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1. 

CORROSION RESISTANT MAGNETIC 
RECORDING READ 

BACKGROUND OF THE INVENTION 

1. Field of the Invention. 
The present invention relates to corrosion resistant 

magnetic surfaces. In particular, it relates to corrosion 
resistant magnetic head assemblies of the type used to 
record and read data, and a method for protecting the 
exposed magnetic surfaces of the heads. 

2. Description of the Prior Art. 
Magnetic metal alloys such as permalloy are com 

monly used as one of the materials for forming magnetic 
head assemblies used in computer data storage devices. 
It is known in the art that the magnetic surfaces of 
magnetic head assemblies are attacked by moisture and 
chemicals causing corrosion, which reduces the reliabil 
ity and accuracy of the head, and can lead to total disc 
drive failure. This corrosion most commonly occurs 
after manufacture but before use. 

Permalloy is a magnetic nickel-iron alloy which has 
excellent magnetic properties, but which is subject to 
corrosion. In particular, vaporized water, chlorides and 
sulfides are known to corrode permalloy. Other mag 
netic alloys are also susceptible to corrosion. 
Magnetic head assemblies typically include a plural 

ity of exposed magnetic surfaces, such as pole tips at or 
on the air bearing surface of the "flying head' assembly, 
for example. The air bearing surfaces for purposes of 
this disclosure are the surfaces of the magnetic record 
ing head which contact the magnetic recording media 
when the magnetic recording media is not in motion. 
Frictional contact between the magnetic portions of the 
air bearing surfaces generated during starting and stop 
ping prevents further corrosion. 
The fly height for purposes of this application is de 

fined as the distance between the surface of the mag 
netic recording media, and the air bearing surface of the 
magnetic recording head. A coating applied to the air 
bearing surface of the head increases the fly height, 
which reduces the signal amplitude. Minimizing the fly 
height assures that the signal sent to and from the mag 
netic head has minimum distortion, has the maximum 
accuracy. The aim of the industry is to achieve a higher 
density of magnetic transitions in the recording media. 
This is accomplished in part by reducing fly heights. 
Although it is known in the art generally that the air 

bearing surface of a magnetic head can be coated with 
a layer of anticorrosive material, it has been undesirable 
before the present invention, for a variety of reasons, to 
coat magnetic pole tips in magnetic heads with any 
substance. 
For example, the Head et al U.S. Pat. No. 4,130,847 

discloses the application of a thin layer of film applied to 
the air bearing surface of a transducer, including the 
pole tips for corrosion and wear protection. The thin 
layer is preferably formed from chromium. It is known 
that the application of a layer of coating to the surface 
of pole tips adversely affects the magnetic properties of 
the transducer. In particular, the magnetic field is weak 
ened, and the signal generated in the transducer is dis 
torted, compared to a signal generated by a transducer 
without a pole tip coating. 

Plotto U.S. Pat. No. 4,327,387 discloses a magnetic 
head slider assembly having a body supporting a trans 
ducer. The transducer reads and writes information 
contained in a data carrier. On the surface of the trans 
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2 
ducer facing the surface of the data carrier is a lubricat 
ing layer, preferably formed from an organic monomo 
lecular polar compound. The preferred lubricating 
layer is formed from methyl (CH3-) groups. The layer 
is between about 30 and 50 Angstroms in thickness, and 
increases the fly height by that amount. Increases in fly 
height are known to decrease the signal amplitude of 
the transducer. 
The aim of the industry is to reduce fly heights as 

much as possible in order to increase the accuracy of 
data transfer to and from high density recording media. 
High density recording media generally spins at a faster 
rate. 
With decreased fly heights, it is imperative that no 

foreign substances (such as coatings) be present on the 
transducer surface or the recording media surface 
which are subject to peeling or flaking. Particulates 
located between the transducer surface and the record 
ing media are known to cause hard drive crashes. For 
the above-mentioned reasons, the practice in the indus 
try has been to prevent corrosion in pole tips by using 
other methods of protection, such as by preventing the 
exposure of the manufactured heads to corrosive envi 
Onnents. 
One known method of preventing corrosion in manu 

