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(57) Abstract

A magnetic tape head assembly (10) for use with a magnetic tape medium. The assembly includes an interior tape head module
(14) having a magnetic gap (18) with 16 or more tape head elements, and a first exterior tape head module (12) adjacent one side of the
interior module. The first exterior module has a magnetic gap with 16 or more tape head elements. The assembly also includes a second
exterior tape head module (16) adjacent the other side of the interior module. The second exterior module has a magnetic gap with 16 or
more recording elements. The distances between consecutive magnetic gaps of the interior and exterior modules are each approximately
60 microns, and the interior and exterior modules together define a semi-circular tape interface contour. In the preferred embodiment, the
interior module is a write head with 16 write elements, and the exterior modules are each read heads with 16 data read elements and 6
servo read elements.
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MULTI-TRACK, BI-DIRECTIONAL, HIGH SPEED
THIN FILM TAPE HEAD ASSEMBLY

Technical Field

The present invention relates to a magnetic
tape head assembly with multiple tape head modules
designed for bi-directional, high speed, high density
tape storage applications.

Background Art

An important and continuing goal in the data
storage industry is that of increasing the density of
data stored on a medium. For tape storage systems, that
goal has lead to increasing the track density in record-
ing tape heads, and decreasing the thickness of the
magnetic tape medium. However, the development of small
footprint, higher performance tape drive systems has
created various problems in the design of a tape head

assembly for use in such systems.

Such problems include recording high density
patterns on high coercivity tape media. In addition,
the tape head assembly must perform read while write
operations in both forward and backward direction of
tape motion at high tape speeds. Moreover, the tape
head assembly must be moveable perpendicular to the
direction of tape motion to allow multiple passes of the
tape with the head in different cross tape locations.
Further, the tape head assembly must provide active
track following servo capability. Still further, as the

numpber of recording or reproducing elements on a tape

PCT/US98/24062



10

15

20

25

30

WO 99/27528

-2-

head increases, the spacing between adjacent elements in
the tape head is much tighter. 1In addition, the rela-
tively poor guiding of the tape requires that the
spacing between a write element and a read verify in the
tape head assembly must decrease in order to ensure that

the read is located on the proper written track.

Thus, there exists a need for a multi-element,
thin film tape head assembly for use in a tape drive
that will use high coercivity half-inch wide tape media
(e.g., >1600 Oe Metal Particle) and a high recording
density (e.g., 70kfci base with 200-400 kfci write
equalization recording). Such a tape head assembly
would perform read while write operations in both
forward and backward direction of tape motion at a tape
speed of 2-4 m/s, and would be moveable perpendicular to
the direction of tape motion to allow multiple passes of
the tape. Still further, such a tape head assembly
would include 16 tape head elements, would provide
active track following servo capability using 6 servo
reading elements, and would have alignment between read

and write elements of better than 5 um.

Summary Of The Invention

Accordingly, a principle object of the present
invention is to provide an improved bi-directional, high

speed, multi-gap, high density tape head assembly.

According to the present invention, then, a
magnetic tape head assembly is provided for use with a
magnetic tape storage medium. The assembly comprises an
interior tape head module having a magnetic gap provided
therein, the interior module having at least 16 tape

head elements along the magnetic gap, and a first

PCT/US98/24062



10

15

20

25

WO 99/27528 PCT/US98/24062

-3-

exterior tape head module having a magnetic gap provided
therein, the first exterior module being disposed
adjacent one side of the interior module, the first
exterior module having at least 16 tape head elements
along the magnetic gap. The assembly further comprises
a second exterior tape head module having a magnetic gap
provided therein, the second exterior module being
disposed adjacent to another side of the interior
module, the second exterior module having at least 16
tape head elements along the magnetic gap. The distanc-
es between consecutive magnetic gaps of the interior and
exterior modules are each approximately 0.060 inches (60
mils), and the interior and exterior modules together

define a tape interface contour.

These and other objects, features and advan-
tages will be readily apparent upon consideration of the
following detailed description in conjunction with the

accompanying drawings.

