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HIGH AREAL DENSITY TAPE HEAD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] This invention relates to tape drive data storage sys 
tems. More particularly, the invention is directed to thin ?lm 
tape heads for reading and Writing data on magnetic recording 
tape. 
[0003] 2. Description of the PriorArt 
[0004] Thin ?lm tape heads for magnetic information stor 
age systems (e.g., tape drives) have been constructed using 
thin ?lm fabrication techniques that are similar to those used 
in the manufacture of disk drive transducers. In a typical tape 
head constructed for linear recording (i.e., With data tracks 
oriented in the direction of tape movement) there are tWo or 
more adjacently mounted transducer modules. Each module 
comprises a linear array of reader and/or Writer transducer 
elements arranged in a cross-track direction that is perpen 
dicular to the direction of tape movement. Each transducer 
element in a given transducer array is positioned to Write or 
read a separate longitudinal track on the tape. This arrange 
ment is shoWn in FIG. 1, Which depicts a transducer module 
“M” having an array of thin ?lm transducer elements “E” 
Whose gaps “G” engage a tape “T” in alignment With tracks 
“TR” that extend in the direction of tape movement “D. In a 
“piggy back” design (see FIG. 2A), the transducer array “E” 
Would comprise a Write transducer “W” and a closely spaced 
read transducer “R” at each track position. In an interleaved 
design (see FIG. 2B), the transducer array “E” Would com 
prise alternating read and Write elements “R” and “W.” In 
each design, the transducer array “E” may also include a pair 
of servo read transducers “SR” that align With servo tracks 
“ST” used for head positioning. 
[0005] As shoWn in FIG. 3, the module “M” of FIG. 1 can 
be secured to a mounting block “MB” in association With a 
complimentary tape head “M'” comprising either piggy back 
or interleaved read and Write elements. The resultant assem 
bly, Which may be referred to as a “tape head,” Will have 
read/Write element pairs that are aligned in the trackWise 
direction of the tape “T.” In the piggy back design, there Will 
be tWo read/Write element pairs per track (see FIG. 4A). In the 
interleaved design, the read and Write elements of each mod 
ule “M” and “M'” Will be arranged so that there is one read 
element and one Write element for each track (see FIG. 4B). 
The dual module arrangement alloWs data recording (and 
playback) to be performed in both tape directions and pro 
vides conventional read-While Write capability in Which data 
Written to the tape “T” is immediately read back and checked 
for errors. Other conventional tape head designs include 
heads in Which all of the data transducer elements are read 
elements or Write elements. Read-While Write capability may 
then be achieved by combining a read-only module and a 
Write-only module in a single tape head to provide trackWise 
aligned read and Write element pairs. As shoWn in FIG. 5, 
bi-directional recording With read-While Write capability can 
be provided by placing a read-only module “M'” betWeen a 
pair of Write-only modules “M.” 
[0006] A characteristic of tape head constructions as 
described above is that the gap pitch Within the transducer 
array “E” is usually much larger than the gap Width, such that 
for every track being read or Written by the array, there Will be 
space betWeen the tracks Where no transducing occurs. Thus, 
for every pair of tracks aligned With adjacent read and Write 
elements “R” and “W,” there is inter-track White space on the 
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tape “T” that is not transduced concurrently With the selected 
pair. The White space regions can be recorded With data by 
stepping the tape head in a cross-track direction during mul 
tiple transducing passes. Tape tracks can also be Written at 
less than the gap Width of the Write transducers using a pro 
cess knoWn as “shingling.” According to this technique, the 
tape head is stepped by less than the Write element gap Width 
for each successive transducing pass, such that the edge of a 
previously Written track is overWritten during the next pass, 
much like shingles on a roof. 