factured magnetic heads includes storing and shipping 
the heads in contamination-free containers containing a 
desiccant. Another method includes storage of the com 
ponent parts in a noncorrosive gaseous environment 
such as nitrogen. Still another method includes the 
storage of the magnetic heads in a vacuum-packaged, 
contamination free container. 
Although the use of corrosion inhibiting coatings on 

magnetic components such as magnetic heads has not 
been considered desirable before the present invention, 
the application of corrosion inhibiting chemicals to 
metal surfaces is well known. For example, the article 
by Mateinzo et al., Organic Corrosion Inhibitors to Im 

40 prove the Durability of Adhesion Between Aluminum and 

45 

50 

55 

60 

65 

Polymeric Coatings, 22 American Chemical Society, p. 
234 (1986) discloses the use of organosilanes as a corro 
sion inhibitor/bonding agent for aluminum surfaces. A 
mercaptosilane was selected as a preferred anticorro 
sive agent for aluminum. 
The above-mentioned prior art references fail to dis 

close a method of protecting the magnetic surfaces of a 
magnetic head during the manufacture, storage and 
shipping of magnetic recording head assemblies. A tem 
porary coating which does not permanently increase fly 
height, significantly reduces corrosion, does not distort 
the signal generated by the magnetic recording head, 
and does not increase the potential for catastrophic hard 
disc failure would therefore be very desirable. 

SUMMARY OF THE INVENTION 

The present invention is a magnetic recording head 
for use in a computer, having at least one transducer 
surface coated with a protective coating formed from a 
titanate, zirconate or silane compound. The coating is 
applied as a last manufacturing step before assembling 
the head arm assembly. The coating protects the pole 
tips from corrosion during subsequent manufacturing 
steps, storage and shipping. When the magnetic record 
ing head is put into use, the wear from contact between 
the air bearing surface of the head and the surface of the 
magnetic recording media eventually erodes the coat 
ing, leaving a finely polished, contamination free air 
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bearing magnetic surface on the head. The present in 
vention also includes a method of protecting magnetic 
surfaces from corrosion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a magnetic recording head in com 
bination with magnetic recording media. 

FIG. 2 shows a pair of read/write transducers 
mounted into the air bearing surfaces of a magnetic 
recording head. 
FIG. 3 shows a cross sectional view taken along line 

3-3 as shown in FIG. 2, illustrating the coated pole tips 
of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention is a magnetic recording head 
having a protective coating for preventing corrosion of 
magnetic surfaces (such as permalloy pole tips) during 
manufacture, shipping and storage, and a method for 
coating the surface of a magnetic head to inhibit corro 
sion. Permalloy is a magnetic iron-nickel alloy having 
excellent magnetic properties, but is subject to corro 
sion from substances in the atmosphere such as chlorine, 
for example. The present invention protects magnetic 
surfaces such as permalloy before the magnetic record 
ing head is put into operation, but does not distort the 
signal generated during operation of the head, or per 
manently increase the fly height of the magnetic record 
ing head. The protective coating of the present inven 
tion advantageously wears off during operation of the 
head. 
The present invention protects magnetic heads from 

failures due to corrosion. As the damage due to environ 
mental corrosion primarily occurs during assembly of 
the head arms, during shipping, and during storage, the 
present invention is a magnetic recording head which is 
protected from corrosion primarily before actual data 
storage and retrieval is accomplished. 
FIG. 1 illustrates a magnetic recording head 10 from 

a head arm assembly of a computer disc drive. The head 
10 transmits and receives information to and from the 
magnetic recording media 12 which moves relative to 
the air bearing surface 14 in the direction of the arrow 
15. Near the trailing end 16 of the head 10 and flush 
with the air bearing surface 14 is mounted a pair of 
transducers 18A, 18B (see FIG. 2), each having a plural 
ity of pole tips 20 (see FIG. 3). 