Brief Description Of The Drawings

Figure 1 is a perspective view of one embodi-
ment of the multi-track, bi-directional thin film tape

head assembly of the present invention;

Figures 2a and 2b are views of alternative
embodiments of a multi-element, thin film write head for

use in the present invention; and

Figures 3a and 3b are views of alternative
embodiments of a multi-element, thin film read head for

use in the present invention.
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Detailed Description Of The Invention

Referring now to Figures 1-3, the preferred
embodiment of the present invention will now be de-
scribed in detail. In that regard, Figure 1 is a
perspective view of one embodiment of the multi-element,
bi-directional thin film tape head assembly of the

present invention, denoted generally by reference
numeral 10.

As seen therein, tape head assembly (10) is a
three segment head comprising a first read head (12), a
write head (14), and a second read head (16). In that
regard, as will be described in detail below in conjunc-
tion with Figures 2 and 3, write head (14) contains 16
thin film write elements (not shown) positioned symmet-
rically between read heads (12, 16), each containing 22
biased magneto-resistive (MR) read elements (not shown) .
In this embodiment, then, tape head assembly (10) is a
read/write/read design. While ©preferred, such a

read/write/read design is not required for the present

invention.

Still referring to Figure 1, as is well known
in the art, each read and write head (12, 14, 16)
includes a magnetic gap (18). In that regard, the
spacing between gaps (18) of read head (12) and write
head (14), as well as write head (14) and read head (16)
(gap-to-gap spacing), is 60 mils to aid reducing the
effect of azimuth on offtrack issues. The contour of
tape head assembly (10) is shaped for bi-directional
operation by using cylindrical surfaces and transverse
air bleed slots (20). As will be shown in greater
detail below with reference to Figures 2 and 3, the read

data elements are arranged in 4 groups of 4 or 2 groups
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of 8 to allow the servo tracks and readers to be posi-
tioned in between.

Referring still to Figure 1, the three head
modules (12, 14, 16) are preferably fixed into an
aluminum frame (not shown) with electrical connections
preferably made by direct attached thermosonic bonding
(not shown). In that regard, the cables are preferably
single layer shielded copper/Kapton based "flex" cables.
It should be noted that this design may also include
shields (not shown) or air ducts (not shown) between
modules (12, 14, 16).

As previously stated, the read/write/read

configuration described above is preferred, but
alternatives are possible. These include a
write/read/write configuration, or an interleaved
read/write two module arrangement. However, the

separation of reads and writes via the three module head
(as opposed to an interleaved design) gives lower
feedthrough and an easier thin film head manufacturing
process. Each side can be independently optimized and
the yield of one does not compromise the yield of the
other. In that regard, the thin film manufacturing
process for the tape heads for use in such an assembly
requires high precision and is very time-consuming. It
is therefore desirable to design a tape head assembly
that minimizes the complexity of the process. This is
best accomplished by minimizing the number of tape head
modules in the tape head assembly and by allowing for
maximum tolerances in the assembly of the required

modules.

While assembly of a three module head is more

complex than a two module head, the two module design
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involves interleaving the reads and writes in the thin
film area, thereby increasing the process complexity, as
well as the flex circuit and connector density. For
three module assemblies, the cable and card (and
crosstalk) complexity is much reduced as separation of
the reads and writes is done in the head rather than in
the cable or on the card. Moreover, locating the servo
readers in the read (only) gap provides low feedthrough
from the write when writing. In contrast, using reads
in the write gap has high feedthrough and complicates

the thin film head manufacturing process.

Moreover, using servo reads in the read gap
gives an error in the write position due to the
read/write module alignment. This is an important
consideration in a total write Track Mis-Registration
budget. In addition, use of two read heads in a
read/write/read design, rather than a single read head
in a write/read/write design, allows for servo averaging
from both read modules to eliminate the azimuth
contribution to the TMR on write, but not the base read
to write alignment offset. Still further, on readback,
the read servo elements are well aligned to the data

readers.

Referring next to Figures 2 and 3, views of
alternative embodiments of multi-element, thin film read
and write heads for use in the present invention are
shown. In that regard, Figures 2a and 2b depict single
and dual band embodiments of write head (14) of Figure
1. In that same regard, Figures 3a and 3b depict single
and dual band embodiments of read heads (12, 16) of
Figure 1. The dual band embodiments of read and write

heads (12, 14, 16) of Figure 1 are designed to decrease

PCT/US98/24062



10

15

20

25

30

WO 99/27528

-7~

the affect of tape dimensional instability over time by
subdividing the tape into two halves.

