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HEAD TILT MECHANISM FOR AZIMUTH RECORDING IN

TAPE DRIVES

Field Of The Imvention
The present invention relates generally to the field of
magnetic storage devices. More specifically, the present
invention relates to an apparatus for azimuth recording
and zenith adjusting of a magnetic tape head.

Background Of the Invention

Tape recording and reproducing systems for use as
computer data storage devices are required to provide high
data transfer rates and to perform a read check on all
written data. To satisfy these requirements, conventional
tape systems employ various methods of recording,
including linear recording, in which the tracks of data lie
parallel to each other and to the edge of the tape and helical
scan recording, in which the tracks of data lie parallel to
each other but at an anglé to the edge of the tape. The
linear recording method offers higher data transfer rates;
however, it is desirable to obtain higher data densities while
retaining the advantages of this method.

Tape track densities are limited by crosstalk, which
occurs when reading is interfered with by data of adjacent
tracks. Crosstalk is exacerbated by error in head gap
alignments.
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A method of recording known as azimuth recording
has been shown to decrease the effects of crosstalk and thus
increase the track density of tape recording systems.
Azimuth recording results in a recorded track pattern in
which the magnetization directions of adjacent data tracks
lie at different azimuth angles relative to each other. This
method greatly reduces intertrack crosstalk, enabling
tracks to be placed closer together.

A typical recorded track pattern resulting from the
use of a tape recording system utilizing azimuth recording is
shown in Fig. 1. The tracks 7 and 9 are recorded such that
the direction of magnetization of the data is at a first angle
_theta relative the lateral direction of the tape 50. Tracks 6
and 8 are recorded at a second such angle + theta.

The azimuth recording shown in Fig. 1 is achieved
through utilization of a typical magnetic head like the one
shown in Fig. la. Referring to Fig. la, the face 61 of the
magnetic head 60 contains a first column 62 of write head
gaps 72 and 73, a second column 66 of write head gaps 76
and 77, and a third column 64 of read head gaps 74 and 75
situated between the columns 62 and 66. The head gaps of
each column are arranged such that their lengths extend in
a lengthwise or longitudinal direction generally parailel to
the direction of arrow 71, as shown in Fig. 1a. The write
head gaps 72 and 73, the write head gaps 76 and 77, and
the read head gaps 74 and 75 are typically arranged such
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that there is an end-to-end space 63 between them.
Further, the corresponding head gaps in columns 62 and
66 are positioned such that the write head gaps 72 and 76
are generally laterally aligned. The read head gaps 74 and
45 in the third column 64 are offset in a lengthwise
direction and distance 65 from the corresponding write
head gaps in the other two columns 62 and 66. In this
arrangement, magnetic head 60 enables azimuth recording
of multiple tracks at once.

As shown in Fig. 1b, magnetic head 60 is typically
mounted on head assembly 100, as shown in dashed lines
in Fig. 1b, for lateral and stepped rotatable movement
relative to the tape 50. As shown, the magnetic head 60 is
mounted for movement about the output shaft of a rotary
motor 106. The rotary motor 106, which receives input
from a controller 200, serves to rotatably step the angle of
magnetic head 60 relative to the tape 50. A stepper motor
108, which also receives signals from the controller 200,
serves to engage an actuator 107, shown as a linear
actuator in Fig. 1b, for moving the magnetic head 60 in a
lateral or widthwise direction across the tape 50.

Referring to Fig. lc, during operation of a typical
azimuth recording system, the magnetic tape 50 moves in a
direction indicated by the arrow 79 over the magnetic head
60. As shown on the right side of Fig. lc, the magnetic head
60 is rotated in a positive angle relative to tape 50, denoted
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by +theta, bringing the write and read head gap pairs 72.
and 74, and 73 and 75, into general alignment with tracks
§2 and 54, respectively. Write head gaps 72 and 73 write
tracks 54 and 52, respectively, on tape 50. These tracks
extend generally parallel to the edge of tape 50. In this way
tracks are recorded in which the magnetization direction of
the data is at a positive azimuth angle on the tape 50.