In accordance with the present invention, the pole 
tips 20 are coated with a chemical compound from the 
silane, zirconate or titanate groups, forming a remov 
able protective layer 22, illustrated in FIG. 3. In opera 
tion (when the head 10 and the magnetic recording 
media 12 are moving relative to each other) an air gap 
24 is formed whose height is commonly referred to as a 
"fly height." The fly height is established by a self act 
ing hydrodynamic air bearing (not shown) between the 
head 10 and the recording media 12. The addition of a 
coating layer 22 to the air bearing surface 14 including 
the transducers 18A and 18B increases the fly height. 
However, after the head 10, coated in accordance with 
the present invention is put into operation, the coating 
eventually wears off. Thereafter, the abrasion of the air 
bearing surface 14 between the head 10 and the mag 
netic recording media 12 prevents further corrosion to 
the pole tips 20. 
Magnetic recording heads are normally contact 

start/stop (C.S.S.) tested at 2000 revolutions per minute 
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4. 
over 20,000 cycles, which is equivalent to seven to ten 
years of use. If a head is still operational after 20,000 
cycles, it is considered durable enough for commercial 
use. The magnetic recording head of the present inven 
tion not only avoided premature hard drive failure, but 
none of the test specimens failed after 20,000 cycles, 
The recording heads of the present invention are be 
lieved to be even more durable, but were not tested 
beyond 60,000 cycles. 
The magnetic recording head of the present invention 

is less susceptible to disc drive failure than uncoated 
magnetic heads. Repeated contact start-stop testing has 
verified that heads coated with the anticorrosion coat 
ing of the present invention are no more susceptible to 
head crashes than heads that are not coated. It is be 
lieved that the coated heads of the present invention 
have a lower C.S.S. failure rate than uncoated heads. 
Surprisingly, the coating does not accumulate on the air 
bearing surface 14 as shown in FIG. 2 as it wears off, 
and does not cause premature head crashes. It is be 
lieved that the coating flows toward the trailing end 16 
of the head, as shown in FIG. 2, accumulating on the 
end 16, and does not flake or peel off. 
The coatings employed in the practice of the present 

invention are silane, titanate or zirconate compounds. 
The coatings of the examples provided below are or 
ganosilanes, organiotitanates, organozirconates, and 
aminosilanes. Although each example shows com 
pounds having organic and/or amine functionality, the 
present invention includes any titanates, silanes, and 
zirconates having functional groups (R) capable of hy 
drolyzing. The compounds of the present invention are 
hydrolyzed, and react with the hydroxyl groups present 
on the surface of the permalloy. The compounds are 
thought to form a strong chemical bond between the 
oxygen molecule present in the hydroxyl group of the 
magnetic surface and the silicon, titanium, or zirconium 
atom of the selected compound. 

Surprisingly, coatings formed from hydrolysed tita 
nate, zirconate or silane compounds do not adversely 
affect the magnetic properties of the magnetic heads 10. 
There are also no known adverse effects on the mag 
netic properties of the heads by applying an anticorro 
sive coating of the present invention. 
Although the most preferred examples of the coating 

materials of the present invention have four functional 
groups (i.e. Ti(R)4), coating compounds with fewer 
functional groups also form suitable coatings. The fol 
lowing examples show that compounds having three or 
more functional groups generally produce better coat 
ings than compounds having one or two reactive 
groups. Silanes were found to form the most preferred 
coating. The silanes not only provide an excellent cor 
rosion barrier, but the compounds advantageously have 
antistatic properties. An antistatic pole tip is much less 
likely to attract dust and other particulates which in 
crease the susceptibility of the magnetic head to cata 
strophic failure, and read/write errors. 

