
MAGNETIC CONTACT RECORDING HEAD FOR OPERATION WITH TAPES 

OF VARYING THICKNESS 

' 1 

FIELD OF THE INVENTION 

This invention relates generally to magnetic 

recording/storage devices and more specifically to a contact 

head assembly for recording and retrieving data from magnetic 

tapes of varying thicknesses. ---------------

BACKGROQND OF THE INVENTION 

A· magnetic head assembly including separate read and write 

head elements or islands is the recording and reproducing unit 

of a magnetic tape drive system. An island may include one or 

more magnetic cores. A magnetic coil is wound around the 

magnetic core of each read and write island; and each core has 

a gap. outing-the recording process, electric current supplied 

to a coil produces a magnetic field in the write core. The 

1.~ ·resulting flu·x across the gap region enters a magnetic tape 

·•.!·. moving over the island and magnetizes a small area therein in 

accordance with the ·direction of the current. During the 

reproducing process, the magnetized areas induce magnetic flux 

in the read core and an associated voltage in the coil. 

The bit density is a measure of the number of magnetized 

flux reversals recorded per unit length or area on a magnetic 

tape.· High bit density is desired for the tape in order to' 

provide high data capacity. At high bit recording derisities, 
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the separation between the gap of an island and the moving tape 

must be maintained-within very narrow tolerances, e.g. less than 

2 microinches, to achieve proper retrieval and recording of the 

closely-spaced bits; slight variations in the separation between 

the gap and tape can lead to erratic recording performance. Yet 

for low-to-moderate bit densities, a larger separation, e.g. 

O. 2 Sxl 0- 2mm to -2 0. SOxlO mm ( 10-20 microinches), is tolerable 

because the bits are spaced farther apart. 

Previously, magnetic tapes having a thickness of at least 

0.025mm (0.001 inch) were widely used in tape drives. These 

tapes are composed of materials having microstructural 

properties that result in scratching of the outer surfaces of 

the islands and eventual wear of the head assembly. Advances in 

recording material technology have led to thinner tapes having 

a thickness of 0.013 mm (0.0005 inch) or less and capable of 

achieving high bit densities. The thin tapes have largely 

replaced the thicker tapes because they provide higher storage 

capability per volume of tape. Moreover, the materials of the 

thinner tapes are smoother, thus increasing the operating life 

of the head. Yet, there is still a need to read the thicker 

tapes, since they often contain data that must be retrieved from 

them. 

A magnetic head assembly configured to operate with tapes 

of different thicknesses may encounter data reliability 
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problems. 

wears the 

curvature·" 

Movement of a tape over the head assembly gradually 

con~our of the head to the "natural radius of 

of the tape. The inherent stiffness of a tape 

influences its natural curvature, i.e. thick tapes are typically 

stiffer than thin tapes and thus, have a larger natural radius 

at constant tension. A head assembly partially shaped to the 

curvature of a thick tape has a large tape-to-head separation at 

the center of the island, where the gap is located, when 

operating with thinner tapes. The thick tape is also likely to 

scratch the surface of the head, particularly in the area of the 

gap. The increased separation and scratches significantly 

reduce the amplitude of signals retrieved from the thin tape. 

Therefore, an object of the present invention is to provide 

a magnetic contact head assembly capable of recording and 

retrieving data on magnetic tapes of different thicknesses. 

In one embodiment, the arrangement minimizes the separation 

between the gap of an island and a thin magnetic tape having a 

high bit density so as to facilitate proper recording and 

retrieval performance. 

As described hereinafter, the arrangement in one embodiment 

provides, controlled separation between the gap of an island and 

a thick magnetic tape having a low bit density so as to minimize 

damage to the gap, yet still maintain proper recording 
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performance. 

SUMMARY OF THE INVENTION 

In general, the arrangement provides a contact recording 

head assembly capable of performing reliable read and write 

operations on magnetic tapes of varying thicknesses. The head 

assembly includes a read island flanked by write islands with 

the gaps of the islands offset from the centers of the islands 

to maintain signal integrity when recording and reproducing data 

signals from the various tapes. 

The invention in its broad form resides in a contact 

recording magnetic head assembly capable of performing reliable 

read and write data operations on magnetic tapes of varying 

thicknesses, said head assembly having a generally arcuate outer 

surface adjacent to which the tapes pass in use, said head 

assembly comprising: 

at least one island integral with said head assembly and 

projecting above said head assembly outer surface, said island 

having a generally arcuate top surface spaced from said head 

assembly outer surface and peaking at a geometric center of said 

top surface, said island further having island sides that extend 

between said head assembly outer surface and said island top 

surface, said island including a magnetic coil and a magnetic 

core with a gap, 

wherein said gap is located a predetermined distance from 
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said geometric center of said island top surface, so as to 

maintain signal integrity when recording and reproducing data 

signals retrieved from the tapes of varying thicknesses. 

More specifically, the recording head assembly has a 

generally arcuate outer surface over which the tapes pass. The 

read and write islands are integral with the head assembly and 

project above the head assembly's outer surface. The islands 

have generally arcuate top surfaces that are spaced from the 

head assembly outer surface and that peak at the geometric 

centers of their top surfaces. The radius of curvature of each 

of these islands is initially equal to the natural radius of the 

thin tape at the operating tension of the tape drive. 

Each island includes a magnetic coil wourid around a 

magnetic core with a gap. The gap is offset from the center of 

the island to a location that maintains "contact" between the 

gap and a high density, thin tape, yet maintains a separation 

between the gap and a low density, thick tape. As described 

below, this provides effective operation with. both thin and 

thick tapes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and further advantages of the invention may be 

better understood by referring to the following description in 
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conjunction with the accompanying drawings, in which: 

Fig. 1 is a cross-sectional diagram of a magnetic head 

assembly including read and write islands; 

Fig. 2 is a cross-sectional diagram of a magnetic core of 

an island of a prior art head assembly; 

Fig. 3 is a diagram of a cross-section of an island used in 

the head assembly of the Fig. I and having a contour conforming 
\ 

to a thin tape and shown prior to operation with a thick tape; 

Fig. 4 is a diagram of the island of Fig. 3 after wear by 

the thick tape and showing the separation between the island and 

a thin tape; 

Fig. 5 is a diagram of an island of Fig. 1 showing the 

offset of the gap in accordance with a preferred embodiment of 

the invention; 

Fig. 6 is a cross-sectional diagram of a magnetic, core of 

an island in accordance with a preferred embodiment of the 

invention; 

Fig. 7 is a graph illustrating the initial state of the 

relationship between the gap offset distance and the separation 

between a thick tape and the offset gap; and 

Fig. 8 is a diagram of the initial state of the island of 

Fig. 5 having a contour conforming to a thin tape and showing 

the separation between the offset gap and a thick tape. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
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Referring to Fig. 1, a magnetic contact head assembly 10, 

arranged for data storage and retrieval operations on a 

magnetic tape 12, comprises a plurality of separate retrieving 

and recording elements or islands, generally designated at 30. 

The islands 30 include a read island 30r flanked by two (2} 

write islands, i.e. a forward write island 30wf and a reverse 

write island 30wr' both of which are preferably spaced 0.3 

inch from the read island 30r. The recording head assembly 

10, is preferably an inductive recording head with a generally 

arcuate outer surface 14 over which a fast-moving tape 12 

passes. The read and write islands 30 are integral with the 

head assembly 10 and project above the outer surface 14. 

Two (2) outrigger islands 40 1 , 40r, typically located 4.2 

mm (0.165 inches) from the write islands 30w, are also 

included in the head assembly 10. The outriggers 40 provide a 

proper approach angle for the magnetic tape 12 as it passes 

over the islands 30w. The "wrap" around the outrigger islands 

40 is preferably between 2.25° and 2.75° at the islands 30. 

This provides improved tension and flutter control. The 

outriggers 40 also provide a cleaning action by removing 

debris from the surface of the tape 12. The outriggers 40 are 

preferably substantially· identical in size and contour with 

the islands 30. 

The magnetic tape 12, which may be eith~r a thick tape 
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.12r or a thin tape 12f, typically resides in a cartridge 

consisting of a single reel of tape in a machine-accessible 

container (not shown) .. The container provides tape protection 

and a reduction in the need for human intervention in loading 

and unloading the tape. The magnetic tape 12 passes around 

guide rollers (not shown) and moves under tension over the 

magnetic head assembly 10. 