Referring to Figs. lc, when the end of the tape 50 is
reached, the direction of travel of the tape 50 is reversed to
advance the tape S50 in the direction indicated by the arrow
78. Stepper motor 108 activates linear actuator 107 which
moves the magnetic head 60 laterally over the tape 50 to
the next track position to be written. The rotary motor 106
rotatably steps the magnetic head 60 to a negative angle,
denoted by -theta as shown on the left side of Fig. 1b. This
brings the read and write head gap pairs 74 and 76, and 75
and 77, into general alignment with the tracks 55 and 53,
respectively. In this position, the write head gaps 76 and
77 write the tracks 55 and 53, respectively, which extend
parallel to the edge of the tape 50. These tracks are written
at a negative azimuth angle. And again, due to the azimuth
position, -theta, of the magnetic head 60, the read head
gaps 74 and 75 are able to read check all data written by
write head gaps 76 and 77 tespecti\fely.

Conventional tape recording systems have employed
various azimuth adjustment mechanisms. One such
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mechanism is disclosed in U.S. Patent No. 4,539,615 to Arai
et al. entitied, "AZIMUTHAL MAGNETIC RECORDING AND

REPRODUCING APPARATUS" which describes a stepping
motor and a gear box to rotate the magnetic head into the
desired azimuth angle. The disadvantages of this type of
mechanism, are the physical size of the gear box and the
number of gears' required to achieve the high gear ratios
necessary for high track density recording and
reproducing. The gear box decreases the efficiency and
lowers the bandwidth of the mechanism, which impedes the
performance of the mechanism. Furthermore, the backlash
from multiple sets of gears in the gear box will induce
inaccuracies in the positioning of the tracks making high
track densities difficult to achieve. Backlash is created by
the loss of contact between gears during changes of
rotational direction. During starting and reversing of gears,

~backlash creates inaccuracy, particularly in a gear box,
wherein backlash has a cumulative effect from each gear.

Bandwidth measures the speed with which gears can
change directions of rotation. Generally, smaller gears and
lesser number of gears perform at higher bandwidths and
are thus more desired.

As tape recording systems become increasingly
smaller and the track density becomes increasingly greater,
the need to limit the physical size and backlash as well as the
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need to increase bandwidth of head actuation mechanisms
becomes critical.

* In any method of tape recording, it is highly essential
to position the magnetic head such that the face of the head
exhibits a zero zenith, i.e. the face of the head is
substantially parallel relative to the plane of the tape path.
Zero zenith enables the different read/write channels of the
head to make uniform and consistent contact with the tape,
which enables uniformly strong signals to be read and
written. In addition, the different read/write channels of
the head will remain in uniform contact with the tape as
the head moves up and down along the transverse
direction of the tape to read and write different tracks.

In the prior art, proper zenith of the head was
achieved by tightly controlling all the mounting surfaces to
very tight tolerances. For example, Fig. 2 shows a tape
guide system 3 and a vertically moveable platform 2 on
which a read/write head 1 is mounted. The platform 2 is
first aligned parallel to datum A of the baseplate. The tape
guide system 3 is then aligned perpendicular to datum A.
The read/write head 1 is then aligned perpendicular to its
mounting surface 5 which is mounted onto platform 2.
Thus when all three components are aligned, the zenith
may still be off by as much as the sum of all the allowable
tolerances in the alignment of the three components.
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Alternatively, another method of achieving proper-
zenith in the prior art was to adhesively attach the
magnetic head in place after aligning the zenith using gages.
The disadvantages of this method are that zenith may still
be misaligned once the adhesive shrinks during curing and
the amount of time required for this type of process.

Thus, a hitherto unsolved need has remained for a
magnetic head tilting mechanism which combines the
functions of azimuth and zenith adjustment in a
cooperative, synergistic manner and to reduce overall head

assembly components count, size, and overall complexity.

Summary Of the Invention

A general object of the present invention is to provide
a new and improved head tilting mechanism for obtaining
the required azimuth and adjustment mechanism for
zenith of a magnetic recording head in a manner
overcoming limitations and drawbacks of the prior art.

Another object to the present invention is to provide
an azimuth tilting mechanism for a magnetic head using a
worm and worm gear to provide a high gear ratio and high
angular head tilting resolution required for high track
density recording. |

A feature of the present invention uses a torsional

spring to bias the worm gear against the worm to eliminate
backlash.
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Another object of the present invention is to provide
an azimuth tilting mechanism having a high bandwidth.

Yet another object of the present invention is to
provide a zenith adjustment mechanism which eliminates
the cumulative tolerances of individual components.