In order to prepare a magnetic recording head of the 
present invention, a compound from the silane, zircon 
ate, or titanate groups is selected. The compound pref 
erably has three or four reactive functional groups (R) 
which readily hydrolyze upon the addition of water 
according to the following reaction: 



5,023,738 
5 

An amount of the selected compound is dissolved in a 
carrier solvent, such as isopropanol, for example. Next, 
a small amount of water is added to the mixture to 
hydrolyze the selected compound. The purpose of the 
hydrolyzation step is to replace the functional groups 
from the selected compound with -OH (hydroxyl) 
functional groups which condense with the hydroxyl 
groups on the metallic surface and release water mole 
cules. The following equation illustrates this reaction: 

Metal-OH--Ti(OH)4-Metal-O-Ti(OH)3 + H2O 

Hydrolyzation typically occurs within a few minutes of 
adding water to the selected compound and solvent 
mixture. It is preferred that the solution be allowed to 
stand for a period of about one hour for titanates, zir 
conates and silanes. The prepared solutions of the pres 
ent invention are known to have a shelf life of at least 
two weeks, and therefore the solutions can be prepared 
well in advance of coating the magnetic recording 
heads. 

Before the magnetic head is coated with the prepared 
solution, it is first cleaned by means known in the art 
such as by plasma etching, or by immersion in an ultra 
sonic bath containing Freon TMS solvent, for example. 
Freon TMS is available from the E. I. Du Pont de Ne 
mours Co., Wilmington, Del. The preferred cleaning 
process is by a plasma etch method. 
The next step in forming a corrosion resistant mag 

netic recording head is to apply the prepared solution to 
the head 10. The most preferred method of application 
includes dipping the trailing end 16 far enough into the 
solution such that the exposed surfaces of the transduc 
ers 18A and 18B are immersed. Although the amount of 
exposure time depends in part on the wetting effect of 
the solution, a preferred exposure time of about two 
minutes is adequate to assure that the majority of the 
hydroxyl groups (-OH) present on the magnetic sur 
face have reacted with the titanium, zirconium or sili 
con molecules. The following equation illustrates this 
reaction: 

Metal-OH-- Si(OH)4-. Metal-O-Si(OH)3 + H2O 

Although the preferred exposure time is approximately 
2 minutes, exposure times of up to about 10 minutes are 
sometimes necessary to achieve an adequate reaction. 
With other compounds, as little as 2 seconds is required 
to achieve an adequate reaction. 
Although the most preferred method of application 

of the solution is by dipping, other preferred methods 
such as spraying are also suitable. For example, a fine 
spray generated by an ultrasonic nozzle is a suitable 
method of applying a uniform thin film of coating to the 
exposed surfaces of the transducers 18A and 18B. An 
other preferred method of applying the solution is by 
vapor deposition. 
The protective layer of the present invention is typi 

cally about two molecules thick, and therefore it is 
critical to obtain a uniform layer in order to adequately 
inhibit corrosion. If the dipping method is used, care 
must be taken to drain off any excess solution, and to 
avoid drop formation near the transducers 18A and 
18B. Because it is desirable to minimize the fly height, a 
coating of the minimum thickness which still adequately 
inhibits corrosion is desirable. In the preferred embodi 
ment, the final coating thickness is between about 10 
and about 50 Angstroms, with a preferred range of 
between about 20 and about 30 Angstroms. In order to 
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6 
assure that the protective layer 22 as shown in FIG. 3 is 
adequately thin, the solution must be uniformly applied, 
and drops near the pole tips 20 should be avoided. 
The carrier solvent is allowed to evaporate after the 

application of the solution. In the preferred embodi 
ment, the magnetic head is dried under ambient condi 
tions until all of the volatile components such as sol 
vents and organic reaction by-products vaporize. Typi 
cally, this step takes between about 2 seconds and about 
10 minutes. The preferred drying time at ambient tem 
perature is about five minutes. 
The next step in forming the magnetic head of the 

present invention is to bake the coated head in an oven 
to drive the reaction on the surface of the permalloy 
toward completion, and to aid in cross-linking between 
the molecules of the titanate, zirconate or silane com 
pounds. The head is baked at a temperature of between 
about 150 degrees Fahrenheit and 300 degrees Fahren 
heit for between about a minute and about 2 hours. The 
most preferred baking conditions are at 225 degrees 
Fahrenheit, for about two minutes at atmospheric pres 
sure. Alternatively, baking parameters of about two 
minutes at 150 degrees Fahrenheit are also suitable. 
Another preferred set of baking conditions includes 
lowering the pressure slightly and lowering the baking 
temperature. Magnetic recording heads are subject to 
damage due to excessive heat exposure, and the temper 
ature and exposure times are determined in part by the 
construction and durability of the magnetic recording 
head. 