As seen in Figures 2a and 2b, write head (14)
of Figure 1 includes 16 write elements (21). Each write
element (21) is a 5 or 6 turn inductive device with
Cobalt-Zirconium-Tantalum poles constructed on an
Aluminum-Titanium-Carbide or a Nickel-Zinc ferrite base.
The pole width that defines the track width on tape is
36 um wide and the gap length is approximately .60-.75
um. As previously described, write elements (21) may be
arranged as a single band of 4 groups of 4 write
elements (21) to allow the servo tracks and readers to
be positioned in between (Figure 2a). Alternatively,
write elements (21) may be arranged in 2 bands of 8
write elements (21) (Figure 2b), again to account for
tape dimensional instability over time by subdividing
the tape into two halves. In this embodiment, each band
has an approximately 0.25 inch span for two positions
across a 0.5 inch tape. In that regard, the tape head
assembly of the present invention is designed for use in
a 0.5 inch, two reel cassette (cartridge). 1In either
embodiment, write head also includes lapping sensors

(not shown) at each end thereof.

Similarly, as seen in Figures 3a and 3b, read
heads (12, 16) of Figure 1 include 22 read elements
(24a, 24b). Each read element (24a, 24b) is a coupled
element (dual stripe) magneto-resistive (MR) element
sandwiched between two Nickel-Zinc ferrite blocks that
act as magnetic shields. The active element width is
approximately 16-28 um and the shield-to-shield spacing
is approximately 0.4-0.55 um. Like write elements (21),
read elements (24a, 24b) may be arranged as a single

band of 4 groups of 4 read elements (24a), with 6 servo
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tracks and read elements (24b) positioned in between
(Figure 3a). Alternatively, read elements (24a, 24b)
may be arranged in dual bands of 2 groups of 8 data read
elements (24a), with 6 servo tracks and read elements
(24b) positioned in between (2-8-2-8-2 format) (Figure
3b) . Once again, this arrangement is designed to
account for tape dimensional instability over time by
subdividing the tape into two halves. It should also be
noted that the servo read elements for use in the
present invention may be provided with different throat
heights to allow for reading of lower density servo

signals.

In either embodiment (Figures 2a and 2b, or 3a
and 3b), the tape head assembly of the present invention
uses 1lé tracks at a time, with 12 active servo readers.
It should be noted that the tape head assembly of the
present invention utilizes a common ground for pairs of
tracks (not shown), rather than a common ground for all
tracks. In such a fashion, the tape head assembly of
the present invention lessens ground loop problems.
Moreover, this layout in pairs of tracks improves
packing density. The three tape head modules, each with
16 active tracks, provides a unique format capability of
up to 288 tracks on a 0.5 inch tape. Such high density
creates the need for the servo reading capability and
the three module tape head assemblies described above,
particularly the read/write/read configuration of the
preferred embodiment.

As is readily apparent from the foregoing
description, then, the present invention provides an
improved bi-directional, high speed, multi-gap, high
density tape head assembly. More specifically, the

present invention provides a multi-element, thin film
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tape head assembly for use in a tape drive that will use
high coercivity half-inch wide tape media and a high
recording density. The tape head assembly of the
present invention will perform bi-directional read while
write operations at a tape speed of 2-4 m/s, and will be
moveable perpendicular to the direction of tape motion
to allow multiple passes of the tape. Still further,
the tape head assembly of the present invention includes
16 recording elements, provides active track following
servo capability using 6 servo reading elements, and has
alignment between read and write elements of better than
5 pum. As also previously discussed, the magnetic tape
head assembly of the present invention is suitable for

use with any number of read and/or write heads in any

combination.

