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FOUR CHANNEL AZIMUIH AND TWO CHANNEL NON-AZIMUTH 
READ-AFTER-WRITE LONGITUDINAL MAGNETIC -HEAD 

R@f~re~ce.to R~lated AJlplicatign 
5 This application clai~: the benefit ·of U.S. Provisional Patent 

Applicatipn Serial No. 60/009t708, filed on January 11, 1996. 

~Field of th~ Invention 
This invention relates .in general to magnetic storage devices. More 

to particularly this inventipn relates to a method and apparatus that efficiently 
provides azimuth as well as non-azimuth recording in a longitudinal 
magnetic tape recording system. 

Background of the Invention 
15 The constantly increasm~operational speeds of digital computers are 

creating a demand for corresponding increases in the data storage capacities 
of magnetic tape recording and-reproducing systems, while maintaining the 
special requirements of high speed digital tape systems. 

20 It is desirable that tape recording and reproducing systems for use as 
computer data storage devices _provide high data transfer rates and perform a 
read check on all written data .. Toward those ends, conventional tape 
systems typically employ methods of recording known as longitudinal 
recording, as illustrated in Figure· la, in which the tracks of data lie parallel 

25 to each other and parallel to the edges of the tape; or helical scan recording, 
as illustrated in Figure 1 b, ~;Which the tracks of data lie parallel to each 
other but diagonal to the edg~ of the tape. The longitudinal recording 
method offers higher data ~m!Sfer rates; but it would be desirable to obtain 
still higher data densities wbiie retaining the advantages of the longitudinal 

30 recording method. 

One limitation on tra~.densities is crosstalk, which occurs when 
reading of data from one t:ra~k is interfered with by data recorded on an 
adjacent track. Crosst~lk is1ifiher exacerbated by error in head gap 

3 5 alignments. Some me_thods have been implemented to reduce this effect, 
such as leaving guard bands between tracks, or by using wider write head 
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gaps. These methods, however, also tend to limit track densities, thereby 
limiting data densities. · 

A method of re~rding known as azimuth recording has been used in 
5 helical scan systems in order to decrease the effects of crosstalk and thus 

increase the track density of these systems. Azimuth recording results in a 
recorded track pattern in which the magnetization directions of adjacent data 
tracks lie at different azimuth angles to each other, as illustrated in Figure 
1 c. This method greatly reduces inter-track crosstalk, enabling tracks to be 

10 placed closer together.· The need for guard bands or wide write heads is thus 
reduced or eliminated. The helical scan method, however is subject to 
limited data transfer rates. 

Summary of the Invention 
15 The present invention reduces the effects of one or more of the 

problems set forth above. In particular, the present invention provides a 
read-after-write longitlldinal recording head so configured and operated as 
to be capable of four channel azimuth recording· and playback, as well as 
two channel non-azimuth recording and playback operation, thereby 

20 enabling newer tape recorders equipped with the· head to perform more­
efficient four channel azimuth recording and playback, as well as to perform 
the older, less-efficient two channel non-azimuth recording thereby 
providing a backward compatibility with tapes recorded on .the older 
generation of non-azimuthal longitudinal tape recording machines. 

25 

In accordance with one aspect of the present invention, a read-after­
write tape recording head is provided which operates in a first mode to 
provide four channel azimuth recording and also operates in a second mode 
to provide two channel non-azimuth recording onto a magnetic tape 

30 recording medium. 

These and other objects, advantages, · aspects and features of the 
present invention will be more fully understood and appreciated upon 
consideration of the following detailed description of a preferred 

35 embodiment, presented in conjunction with the accompanying drawings. 
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· 1Jrief Description of the rlta~ings 
-In the Drawings: 

Figures lat lb, and le illustrate respectively longitudinal, helical, and 
5 azimuth recording methods known in the art. 

Figure 2 is a front view of the bottom face of one embodiment of the 
read-after-write head of the present invention including four write heads for 
forward writing, four write heads for backward writing, and four read heads 

1 o for read-after-writing and regular reading with the read and write heads 
positioned to permit operation in four-channel azimuth mode and two 
channel non-azimuth mode. 