After the coated magnetic head has been baked, it is 
cooled to room temperature and cleaned with the sol 
vent used to form the solution, which in the preferred 
embodiment is isopropanol. Although the preferred 
solvent is isopropanol, the solvent may be any volatile 
liquid which does not interfere with forming the coat 
ing of the present invention. For example, methanol, 
ethanol and toluene are examples of other suitable sol 
vents. The magnetic head 10 is placed in an ultrasonic 
bath of the solvent, and cleaned for between about 1 
minute and about 5 minutes, with a preferred cleaning 
time of about 2 minutes. The head 10 is then removed 
from the bath, rinsed again with fresh solvent and then 
air-dried. The head 10 is then ready for installation into 
a head-arm assembly, or for packaging. 
Although the preferred coating method includes the 

application of an anticorrosive coating to the entire 
trailing end 16 of the magnetic head 10, it is only neces 
sary to protect the pole tips 20. The solution of the 
present invention may be applied to the entire surface of 
the magnetic head 10, to the air bearing surfaces 14, the 
surfaces of the transducers 18A, 18B, or to the pole tips 
20 alone (see FIG. 3). 

In order to better understand the magnetic recording 
head and method of protecting a recording head of the 
present invention, a number of illustrations are pro 
vided. 

EXAMPLE 1. 

A 94:2:4 weight ratio solution was prepared by mea 
suring a quantity of isopropanol, and adding to it a 
quantity of 1,3 aminopropyl-triethyoxysilane. To the 
mixture was added deionized water. The solution was 
well mixed and allowed to stand for approximately 
three hours. A magnetic recording head was prepared 
by cleaning the outer surfaces by a plasma etch method. 
The trailing edge 16 was dipped into the solution, and 
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was immersed for a period of about two minutes. The 
edge 16 was then removed from the solution, and al 
lowed to drip dry. Care was taken to avoid the forma 
tion of drops of solution on the exposed surfaces of the 
transducers 18A, 18B. The component was permitted to 
air dry for approximately five minutes, then heated for 
two minutes at a temperature of 150 degrees Fahrenheit 
for an additional two minutes. The head was removed 
from the oven, cooled for approximately ten minutes, 
then washed in an ultrasonic bath for two minutes in 
isopropanol. The head was rinsed again with fresh iso 
propanol and allowed to air-dry. The above example 
produced a highly acceptable coating for protecting the 
pole tips 20 of the head. 

EXAMPLE 2 

A 94:2:4 weight ratio coating solution was prepared 
by adding a quantity of 3 mercaptopropyltrimethoxysi 
lane to isopropanol. A quantity of deionized water was 
added, and the mixture was well mixed and allowed to 
react for a period of about three hours. A magnetic head 
was prepared by cleaning the surfaces by a plasma etch 
method. The trailing end 16 was dipped into the solu 
tion, and immersed for a period of approximately two 
minutes. The head 10 was then removed, air dried for a 
period of about five minutes, and then baked for two 
minutes at about 225 degrees Fahrenheit. The head 10 
was cooled to ambient temperature, washed with iso 
propanol in an ultrasonic bath for two minutes and then 
rinsed again with fresh isopropanol. 
The coating produced in this example produced a 

suitable, though somewhat less desirable coating than in 
Example 1. The silane compound selected had a very 
strong odor, and offered less corrosion protection than 
the coatings of each of the other examples. 