Fig. 2 is a simplified diagram of a magnetic core of an 

island 200 of a conventional prior art head assembly. The 

island 200 consists of a magnetic coil 250 and a magnetic core 

240 with a gap 220. The gap 220 is typically located in the 

center of the island 200 where "contact" with the tape is 

concentrated. When operating with a thin tape, the outer 

surface 230 of the island 200 is shaped to the natural 

curvature of the thin tape. Thereafter, when using a thick 

tape, movement over the head assembly gradually conforms the 

contour of the head to the natural curvature of the thick 

tape. Thus, the head experiences wear, with the largest 

degradation occurring at the maximum pressure point of the 

island 200, i.e. the center. Accordingly, when subsequently 

operating a thin tape on a head partially worn by a thick 

tapet. an increased spacing loss occurs at the gap 220, which 

significantly reduces the amplitude of recorded/retrieved 

signals. 
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This phenomenon will be better understood by reference to 

Figs. 3 and 4. Fig. 3-is a diagram of an island 300 

manufactured with a radius of curvature, Rf, of the thin tape 

12f. As shown, the tape 12f closely follows the curved 

surface of the island 300 depicted therein. However, 

operation with a thick tape 12r, which has a greater natural 

radius (Rr), gradually abrades the island to that radius. 

Since abrasion takes place ov~t the area of contact, it begins 

at the top of the island and works downward~ The top surface 

of the island 300 thus acquires the larger.radius and the 

width of this top surface increases as wear by the thick tape 

12r progresses. This results in an increase in the tape-head 

separation when the thin tape 12f is used. 

More specifically, in Fig. 4, abrasion by a thick tape 

12r has worn down the island 300 near its center, with a 

resulting top surface 300a having a radius of curvature 

corresponding to the natural radius of the thick tape. 

Intermediate surfaces 300b still have the original radius of 

curvature. Consequently, when the thin tape 12f is passed 

over the island 300, it cannot bend around the intersections 

of the surface 300a with the surfaces 300b; instead, it 

follows the path shown with the dashed line .. Therefore, for a 

center-gap head island, the separation hx has materially 

increased for the thin tape with a consequent loss of signal 

strength. 
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The present invention minimizes the spacing loss 

resulting from the above-described wear by offsetting the gaps 

32 in the read and write islands from the geometric centers of 

the islands 30. Fig. 5 is a diagram of an island 30 of head 

assembly 10. The island 30 has a generally arcuate top 

surface 36 that is spaced from the head assembly outer surface 

14 and that peaks at the geometric center c 1 of the top 

surface 36. The width w of th~ island 30 is approximately 

0.225 mm {0.009 inch). The island 30 has sides 38 that extend 

between the head assembly outer surface 14 and the island top 

surface 36. The tape 12 is pulled across the island 30 at a 

tension of approximately 113 grams (4 oz) and at a wrap angle 

of 2.5°. A 45° "cliff" angle on the side 38 of island 30 

determines the increase in width of the island 30 as the 

surface wears as a result of abrasion by the tape 12. 

Fig. 6 is a simplified diagram of a magnetic core of an 

island 30 in accordance with a preferred embodiment of the 

invention. The island 30 includes a magnetic coil 35 and a 

magnetic core 34 with a gap 32. The gap 32 of the island 30 

is positioned a distance x from the geometric center c 1 of the 

top surface 36 of the island 30. The gap 32 is preferably 

offset in the direction of tape moveme~t to minimize tape 

lifting. However, since the head assembly 10 facilitates 

retrieval and recording of data in either direction, the gap 

32 can be shifted in the opposite direction and reliably 
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perform read and write operations with tapes of different 

thicknesses. The exact location of the gap 32 depends upon 

the operating conditions of the tape drive system, i.e 

tension, wrap angle, speed, thickness and materials of the 

tape. 

Generally, the gap 32 is offset as far as possible toward 

a side of the island so that· the high density, thin tape 

"contacts" the gap 32. More specifically, the gap is offset 

from the center of the island 30 to a location that avoids 

unstable contact between the gap 32 and a moving thin tape 12f 

on account of the "entrance effect". That is, as the tape 12f 

approaches the side 38 of the island 30 and initially contacts 

its top surface 35·, air is trapped between the moving tape and 

the surface. This causes.flapping of th~ tape and unstable 

contact at the edge of the island 30. Additionally, the gap 

32 is offset to a location that maintains controlled, i.e. 

narrow, separation between the gap 32 and a thick tape 12r. 

Thus, in a preferred embodiment of the invention, the gap 

offset distance x is approximately 0.625 mm (0.0025 inch) from 

the center c 1 of a (9.0 mil) 2.225 mm-wide island 30. The 

graph of Fig. 7 illustrates the initial state of the 

relationship between the gap offset distance and the resultant 

separation between the thick tape 12r and the gap 32 for an 

island having a contour shaped to the thin tape 12f. As can 
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be seen from the graph, a tape-head separation of 0.025xl0- 2 mm 

(10 microinches) occurs at the gap 32 when the gap is offset 

2.5 mils from the center of the island 30. The 10 rnicroinches 

of separation is within the acceptable range for low-density 

signal reproduction. 

Fig. 8 depicts the initial state of an island 30 with an 

offset gap 32. The thin tap~· 12f contacts the gap 32 in a 

stable manner, since the surface of the island 30 conforms to 

the natural radius of the thin tape 12f. Contact between the 

tape 12f and gap 32 is important because of the high density, 

and thus closely-spaced, signals recorded on the tape 12f. 

On the other hand, the thick tape 12r, being 

substantially stiffer ·than the thin tape 12f, contac~s the 

island 30 near its center c 1 , but avoids contact with the 

offset gap 32. The resulting separation hx between the tape 

and gap 32 is significant, e.g 0.025 to 0.050 mm (10-20 

microinc~es), yet sufficient to maintain proper ·signal 

performance, i.e. tolerable signal loss, with the low density, 

thick tape 12r. In other words, proper recording/retrieval 

performance can be maintained at an increased separation 

distance if the signal recording density is reduced 

proportionately. 
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As the operating time of the thick tape 12r increases, 

the area of the island 30 that is contoured by the thick tape 

12r also increases. The maximum allowable time for thick tape 

operation is limited to the time it takes for the intersection 

of the radii of the thin and thick tapes to approach the gap 

32. The embodiment disclosed herein provides a satisfactory 

period of time, e.g. at least 100 hours, for continuous 

operation of the thick tape ·12r. However, subsequent 

operation with the thin tape 12f tends to counteract the 

contour effects of the thick tape 12r and eventually restores 

the island to its initial state. 

The foregoing description has been limited to a specific 

embodiment of this invention. It will be apparent, however, 

that variations and modifications may be made to the 

invention, with the attainment of some or all of its 

advantages. Therefore, it is the object of the appended 

claims to cover all such variations and modifications as come 

within the true spirit and scope of the invention. 

What is claimed is: 
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* C L M S * CLAIMS 

1. A contact recording magnetic head assembly capable of 

performing reliable read and write data operations on magnetic 

tapes of varying thicknesses, said head assembly having a 

generally arcuate outer surface adjacent to which the tapes 

pass in use, said head assembly comprising: 

at least one island· integral with said head assembly 

and projecting above said head assembly outer surface, said 

island having a generally arcuate top surface spaced from said 

head assembly outer surface and peaking at a geometric center 

of said top surface, said island further having island sides 

that extend between said head assembly outer surface and said 

island top surface, said island including a magnetic coil and 

a magnetic core with· a gap, 

wherein said gap is located a predetermined distance from 

said geometric center of said island top surface, so as to 

maintain signal integrity when recording and reproducing data 

signals retrieved from the tapes of varying thicknesses. 

2. The contact recording magnetic head assembly of claim 1 

wherein 

said island is one of a read island arid a write island. 

3. The contact recording magnetic head assembly of claim 2 

wherein the location of said gap is in the direction of tape 

This Sheet Has Been Replaced 

11111111 11111111111111111 
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movement across said head assembly. 

4. The contact recording magnetic head assembly of claim 3 

wherein 

said predetermined distance is 0.0625 mm (2.5 mils) from the 

center of 

a 0.225 mm (9.0 mil) wide island. 

5. An inductive contact magnetic recording head assembly 

capable of performing reliable read and write data operations 

on magnetic tapes of varying thicknesses, said head assembly 

having a generally arcuate outer surface adjacent to which the 

tapes pass in use, said head assembly comprising: 

a read island integral with said head assembly and 

projecting above Said head .assembly OUter :surface I Said read 

island having a generally arcuate top surface spaced from said 

head assembly outer surface and peaking at the geometric 

center of said top surface, said read island further having 

island sides that extend between said head assembly outer 

surface and said island top surface, said read island 

including a magnetic coil and a magnetic core with a gap; and 

a write island integral with said head assembly, said 

write island projecting above said head assembly outer surface 

and having a generally arcuate top surface spaced from said 

head assembly outer surface and peaking at the geometric 

centers of said top surface, said write island further having 
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island sides that extend between said head assembly outer 

surface and said island top surface, said write island 

including a magnetic.coil and magnetic core with a gap, 

wherein each of said gaps of said read and write islands 

is positioned a predetermined distance from s·aid geometric 

center of said top surface so as to maintain signal integrity 

when recording and reproducing data signals retrieved from the 
\ 

tapes. 
11111111111111111111111111 1111 

* C L M S * 

6. The contact recording head assembly of claim 4 wherein 

the location of said gaps is in the direction of tape movement 

across said head assembly. 