Figure 3 illustrates writing onto a magnetic tape recording medium 
15 using the read-after-write head of Figure 2 in a four channel azimuth mode 

of operation with the read-after-write head rotated approximately 9.4 
degrees from the vertical direction. 

Figure 4 illustrates writing onto track zero of the magnetic tape 
20 recording medium of Figure 3 using the channel four write head gap of the 

read-after-write head of Figure 2 in the four channel azimuth mode of 
operation. 

Figure 5 illustrates writing onto longitudinal tracks zero, one, two, 
25 and three of the magnetic tape storage medium in sequence using the 

channel four forward and backward write head gaps of the read-after-write 
head of Figure 2 in the azimuth recording mode of operation. 

Figure 6 illustrates reading tracks zero, one, two, and three of the 
30 magnetic tape storage medium using:the channel four read head gap of the 

read-after-write head of Figure 2 in the azimuth recording mode of operation 
and also indicating the direction of tape motion during this mode of 
operation. 

35 Figure 7 illustrates writing onto the magnetic tape storage medium 
using write channels two and four of the read-after-write head of Figure 2 
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with reguJar read. arid read-after-write provided by read channels one and 
three in the two channel non--azimuth recordin~. mode of operation. 

Figure 8 illustrates reading the magnetic tape storage medium using 
5 read channel one of the read-after-write head ofFigure 2 in the non-azimuth 

mode of operation .. 

Detailed Description of a Preferred Embodiment 

Io The following descriptions of illustrative embodiments of the 
invention are presented as a description of structural elements contained in 

an illustrative apparatus and as operational steps performed in an illustrative 
method. The descriptions are derived from certain claims in the application 
as originally filed, bufof course the claims are not intended and should not 

15 be deemed to be limited to the illustrative embodiments so described. 

It is to be understood that the particular implementations described 
are intended as illustrations of, and not as limi~g the scope of, the claims. 
In the interest of clarj~, not all the routine features· of the implementations 

20 are described. It will be appreciated that in the development of any such 
actual implementation, numerous· implementation-specific decisions must be 
made to achieve the developers' specific goals such as compliance· with 
system and business r~lated constraints and that these goals will vary from 
one implementation to another. Moreover, it willbe appreciated that such a 

25 development effort might be complex and time-consuming, but would never 
the less be a routine undertaking of engineering for those of ordinary skill 
having the benefit of this disclosure. 

Figures 2-8 show the context of an illustrative longitudinal recording 
30 apparatus implementing a read-after-write head 100 for recording 

information onto and reading information from a magnetic tape storage 
medium (not shown) moving past the head 100 in a longitudinal forward or 
reverse direction. The magnetic tape storage medium stores information by 
means of particulate matter on (or in close proximity to) its surface that is 

35 selectively magnetized. The write head gaps "write" data onto the 
magnetic tape by selectively magnetizing the particulate matter in a well 
known manner, while the read head gaps "read" the magnetization of the 
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.particulate matter in·t{\vell known manner. The biagnetic tape is drawn 
longitudinally past the head i 00 in forward and reverse directions (in 
aligriment with axis x ofFigrife 2). 

As is well known in the art, a read-after-write head provides error 
detection after writing in a given direction on a specific channel ·by means of 
a write ·head gap with a read head gap positioned in substantial alignment 
with the longitudinal direction of the magnetic tape medium on the specific 
channel. The read-after-writ~ head 100 records information onto, and reads 
information from, longitudinal tracks defined on the magnetic tape storage 
medium either in a four-channel azimuth mode, or in a two-channel non­
azimuth mode. The read-after-write head 100 while operating in two­
channel non-azimuth mode pr~vides backward compatibility with existing 
non-azimuthal tape recording.devices and with tapes recorded on such 
devices. 

