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CONTACT RECORDING DISK FILE AND HEAD ASSEMBLY FOR USE THEREIN

This invention relates to confact recording disk fiies (or
"drives"), where the record:.ng transducer (or “head") is 1n contact w:.th
the magnetic recording disk during read and write operatlons.

In conventional noncontact rigid disk files, each of the read/write
heads is supported on a carrier (or "slider") which rides on a cushion or
bearing of air above the surface of its associated disk when the disk is
rotating at its operating speed. The slider is connected to a linear or
rotary actuator by means of a relatively fragile suspension. There may
be a stack of disks in the disk file with the dctuator supporting a
number of sliders. The actuator moves the sliders radially so that each
head may access the recording area of its associated disk surface. In
these conventional disk files, the slider is biased toward the disk
surface by a small force from the suspension. The slider is in contact
with the disk surface from the time the disk file is turned on until the
disk reaches a speed sufficient to cause the slider to ride on the air
bearing; and again when-the disk file is turned off and the rotational
speed og the disk falls below that necessary to create the air bearing.

In addition to the above-described conventional magnetic recording
disk files, "contact" record:.nq rigid disk files have been proposed
wherein the head is in contact or near contact with the disk during read
and write operations. Contact recording disk files have the advant:age of
much closer head-disk spacing and its associated improved writing

efficiency, read signal response and corresponding storage densities. In
_ one type of contact recording, sometimes referred to ag tdry" contact

recording to distinguish it from liquid-bearing contact recording, the
disk file uses a head assembly in which the head carrier and sdépénsion
are formed as an integrated unit and the head carrier makes physical
contact with the disk surface during read and write operations. In this
type of head suspension, as described for example in U.S. Patent
5,041,932, a portion of the head pole piece and head carrier actually
wear away due to frictional contact with the disk over the life of the
disk file. Unfortunately, in this type of disk file it is extremely
difficult to assemble the disk file so that the head pole piece is
perfectly aligned and in complete contact with the disk. Thus, it is
necessary to either dévelop manufacturing processes with improved
tolerances or to operate the disk file for an initial wear—in period to
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wear down the head carrier a sufficient_amount so that the head pole
piece_isliﬁ cdmplete contact with the disk. Because the head carrier is
formed of rélatively hard material in order to provide a relatively long
life for the disk file, this initial wear-in period can be unacceptably
long.

The présené invention seeks to provide a contact recording disk

'_file w1th an improved head assembly which permits the head pole piece to

be quickly and accurately aligned with the disk.

hédqrdingly, in a first aspect of the invention, there is provided
a head assembly for use in a contact recording rigid disk file '
comprising= a carrier having a wear pad for contact with the disk, the

wear pad comprising an outer wear layer and an inner layer in contact

with the outer layer and having a wear resistance greater than that of
the outer layer; and a head supported within the carrier for reading or
writlng data on the disk, the head having a pole piece extending into the
wear pad of the carrier. '

In a second aspect of the invention there is provided a contact
record1ng disk file incorporating a head assembly as defined in the

appended claims.

Thus is disclosed a contact recording diék'fi;e with a head-

‘suspension assembly having a head carrier with a dual-layer wear pad.

The outer wear layer of the pad is relatively soft compared to a harder
inner wear layer. The outer wear layer wears away at a relatively rapid

rate during initial wear-in of the head carrier. In ggis manner the head

pole piece, which extends into the wear pad,.is rapidly put into contact
with the disk, thereby compensating for initial misalignment of the wear
pad with the surface of the disk. In the preferred embodiment, both the

~outer and inner wear layers are formed of essentially amorphous carbon,

with the inner layer being doped with various amounts of hydrogen to
control wear resistance. In another embodiment the two layers are formed
as'an_essentially single continuous layer, with the hydrogen
concentration increasing or decreasing across the thickness of the layer.

A preferred embodiment of the invention will now be described, by

way of example only, with reference to the accompanylng draw1ngs in
whlch

. . :
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'Fig.'l is a top view of the contact recording disk file with the
cover remov¢d for illustrating schematically the major components;

~ Fig. 2 is a side-section view of the-integréted head-suspension
assembly and disk illustrating the interface between the head carrier and

the-disk;

Fig. 3 is a view of the bottom or disk side of the wear pad of the

'heaa'carfiér dgpiéted in Fig. 2;

~ Fig. 4 is an enlarged sectional view of the wear pad and pole piece
of the head carrier in initial misalignment with the surface of the disk;
and ' '

Figs. 5A-SF are illustrations of the integrated head-suspension

' assembly with head carrier during steps in the fabrication process.