7. A contact recording head assembly capable of performing 

reliable read and write data operations on magnetic tapes of 

varying thicknesses, said head assembly having a generally 

arcuate outer surface adjacent to which the tapes pass in use, 

said head assembly comprising: 

a read island integral with said head assembly and 

projecting above said head assembly outer surface, said read 

island having a generally arcuate top surface spaced from said 

head assembly outer surface and peaking at the geometric 

center of said top surface, said read island further having 

island sides that extend between said head assembly outer 

surface and said island top surface, said read island 

including a magnetic coil and a magnetic core with a gap; and 
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a plurality of write islands flanking said read island 

and integral with said head assembly,-said write islands 

projecting above said head assembly outer surface and having 

generally arcuate top surfaces spaced from said head assembly 

outer surface and peaking at the geometric centers of said top 

surfaces, said write islands further having island sides that 

extend between said head asse,mbly outer. surface and said 

islands top surfaces, said write islands including magnetic 

coils and magnetic cores with gaps, 

wherein said gaps of said read and write islands are 

positioned a predetermined distance between the intersection 

of one of said islands sides and said islands top surfaces, 

and said geometric center of said top surfaces so as to 

maintain signal integrity~hen recording and reproducing data 

signals reirieved from the tapes. 

·------·-----
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MAGNETIC CONTACT RECORDING HEAD FOR OPERATION WITH TAPES O ~ 
VARYING THICKNESS 

ABSTRACT 

A contact recording magnetic heaa assembly arrangement 

capable of performing 'reliable read and write operations on 

magnetic tapes of varying thickness is provided. The head 

assembly includes a read island and a write island with gaps 

off set a distance from their centers to maintain signal 

integrity when processing the data signals stored and 

retrieved from the various ~apes. The offset gaps enable 

efficient handling of tapes of different thicknesses. 

Fig. 6 This Sheet Has Been R 1 
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FIELD OF THE INYENTION 

This invention relates generally to magnetic 

recording/storage devices and more specifically to a contact 

head assembly for recording and retrieving data from magnetic 

tapes of varying thicknesses. 

BACKGROQND OF THE INVENTION 

A magnetic head assembly including separate read and write 

head elements or islands is the recording and reproducing unit 

of a magnetic tape drive system. An island may include one or 

more magnetic cores. A magnetic coil is wound around the 

magnetic core of each read and write islpnd, and each core has 

a gap. During the recording process, electric current supplied 

to a coil produces a magnetic field in the write core. The 

resulting flux across the gap region enters a magnetic tape 

moving over the island and magnetizes a small area therein in 

accordance with the direction of the current. During the 

reproducing process, the magnetized areas induce magnetic flux 

in the read core and an associated voltage in the coil. 

The bit density is a measure of the number of magnetized 

flux reversals recorded per.unit length or area on a magnetic 

tape. High bit density is desired for the tape in order to 

provide high data capacity. At high bit recording densities, 
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the separation between the gap of an island and the moving tape 

must be maintained within very narrow tolerances, e.g. less than 

2 microinches, to achieve proper retrieval and recording of the 

closely-spaced bits; slight variations in the separation between 

the gap and tape can lead to erratic recording performance. Yet 

for low-to-moderate bit densities, a larger separation, e.g. 

0. 25x10- 2mm to -2 
0. SOxlO mm (10-20 microinches), is tolerable 

because the bits are spaced farther apart. 

-· 

Previously, magnetic tapes having a thickness of at least 

0.025mm (0.001 inch) were widely used in tape drives. These 

tapes are composed of ·materials having microstructural 

properties that result in scratching of the outer surfaces of 

the islands and eventual wear of the head assembly. Advances in 

recording material technology have led to thinner tapes having 

a thickness of 0.013 mm (0.0005 inch) or less and capable of 

achieving high bit densities. The thin tapes have largely 

replaced the thicker tapes because they provide higher storage 

capability per volume of tape. Moreover, the materials of the 

thinner tapes are smoother, thus increasing the operating life 

of the head. Yet, there is still a need to read the thicker 

tapes, since they often contain data that must be retrieved from 

them. 

A magnetic head assembly configured to operate with tapes 

of different thicknesses may encounter data reliability 
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problems. Movement of a tape over the head assembly gradually 

wears the contour of the head to the nnatural radius of 

curvature" of the tape. The inherent stiffness of a tape 

influences its natural curvature, i.e. thick tapes are typically 

stiffer than thin tapes and thus, have a larger natural radius 

at constant tension. A head assembly partially shaped to the 

curvature of a thick tape has a large tape-to-head separation at 

the center of the island, where the gap is located, when 

operating with thinner tapes. The thick tape is also likely: to 

scratch the surface of the head, particularly in the area of the 

gap. The increased separation and scratches significantly 

reduce the amplitude of signals retrieved from the thin tape. 

Therefore, an object of the present invention is to provide 

a magnetic contact head assembly capable of recording and 

retrieving data on magnetic tapes of different thicknesses. 

In one embodiment, the arrangement minimizes the separation 

between the gap of an island and a thin magnetic tape having a 

high bit density so as to facilitate proper recording and 

retrieval performance. 

As described hereinafter, the arrangement in one embodiment 

provides, controlled separation between the gap of an island and 

a thick magnetic tape having a low bit density so as to minimize 

damage to the gap, yet still maintain proper recording 
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performance. 

REPL.i'.CEMENT SHEET 

Date : .. J.9 .. NO-Y.·m&· 

THIS SHEET HAS BEEN 
REPLACED 

SUMMARY OF THE INVENTION 

In general, the arrangement provides a contact recording 

head assembly capable of performing reliable read and write 

operations on magnetic tapes ~f varying thicknesses. The head 

assembly includes a read island flanked by write islands with 

the gaps of the islands offset from the centers of the islands 

to maintain signal integrity when recording and reproducin~ data 

signals from the various tapes. 

The invention in its broad form resides in a contact 

recording magnetic head assembly capable of performing reliable 

read and write data operations on magnetic tapes of varying 

thicknesses, said head assembly having a generally arcuate outer 

surface adjacent to which the tapes pass in use, said head 

assembly comprising: 

at least one island integral with said head assembly and 

projecting above said head assembly outer surface, said island 

having a generally arcuate top surface spaced from said head 

assembly outer surface and peaking at a geometric center of said 

top surface, said island further having island sides that extend 

between said head assembly outer surface and said island top 

surface, said island including a magnet.ic coil and a magnetic 

core with a gap, 

wherein said gap is located a predetermined distance from 
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said geometric center of said island top surface, so as to 

maintain signal integrity when recording and reproducing data 

signals retrieved from the tapes of varying thicknesses. 

More specifically, the recording head assembly has a 

generally arcuate outer surface over which the tapes pass. The 

read and write islands are integral with the head assembly and 

project above the head assembly's outer surface. The islands 

have generally. arcuate top surfaces that are spaced from"the 

head assembly outer surface and that peak at the geometric 

centers of their top surfaces. The radius of curvature of each 

of these islands is initially equal to the natural radius of the 

thin tape at the operating tension of the tape drive. 

Each island includes a magnetic coil wound around a 

magnetic core with a gap. The gap is offset from the center of 

the island to a location that maintains "contact" between the 

gap and a high density, thin tape, yet maintains a separation 

between the gap and a low density, thick tape. As described 

below, this provides effective operation with. both thin and 

thick tapes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and further advantages of the invention may_ be 

better understood by referring to the following description in 

.. 
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conjunction with the accompanying drawings, in which: 

Fig. 1 is a cross-sectional diagram of a magnetic head 

assembly including read and write islands; 

Fig. 2 is a cross-sectional diagram of a magnetic core of 

an island of a prior art head assembly; 

Fig. 3 is a diagram of a cross-section of an island used in 

the head assembly of the Fig. I and having a contour conforming 

to a thin tape and shown prior to operation with a thick tape; 

Fig. 4 is a diagram of the island of Fig. 3 after wear by 

the thick tape and showing the separation between the island and 

a thin tape; 

Fig. 5 is a diagram of an island of Fig. 1 showing the 

offset of the gap in accordance with a preferred embodiment of 

the invention; 

Fig. 6 is a cross-sectional diagram of a magnetic core of 

an island in accordance with a preferred embodiment of the 

invention; 

Fig. 7 is a graph illustrating the initial state of the 

relationship between the gap offset distance and the separation 

between a thick tape and the offset gap; and 

Fig. 8 is a diagram of the initial state of the island of 

Fig. 5 having a contour conforming to a thin tape and showing 

the separation between the offset gap and a thick tape. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
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Referring to Fig. 1, a magnetic contact head assembly 10, 

arranged for data storage and retrieval operations on a 

magnetic tape 12, comprises a plurality of separate retrieving 

and recording elements or islands~ generally designated at 30. 

The islands 30 include a read island 30r flanked by two (2) 

write islands, i.e. a forward write island 30wf and a reverse 

write island 30wr' both of which are preferably spaced 0.3 

inch from the read island 30r. The recording head assembly 

10, is preferably an inductive recording head with a generally 

arcuate outer surface 14 over which a fast-moving tape 12 

passes. The read and write islands 30 are integral with the 

head assembly 10 and project above the outer surface 14. 