It is to be understood, then, that the present
invention has been described in a illustrative manner
and that the terminology which has been used is intended
to be in the nature of words of description rather than
of limitation. As previously stated, many modification
and variations of the present invention are possible in
light of the above teachings. Therefore, it is also to
be understood that, within the scope of the following
claims, the present invention may be practiced otherwise

than as specifically described.
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What Is Claimed Is:

1. A magnetic tape head assembly for use with
a magnetic tape storage medium, the assembly comprising:

an interior tape head module having a magnetic
gap provided therein, the interior module having at
least 16 tape head elements along the magnetic gap;

a first exterior tape head module having a
magnetic gap provided therein, the first exterior module
being disposed adjacent one side of the interior module,
the first exterior module having at least 16 tape head
elements along the magnetic gap; and

a second exterior tape head module having a
magnetic gap provided therein, the second exterior
module being disposed adjacent to another side of the
interior module, the second exterior module having at
least 16 tape head elements along the magnetic gap;

wherein the distances between consecutive
magnetic gaps of the interior and exterior modules are
each approximately 60 mils, and the interior and
exterior modules together define a tape interface

contour.

2. The magnetic tape head assembly of claim
1 wherein the first and second exterior tape head

modules each comprise a read head.

3. The magnetic tape head assembly of claim
1 wherein the interior tape head module comprises a

write head.

4. The magnetic tape head assembly of claim
1 wherein each of the interior and exterior modules are
provided with a transverse slot on each side of the

magnetic gaps therein.
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5. The magnetic tape head assembly of claim
1 wherein the interior tape head module comprises a
read head.

6. The magnetic tape head assembly of claim
1 wherein the first and second exterior tape head

modules each comprise a write head.

7. The magnetic tape head assembly of claim
2 wherein the at least 16 tape head elements of the read
head comprises 22 read elements including 16 data read
elements and 6 servo read elements, the 22 read elements
being arranged across an approximately 0.5 inch span of
the magnetic gap in a format of 4 data read elements, 2
servo read elements, 4 data read elements, 2 servo read
elements, 4 data read elements, 2 servo read elements,

and 4 data read elements.

8. The magnetic tape head assembly of claim
2 wherein the at least 16 tape head elements of the read
head comprises 22 read elements including 16 data read
elements and 6 servo read elements, the 22 read elements
being arranged across an approximately 0.25 inch span of
the magnetic gap in a format of 2 servo read elements,
8 data read elements, 2 servo read elementsg, 8 data read

elements, and 2 servo read elements.

9. The magnetic tape head assembly of claim
3 wherein the at least 16 tape head elements of the
write head comprises 16 write elements arranged across
an approximately 0.5 inch span of the magnetic gap in a

format of 4 groups of 4 write elements.

10. The magnetic tape head assembly of claim
3 wherein the at least 16 tape head elements of the

PCT/US98/24062
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write head comprises 16 write elements arranged across
an approximately 0.25 inch span of the magnetic gap in

a format of 2 groups of 8 write elements.

11. A magnetic tape head assembly for use
with a magnetic tape storage medium, the assembly
comprising:

a first interior tape head module having a
magnetic gap provided therein, the first interior module
having at least 16 tape head elements along the magnetic
gap;

a second interior tape head module having a
magnetic gap provided therein, the second interior
module having at least 16 recording elements along the
magnetic gap;

a first exterior tape head module having a
magnetic gap provided therein, the first exterior module
being disposed adjacent the first interior module, the
first exterior module having at least 16 recording
elements along the magnetic gap; and

a second exterior tape head module having a
magnetic gap provided therein, the second exterior
module being disposed adjacent the second interior
module, the second exterior module having at least 16
tape head elements along the magnetic gap;

wherein the distances between consecutive
magnetic gaps of the interior and exterior modules are
each approximately 60 mils, and the interior and
exterior modules together define a tape interface

contour.

12. The magnetic tape head assembly of claim
11 wherein the first interior and second exterior tape

head modules each comprise a read head.
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13. The magnetic tape head assembly of claim
11 wherein the second interior and first exterior tape

head modules each comprise a write head.

14. The magnetic tape head assembly of claim
11 wherein each of the interior and exterior modules are
provided with a transverse slot on each side of the

magnetic gaps therein.

15. The magnetic tape head assembly of claim
11 wherein the first interior and second exterior tape

head modules each comprise a write head.

16. The magnetic tape head assembly of claim
11 wherein the second interior and first exterior tape

head modules each comprise a read head.

17. The magnetic tape head assembly of claim
12 wherein the at least 16 tape head elements of each
read head comprises 22 read elements including 16 data
read elements and 6 servo read elements, the 22 read
elements being arranged across an approximately 0.5 inch
span of the magnetic gap in a format of 4 data read
elements, 2 servo read elements, 4 data read elements,
2 servo read elements, 4 data read elements, 2 servo

read elements, and 4 data read elements.