EXAMPLE 3 

A 94:2:4 weight ratio solution was prepared by add 
ing a quantity of neopentyl(diallyl)oxy, tri(dioctyl)pyro 
phosphato zirconate to isopropanol. Then, deionized 
water was added. The solution was mixed thoroughly 
and allowed to stand for a period of about one hour. A 
magnetic head was prepared by cleaning the surfaces by 
a plasma etch method. The trailing end 16 was dipped 
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into the above solution, and immersed for a period of 45 
about two minutes. The head 10 was then removed 
from the solution and allowed to air dry for about five 
minutes, and was baked for about two minutes at a 
temperature of about 225 degrees Fahrenheit. The 
coated head was cooled to room temperature, washed 
with isopropanol in an ultrasonic bath for about two 
minutes, rinsed with fresh isopropanol and allowed to 
air dry. 
The zirconate coating above produced a good corro 

sion barrier on the surface of the magnetic head. 
EXAMPLE 4 

A 94:1:5 weight ratio solution was prepared by add 
ing a quantity of KR238M-Titanate (a methacrylate 
functional amine of di(dioctyl)pyrophosphato ethylene 
titanate) to isopropanol. KR238M is a product of the 
Kenrich Petrochemical Company, Bayonne, N.J. A 
quantity of deionized water was added, and the solution 
was well mixed. The solution was allowed to stand for 
about an hour to allow the KR238M to hydrolyze. A 
magnetic reading head was plasma etched to clean the 
surfaces, and then completely immersed in the solution. 
After a period of about two minutes, the head was re 
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8 
moved from the solution, and allowed to air dry for 
approximately five minutes. The head was baked in an 
oven for about two minutes at about 225 degrees Fahr 
enheit, cooled to room temperature, and washed with 
isopropanol in an ultrasonic bath for about two minutes, 
followed by a fresh isopropanol rinse. 
The magnetic recording head of this example pro 

duced a very good anticorrosive layer on the outer 
surfaces, but most importantly adequately protected the 
exposed pole tip surfaces 20 as shown in FIG. 3 from 
corrosion. 

EXAMPLE 5 

A 94:2:4 weight ratio solution was prepared by add 
ing a quantity of dimethoxymethylsilypropyl substi 
tuted polyethylenimine (PSO 76.5 polymeric silane, 
available from Huls America, Inc. of Bristol, Pa.) to 
isopropanol. A quantity of deionized water was added, 
and the solution was well mixed. The solution was al 
lowed to stand for a period of about one hour until 
adequate hydrolysis occurred. 
A magnetic recording head was prepared by cleaning 

the outer surfaces by a plasma etching method. The 
head was completely immersed in the above prepared 
solution and allowed to stand for a period of approxi 
mately two minutes. The head was taken out of the 
solution, and allowed to air dry for about two minutes. 
Special care was taken to avoid drop formation on the 
exposed surfaces of the transducers 18A and 18B, as 
shown in FIG. 2. 
The head was baked for about two minutes at about 

150 degrees Fahrenheit, and then cooled to room tem 
perature. The head was washed in an ultrasonic bath 
containing isopropanol for about two minutes, followed 
by a fresh isopropanol rinse. 
The magnetic recording head of this example pro 

duced a marginally acceptable anticorrosive coating. It 
was noted by this example that the polymeric com 
pound did not produce a coating which was thin 
enough, and that offered as good corrosion resistance as 
the other examples. 

EXAMPLE 6 

A 94:1:5 weight ratio solution was prepared by add 
ing a quantity of isopropyltri(dioctyl) pyrophosphato 
titanate to isopropanol. A quantity of deionized water 
was then added. The mixture was well stirred, and 
allowed to stand for about one hour. The surfaces of a 
magnetic recording head were cleaned by a plasma etch 
method. The trailing end 16 of the magnetic recording 
head 10 was dipped into the solution, and immersed for 
a period of approximately two minutes. 
The head 10 was removed from the solution, and 