Two (2) outrigger islands 40 1 , 40r, typically located 4.2 

mm (0.165 inches) from the write islands 30w, are also 

included in the head assembly 10. The outriggers 40 provide a 

proper approach angle for the magnetic tape 12 as it passes 

over the islands 30w. The «wrap" around the outrigger islands 

40 is preferably between 2.25° and 2.75° at the islands 30. 

This provides improved tension and flutter control. The 

outriggers 40 also provide a cleaning action by removing 

debris from the surface of the tape 12. The outriggers 40 are 

preferably substantially identical in size and contour with 

the islands 30. 

The magnetic tape 12, ·which may be eith~r a thick tape 
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.12c or a thin tape 12!, typically resides in a cartridge 

consisting of a single reel of tape in a machine-accessible 

container (not shown). The container provides tape protection: 

and a reduction in the need for human intervention in loading 

and unloading the tape. The magnetic tape 12 passes around 

guide rollers (not_ shown) and µioves under tension over the 

magneti_c head assembly 10. 

Fig. 2 is a simplified diagram of a magnetic core of:an 

island 200 of a conventional prior art head assembly. The 

island 200 consists of a magnetic coil 250 and a magnetic core 

240 with a gap 220. The gap 220 is typically located in the 

center of the island 200 where "contact" with the tape is 

concentrated. When operating with a thin tape, the outer 

surface 230 of the island 200 is shaped to the natural 

curvature of the thin tape. Thereafter, when using a thick 

tape, movement over the head assembly gradually conforms the 

contour of the head to the natural curvature of the thick 

tape. Thus, the head experiences wear, with the largest 

degradation occurring at the maximum pressure point of the 

island 200, i.e. the center. Accoidingly, when subsequently 

operating a thin tape on a head partially worn by a thick 

tape, an increased spacing loss occurs at the gap 220, which 

significantly reduces the amplitude of recorded/retrieved 

signals. 
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This phenomenon will be better understood by reference to 

Figs. 3 and 4. Fig. 3 is a diagram of an island 300 

manufactured with a radius of curvature, Rf, of the thin tape 

12f. As shown, the tape 12f closely follows the curved 

surface of the island 300 depicted therein. However, 

operation with a thick tape 12~, which has a greater natural 

radius {Rr), gradually abrades the island to that radius. 

Since abrasion takes place over the area of contact, it begins 

at the top of the island and works downward. The top surface 

of the island 300 thus acquires the larger radius and the 

width of this top surface increases as wear by the thick tape 

12~ progresses. This results in an increase in the tape-head 

separation when the thin tape 12f is used. 

More specifically, in Fig. 4, abrasion by a thick tape 

12r has worn down the island 300 near its center, with a 

resulting_top surface 300a having a radius of curvature 

corresponding to the natural radius of the thick tape. 

Intermediate surfaces 300b still have the original radius of 

curvature. Consequently, when the thin tape 12f is passed 

over the island 300, it cannot bend around the intersections 

of the surface 300a with the surfaces 300b; instead, it 

follows the path shown with the dashed line. -Therefore, for a 

center-gap head island, the separation hx has materially 

.increased for the thin tape with a consequent loss of signal 

strength. 

.. . , 
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The present invention minimizes the spacing loss 

resulting from the above-described wear by offsetting the gaps 

32 in the read and write islands from the geometric centers of 

the islands 30. Fig. 5 is a diagram of an island 30 of head 

assembly 10. The island 30 has a generally arcuate top 

surface 36 that is spaced from the head assembly outer surface 

14 and that peaks at the geometric center c 1 of the top 

surface 36. The width w of the island 30 is approximately 

0.225 mm (0.009 inch). The island 30 has sides 38 that extend· 

between the head assembly outer surface 14 and the island top 

surface 36. The tape 12 is pulled across the island 30 at a 

tension of approximately 113 grams (4 oz) and at a wrap angle 

of 2.5°. A 45° "cliff" angle on.the side 38 of island 30 

determines the increase in width of the island 30 as the 

surface wears as a result of abrasion by the tape 12. 

Fig. 6 is a simplified diagram of a magnetic core of an 

island 30 in accordance with a preferred embodiment of the 

invention. The island 30 includes a magnetic coil 35 and a 

magnetic core 34 with a gap 32. The gap 32 of the island 30 

is positioned a distance x from the geometric center c 1 of the 

top surface 36 of the island 30. The gap 32 is preferably 

offset ·in the direction of tape movement to minimize tape 

lifting. However, since the head assembly 10 facilitates 

retrieval and recording of data in either direction, the gap 

32 can be shifted in the opposite direction and reliably 
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thicknesses. The exact location of the gap 32 depends upon 

the operating conditions of the tape drive system, i.e 

tension, wrap angle, speed, thickness and materials of the 

tape. 

Generally, the gap 32 is offset as far as possible toward 

a side of the island so that the high density, thin tape 

"contacts" the gap 32. More specifically, the gap is offset 

from the center of the island 30 to a location that avoids 

unstable contact between the gap 32 and a moving thin tape 12f 

on account of the "entrance effect". That is, as the tape 12f 

approaches the side 38 of the island 30 and initially contacts 

its top surface 36, air is trapped between the moving tape and 

the surface. This causes flapping of the tape and unstable 

contact at the edge of the island 30. Additionally, the gap 

32 is offset to a location that maintains controlled, i.e. 

narrow, separation between the gap 32 and a thick tape 12r. 

Thus, in a preferred embodiment of the invention, the gap 

offset distance x is approximately 0.625 mm (0.0025 inch) from 

the center c 1 of a (9.0 mil} 2.225 mm-wide island 30. The 

graph of Fig. 7 illustrates the initial state of the 

relationship between the gap offset distance and the resultant 

separation between the thick tape 12, and the gap 32 for an 

island having a contour shaped to the thin tape 12f. As can 
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(10 microinches) occurs at the gap 32 when the gap is offset 

2.5 mils from the center of the island 30. The 10 microinches 

of separation is within the acceptable range for iow-density 

signal reproduction. 

Fig. 8 depicts the initial state of an island 30 with an 

offset gap 32. The thin tape 12f contacts the gap 32 in a 

stable manner, since the surface of the island 30 conforms to 

the natural radius of the thin tape 12f. Contact between the 

tape 12f and gap 32 is important because of the high density, 

and thus closely-spaced, signals recorded on the tape 12f. 

On the other hand, the thick tape 12r, being 

substantially stiffer than the thin tape 12f, contacts the 

island 30 near its center c 1 , but avoids contact with the 

offset gap 32. The resulting separation hx between the tape 

and gap 32 is significant, e.g 0.025 to 0.050 mm (10-20 

microinches), yet sufficient to maintain proper signal 

performance, i.e. tolerable signal loss, with the low density, 

thick tape 12r. In other words, proper recording/retrieval 

performance can be maintained at an increased separation 

distance if the signal recording density is reduced 

proportionately. 
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As the operating time of the thick tape 

the area of the island 30 that is contoured by the thick tape 

12r also increases. The maximum allowable time for thick tape 

operation is limited to the time it takes for the intersection 

of the radii of the thin and thick tapes to approach the gap 

32. The embodiment disclosed herein provides a satisfactory 

period of time, e.g. at least 100 hours, for continuous 

operation of the thick tape 12r. However, subsequent 

operation with the thin tape 12f tends to counteract the 

contour effects of the thick tape 12r and eventually restores 

the island to its initial state. 

The foregoing description has been limited to a specific 

embodiment of this invention. It will be apparent, however, 

that variations and modifications may be made to the 

invention, with the attainment of some or all of its 

advantages. Therefore, it is the object of the appended 

claims to cover all such variations and modifications as come 

within the true spirit and scope of the invention. 

What is claimed is: 
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1. A contact recording magnetic head assembly capable of 

performing reliable read and write data operations on magnetic 

tapes of varying thicknesses, said head assembly having a 

generally arcuate outer surface adjacent to which the tapes 

pass in use, said head assembly comprising: 

at least one island integral with said head assembly 

and projecting above said head assembly outer surface, said 

island having a generally arcuate top surface spaced from said 

head assembly outer surface and peaking at a geometric center 

of said top surface, said island further having island sides 

that extend between said head assembly outer surface and said 

island top surface, said island including a magnetic coil and 

a magnetic core with a gap, 

wherein said gap is located a predetermined distance from 

said geometric center of said island top surface, so as to 

maintain signal integrity when recording and reproducing data 

signals retrieved from the tapes of varying thicknesses. 

2. The contact recording magnetic head assembly of claim 1 

wherein 

said island is one of a read island and a write island. 