Brief Descriptions Of the Drawings

Fig. 1 is a schematic illustration of the magnetization
directions of azimuth recording in adjacent tracks.

Fig. la is a frontal view of a magnetic head face showing
a typical head gap arrangement for azimuth recording.

Fig. 1b is a schematic representation of the components
of a conventional magnetic head assembly for azimuth
recording.

Fig. lc is a schematic representation of the positioning
of the magnetic head of Fig. la for writing an azimuth track
pattern.

Fig. 2 shows a prior art method of setting the zenith of
a magnetic head.

Fig. 3 is an exploded view of the present invention.

Fig. 4 is an isometric view of the present invention,
shown in its assembled form.

Fig. 5 is an exploded isometric view of the magnetic
head assembly.

Fig. 6 is a partial cross sectional view of the magnetic
head assembly illustrating the procedure for zenith



10

15

20

25

WO 97/18555

PCT/US96/18178

adjustment of the present invention, shown with the
magnetic head mounted thereon.

Fig. 7 is a frontal view of the face of the read/write
head of Fig. 6.

Detailed Description Of A Preferred Embodiment
Fig. 3 shows an exploded view of the head tilting

mechanism 20 of the present invention. The mechanism 20

includes a stepper motor assembly 28, including a motor

flange 15, a rotating shaft 16, and a worm 17 attached at
the end of the shaft 16. The motor assembly 28 is mounted
to a bracket 21 such that the shaft 16 and worm 17 are.
inserted through a through hole 12 defined in the bracket.
The motor 28 is secured to the bracket by set screws 10
which are inserted through aligned holes 11 in the motor
flange 15 and the bracket 21.

Worm gear 40 is integrally attached to shaft 42, which
is integrally connected to a head plate 22. Worm gear 40 is
meshably engaged to the worm 17 and transfers rotational
movement from the stepper motor 28 to the magnetic
head. Bearings 23 are inserted at both ends of shaft 42 and
supports the shaft 42-worm gear 40 assembly in the
supporting sections 35 of bracket 21.

In one preferred embodiment, the gear ratio between
the worm 17 and the worm gear 40 is approximately 125.
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Thus, a 7.5 degree step motor driven in a half step mode;
would enable the worm gear 40 to rotate the head 33 in
0.03 degree increments, or 0.00015 inches linear
resolution. The use of a worm-worm gear assembly
achieves a very high gear ratio, which enables a very fine
angular and linear resolution without requiring a gear box
or a high number of gears.

A torsional spring 26 having one end coupled to the
worm gear 40 and the other end coupled to a bearing cap
27, provides a loading force to bias the worm gear 40 into
constant contact against the worm 17 to eliminate backlash.
The use of one worm gear eliminates the need to use
torsional springs on every gear in order to eliminate
backlash in a gear box. Furthermore, the use of a single
worm gear reduces the overall mass and moment of inertia
of the gears, enabling a higher bandwidth.

As shown in Fig. 4, bearing cap 27 is provided with
four legs 37 which snap fit onto mounting tabs 36, formed
in bracket 21, to secure the worm gear 40 and shaft 42
against the bracket 21. The bearing cap may be made of
plastic or other lightweight material. |

Also shown on Fig. 4, is a Hall sensor 29 mounted to
the bracket opposite head plate 32. The Hall sensor 29
senses a magnetic field from a small permanent magnet 30,
attached to the head plate 32. As the head assembly
rotates, relative to the Hall sensor 29, the magnet 30 moves

10
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either closer or farther away from the sensor 29. At a
predetermined proximity, the magnetic field from the
magnet 30 triggers a "high" signal on the Hall sensor -29.
Conversely, as the head rotates "away" from the sensor,
outside the predetermined proximity, the sensor 29 will
shift to a "low" signal. The predetermined proximity will
depend on the strength of the magnet and the sensitivity of
the sensor. Thus, the signal measured by the Hall sensor 29
provides a reference for determining the initial direction of
rotation during power up (explained further below).