[0007] Although the foregoing track Writing techniques 
alloW data to be densely packed on a tape, a continuing 
unresolved problem is track misregistration caused by tape 
dimensional changes betWeen transducing (either reading or 
Writing) operations. For example, the tape “T” may be Written 
With data under one set of temperature and humidity condi 
tions, and then later read folloWing exposure to different 
environmental conditions. For conventional tape material, the 
dimensions can change by as much as 0.12%. These tape 
dimensional changes Will Widen or narroW the tape track 
spacing geometry, resulting in track misregistration With the 
tape head (Whose gap spacing geometry is substantially 
unchanged). Providing a head that is statically rotated to a 
nominal predetermined angle addresses the misregistration 
problem because small changes in rotation change the effec 
tive track pitch of the transducer array “E.” HoWever, this 
solution requires sophisticated mechanics and skeW compen 
sation circuitry. 
[0008] The track misregistration problem is exacerbated in 
conventional tape heads due to the relatively large gap spac 
ing of the transducer array “E.” Which is mandated to a large 
extent by the siZe of the transducers themselves. This is due to 
the fact that for any percentage change in tape dimension, the 
actual misregistration betWeen Written tracks and outermost 
transducers depends on the span betWeen the transducers. To 
illustrate, if the transducer array “E” has a transducer element 
gap pitch of x um, and the percentage change in tape dimen 
sion is 0.12%, the resultant change in the spacing of the tape 
tracks under the outermost transducer elements of a sixteen 
transducer array Will be 15x0.0012x:0.018x um. If x is a 
typical value of 167 pm (for current generation tape heads), 
then 0.018x:3 pm. This is a large part of the TMR (Track 
MisRegistration) budget. On the other hand, if the transducer 
array “E” has a transducer element gap pitch of 0.5><p.m, then 
a 0.12% change in tape dimension Will only change the tape 
track spacing under the outermost transducer elements by 
15x0.0006x um:0.009x. Again assuming x is a typical value 
of 167 um, then 0.009x:1.5 pm. The 0.5x gap pitch trans 
ducer array Will thus experience only half of the tape dimen 
sional change that is experienced by the x gap pitch array, 
such that track misregistration is less likely. Unfortunately, 
reducing track pitch using current thin ?lm transducer fabri 
cation techniques is not a trivial challenge due particularly to 
the siZe requirements of the Write element structures. Absent 
the use of alternative transducer designs that permit reduc 
tions in track pitch (as previously proposed by one of the 
applicants herein in commonly-owned patent application ?l 
ings), or the use of complicated head rotation techniques as 
referred above, there is no conventional technique for dealing 
With the thermally induced track misregistration. 

SUMMARY OF THE INVENTION 

[0009] The foregoing problems are solved and an advance 
in the art is obtained by a tape head designed for transducing 
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data on a magnetic recording tape that is subject to tape 
dimensional changes. The tape head includes tWo or more 
arrays of transducer elements having different transducer 
spacing distances corresponding to different track spacing 
distances to be transduced. One of the transducer arrays may 
be used for transducing the tape under nominal tape track 
spacing conditions. Another transducer array may be used for 
transducing the tape When the tape track spacing is reduced 
due to the tape shrinkage. Still another transducer array may 
be used for transducing the tape When the tape track spacing 
is enlarged due to tape expansion. Alternatively, the ?rst 
transducer array can be used and the tape can be stretched 
longitudinally to reduce the tape track spacing to the nominal 
tape track spacing. 
[0010] According to exemplary embodiments disclosed 
herein, the arrays may be spaced from each other in a cross 
track direction or they may be spaced from each other in a 
direction of tape motion. The arrays may each include one or 
both of Write transducer elements and read transducer ele 
ments. The arrays may each further include a pair of servo 
read transducer elements. The arrays may be supported by a 
common substrate as part of a tape head module, and plural 
modules may be provided. For example, the tape head may 
include a ?rst array group on a ?rst tape head module and a 
second array group on a second tape head module. In this 
tWo-module con?guration, the ?rst and second array groups 
may each comprise read and Write transducer elements 
arranged in one of an interleaved con?guration or a piggy 
back con?guration. The tape head may alternatively include a 
?rst array group on a ?rst tape head module, a second array 
group on a second tape head module, and a third array group 
on a third tape head module. In this three-module con?gura 
tion, the ?rst and third array groups may comprise Write 
transducer elements and the second array group may com 
prise read transducer elements. The second tape head module 
may be disposed betWeen the ?rst and third tape head mod 
ules. 