3. The contact recording magnetic head assembly of claim 2 

wherein the location of said gap is in the direction of tape 

---- ------------

f f llJlll IJllJl llllf IJlll IJ Jiii 
* C L M S * ' 
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4. The contact recording magnetic head assembly of claim 3 

wherein 

said predetermined distance is 0.0625 mm (2.5 mils) from the 

center of 

a 0.225 mm (9.0 mil) wide island. 11111111111111 11111 1111111 1111 
* C L M S * 

5. An inductive contact magnetic recording head assembly 

cap~ble of performing reliable read and write data operations 

on magnetic tapes of varying ·thicknesses, said head assembly 

having a generally arcuate outer surface adjacent to which the 

tapes pass in use, said head assembly comprising: 

a read island integral with said head assembly and 

projecting above said head assembly outer surface, said read 

island having a generally arcuate top surface spaced from said 

head assembly outer surface and peaking at the geometric 

center of said top surface, said read island further having 

island sides that extend between said head assembly outer 

surface and said island top surface, said read island 

including a magnetic coil and a magnetic core with a gap; and 

a write island integral with said head assembly, said 

write island projecting above said head assembly outer surface 

and having a generally arcuate top surface spaced from said 

head assembly outer surface and peaking at the geometric 

centers of said top surface, said write island further having 
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island sides that extend between said head assembly outer 

surface and said island top surface, said write island 

inciuding a magnetic.coil and magnetic core with a gap, 

wherein each of said gaps of said read and write islands 

is positioned a predetermined distance from said geometric 

center of said top surface so as to maintain signal integrity 

when recording and reproducing data signals retrieved from the 

tapes. 

6. The contact recording head assembly of claim 4 wherein 

the location of said gaps is in the direction of tape movement 

across said head assembly. 

7. A contact recording head assembly capable of performing 

reliable read and write data operations on magnetic tapes of 

varying thicknesses, said head assembly having a generally 

arcuate outer surface adjacent to which the tapes pass in use, 

said head assembly comprising: 

a read island integral with said head assembly and 

projecting above said head assembly outer surface, said read 

island having a generally arcuate top surface spaced from said 

head assembly outer surface and peaking at the geometric 

center of said top surface, said read island further having 

island sides that extend between said head assembly outer 

surface and said island top surface, said read island 

including a magnetic coil and a magnetic core with a gap; and 

-----------···------

I 1111111 1111111111111111 111111 
* C L M S * 
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a plurality of write islands flanking said read island 

and integral with said head assembly,-said write islands 

projecting above said head assembly outer surface and having 

generally arcuate top surfaces spaced from said head assembly 

outer surface and peaking at the geometric centers of said top 

surfaces, said write islands further having_ island sides that 

extend between said head assembly outer surface and said 

islands top surfaces, said write islands including magnetic 

coils and magnetic cores with gaps, 

wherein said gaps of said read and write islands are 

positioned a predetermined distance between the intersection 

of one of said islands sides and said islands top surfaces, 

and said geometric center of said top surfaces so as to 

maintain signal integrity _when recording and reproducing data 

signals retrieved from the tapes. 
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ABSTRACT 

A contact recording magnetic heaaassembly arrangement 

capable of performing 'reliable read and write operations on 

magnetic tapes of varying thickness is provided. The head 

assembly includes a read island and a write island with gaps 

offset a distance from their centers to maintain signal 

integrity when processing the data signals stored arid 

retrieved from the various ~apes. The offset gaps enable 

efficient handling of tapes of different thicknesses. 

Fig. 6 ---------

.. !" 
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FIELD OF THE INVENTION. 

This invention relates generally 

REPLACEMENT SHEET 

Date : l_.Q .. JAM.lllJ. .. 

to magnetic 

recording/storage devices and more specifically to a contact 

head assembly for recording and retrieving data from magnetic 

tapes of varying thicknesses. 

BACKGROQND OF THE INVENTION 

A magnetic head assembly including separate read and write 

head elements or islands is the recording and reproducing unit 

of a magnetic tape drive system. An island may include one or 

more magnetic cores. A magnetic coil is wound around the 

magnetic core of each read and write island, and each core has 

a gap. During the recording process, electric current supplied 

to a coil produces a magnetic. field in the write core. The 

resulting flux across the gap region enters a magnetic tape 

moving over the island and magnetizes a small area therein in 

accordance with the direction of the current. During the 

reproducing process, the magnetized areas induce magnetic flux 

in the read core and an associated voltage in the coil. 

The bit density is a measure of the number of magnetized 

flux reversals recorded per unit length or area on a magnetic 

tape. High bit density is desired for the tape in order to 

provide high data capacity. At high bit recording densities, 
.. 
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the separation between the gap of an island and the moving tape 

must be maintained within very narrow tolerances, e.g. less than 

2 microinches, to achieve proper retrie~al:and recording of the 

closely-spaced bits; slight variations in the separation between 

the gap and tape can lead to erratic recording performance. Yet 

for low-to-moderate bit densities, . a larger sepa ration, e.g. 

0. 25xl0-2 mm to -2 0. SOxlO mm ( 10-20 microinches), is tolerable 

because the bits are spaced farther apart. 

Previously, magnetic tapes having a thickness of at least 

0.025mm (0.001 inch) were widely used in tape drives. These 

tapes are composed of materials having microstructural 

properties that result in scratching of the outer surfaces of 

the islands and eventual wear of the head assembly. Advances in 

recording material technology have led to thinner tapes having 

a thickness of 0.013 mm {0.0005 inch) or less and capable of 

achieving high bit densities:. The thin tapes have largely 

replaced the thicker tapes because they provide higher storage 

capability per volume of tape. Moreover, the materials of the 

thinner tapes are smoother, thus increasing the operating life 

of the head. Yet, there is still a need to read the thicker 

tapes, since they often contain data that must be retrieved from 

them. 

A magnetic head assembly configured to operate with tapes 

of different thicknesses may encounter data reliability 

.. 



-- T ...... ,, .... $~ 

RE'?LJi·i1l"'J1
AN ~·j . 

. .. .................. . 
········· 
-~-· 

3 

~roblems. Movement of a tape over the head assembly gradually 

wears the contour of the head to the "natural radius of 

curvature" of the tape. The inher:·ent:· stiffness of a tape 

influences its.natural curvature, i.e. thick tapes are ty.pically 

stiffer than thin tapes and thus, have a larger natural radius 

at constant tension. A head asse~bly partially shaped to the 

curvature of a thick tape has a large tape-to-head separation at 

the center of the island, where the gap is located, when 

operating with thinner tapes. The thick tape is also likely to 

scratch the surface of the head, particularly in the area of the 

gap. The increased separation and scratches significantly 

reduce the amplitude of signals retrieved from the thin tape. 

Therefore, an object of the present invention is to provide 

a magnetic contact head assembly capable of recording and 

retrieving data on magnetic tapes of different thicknesses. 

In one embodiment, the arrangement minimizes the separation 

between the gap of an island. and a thin magnetic tape having a 

high bit density so as to facilitate proper recording and 

retrieval performance. 

As described hereinafter:, the arrangement in one embodiment 

provides, controlled separation between the gap of an island and 

a thick magnetic tape having a low bit density so as to minimize 

damage to the gap, yet still maintain proper: recording 
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performance. 

SUMARY OP' TB'.E INV'EHTlQN 

In general, the arrangement provides a contact recording 

head assembly capable of performing reliable read and write 

operations on magnetic tapes of va~ying thicknesses. The· head 

assembly includes a read island flanked by write islands with 

the gaps of the islands offset from the centers of the islands 

to maintain signal integrity when recording and reproducing data 

signals from the various tapes. 

The invention in its broad form resides in a contact 

recording magnetic head assembly capable of performing ;reliable 

read and write data operation·s on magnetic tapes of varying 

thicknesses, said head assembly having a generally arcuate outer 

surface adjacent to which the tapes pass in use, said head 

assembly comprising: 

at least one island integral with said head assembly and 

projecting above said head assembly outer surface, said island 

having a generally arcuate top surface spaced from said head 

assembly outer surface and peaking at a geometric center of said 

top surface, said island further having island sides that extend 

between said head assembly outer surface and said island top 

surface, said island including a magnetic coil and a magnetic 

core with a gap, 

wherein said gap is located a predetermined distance from 

. . . 
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said geometric center of said island top surface, so as to 

maintain signal integrity when recording and reproducing data 

signals retrieved from the tapes of v.a."ry·:i:ng thicknesses .. 

More specifically, the recording head assembly has a 

generally arcuate outer surface over which the tapes pass. The 

read and write islands are integral with the head assembly and 

project above the head assembly's outer surface. The i slanc:fs 

have generally arcuate top surfaces that are spaced from the 

head assembly outer surface and that peak at the geometric 

centers of their top surfaces. The radius of curvature of each 

of these islands is initially equal to the natural radius of the 

thin tape at the operating tension of the tape drive. 