Fig; 1 illustrates a contact recording disk file including a -
housing 8 in which is mounted a rotary actugtor 10, and an associated

magnetic storage disk 12 mounted on a spindle 13 which is rotated by a

drive motor {not shown) mounted to housing 8. The rotary actuator 10
moves_thg head-suspension assembly of the present invention in an arcuate
path agrdss the disk 12. The rotary actuator 10 %pcludes a voice coil
motor (VCM), which comprises a coil 14 movable ;ifﬁin the magnetic field
of a fixed'permanent magﬁet assembly having ;.core 16. an actuafor arm
20 is attached to the movable coil 14. The other end of the actuator arm

.20 is attached to a combination head-suspension éssembly 22 of the

present invention. The single-piece head-suspension assembly 22 includes
a head-carrier segment 24 and a suspension section 26. *Although head-

_3uspension assembly 22 is depicted as a unitary body, it may also be of a

two-piece construction where the carrier segment 24 is joined to the
suspension section 26. The suspension section 26 can support the head-
carrier segment 24 in contact with the surface of disk 12. The actuator
arm 20 may include a plurality of arms with each arm supporting its own
head-suspension assembly 22, each of which is associated with a surface
of the disks located in the disk file. Therefore, for instance, the disk
12 can also have a head-suspension assembly 22 mounted to the actuator
arm 20 for association with the media surface on the underside of disk

12. Further, other head-suspension assemblies may be mounted to actuator
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10 for accessing associated top and bottom sides of other disks which may
be included in the disk file.

-

The suspénsion section 26 of the head-suspension assembly 22
provides a load to the head-carrier segment 24 which is generally
perpendiculaf to the surface of digk 12. This perpendicular Joad
maintains the head-carrier segment 24. in contact with the data surface of
disk 12 during rotation of the disk 12.

Referring now to Fig. 2, the head-suspension assembly 22, which
includes suspension section 26 and head-carrier segment 24, is shown in
an enlarged sectional view and in contact with the surface of magnetic
recording disk 12. The head carrier 24 of head-suspension assembly 22
has on the end facing disk 12 a wear pad 30. As illustrated in the

.gectional view, the head carrier 24 has embedded within it an inductive

read/write head which includes a pole piece {made up of pole tips 40,
42), a yoke 32, and a horizontally-oriented coil 34. The pole piecé
comprises adjacent pole tips 40, 42 which are spaced apart to define a
magnétic recording gap 44. 1In the embodiment depicted in Fig. 2, the
head carrier 24 is formed as a single piece and is integrated with the
suspension 26. However, it is possible that the head carrier 24 can be
fabricated as a separate segment, referred to as a "chiplet", and
attached to a separate suspension. Also, while in the embodiment
depicted in Fig. 2 the pole piece is part of‘an.iﬁéuctive read/write
head, the head carrier 24 with wear pad 30 is also usable with ofher
types of magnetic recording heads, such as heads wherein the pole pieces
are vertical recording probes (as described in the cited US Patent
5041932), magnetoresistive (MR) sensors with.their assgﬁ}ated shields, or :
magnetic flux guides for directing the magnetic flux from the disk to the

MR sensor.

- Fig. 3 is an illustration of the end of wear pad 30 which faces
disk 12. The end of wear pad 30 has a wear surface 36 which is
essentially coplanar with the ends of pole tips 40, 42. During operation
of the disk file, the wear pad 30, in particular the wear surface 36, is
maintained in contact with the surface of disk 12 and partially wears
away over the lifetime of the disk file. The structure of the inductive
read/write head, including yoke 32 and coilé 34, and their method for
fabrication as part of the integrated head-suspension assembly 26, is
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described in further detail in the assignee's copending application EP-A-
583921 (published 23/2/94).

Referring now to Fig. 4, the head-carrier assembly 24 is shown in
an enlarged view in a position so as to be initially misaligned with the
disk 12. As shown, because of this initial misalignment, the poie tips
40, 42 are not in contact with the surface of disk 12 and only a portion
of the wear surface 36 of wear paﬁ 30 is in contact with the surface of
disk 12. In accordance with the present invention, the wear pad 30
comprises two layers: a first outer layer 50, and a second inner layer
52 which is in contact with layer 50 and which has a wear resistance
significantly higher than that of outer wear layer 50.

In the preferred embodiment of head carrier 24, both outer layer 50
and inner layer 52 are formed of amorphous carbon by sputtering from a
graphite target or by plasma-enhanced chemical vapor deposition (PECVD).
Doping of these layers with variable amounts of hydrogen is used to
adjust wear resistance and hardness of these layers. Generally, either
low or high levels of doping lead to low wear resistance and hardness
while an intermediate, optimized level of doping resilts in the best wear
resistance and hardness. In the case of PECVD amorphous'carbon, low-
level hydrogen doping generally means less than approximately 15 atomic
percent (at %), intermediate lewvel means approximately 15 to 35 at %, and
high level means above approximatély 35 at %.- Wﬁ;n both layers are
formed by PECVD or by sputtering, the first outer layer 50 is dé;osited
with low or high levels of dopant and the second inner layer 52 is
prepared with an intermediate level of hydrogen; Other dopants which
alter wear resistance and hardness of the wear layer, guch as nitrogen,