Referring to Fig. 5, magnetic head assembly 22
includes head plate 32 and magnetic read/write head 33
integrally attached to head baéking plate 34. The head plate
32 is provided with a pair of channeled pivot points 41,
located along a transverse axis of the head plate, i.e. in the
same direction as the plane of tape travel. The channels 43
are formed to accept the side flanges 38 formed in head
backing plate 34, which are inserted therein. Further, an
adjustment screw 44 is located a distance away from the
center axis of rotation of the head plate, along a longitudinal
axis i.e. perpendicular to the plane of tape travel for
adjusting the zenith of the head 33. In addition, a pair of
spring loaded steel balls 35 are partially embedded at the
base of the head plate 32, i.e. on the opposite side of the
adjustment screw, to bias the magnetic head 33 against the
adjustment screw 44,

11
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As illustrated in Fig. 6, as the adjustment screw 44 is
turned, the head 33 rotates about the pivot points 41 along
the transverse axis, is biased in constant contact against
steel balls 35, and enables the face of the magnetic head 33
to be aligned parallel to the plane of tape 50. The zenith
may be properly set by measuring the signal strengths of
various tracks on a pre-written tape during head alignment
procedure.  For example, when the signal strength is
measured to be relatively uniform across the width of the
pre-written tape, head zenith will be properly zeroed.

The head backing plate 34 as well as the head plate 32
may be machined from aluminum or other lightweight non-
ferromagnetic material.

Fig. 7 shows a frontal view of the face 31 of read/write
head 33. The face 31 contains a first column 162 of write
cores 112, 114, 116, and 118, a second column 166 of
write cores 82, 84, 86, and 88, and a third column 164 of
read cores 92, 94, 96, and 98 situated between columns
162 and 166. In the preferred embodiment, this
configuration enables four channel azimuth recording, at
the azimuth angle of approximately 9.4°.  Azimuth
recording is performed in both the forward direction, using
the write cores of column 166, and the backward direction,
using the write cores of column 162. Furthermore, the
head 33 is configured to enable linear recording in both
directions.

12
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During operation, the head tilting mechanism of the’
present invention is assembled in a tape recording system
similar to that illustrated in Fig. lc. As previously
mentioned, during power up of the system, the Hall sensor
29 provides a reference signal to enable the system to
determine the direction of initial rotation. For example, if
the Hall sensor 29 measures a "high" signal during power
up, stepper motor 28 will rotate in the clockwise direction
until the measured signal shifts to a "low". From this
"reference position”, the system is able to determine a
known reference point and the next direction of rotation.
Conversely, if the Hall sensor 29 measures a "low" signal
during power up, Stepper motor 28 will rotate in the
counterclockwise direction to the "reference position”, i.e.
until the signal shifts to a “high".

As stépper motor 28 receives input from a controller
(such as that shown in Fig. 1c) magnetic head 33 is rotated
to the desired azimuth angle. As previously stated, in the
preferred embodiment, the optimum azimuth angle is
approximately 9.4°. However, after manufacturing
tolerances, the actual azimuth angle during operation may
deviate. To ensure optimum recording, the actual azimuth
angle is determined by monitoring the signal strength
measured by the read cores 92, 94, 96, and 98. Thus, as
data is recorded, the angular fine resolution of the worm

13
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gear enables the head 33 to be incrementally rotated until -
the strongest signal is measured.

A tape head actuator similar to the actuator 104
disclosed in commonly assigned U. S. Patent No. 5,448,438
to Kasetty, entitled "HEAD ACTUATOR HAVING SPRING
LOADED SPLIT NUT", supports the magnetic head 60 and
serves to move the magnetic head 60 in a lateral or
widthwise direction across the tape 50. This patent is
incorporated by reference. For very high track density
recording, the high gear ratio of the worm gear provides
very fine linear resolution required to enable accurate
head-to-tape alignment and strong read signals.

Having thus described an embodiment of the
invention, it will now be appreciated that the objects of the
invention have been fully achieved, and it will be
understood by those skilled in the art that many changes in
construction and widely differing embodiments and
applications of the invention will suggest themselves
without departing from the spirit and scope of the
invention. The disclosure and the description herein are
purely illustrative and are not intended to be in any sense
limiting.

14
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What is claimed is:

1. A read/write head tilting mechanism for tape
drives comprising:

a magnetic head assembly including a magnetic head,
having an axis of rotation, the axis of rotation being
substantially perpendicular to a plane in which a magnetic
tape travels;

a worm gear assembly including a worm gear, attached
to the magnetic head assembly for rotating the magnetic
head assembly integrally with the worm gear about the axis
of rotation;

a motor assembly mounted to a bracket, the motor
assembly including a motor and a worm being in meshed
engagement with the worm gear for transmitting rotational
movement to the magnetic head assembly so that an
azimuth of the magnetic head may be finely set about the
axis of rotation; and ,

a bearing cap mounted to the bracket and for securing
the worm gear assembly to the bracket.