allowed to air dry for a period of approximately five 
minutes. The head 10 was then baked for about two 
minutes at about 225 degrees Fahrenheit, and then 
cooled to ambient temperature. The cooled head 10 was 
then washed for about two minutes with isopropanol in 
an ultrasonic bath, followed by a fresh isopropanol 
wash. 
The solution used in this example produced an ac 

ceptable corrosion resistant magnetic recording head. 
EXAMPLE 7 

A solution containing 90 weight percent isopropanol 
and 10 weight percent of the solution described in Ex 
ample 1 was mixed and allowed to stand for approxi 
mately one hour. A head 10 was prepared by cleaning 
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the surfaces using an ultrasonic cleaning chamber con 
taining Freon TMS, available from the E. I. Du Pont de 
Nemours Co., Wilmington, Del., for about two minutes. 
The trailing end 16 of the head 10 was immersed in the 
solution for about ten minutes, and then air dried for 
about five minutes. The head 10 was baked for about 
two minutes at about 225 degrees Fahrenheit, and then 
allowed to cool to ambient temperature. The head 10 
was washed for about two minutes with isopropanol in 
an ultrasonic bath, rinsed with fresh isopropanol and 
allowed to air-dry before packaging and or assembly. 
The solution of this example produced a magnetic re 
cording head having very good corrosion resistance. 

EXAMPLE 8 
A solution of 90 weight percent isopropanol and 10 

weight percent of the solution described in Example 7 
was mixed and allowed to stand for a period of approxi 
mately three hours, until the silane compound was hy 
drolyzed. A magnetic recording head 10 as shown in 
FIG. 1 was cleaned with an ultrasonic cleaner contain 
ing Freon TMS, available from the E. I. Du Pont de 
Nemours Co., Wilmington, Del, for a period of approx 
imately two minutes. The head 10 was then immersed in 
the solution for a period of approximately two minutes. 
The head 10 was then removed and air dried for about 
five minutes, with special care taken to avoid the accu 
mulation of droplets near the transducers 18A and 18B. 
The head 10 was baked in an oven for about two 

minutes at about 225 degrees Fahrenheit, and allowed 
to cool to room temperature. Then, the head 10 was 
washed in isopropanol for about two minutes in an 
ultrasonic bath, was rinsed with isopropanol and then 
allowed to air-dry. The coating of this example pro 
vided some corrosion resistance, but formed a thinner 
coating which was less corrosion resistant than the 
coatings of the other examples. 
The magnetic recording heads in the above examples 

were tested for corrosion resistance in a Bethell testing 
chamber, and then visually inspected under a micro 
scope for signs of corrosion. The preferred corrosion 
test includes exposure of the heads 10 at about 30 de 
grees Centigrade and about 70 percent relative humid 
ity to an air atmosphere containing about 10 parts per 
billion chlorine molecules, about ten parts per billion 
hydrogen sulfide molecules, and about 100 parts per 
billion nitrous oxide molecules. An exposure time of 
about 8 hours produces a rate of corrosion which ap 
proximates three to four months of atmospheric corro 
S1O. 
According to the corrosion tests performed on the 

heads 10 of the above examples, each coating reduced 
the amount of pole tip corrosion considerably. The 
coatings were very thin and did not significantly in 
crease fly heights. The coatings advantageously pro 
tected the pole tips during assembly, storage and ship 
ping, and then wore off during hard drive use, which 
restored the fly heights to the pre-coating fly height. 
Abrasion from contact between the air bearing surface 
14 of the head 10 and the air bearing surface 14 of the 
magnetic recording media 12 prevented further corro 
SOI. 

Although the present invention has been described 
with reference to the preferred embodiments, workers 
skilled in the art will recognize that changes may be 
made in form and detail without departing from the 
spirit and scope of the invention. 
What is claimed is: 
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1. A magnetic head comprising: 
a pair of magnetic poles having pole tips with a spacer 

therebetween, the pole tips having end surfaces 
which face a magnetic medium when the magnetic 
head is in use; and 

a protective coating over the pole tip end surfaces for 
inhibiting corrosion of the end surfaces, the protec 
tive coating including a compound selected from 
the group consisting of silanes, titanates, and zir 
COrates. 