. can also be used. Alternatively, one layer can be formed by sPuttering

while the second layer can be deposited by PECVD. ther vacuum
deposition techniques, such as ion beam deposition and electron cyclotron
resonance, can be substituted for sputtering or PECVD. The outer layer-
50 has a thickness preferably in the range of 0.1 to 1.0 micron and the
inner layer 52 has a thickness preferably in the range of 1 to 10
microns. '

With the wear pad 30 of the head carrier 24 according to the
present invention, the outer layer 50 wears significantly faster than the
inner layer 52 and provides a relatively quick alignment and initial
contact of pole pieces 40, 42 with the surface of disk 12. Thus, during
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fabrication, only a relatively brief initial wear-in is required to cause
the pole tips 40, 42 to come into contact with the disk surface 12.
Following the initial wear-in of outer wear layer 50, the inner layer 52
provides the wear resistance for the head carrier 24 during the
operational life of the disk file. S

The preferred method of manufacturing the integrated head-
suspension assembly 22 with the head carrier 24 will now be explained
with reference to Figs. S5A-5F. First, as shown in Fig. 53, a suitable
substrate 100, such as silicon or aluminum oxide/titanium carbide
ceramic, has a patterned etch stop 102 formed on it. The etch stop
material is preferably a thin layer of chromium or tantalum formed by
sputter deposition or evaporation. Next, as shown in Fig. 5B, an alumina -
(A1,03) layer 104 is deposited onto substrate 100 to a thickness equal to
the desired height of wear pad 30 (see Fig. 2). Following the deposition
of the alumina, a via is etched into the alumina down to the etch stop
layer 102, which results in the structure shown in Fig. 5B. This creates
a template .for the.subseﬁuent formation of the wear pad. &n aléernate
technique to create theitemplate for the wear pad is to etch directly
into the substrate 100 to create a depression for the wear pad. In this
case, the height of the wear pad is determined by the depth of the etched
depression.

Referring now to Fig. 5C, the next stegﬁi; éﬂe deposition of a
release layer 106, preferably a material such.as copper, to a thickness
of approximately- 2 microns. The outer wear layer 50 is then deposited
onto release layer 106. In the preferred embodiment, the layer 50 is an
essentially amorphous catbon £film formed by QECVD and i§iformed to a
thickness in the range of 0.1 micron to 1 micron. Next, the inner wear
layer 52 is deposited onto the outer wear layer 50. The inner wear layer
52 is preferably formed by PECVD and is a film of essentially amorphous
carbon doped with hydrogen. An organic source, such as cyclohexane, is
present during the PECVD process to form the relatively hard carbon inner
layer 52. The PECVD process may be further modified by a nitrogen
doping. The inner layer 52 is preferably formed to a thickness of 1 to
10 microns.

Alternatively, the outer and inner wear layers 50, 52 can be formed
by varying the hydrogen content of sputtered or PECVD carbon in each of
the layers. Specifically, outer layer 50 is deposited carbon with a low
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or high level of hydrogen dopant concentration and inner layer 52 is
deposited carbon having an intermediate concentration of hydrogen.

The wear layer 30 can also be formed by continuously varying the
hydrogen content of.the carbon during the period of deposition by PECVD -
or sputtering. 1Initially a high or low concentration of dopant is used
to provide a_low wear resistance in the outer layer, followed by a
gradual change to an intermediate hydrogen concentration. This results
in essentially a single continuous layer with a graded hardness and wear-
resistant profile.

Alumina may also be used.as the soft outer layer 50 in ﬁlace of
amorphous carbon. '

Referring now to Fig. SD, portions of the wear layers 50, 52 are
removed by reactive ion etching in areas outside of the subsequently
formed head carrier 24 and in the central region 107 .where the pole piece
of the inductive read/write head will be formed.

Next, as shown in!Fig. SE, the pole piece, including pole tips 40,
42, yoke 32, and coils 34, is forméd. The yoke 32 and pole piedes 40, 42
are formed by depositing permalloy (NiFe). One pole.piece 40 is
deposited first and then a gap material, such as alumina or silica, is
deposited isotropically. Unwanted gap material is removed by an
anisotropic etch process, such as a reactive ion etch, so that gﬁB
material remains only on the vertical surfaces shown in Figure SE. Next,
pole piece 42 is deposited adjacent to pole piece 40 but is now separated
from it by gap 44. After formation of the pole tips 40k»gi and gap 44,
the structure is covered with insulating polymers or inorganic materials,
copper coils 34 are then electroplated, vias are opened to expgse the

bottom of yoke 32, and the top of yoke 32 is plated to complete the head
structure. | -

Following the formation of the inductive read/write head, alumina
is next deposited, as shown in Fig. 5F, to the thickness desired for the
suspension 26. ?inally, the alumina layer 104 and the release layer 106
are etched in order to remove the completed head-suspension assembly 22
from the substrate 100 and the initial alumina layer 104.