[0011] The invention in another aspect provides a method 
for Writing data on a magnetic recording tape While accom 
modating tape dimensional changes The method includes 
determining a dimensional condition of the tape, as by read 
ing prerecorded servo markings on the tape, and selecting one 
of the ?rst and second transducer arrays for transducing 
according to Which of the ?rst transducer spacing distance 
and the second transducer spacing distance most closely cor 
responds to the tape dimensional condition. A ?rst one of the 
transducer arrays having a nominal transducer spacing dis 
tance may be used for transducing the tape under nominal 
tape track spacing conditions and a second one of the trans 
ducer arrays having a reduced transducer spacing distance 
may be used for transducing the tape When the tape track 
spacing is reduced due to tape shrinkage. The tape may also 
be transduced by the ?rst transducer array When tape track 
spacing distance is enlarged due to tape expansion While 
stretching the tape in a longitudinal direction to reduce the 
enlarged tape track spacing distance to a near nominal tape 
track spacing distance. Alternatively, a third transducer array 
having an enlarged transducer spacing distance may be used 
for transducing the tape When its track spacing distance is 
enlarged. 
[0012] The invention in another aspect provides a tape 
drive. The tape drive includes a tape head for transducing data 
on a magnetic recording tape that is subject to tape dimen 
sional changes. The tape head includes plural tape head mod 
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ules, each of Which may have a ?rst array of transducer 
elements having transducer elements spaced from each other 
by a ?rst transducer spacing distance that corresponds to a 
nominal tape track spacing distance, a second array of trans 
ducer elements spaced from each other by a second trans 
ducer spacing distance that corresponds to a reduced tape 
track spacing distance caused by tape shrinkage, and a third 
array of transducer elements spaced from each other by a third 
transducer spacing distance that corresponds to an enlarged 
tape track spacing distance caused by tape expansion. The 
arrays may be spaced from each other in a cross-track direc 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The foregoing and other features and advantages of 
the invention Will be apparent from the folloWing more par 
ticular description of exemplary disclosed embodiments, as 
illustrated in the accompanying DraWings, in Which: 
[0014] FIG. 1 is a perspective vieW shoWing a prior art thin 
?lm tape head module; 
[0015] FIG. 2A partial plan vieW shoWing a tape bearing 
surface of a prior art tape head module having a piggy back 
construction; 
[0016] FIG. 2B partial plan vieW shoWing a tape bearing 
surface of a prior art tape head module having an interleaved 
construction; 
[0017] FIG. 3 is a side elevation vieW shoWing a pair of the 
prior art tape head modules of FIG. 1; 
[0018] FIG. 4A is a partial plan vieW shoWing the tape 
bearing surfaces of a pair of the prior art piggy back modules 
of FIG. 2A arranged for transducing a tape; 
[0019] FIG. 4B is a partial plan vieW shoWing the tape 
bearing surfaces of a pair of the prior art interleaved modules 
of FIG. 2B arranged for transducing a tape; 
[0020] FIG. 5 is a partial plan vieW shoWing the tape bear 
ing surfaces of three prior art tape head modules arranged for 
transducing a tape in a con?guration Wherein tWo arrays of 
Write transducers sandWich an array of read transducers; 
[0021] FIG. 6 is a partial plan vieW shoWing the tape bear 
ing surface of a tape head module constructed in accordance 
With an exemplary disclosed embodiment; 
[0022] FIG. 7 is an enlarged vieW of the tape head module 
of FIG. 6 shoWing an implementation Wherein the module 
includes arrays of Write transducer elements; 
[0023] FIG. 8 is an enlarged vieW of the tape head module 
of FIG. 6 shoWing an implementation Wherein the module 
includes arrays of read transducer elements; 
[0024] FIG. 9 is an enlarged vieW of the tape head module 
of FIG. 6 shoWing an implementation Wherein the module 
includes arrays of interleaved read and Write transducer ele 
ments; 
[0025] FIG. 10 is an enlarged vieW of the tape head module 
of FIG. 6 shoWing an implementation Wherein the module 
includes arrays of piggy backed read and Write transducer 
elements; 
[0026] FIG. 11 is a partial plan vieW shoWing the tape 
bearing surfaces of tWo tape head modules according to FIG. 