Each island includes a magnetic coil wound around a 

magnetic core with a gap. The gap is offset from the center o~ 

the island to a location th~t maintains "contact" between the 

gap and a high density, thin tape, yet maintains a separation 

between the gap and a low density, thick tape. As described 

below, this provides effective ope ration with both thin and 

thick tapes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and further advantages of the invention may be 

better understood by referring to the following description in 

• 
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conjunction with the accompanying drawings, in which: 

Fig. 1 is a cross-sectional diagram of a magnetic head 

assembly including read and write isl_.a.nd:S; 

Fig. 2 is a cross-sectional diagram of a magnetic core of 

an island of a prior art head assembly; 

Fig. 3 is a diagram of a cross-section of an is~and used in 

the head assembly of the Fig. ~ and having a contour conforming 

to a thin tape and showri prior to operation with a thick tape; 

Fig. 4 is a diagram of the island of Fig. 3 after wear by 

,the thick tape and showing the separation between the island and 

a thin tape; 

Fig. 5 is a diagram of an island of Fig. 1 showing the 

offset of the gap in accordance with a preferred embodiment of 

the invention; 

Fig. 6 is a cross-sectional diagram of a magnetic core of 

an island in accordance with a preferred embodiment of th.e 

invention; 

Fig. 7 is a graph illustrating the initial state of the 

relationship between the gap· offset distance and the separation 

between a thick tape and the offset gap; and 

Fig. 8 is a dia_gr:~·m of the initial state of the island of 

Fig. 5 having a contour conforming to a thin tape and showing 

the separation between the offset gap and a thick tape. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

• 
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Referring to Fig. 1, a magnetic contact head assembly 10, 

arranged for data storage and retrieval operations on a 

magnetic tape 12, comprises a plurality of separate retrieving 

and recording elements or isl~nds, generally designated at 30. 

The islands 30 include a read island 30r flanked by two (2) 

write islands, i.e. a forward write island 30wf and a reverse 

write island 30wr' both of which are preferably spaced 0.3 

inch from the read island 30~. The recording head assembly 

10, is preferably an inductive recording head with a generally 

arcuate outer surface 14 over which a fast-moving tape 12 

passes. The read and write islands 30 are integral with the 

head assembly 10 and project above the outer surface 14. 

Two (2) outrigger islands 40 1 , 40r, typically located 4.2 

mm (0.165 inches) from the write islands 30w, are also 

included in the head assembly 10. The outriggers 40 provide a· 

proper approach angle for the magnetic tape 12 as it passes 

over the islands 30w. The "wrap" around the outrigger i~lands 

40 is pref~rably between 2.15° and 2.75° at the islands 30. 

This provides improved tension and flutter control. The 

outriggers 40 also provide a cleaning action by removing 

debris from the surface of the tape 12. The outriggers 40 are 

preferably substantially identical in size and contour with 

the islands 30. 

The magnetic tape 12, which may be eith~r a thick tape 
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12r or a thin tape 12t, typically resides in a cartridge 

consisting of a single reel of tape in a machine-accessible 

container (not shown). The container ~~o~ides tape protection 

and a reduction in the need for human intervention in loading 

and unloading the tape. The magnetic tape 12 passes around 

guide rollers (not shown) and moves under tension over the 

magnetic head assembly 10. , 

Fig. 2 is a simplified diagram of a magnetic core of an 

island 200 of a conventional prior art head assembly. The 

island 200 consists of a magnetic coil 250 and a magnetic core 

240 with a gap 220. The gap 220 is typically located in the 

center of the island 200 where "contact" with the tape is 

concentrated. When· operating with a thin tape, the outer 

surface 230 of the island 200 is shaped to the natural 

curvature of the thin tape. Thereafter, when using a thick 

tape, movement over the head assembly gradually conforms the 

~ontour of the head to the. natural curvature of the thick 

tape. Thus, the head experiences wear, with the largest 

degradation occurring at the maximum pressure point of the 
' 

island 200, i.e. th~ ce_nter. Accordingly, when subsequently .... 
operating a thin tape on a head partially worn by a thick 

tape, an increased spacing loss occurs at the gap 220, which 

sisnificantly reduces the amplitude of recorded/retrieved 

signals. 

• 
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This phenomenon will be better understood by reference to 

rigs. 3 and 4. cig. 3 is a diagram of an island 300 

manufactured with a radius of curvatur_:~·; ~t· of the thin tape 

l2,. As shown, the tape ~2: closely follows the curved 

surface of the island 300 depicte~ therein. However, 

operation with a thick tape 12~, which has a greater natural ... 
I 

radius (Rr}, gradually abrades the island to that radius. 

Since abrasion takes place over the area of contact, it begin~ 

at the top of the island and works downward. The top surface 

of the island 300 thus acquires the larger radius and the 

width of this top surface increases as wear by th~ thick tape 

l2r progresses. This results in an increase in the tape-head 

separation when the thin tape l2e is used. 

-

More specifically, in Fig. 4, abrasion by a thick tape 

l2r has worn down the island 300 near its center, with a 

resulting top surface 300a hay,in<J.~ a radius of cur·vature 

corresponding to the natural radius of the thick tape. 

Intermediate surfaces 300b .s,till have the original radius of 

curvature. Consequently, when the thin tape 12: is passed 

over the island 300;.- i~ cannot bend around the intersections 
··.:: ! ........ 

of the surface 300a with the surfaces 300b; instead, it 

-.. ·. 
.r 

follows the path shown with the dashed line. .Therefore, for a ..... 

center-gap head island, the separation hx has materially 

increased for the thin tape with a consequent loss of signal 

strength. 

. ... ·. 
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The pcesent invention minimizes the spacing loss 

resulting f com the above-described wear by offsetting the gaps 

32 in the read and write islands from:~h~_geometric. centers of 

the islands 30. fig. 5 is a diagram of an· island 30 of head 

assembly 10. The island 30 has a generally arcuate top 

surface 36 that is spaced from the head assembly outer surface 

14 and that peaks at the geometric center c 1 of the top 

surface 36. The width w of the island 30 _is approximately ~ 

0.225 mm (0.009 inch). The island 30 has sides 38 that extend 

between the head assembly outer surface 14 and the island top 

surface 36. The tape 12 is pulled across the island 30 at a 

"tension of approximately 113 grams (4 oz) and at a wrap angle 

of 2.5°. A 45° "cliff" angle on the side 38 of island 30 

determines the increase in width of the island 30 as the 

surface wears as a result of abrasion by the tape 12. 

Fig. 6 is a simplified d~agFam of a magnetic core of an 

island 30 in accordance with a preferred embodi~ent of the 

invention. The island 30 i_ncludes a magnetic coil 35 and a 

magnetic core 34 with a gap 32. The gap 32 of the island 30 

is positioned a distance x from the geometric center c 1 of the 

top surface 36 of the island 30. The gap 32 is preferably 

offset in the direction of tape movement to minimize tape 

lifting. However, since the head assembly 10 facilitates 

retrieval and recording of data in either direction, the gap 

32 ca'n be shifted in the opposite direction and reliably 

\ . 
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perform read and write operations with tapes of different 

thicknesses. The exact location of the gap 32 depends upon 

the operating conditions of the tape diiv~~system, i.e 

tension, wrap angle, speed, thickness and materials of the 

tape. 

Generally,· the gap 32 is o;fset as far as possible toward 

a side of the island so that the high density, thin tape 

"contacts" the gap 32. More specifically, the gap is offset 

from the center of the island 30 to a location that avoids 

unstable contact between the gap 32 and a moving thin tape l2f 

on account of the "entrance effect". That is, as the tape l2f 

approaches the side 38 of the island 30 and initially contacts 

its top surface 36, air is trapped between the moving tape and 

the surface. This causes flapping of the tape and unstable 

_contact at the edge of the island 30. ~dditionally, the gap 

32 is offset to a location tha't maintains controlled, i.e. 

narrow, separation between· the gap 32 and a thick tape l2r. 

Thus, in a preferred emb6dime~t of the invention, the gap 

offset distance x is: ap-proximately 0. 625 mm ( 0. 0025 inch) from 

the center c 1 of a (9.0 mil) 2.225 mm-wide island 30. The 

graph of Fi9. 7 illustrates the initial state of the 

relationship between the gap offset distance and the resultant 

separation between the thick tape l2r and the gap 32 for an 

island having a contour shaped to the thin tape·12f. As can 
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be seen from the graph, a tape-head separation of 0.02Sxl0-2mm 

(10 microinches) occurs at the gap 32 when the gap is offset 

2.5 mils from the center of the island"30~ The 10 microinches 

of separation is within the acceptable range for low-density 

signal reproduction. 

Fig. 8 depicts the lnitial state of an island 30 with an 

offset gap 32. The thin tape 12f contacts the gap 32 in a 

stable manner, since the surface of the island 30 conforms to 

the natural radius of the thin tape l2f. Contact between the 

tape l2f and gap 32 is important because of the high density, 

and thus closely-spaced, signals recorded on the tape l2f. 