10

15

20

25

AM9~93-007 8

The following Table 1 lists the experimentally determined wear
rates for various materials which can be used in the wear pad. The data
was obtained from a conventional 2.5-inch disk drive operating at 3600
RPM. The wear pad had a contact surface area of 35 microns x 35 microns
and was loaded onto a smooth carbon-overcoated and lubricated disk with a
loading force of 20 mgmf. The 10Cal.velocity of the disk under the wear
pad was 10 m/sec. - '

Material ' Initial Wear Rate Long~term Wear Rate
alumina 3800 nm/day 75 nm/day
sputtered carbon 150 nm/day 13 nm/day

(4 at % hydrogen)

sputtered carbon 18 nm/day 5 nin/day
(30 at % hydrogen)

PECVD carbon 6 nm/day 2 nm/day
{33 at % hydrogen) -

Table 1

By appropriate selection of the materials in Table 1 to create a
dual layer, or by gradually varying the dopant content in amorphous
carbon, such as by increasing the hYdfogen concenktration from the outer
layer to the inner layer to provide an essentially continuous single-wear
layer, it is possiblé to fabricate a wear pad which solves the problem of
initial misalignment with the disk and achieves high wear resistance over
the lifetime of the disk file.

While the preferred embodiments of the present invention have been
illustrated in detail, it should be apparent that modifications and
adaptations to those embodiments may occur to one skilled in the art
without departing from the scope of the present invention as set forth in
the following claims.,

— . [
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CLAIMS
1. A head assembly for use in a contact recording rigid disk file
comprising:

a carrier having a wear pad for contact with the disk, the wear pad
comprising an outer wear layer and an inner layer in contact with the
outer layer and having a wear resistance greater than that of the outer
layer; and

a head supported within the carrier for reading or writing data on
the disk, the head having a pole piece extending into the wear pad of the
carrier.

2. A head assembly as claimed in claim 1 wherein the head comprises an
inductive read/write head and wherein the pole piece comprises a pair of
pole tips separated by a recording head gap. '

3. A head assembly as claimediin claim 4 wherein the head comprises a
vertical recording head and wherein the pole piece comprises a vertical

recording probe.

4. A head assembly as claimed in claim 1 wherein the head comprises an
inductive write head and a magnetoresistive read head, and wherein the
pole piece comprises a magnetoresistive sensor and shields. )

5. A head assembly as claimed in claim 1 wherein the head comprises a
magnetoresistive read head having a magnetorgsistive sg§§or, and wherein
the pole piece comprises a flux guide for directing magnetic flux to the
magnetoresistive sensor. i

6. A head assembly as claimed in any preceding claim wherein the wear
pad outer layer is formed of essentially amorphous carbon having
substantially no hydrogen.

7. A head assembly as claimed in claim 6 wherein the inner layer is

formed of essentially amorphous carbon contalnlng hydrogen.

8. ‘A head assembly as claimed in any of claims 1 - 5 wherein the outer

layer is formed of essentially amorphous carbon containing less than
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approximately 15 atomic percent hydrogen and wherein the inner layer is
formed of essentially amorphous carbon containing approxima;ely 15 to 35
atomic percent hydrogen.

9. A head assembly as claimed in any of claims 1 to 5 wherein the
inner and outer layers of the wear pad are an essentially single
continuous layer having a wear resistance which increases from the
butward to the inward direction.

10. A head assembly as claimed in claim 9 wherein the single continuous
layer is formed of essentially amorphous carbon containing hydrogen, the
hydrogen concentration varying across the thickness of the single layer.

11. A head assembly as claimed in any of claims 1 to 5 wherein both the
inner and outer layers are either PECVD-deposited or sputter-deposited

layers.

12. A head assembly as claimed in any of claims 1 to 5 wherein one
layer is a sputter-deposited layer and the other layer is a PECVD-
deposited layer.

13. A head assembly as claimed in any of claims 1 to 5 wherein the
outer layer is alumina.

i

-

14. a4 head assembly as claimed in any preceding claim further
comprising a suspension connected to the carrier.

15. A head assembly as claimed in claim 14 wherein thggcarrier and
suspension are formed as a single-piece integrated assembly.

16. A contact recording disk file comprising:
a rigid disk for the storage of data;
means connected to the disk for rotating the disk;

a head assembly as claimed in any preceding claim;

This Sheet Has Been Rep
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means connected to the carrier for maintaining the wear pad of the

carrier generally in contact with the disk during reading or writing of

data by the head; and

means connected to the carrier for moving the carrier and supported

head across the disk.
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