18. The magnetic tape head assembly of claim
12 wherein the at least 16 tape head elements of each
read head comprises 22 read elements including 16 data
read elements and 6 servo read elements, the 22 read
elements being arranged across an approximately 0.25
inch span of the magnetic gap in a format of 2 servo

read elements, 8 data read elements, 2 servo read

PCT/US98/24062
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elements, 8 data read elements, and 2 servo read
elements.

19. The magnetic tape head assembly of claim
13 wherein the at least 16 tape head elements of each
write head comprises 16 write elements arranged across
an approximately 0.5 inch span of the magnetic gap in a

format of 4 groups of 4 write elements.

20. The magnetic tape head assembly of claim
13 wherein the at least 16 tape head elements of the
write head comprises 16 write elements arranged across
an approximately 0.25 inch span of the magnetic gap in

a format of 2 groups of 8 write elements.

21. The magnetic tape head assembly of claim
7 wherein the 22 read elements each comprise a coupled,

dual stripe, magneto-resistive element.

22. The magnetic tape head assembly of claim
8 wherein the 22 read elements each comprise a coupled,

dual stripe, magneto-resistive element.

PCT/US98/24062



18 20 18 20 18 20

WO 9927528

PCT/US98/24062

1/4

00O

0O

SUBSTITUTE SHEET (RULE 26)



WO 99/27528 i PCT/US98/24062

2/4

|

- c
N c
- c/
N\ c%
— e
— ]
’&,< : i 1| §
- 1T ] N
— 1] ] §
Z\“,<: ! il ]| N
E<: C\QE
g
g =
~ :
- :
S

=

SUBSTITUTE SHEET (RULE 26)



PCT/US98/24062

WO 99/27528

3/4

| m—)

[T

LTI

v bt

=
—

[LATHITETLTTIRUHITIIT

[T

[m—

N gl

\

atc

NVZRIANYZ

arc

\

are

SUBSTITUTE SHEET (RULE 26)



PCT/US98/24062

WO 99/27528

4/4

U

L

TRRRRRRRNTL

75 vl

L]

1]

N

174

1744

I

1L

1

/N

474 are

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US98/24062

A. CLASSIFICATION OF SUBJECT MATTER
IPC(6) :G11B 5/265
US CL :360/113, 119, 121, 122
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
U.S. : 360/113, 119, 121, 122

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5,293,285 A (LEONHARDT et al) 08 March 1994, figures 3-5{ 1-3,5-13,15-22
& column 6, lines 66-68. e 4,14
Y
Y US 5,034,838 A (BROCK et al) 23 July 1991, figure 1. 4,14
A US 4,375,656 A (RADMAN, JR. et al) 01 March 1983, figure 5. | 4,14
A US 4,685,005 A (FIELDS, JR.) 04 August 1987, figure 1. 1,11
A US 5,602,703 A (MOORE et al) 11 February 1997, figure 1. 1,11

D Further documents are listed in the continuation of Box C. D Sec patent family annex.

. Special categories of cited d ™ later d t published after the international filing date or priority
. date and not in conflict with the application but cited to understand
"A® document defining the general state of the art which is not considered
0 be of . relovance the principle or thoory underlying the invention
» arfior docum " internationsl fili .4 document of particular relevance; the clsimed invention cannot be
B ent published on or afler the in filing date considered novel or cannot be considered to involve an inventive step
*L* document which mly dn'ow doubts on pnonty cl.llm(l) or which is when the document is taken alone
cited to establi lication date of or other
special reason (as mﬁ.d) Y document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the documcm is
o document referring to an oral disclosure, use, exhibition or other combined with one or more other such d ts, such bi
means being obvious to a person skilled in the art
‘P* d blished prior to the i ional filing date but later than g« t i
the M date clsimed document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report

09 JANUARY 1999 1 6 MAR ]999

Name and mailing address of the ISA/US Authorized officer /
Commissioner of Patents and Trademarks (L6 ﬂ
S

Box PCT )
Washington, D.C. 20231 DAVID D.
Facsimile No.  (703) 305-3230 Telephone No.  (703) 308-3900

Form PCT/ISA/210 (second sheet)(July 1992)»



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