On the other hand, the thick tape 12r, being 

substantially stiffer than the thin tape l2f, contacts the 

island 30 near its center c 1 , but avoids contact with the 

offset gap 32. The resulting. separation hx between the tape 

and gap 32 is significant, e.g 0.025 to.0.050 mm (10-20 

microinches), yet sufficien·t to maintain proper signal 

performance, i.e. tolerable signal loss, with the low density, 

thick tape 12c. In other words, proper recording/retrieval 

performance can be maintained at an increased separation 

distance if the signal recording density is reduced 

proportionately. 

'· 
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As the operating time of the thick tape l2r increases, 

the area of the island 30 that is contoured by the thick tape 

l2c- also increases. The maximum allowa."bl~ time for thick tape 

op~ration is limited to the time it takes for the intersection 

of the radii of the thin and thick tapes to approach the gap 

32. The embodiment disclosed herein provides a .satisfactory 

period of time, e.g. at least 100 hours, for continuous 

operation of the thick tape l2c-. However, subsequent 

operation with the thin tape l2f tends to counteract the 

contour effects of the thick tape 12~ and eventually restores 

the island to its initial state. 

The foregoing description has been limited to a specific 

embodiment of this invention.· It will be apparent, h~wever, 

that variations and modifications may be made to the 

invention, with the attainment of some or all of its 

advantages. Therefore, it ii-the object of the appended 

claims to cover all such variations and modifications as come 

within the true spirit and scope of the invention. 

What is claimed is: 

.. 



14 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* C L M S CLAIMS 

-----~-, 

REPLACEMENT SHEET 
.. t- a 

, DateA.0..JAN ......... .::····· 
I • 

t. A contact recording magne~ic head assembly cap~ble of 

performing reliable read and write d~t_a· o~.erations on magnetic 

tapes of varying thicknesses, said head assembly having a 

generally arcuate outer surface adjacent to which the tapes 

pass in use, said head assembly co~prising: 

at least one island integral with said head assembly 

and projecting above said head assembly outer surface, said 

island having a generally arcuate top surface spaced from said 

head assembly outer surface and peaking at a geometric center 

of said top surface, said island further having island ·sides 

that extend between said head assembly outer surface and said 

island top surface, said island including a magnetic coil and 

a magnetic core with a gap, 

wherein said gap is located a predetermined distance from 

said geometric center of said island top surface, so as to 

maintain signal integrity wheh re.cording and reproducing data 

signals retrieved from the tapes of varying thicknesses. 

2. The contact recording magnetic head assembly of claim l 

wherein 

said island is one of a read island and a write island. 

3. The contact recording magnetic head assembly of claim 2 

wherein the location of said gap is in the direction of tape 

This Sheet Has Been Replaced 

1111111111111111111111111 
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movement across said head assembly. 

4. The contact recording magnetic head assembly of claim 3 

wherein 

said predetermined distance is 0.0625 mm (2.5 mils) from the 

center of 

a 0.225 mm (9.0 mil) wide island. 111111111111111111111111111111 
* C L M S * 

S. An inductive contact magnetic recording head assembly 

capable of performing reliable read and write data operations 

on magnetic tapes of varying thicknesses, said head assembly 

having a generally arcuate outer surface adjacent to which the 

tapes pass in use, said head assembly comprising: 

a read island integral with said head assembly and 

projecting _above said head assembly outer surface., said read 

island having a generally arcuate top surface spaced from said 

head assembly outer surface and peaking at the geometric 

center of said top surface, said read island further having 

island sides that extend between said head assembly outer 

surface and said island top surface, said r~ad island 

including a magnetic coil and a magnetic core with a gap; and 

a write island integral with said head assembly, said 

write island projecting above said head assembly outer surface 
. 

and having a generally arcuate top surface spaced from said 

head assembly outer surface and peaking at the geometric 

centers of said top surface, said write island further having 
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island sides that extend between said head assembly outer 

surface and said island top surface, said write island 

inciuding a magnetic coil and magnetic core with a gap, 

wherein each of said gaps of sala ~ead and write islands 

is positioned a predetermined distance from said geometric 

center of said top surface so as to maintain signal integrity 

when recording and reproducing da~a signals retrleved from the 

tapes. 

6. The contact recording head assembly of claim 4 wherein 

the location of said gaps is in the direction of tape movement 

across said head assembly. 

7. A contact.recording head assembly capable of performing 

reliable read and write data'operations on magnetic tapes of 

varying thicknesses, said head assembly having a generally 

arcuate outer surface adjacent to which the tapes pass in use, 

said head assembly comprising: 

a r~ad island integral with said head assembly and 

projecting above said head.assembly ou~ec surface, said read 

island having a generally arcuate top surface spaced from said 

head assembly outer surface and peaking at the geometric 

center of said top surface, said read island further having 

island sides that ext.end between said head assembly outer 

surface and said island top su,face, said read island 

including a magnetic coil and a magnetic core with a gap; and 

.· 
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a plurality of write islands flanking said read island 

and integral with said head assembly,-said write islands 

projecting above said head assembly ou~~r ~urface and having 

generally arcuate· top surfaces spaced from said head assembly 

outer surface and peaking at the geometric centers of said top 

surfaces, said write islands furthet having islarid sides that 

extend between said head assembly outer surface and said 

islands top surfaces, said write islands including magnetic 

coils and magnetic cores with gaps, 

wherein said gaps of said read and write islands are 

positioned a predetermined distance between the intersection 

of one of said islands sides and said islands top surfaces, 

and sa"id geometric center of said top surfaces so as to 

maintain sign~l integrity _when recording and reproducing data 

signals retrieved from the tapes. 
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MAGNETIC CONTACT RECORDING HEAD FOR OPERATION WITH TAPES OF 
VARYING THICKNESS 

ABSTRACT 

A contact recording magnetic heaa assembly arrangement 

capable of performing ·reliable read and write operations on 

magnetic tapes of varying thickness is provided. The head 

assembly includes a read island and a write island with gaps 

offset a distance from their centers to maintain signal 

integrity when processing the data· signals stored and 

retrieved from the various ~apes. The offset gaps enable 

efficient handling of tapes of different thicknesses. 

Fig. 6 

. . . .. 
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the sepa~ation between the gap of an island and the moving tape 

must be maintained within very narrow tolerances, e.g. les~ tha~ 

: sonm (2 microinches), to achieve proper retrieval and recording of 

the closely-spaced bits; slight variations in the separation between 

the gap and tape can lead to erratic recording performance. Yet 

for low-to-moderate bit densities, a larger separation, e.g. 
250-sgonm 
0. 2Sx19- mm te g. 59u19- 2 mm ( 10-20 microinches), is tolerable ,, 

~because the bits are spaced farther apart. 

Previously, magnetic tapes having a thickness of at least 

0.025mm (0.001 inch) were widely used in tape drives. These 

tapes are composed of materials having microstructural 

properties that result in scratching of the outer surfaces of 

the islands and eventual wear of the head assembly. ·Advances in 

recording material technology have led to thinner tapes having 

a thickness of 0.013 mm (0.0005 inch) or less and capable of 

achieving high bit densities. The thin tapes have largely 

replaced the thicker tapes because they provide higher storage 

capability per volume of tape. Moreover, the materials of the 

thinner tap~s are smoother, thus increasing th:e operating life 

of the head. Yet, there is still a need to read the thicker 

tapes, since they often contain data that must be retrieved from 

them. 

A magnetic head assembly configured to operate with tapes 

of different thicknesses may encounter data reliability 
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performance. 

US-3414895 discloses a magnetic head having a single recording 
. . 

5 gap for each track of a tape in which the gap is offset, in the direction of 

10 

travel of the tape, from the apex of a supporting surface by sufficient 

distance to be beyond the area of tape lift-off or ripple due to a volume of 

entrained air which becomes trapped between the tape and head surface. 

EP-0356031 discloses a magnetic.head having a plurality of read 

and write gaps in the direction of travel of the tape in which each gap 

resides at or on a raised portion. 

JP-57176521 discloses a magnetic head having a gap displaced 

15 along the direction of travel of the tape to a region away from a tape pad 

and at a part of the surface having greatest curvature. 

REPI Ari:~r;:;:~1T ·~Ht: r.:-r 
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SUMMARY OF THE INVENTION 

In general, the arrangement provides a contact recording 

head assembly capable of performing reliable read and write· 

operations on magnetic tapes of varying thicknesses. The head 

assembly includes a read island f~anked by write is~ands with 

\ the gaps of the islands offset from the centers of the islands 

to maintain signal integrity when recording and reproducing data 

signals from the various tapes. 