6, Wherein each module has arrays of interleaved read and 
Write elements; 
[0027] FIG. 12 is a partial plan vieW shoWing the tape 
bearing surfaces of tWo tape head modules according to FIG. 
6, Wherein each module has arrays of piggy backed read and 
Write elements; 
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[0028] FIG. 13 is a partial plan vieW showing the tape 
bearing surfaces of three tape head modules according to FIG. 
6, Wherein tWo modules have arrays of Write elements and a 
third module disposed betWeen the Write element arrays has 
arrays of read elements; 
[0029] FIG. 14 is a partial plan vieW showing the tape 
bearing surface of a tape head module constructed in accor 
dance With another exemplary disclosed embodiment; 
[0030] FIG. 15 is a cross-sectional vieW taken along line 
15-15 in FIG. 14; 
[0031] FIG. 16 is a functional block diagram shoWing a 
tape drive data storage device adapted for use With the present 
invention; and 
[0032] FIG. 17 is a perspective vieW shoWing an exemplary 
construction of the tape drive storage device of FIG. 16 foruse 
With cartridge-based tape media. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0033] The invention Will noW be described by Way of 
exemplary embodiments shoWn by the draWing ?gures 
(Which are not necessarily to scale), in Which like reference 
numerals indicate like elements in all of the several vieWs. 
[0034] Turning noW to FIG. 6, a tape head 2 is designed for 
transducing data on a magnetic recording tape that is subject 
to tape dimensional changes. The tape head includes tWo or 
more arrays of transducer elements having different trans 
ducer spacing distances (center-to-center pitch) correspond 
ing to different track spacing distances (center-to-center 
pitch) to be transduced. One of the transducer arrays 4A has 
nominal transducer spacing and may be used for transducing 
the tape under nominal tape track spacing conditions. Another 
transducer array 4B has reduced transducer spacing and may 
be used for transducing the tape When the tape track spacing 
is reduced due to the tape shrinkage. Still another transducer 
array 4C has enlarged tape track spacing and may be used for 
transducing the tape When the tape track spacing is enlarged 
due to tape expansion. Alternatively, the ?rst transducer array 
4A can be used and the tape can be stretched longitudinally to 
reduce the tape track spacing closer to the nominal tape track 
spacing. This is because changes in tape Width are related to 
changes in tape extension via Poissons ratio, Which is typi 
cally 0.3-0.5 for a ?exible medium such as tape. Each of the 
arrays 4A, 4B and 4C includes sixteen data transducers 6 for 
transducing customer data, and a pair of servo read transduc 
ers 8 for transducing tape servo tracks. The use of sixteen data 
transducers is of course arbitrary and it Will be appreciated 
that feWer or more data transducers could be incorporated in 
each array. It should also be pointed out that the differences in 
transducer spacing betWeen the transducer arrays 4A, 4B and 
4C refers to the data transducers 6. The spacing betWeen the 
tWo servo transducers 8 of the transducer arrays 4A, 4B and 
4C Will preferably be the same for each array. The reason for 
this Will be made clear beloW. 
[0035] It Will be appreciated that the nominal transducer 
spacing of the transducer array 4A is arbitrary and Will 
depend on design preferences. As described by Way of back 
ground above, a data track spacing of 167 pm is common for 
current generation tape heads, and this value may be used for 
the nominal spacing of the data transducers 6 of the trans 
ducer array 4A. If there are sixteen data transducers 6 per 
array, the data transducers span Would be 15x1 67:2505 pm. 