Generally speaking, the read-after-write head 100 provides four­
channel azimuthal recording as well as two-channel non-azimuthal 
recording by following.the Figure 2 geometric layout of four forward write .. ; 

head gaps 104, 106, 108and1.10, four read head gaps 112, 114, 116 and 
:. ' ·1 .. " 

118, and four backward write head gaps 120, 122, 124 and 126. The read-
after-write head 100 may be utilized in the azimuth and non-azimuth modes 
of operation by its use in coltjiinction with a conventional tape head 
controller that provides index~ng of the tape head laterally across (along axis 
y in Figure 2) the magnetic tape medium as well as rotation of the tape head 
relative to the tape for azimu~ or non-azimuth operation. An exemplary 
head positioning structure is described in commonly assigned, copending 
U.S. Patent Application Setj.al N9. 08/557,662 to Kumar Kasetty, filed on 
November 13, 1995 and eiuiti~d.: "Tape Drive Head Positioning Device for 
Adjusting Head Tilt And A~fu.uih", the disclosure of which is incorporated 
herein by reference; and, an e1t~niplary head controller is described in 
United States Patent No. 5,3c)1,2i 7, issued to co-inventor George A. Saliba, 
on April 26, 1994, the discloSiire of which is also incorporated herein by 
reference. 

. ~ : . 
. ~ ~-- . 

As shown in Figur~ i, tJ;ie read-after-write head apparatus 100 
••. f . 

generally comprises a surface l 02. In one illustrative embodiment, the 
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surface I 02 comprise~ a: face plate which provides a rigid supporting 
structure for the read and write head gaps. The face plate will be attached to 
a conventional read;..after-write head housing· which in indexed laterally 
across the surface of the magnetic tape and also·rotatedto provide azimuth 

5 or non-azimuth modes of operation in a well known manner by a tape 
recorder controller of the type disclosed in United States Patent No. 
5,307,217 issued to George A. Saliba. 

The surface 102 defines first 104, second · 106, third 108, and fourth 
1 o 110 laterally spaced apart forward-direction write head gaps including upper 

edges 104a, 106a, 1 O&a, and 11 Oa, lower edges 104b, 106b, 108b, and 11 Ob, 
upper portions 104c, 106c, 108c, and 11 Oc, and lower portions 104d, 106d, 
108d, and 11 Od opening into the surface I 02. The forward write head gaps 
I 04, 106, l 08, and 110 write data onto the magnetic tape recording medium 

15 in a well known manner during movement of the magnetic tape in the 
forward direction indicated by the arrow 205 in Figure 3. In the four­
channel azimuthal mode the forward-direction write head gaps 104, I 06, 
I 08, and l I 0 provide four forward write channels numbered consecutively 
1, 2, 3, and 4 from top to bottom and simultaneously write to four · 

20 longitudinal tracks defined on the forward moving magnetic tape. 

The surface I 02 also defines first 112, second 114, third 116, and 
fourth 118 laterally spaced apart backward-direction write head gaps 
including upper edges 112a, l 14a, 116, and 118a, lower edges l 12b, I 14b, 

25 l 16b, and l 18b, upper portions l 12c, l 14c, l 16c, and l 18c, and lower 
portions l 12d, 1 l 4d, 116d, and I l 8d opening into the surface 102 and 
spaced apart from the forward write head gaps l 04, I 06, 108, and 110. The 
forward write head gaps I 04, 106, 108, and 110 and the backward write 
head gaps 112, 114, 116, and 118 are laterally offset. The backward write 

30 head gaps 112, 114, 116, and 118 write data onto the magnetic tape 
recording medium hi a well known manner during movement of the 
magnetic tape in a direction opposite to thatindicated by the arrow 205 in 
Figure 3. In this manner, the backward-direction write head gaps 112, 114, 
116, and 118 provide four backward write channels numbered consecutively 

