transducing relationship with respgct to the magneti¢-disk in
response to rotation of the magnetic disk;

a polarity detector that providés a polarity signal indicating the polarity of a last
write pulse of a set of write pulses; and |

a write head polaﬁty controller responsive to the polarity signal, the write head
polarity controller being configured to outpSut a pulse activ'ation‘signal if the last write
pulse of the set of write pulses ﬁoes not have the designated polarity, the pulse activation
sigﬁal causing the write head to be pulsed with one or more additional pulses_of a

designated polarity.

23.  The disk drive of claim 22 wherein the combined read-write head is a merged

head.
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24.  The disk drive of claim 22 wherein the combined read-write head is a piggyback

head.

25. A monolithic application specific integrated circuit (ASIC), comprising:

one or more circuits, ét least one of the circuits comprising drive electronics for
4 combined read-write head disk drive, including:
) 4 polarity detect.or tha.t provides a polarity signal indicating the polarity pf a last
write pulse of a set of v;rite pulses; and

a write head polarity controller responsive to the polarity signal, the write head
polarity controller being conﬁgured to output a pulse activation signal if th; last write
pulse of the set or write pulses does 1;10t have the designated polarity, the pulse activation

signal causing the write head to be pulsed with one or more additional pulses of a

designated polarity.

26.  Anarticle of manufacture co'mprising_a data storage medium tangil;ly embodying
a program of machine-readable instructioﬁs executable by a digital processing device to
perform a method for writing a block of data with a combined read-write head, the
method comprising:

generating a set of write pulses;

determining whether the last write pulse of the set has a designated polarity; and
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gencxﬁting at least one additional write pulse of the designated polarity if the last
“write puise of the set does not have the designated polarity.
27. The article of manufacture of claim 26, wherein the read head of the corﬂbined
read-write head is a mzigne_toresistive (MR) sensor, and wherein the method further
comprises determining the designated polarity by:

" measuring the magnetic instability of the MR head when the last write pulse

before each read has positive polarity;

measuring the magnetic instability of the MR head when the last write pulse
before each read has negativg polarity;

comparing the magnetic instability of the MR head with positive polarity last .
write pulses with the magnetic instability of the MR head with negative polarity last
write pulses; and

setting thq designated polarity equal to the polarity of the last write pulses that

produces the least amount of magnetic instability.
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