2. The head tilting mechanism of claim 1 wherein the
worm gear assembly further comprises a torsional spring
having one end coupled to the bearing cap and the other
end coupled to the worm gear, biasing the worm gear into
constant contact agdinst the worm to eliminate backlash.

* c L M s * .
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3. The head tilting mechanism of claim 1 wherein the
magnetic head assembly further comprises a head plate for
supporting the magnetic head so that the head plate and
the magnetic head can rotate integrally about the center
axis.

4. The head tilting mechanism of claim 1 wherein the
gear ratio between the worm and the worm gear is
substantially 125.

5. The head tilting mechanism of claim 3 wherein the
head plate further comprises means for adjusting a zenith
of the magnetic head so that a face of the head is
substantially parallel to the magnetic tape plane of travel.

6. The head tilting mechanism of claim 5 wherein the
means for adjusting the zenith of the magnetic head
comprises:

a pair of pivot points, each being located on opposite
ends of and along a transverse axis of the head piate;

an adjustment screw located along a longitudinal axis of
the head plate, at a distance away from the center axis of
rotation; and |

means for biasing the magnetic head against the
adjustment screw so that the head is pivotable along the
transverse axis about the two pivot points, the means for

o immmmom
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biasing being located a distance away from the center axis in
a direction opposite the adjustment screw.

7. The head tilting mechanism of claim 1 wherein the
motor comprises a stepping motor.

8. A mechanism for adjusting a zenith of a magnetic
head, relative to a magnetic tape moving in a plane
substantially parallel to a transverse axis of the magnetic
head, the head having a face and an axis of rotation
substantially perpendicular to the plane of tape travel, the
mechanism comprising:

a head plate for supporting the magnetic head the
head plate having an axis substantially perpendicular to the
face of the head;

a pair of pivot points, each being located on opposite
ends of and along a transverse axis of the head plate; and

an adjustment screw located along a longitudinal axis of
the head plate, at a distance away from the center axis, the
adjustment screw biasing the head against' a biasing means
to pivot the head along the transverse axis at the two pivot
points so that the face of the magnetic head is substantially
parallel to the tape.

-
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9. The mechanism of claim 8 wherein the biasing’
means are located a distance away from the center axis in a
direction opposite the adjustment screw.

10. The mechanism of claim 8 wherein the biasing
means comprises a pair of spring loaded steel balls.

11. A head tilting mechanism for tape drives
comprising: | |

a magnetic head assembly having an axis of rotation,
the axis of rotation being substantially perpendicular to a
plane in which a magnetic tape travels;

a head plate for supporting the magnetic head so that
the head plate and the magnetic head can rotate integrally
about the axis of rotation;

means for adjusting a zenith of the magnetic head so
that a face of the head is substantially parallel to the
magnetic tape;

a worm gear assembly including a worm gear,
connected to the magnetic head assembly for rotating the
magnetic head assembly integrally with the worm gear
about the axis of rotation; |

a motor assembly mounted to a bracket, the motor
assembly including a2 worm being in meshed engagement
with the worm gear for transmitting rotational movement

N [T T
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to the magnetic head assembly so that an azimuth of the
magnetic head may be finely set about the axis of rotation;

a bearing cap mounted to the bracket and for securing
the worm gear assembly to the bracket; and

a torsional spring having one end coupled to the
bearing cap and the other end coilpled to the worm gear,
biasing the worm gear into constant contact against the
worm to eliminate backlash.

12. The head tilting mechanism of claim 11 wherein
the gear ratio between the worm and the worm gear is
substantially 125.

13. The head tilting mechanism of claim 11 wherein
the means for adjusting the zenith of the magnetic head
comprises:

a pair of pivot points; each being located on opposite
ends of and along a transverse axis of the head plate;

an adjustment screw located along a longitudinal axis of
the head plate, at a distance away from the center axis of
‘rotation; and

means for biasing the magnetic head against the
adjustment screw so that the head is pivotable along the
transverse axis about the two pivot points, the means for
biasing being located a distance away from the center axis in
a direction opposite the adjustment screw.
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