35 1, 2, 3, and 4 from top· to bottom and simultaneously write to four additional 
longitudinal tracks defined on the reverse moving magnetic tape. 
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The surface. io~ also defines first 120, se~biili 122, third 124, and 

fourth 126 laterally spaced apart read head gaps including lower edges l 20a, 

l 22a, 124a, and 126a openi~g. into the surface 1 o~. and located between the 

forward write head gaps l 04, 106, 108, and 110 and the backward write 

s head gaps 112, 114, 116, and 118. The read head-gaps 120, 122, 124, and 

126 extend generally parallel to, and are laterally offset from, the forward 

head gaps 104, 106, 108, and 110 and backward write head gaps 112, 114, 

116, and 118 and are unequally spaced apart from the forward.write head 

gaps, 104, 106, 108, and 110 and the backward write head gaps 112, 114, 

10 116, and 118. The read head gaps 120, 122, 124, and 126 read data from the 

magnetic tape recording medium in a well known manner during movement 

of the magnetic tape in either direction. In this manner, the read head gaps 

120, 122, 124, and 126 provide four forwar~ckward read channels 

numbered consecutively l, 2, 3, and 4 from top to bottom. 

15 
The read head gaps 120, 122, 124, and 126 are positioned between the 

forward write head gaps 104, 106, 108, and 110, and the backward write 

head gaps 112, 114, 116, and 118. The read head gaps 120, 122, 124, and 

126 may or may not be equally spaced from the forward and backward write 

20 head gaps depending upon the particular geometry influenced by the need 

for backward compatibility with existing model tape recording devices. 

As illustrated in Figure 3, during the azimuth mode of operation with 

the read-after-write head 100 rotated positively relative to the vertical 

25 direction, the four forward write head gaps I 04, 106, 108, and 1 10 (forward 

write channels one to four) and the four read head gaps 120, 122, 124, and 

126 (read channels one to four) are substantially aligned with the 

longitudinal direction of the magnetic tape medium. Furthermore, the four 

read head gaps 120, 122, 124, and 126 (read channels one to four) are also 

30 positioned to provide read-after-write for the four forward write head gaps 

I 04, I 06, 108, and 110 (forward write channels one to four) to thereby 

provide a four channel read~after-write recording head. Likewise, during 

the azimuth mode of operation with the read-after-write head 100 rotated 

negatively relative to.the vertical direction, 

35 the four backward write head gaps 112, 114, 116, and 118 (backward write 

channels one to four) and the four read head gaps 120, 122, 124, and 126 

(read channels one to four) are substantially aligned with the longitudinal 
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direction of the magnetic tape mediU111· Furthermore, the four read head 
gaps 120, 122, 124, and 126-(rea<i ch~els one to four) are positioned to 
provide read-after-write for the four backward write head gaps 112, 114, 
116, and 118 (backward write channels one to four) to thereby provide a 

s four channel read-after-write recordjng head. Thus, the read-after-write 
head 100 provides fo~ channel azimuth operation ill both directions of tape 
motion. , , 

As illustrated in Figure 7, during the non-azimuth (or vertical) mode 
1 o of operation with the read-airer-write head I 00 in the neutral (or vertical 

position), the channel two forwlltd write head gap :I 06, the channel one read 
head gap 120, and the channel two backward write head gap 114 are 
substantially aligned with the longitudinal direction of the magnetic tape 
medium, and the channel four forward write head gap 110, the channel three 

15 read head gap 124, and the chilllflel four backward write head gap 118 are 
substantially aligned with the Jongitudinal direction of the magnetic tape 
medium. Furthermore, the chamiel one read head gap 120 is also positioned 
in opposing relationship to the upper portion 106c of the channel two 
forward write head gap, I 06 and also in opposing relationship to the lower 

20 portion 1 l 4d of the channel tWo backward write head gap 114 while the 
channel three read head gap 124 is positioned in opposing relationship to the 
upper portion 11 Oc of the channel four forward write head gap 1 lO and also 
in opposing relationship to the lower portion l 18d of the channel four 
backward write head gap 118. In this manner, the read-after-write head 100 

25 provides a two-chanriel read-after-write recording operation in the non­
azimuth mode of operation for tape motion in both directions using write 
channels two and four and read channel one and three. 