The reduced transducer spacing distance of the transducer 
array 4B and the enlarged transducer spacing distance of the 
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transducer array 4C may be selected according to the antici 
pated shrinkage and expansion of the tape to be transduced, 
respectively. This may be determined by experiment. For 
example, if it is anticipated that the change in cross-track tape 
dimension Will be +/—0. l 2%, the sixteen data transducers 6 of 
the array 4B can be spaced so that the data transducer span 
length is 2505x(l—0.00l2):2502 pm, which is approxi 
mately 3 microns less than the length of the nominal data 
transducer span of the array 4A. The sixteen data transducers 
6 of the array 4B can be spaced so that the data transducer 
span length is 2505x(l +0.00l2):2508 um, Which is approxi 
mately 3 microns more than the length of the nominal data 
transducer span of the array 4A. Note that if the 0.12% change 
in dimension above is an anticipated Worst case condition, the 
spacing of the arrays 4B and 4C could be less than the 3 
micron differential above (e.g., so as to re?ect an average or 

mean change in dimension). It Will be appreciated that the 
differences in transducer spacing of arrays 4A, 4B and 4C are 
microscopic in scale and are thus greatly exaggerated in FIG. 
1. As track spacing reductions become possible in the future, 
the nominal, reduced and enlarged transducer spacing dis 
tances of the arrays 4A, 4B and 4C may Well become even 
smaller. 

[0036] In the embodiment of FIG. 1, the arrays 4A, 4B and 
4C are spaced from each other in a cross-track direction. They 
may be fabricated on a common substrate 10 using conven 
tional thin ?lm fabrication techniques and materials. A con 
ventional closure 12 may be bonded to the transducer side of 
the substrate 10 to protect the transducer elements from Wear 
and to optimiZe the tribological properties of the tape head 2. 
Electrical lead connections from the transducer elements 
extend aWay from the reader into the plane of the draWing 
sheet, and thus are not visible in FIG. 1. The resultant struc 
ture may be referred to as a tape head module 14. 

[0037] Turning noW to FIGS. 7-10, the transducer arrays 
4A, 4B and 4C may each include one or both of Write trans 
ducer elements and read transducer elements. FIG. 7 illus 
trates a con?guration Wherein the data transducers 6 of the 
transducer arrays 4A, 4B and 4C are all Write transducers. 
FIG. 8 illustrates a con?guration Wherein the data transducers 
6 of the transducer arrays 4A, 4B and 4C are all read trans 
ducers. FIG. 9 illustrates a con?guration Wherein the data 
transducers 6 of the transducer arrays 4A, 4B and 4C are 
interleaved read and Write transducers. FIG. 10 illustrates a 
con?guration the data transducers 6 of the transducer arrays 
4A, 4B and 4C are piggy backed read and Write transducers. 

[0038] Turning noW to FIGS. 11-13, the transducer arrays 
4A, 4B and 4C may be arranged into various array groups 16 
formed on plural modules 14. Each array group comprises 
tWo or more arrays arranged in a cross-track direction (as 
described above) or side-by-side (as described beloW in con 
nection With FIG. 14). For example, as shoWn in FIG. 11, the 
tape head 2 may include a ?rst array group 16A-1 on a ?rst 
tape head module 14A-1 and a second array group 16A-2 on 
a second tape head module 14A-2. In this tWo-module con 
?guration, the ?rst and second array groups 16A-1 and 16A-2 
each comprise read and Write transducer elements arranged in 
an interleaved con?guration. The array groups 16A-1 and 
16A-2 are designed so that there Will be one Write transducer 
and one read transducer over each data track being transduced 
on a tape. When the tape moves from left to right in FIG. 11, 
the Write transducers of an array 4A, 4B or 4C of the array 
group 16A-1 Will Write data tracks While the read transducers 
of a corresponding array 4A, 4B or 4C of the array group 