The invention in its broad form .7sides in a contact 
a. .s .J'f •.::., 'e.o( k ce .a. f;...... -1 ! 

assembl7Vcapable of performing reliable recording magnetic head 

read and write data operations on magnetic tapes of varying 

thicknesses• ;aid head assembly haviaq a. 

surface adjacent to which the tapes pass in use, said head ------------------------
assemb~y eempri-sing: 

at least one island integral with said head assem and 

projecting above said head assembly outer su~ island 

having a generally arcuate top surface ~e~ from said head 

assembly outer surface and peaking at a---"'g~ometric center of said 
. /,,/" 

,/ 

top surface, said island furthe5-·l1aving island sides that extend 
. ,,,,. ,, 

between said head assem~'outer surface and said island top 
----/ 

surface, said isl;,.ana including a magnetic coil and a magnetic 
// 

core with p..--tjap, 

~~i_n said gap is located a predetermined distance 
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sa..l!!::: gegmetrie center e-f--sa~-island top-Sttr£aee, sa as ta "' 

More specifically, the recording head assembly has a 

generally arcuate outer surface over which the tapes pass. The 

read and write islands are integral with the head assembly and 

~ project above the head assembly's outer surface. The islands 

' have generally arcuate top surfaces that are spaced from the 

head assembly outer surface and that peak at the geometric 

centers of their top surfaces. The radius of curvature of each 

of these islands is initially equal to the natural radius of the 

thin tape at the operating tension of the tape drive • 

. ' ·.-~ 

Each island includes a magnetic coil wound around a 

magnetic core with a gap. ·The gap is offset from the center of 

the island to a location t~at maintains "contact" between the 

gap and a high density, thin tape, yet maintains a separation 

between the gap and a low density, thick tape. As described 

below, this provides effective operation with. both thin and 

thick tapes .• 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and further advantages of the invention may be 

better understood by referring to the following description in 

REPLACEMENT SHEET 
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Referring to Fig. 1, a magnetic contact head assembly 10, 

arranged for data storage and retrieval operations on a 

magnetic tape 12, comprises a plurality of separate retrieving 

and recording elements or islands, generally designated at 30. 

The island• 30 includ~ a read island 30_.flanked by two (2). . . 

write islands 4 i.e. a forward write island 30wf and a reverse 
- . 7.~mm ·· 

write island 30wr' ~ot~ __ of wl:iich .a.re preferably spacedA(o.3 

\ i~ch) from the read island 30r. The recording head assembly 

10, is preferably an inductive recording head with a generally 

arcuate outer surface 14 over which a fast-moving tape 12 

passes. The read and write islands 30 are integral with the 

head assembly 10 and project above the outer surface 14. 

Two (2) outrigger islands 40 1 , 40r, typically located 4.2 

mm (0.165 inches) from the write islands 30w, are also 

included in the head assembly 1~. The outriggers 40 provide a 

proper approach angle for the magnetic tape 12 as it passes 

over the islands 30w. The "wrap" around the outrigger islands 

40 is preferably between 2.25° and 2.75° at the islands 30. 

This provid~s improved tension and flutter corrt.rol. The 

outriggers 40 also provide a cleaning action by removing 

debris from the surface of the tape 12. The outriggers 40 are 

preferably substantially identical in size and contour with 

the islands 30. 

The magnetic tape 12, which may be either a thick tap• 

Jlr==111 



11 

PD91-0080 

perform read and write operations with tapes of different 

thicknesses. The exact location of the gap 32 depends upon 

the operating conditions of the tape drive system, i.~ 

tension, wrap angle, speed, thickness and materials of the 

tape. 

Generally, the gap 32 is offset as far as possible toward 

~a side of the island so that the high density, thin tape 

"contacts" the gap 32. More specifically, the gap is offset 

from the center of the island 30 to a location that avoids 

unstable contact between the gap 32 and a moving thin tape 12r 

on account of the "entrance effect". That is, as the tape 12r 

approaches the side 38 of the island 30 and initially contacts 

its top surface 36, air is trapped between the moving tape and 

the surface. This causes flapping of the tape and unstable 

contact at the edge of the island 30. Additionally, the gap 

32 is offset to a location that maintains controlled, i.e. 

narrow, separation between the gap 32 and a thick tape 12r. 

Thus, in a preferred embodiment of the i~vention, the gap "3 ·5 lbiifoMl.tres 
offset distance x is approximately Q,62~ m~ (0.0025 inch) from 

. 0.2~~ /\ 
the center c 1 of a (9.0 mil)A2.22 mm-wide island 30. The 

graph of Fig. 7 illustrates the initial state of the 

relationship between the gap offset distance and the resultant 

separation between the thick tape 12r and the gap 32 for an 

island having a contour shaped to the thin tape 12r. As can 

---···---... 
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be seen from the graph, a tape-head separation of 

PD91-0080 
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(10 microinches) occurs 
M \cfOMe-tr~ s. 

J2. 5 mils) f ram 

at the gap 32 when the gap is offset G4 
~ 

the center of the island 30. The"(.10 microinches) 

of separation is within the acceptable range for low-density 

signal reproduction. 

Fig. 8 depicts the initial state of an island 30 with an 

\offset gap 32. The thin tape 12f contacts the gap 32 in a 

stable manner, since the surface of the island 30 conforms to 

the natural radius of the thin tape 12f. Contact between the 

tape 12t and gap 32 is important because of the high ~ensity, 

and thus closely-spaced, signals recorded on the tape 12f. 

On the other hand, the thick tape 12r, being 

substantially stiffer than the thin tape 12f, contacts the 

island 30 near its center c 1 , but avoids contact with the 

offset gap 32. The resulting separation hx between the tape 
2.S"onsn -io soonm -

and gap 32 is significant, e.g Q,Qla tg Q,Q5Q ~m (10-20 

microinches), yet sufficient to maintain proper signal 

performance, i.e. tolerable signal loss, with..t.he low density, 

thick tape 12r. In other words, proper recording/retrieval 

performance can be maintained at an increased separation 

distance if the signal recording density is reduced 

proportionately. 

REPLACEMENT SHEET ----
16 SEP 1997 



... 

13 

PD91-0080 

As the operating time of the thick tape 12r increases, 

the area of the island 30 that is contoured by the thick tape 

12r also increases. The maximum allowable time for thick tape 

operation is limited to the time it takes for the intersection 

of the radii of the thin and thick tapes to approach the gap 

32. The embodiment disclosed herein provides a satisfactory 

period of time, e.g. at least 100 hours, for continuous 

~operation of the thick tape 12r. However, subsequent 

operation with the thin tape 12f tends to counteract the 

contour effects of the thick tape 12r and eventually restores 

the island to its initial state. 

The foregoing description has been limited to a specific· 

embodiment of this invention. It will be apparent, however, 

that variations and modifications may be made to the 

invention, with the attainment of some or all of its 

advantages. Therefore, it is the object of the appended 

claims to cover all such variations and modifications as come 

within the truetspifit an~scope of the invention . 

What is claimed is: 

... 
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I. A contact recording magnetic head· assembly '(10) having a 

generally arcuate outer surface (14) adjacent to which a ta~ ~12) passes 

5 in use, said head assembly comprising: 

at least two islands (30) located along the direction of tape travel, 

integral with said head assembly and projecting above the head assembly 
' ' 

outer surface (14), at least one of said islands.having. a generiilly arcuate 

top ·surface (36) spaced from the head assembly ·outer surface {14) and 

,, 10 peaking at a geometric centre (c1) of said top surface (36), said island (30) 
\\ 

further having island sides (38) that extend between said head assembly 
~---~ . . 

outer surface~ ... said island including a magnetic coil (35) and a 

magnetic core (34) with a gap (32); 

characterized in that: 

15 · said gap (32) is located at a predetermined distance (x) from the 

geometric centre ( c1) of said island top surface (36), along the direction 

of tape travel, at a location adapted to maintain signal integrity when 

recording and reproducing data signals retrieved from tapes of varying 

thicknesses by maintaining a controlled, narrow separation between the 

20 gap and the tapes of varying thicknesses. 
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L-,> ~If" Sac"e( ~:s~~c/ b,e sur~ce. cio> 
2. The contact recording magnetic head assembly of claim 1 wherein 

said one of said isiands (30) is a read island (30r), or a write island (30wr, 

30wr). 

3. The contact recording magnetic head assembly of claim 2 wherein 

the other one of said at least two islands is a read island (30r), a write 

island (30wr, 30wr) or an outrigger island ( 40). 
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4. The contact recording magnetic head assembly of claim 2 including 

a read island and a plurality of write islands. 

5. The contact recording magnetic head assembly of claim 1 wherein 

5 said top surface (36) has a profile which conforms substantially to the 

natural radius of curvature of a first, relatively thin tape, and wherein the 

gap (32) is located at said predeterinined distance (x) from the geometric 

centre of said island such that the resulting separation (hJ between the gap 

and a natural radius of curvature of a second, relatively thick tape is 

~ 10 sufficiently small to mai~tain pr~per signd performance for the head~ uJe{ 

~_fl_ Sd.i{second.tape. · 

6. The contact recording magnetic head assembly of claim 5 adapted 

for use with a first tape thickness of approximately 13 micrometres 

15 thickness, and a second tape thickness of approximately 25 micrometres 

thickness, wherein hx is approximately equal to 0.25 micrometres. 

7. The contact recording magnetic head assembly of claim 1 or claim 

2 wherein said predetermined distance (x) is 0.0625 mm from the centre 

20 of a 0.225 mm wide island. 
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