2. The magnetic head of claim 1 wherein the selected 
compound is 1,3 aminopropyl-triethyoxysilane. 

3. The magnetic head of claim 1 wherein the com 
pound is selected from a group consisting of organosi 
lanes, aminosilanes, organotitanates, and organozircon 
ates. 

4. The magnetic head of claim 1 wherein the com 
pound has a reactive group which is replaced by a hy 
droxyl (-OH) group upon contact with water. 

5. The magnetic head of claim 1 wherein the selected 
compound is mercaptopropyl trimethoxysilane. 

6. The magnetic head of claim 1 wherein the selected 
compound is neopentyl(diallyl)oxy, tri(dioctyl)pyro 
phosphato zirconate. 

7. The magnetic head of claim 1 wherein the selected 
compound is a methacrylate functional amine of di(di 
octyl) pyrophosphate ethylene titanate. 

8. The magnetic head of claim 1 wherein the selected 
compound is dimethoxymethylsilypropyl substituted 
polyethylenimine. 

9. The magnetic head of claim 1 wherein the selected 
compound is isopropyltri(dioctyl)pyrophosphato tita 
late. 
10. A method of forming a corrosion inhibiting pro 

tective layer on a surface of a magnetic head, including: 
contacting the surface with a solution which includes 

a compound of the formula: 

where X is Si, Ti, or Zr, and R is a functional group 
that is removed by hydrolysis; and 

causing the compound to bond to the surface to form 
a protective layer. 

11. The method of claim 10 wherein the solution is 
substantially uniformly applied to the surface. 

12. The method of claim 10 wherein the step of caus 
ing the compound to bond comprises curing the com 
pound by heating the magnetic head after contacting 
the surface with the solution. 

13. The method of claim 12 wherein the magnetic 
head is heated for between about one minute and about 
three minutes at between about 150 to about 225 de 
grees Fahrenheit. 

14. The method of claim 10 wherein the step of caus 
ing the compound to bond comprises curing the com 
pound by lowering the pressure and by heating the 
magnetic head after contacting the surface with the 
solution. 

15. The method of claim 10 including the use of a 
spray apparatus having an ultrasonic nozzle, wherein 
the step of contacting the surface with a solution com 
prises spraying the solution through the ultrasonic noz 
zle to form a substantially uniform protective layer. 
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16. The method of claim 10 wherein the surface com 
prises a plurality of permalloy pole tips. 

17. A method of protecting a magnetic head from 
corrosion comprising the following steps: 

providing a solution which includes a hydrolyzable 
silane, zirconate or titanate compound; and 

applying the solution to a surface of the magnetic 
head to form a protective layer. 

18. The method of claim 17 wherein the solution 
comprises between 0.04 and about 5 weight percent 
deionized water. 

19. The method of claim 17 and further comprising a 
step of heating the magnetic head after applying the 
solution for curing the protective layer. 

20. The method of claim 19 wherein the temperature 
of heating is between about 150 degrees Fahrenheit and 
about 225 degrees Fahrenheit, and the duration of heat 
ing is between about one minute and about three min 
ulteS. 
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21. The method of claim 17 wherein the solution 

comprises between about 0.02 and about 2.0 weight 
percent silane, zirconate or titanate compound. 

22. The method of claim 17 wherein the step of pro 
viding a solution comprises selecting a compound, mix 
ing the compound with a quantity of solvent and a 
quantity of water, and allowing the solution to stand 
until the compound is substantially hydrolyzed. 

23. A magnetic head comprising: 
at least one magnetic transducer comprising two or 
more pole tips having end surfaces which face a 
magnetic medium when the magnetic head is in 
use; and 

a protective coating on each pole tip end surface, 
formed from a solution which includes a silane, 
zirconate, or titanate compound. 

24. The magnetic head of claim 23 wherein the pro 
tective coating is formed from an organosilane, aminosi 
lane, organotitanate, or an organozirconate compound. 
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