The first read head gap 120 is positioned in opposing relationship to 
30 the upper portion 106c of the second'forivard write head gap 106 and the 

lower portion l 14d of the second.backward write'head gap 114. As 
illustrated in Figures 2 and 7, the channel one read head gap 120 is 
positioned in opposing relatio~hip to the upper portion 106c of the chanriel 
two forward write head gap 106 ·and also in opposing relationship to the 

35 lower portion l 14d of the channel two backward write head gap 114. , 
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The third read head gap 124 is_positioned in opposing relationship to 
the upper portion 110~ of t1m fourth forward write head gap I I 0 .and the 

. ·~ .' -~!;i' ·~- .•• ~ ' 

lower portion 11 Sa of the!fouith backward writ~ ·llead gap 118. As 
illustrated in Figures 2 and 7, the channel three read head gap 124 is 

5 positioned in opposing relationship to the upper portion 11 Oc of the channel 
four forward write head gap 110 and also in opposing· relationship to the 
lower portion 118d of the channel four backward write head gap 118. 

An angle 128 between a line 130 tangent to the lower edge 104b of 
10 the first forward write headgap 104 and the lower edge 120a of the first 

read head gap 120 and a line 132 perpendicular to gap 104 at the lower edge 
104b is substantially equal to an angle 134 between a line 136 tangent to the 
lower edge 1l2b of the first backward write head gap 112 and the lower 
edge 120a of the first read head gap 120 antil a line 138 perpendicular to gap 

15 112 at the lower edge 112b. As illustrated1in Figures 2 and 5, the geometric 
relationship between the channel one forward write head gap l 04, the 
channel one read head gap.120, and the channel one back.ward write head 
gap 112 positions the channel one read head gap 120 to provide read-after­
write (and regular read for that track) for the channel one forward write bead 

20 gap 104 during positive rotation of the read-after-write head I 00 to the 
preselected azimuth angle-and read-after-write (and regular read .for that 
track) for the channel one backward write head gap 112 during negative 
rotation of the read-after-write head 100 to the preselected azimuth angle. 
Positive rotation of head 100 is in a counter-clockwise sense while negative 

25 rotation is in a clockwise sense, as shown in Figure 3. 

An angle 140 between a line 142 tangent to the lower edge 106b of 
the second forward write ~3.d gap 106 and the lower edge 122a of the 

30 second read head gap 122 ~c(a line 144 perpendicular to gap 106 at the 
lower edge 106b is substaJatiilly equal to an angle 146 between a line 148 

~ .. .. 

tangent to the lower edge ~ lA-b of the second backward write head gap 114 
and the lower edge 1~2a of~~~ second read head gap 122 and a line 150 
perpendicular to gap 114 at ,the lower edge 114b. As illustrated in Figures 2 

35 and 5, the geometric relationship between the channel two forward write 
head gap 106, the channel. f:Wo read head gap 122, and the channel two 
backward write head gap 114 positions the channel two read head gap 122 
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to provide read-after-write (and regular read for that track) for the channel 
two forward write head gap 106 during positive rotation of the read-after­
write head 100 to the preselected azimuth angle and read-after-write (and 
regular read for that track) for the channel two backward write head gap 114 

5 ·during negative rotation of th~ read-atter-write head 100 to the preselected 
azimuth angle. 

An angle 152 between a line 154 tangent to the lower edge 108b of 
the third forward write head gap 108 and the lower edge 124a of the third 

10 read head gap 124 and a line 156 perpendicular to· gap 108 at the lower edge 
108b is substantially equal to an angle 158 between a line 160 tangent to the 
lower edge l 16b of the third backward write head gap 116 and the lower 
edge 124a of the third read head gap 124 and a line 162 perpendicular to gap 
116 at the lower edge l l 6b. As illustrated in Figures 2 and S, the geometric 

15 relationship between the channel three forward write head gap 108, the 
channel three read head gap 1 ~4, and the channel three backward write head 
gap 118 positions the channel three read head gap 124 to provide read-after­
write (and regular read· for that track) for the channel three forward write 
head gap 108 during positive rotation of the read-after-write head 100 to the 

20 preselected azimuth angle and read-after-write (and regular read for that 
· ·track) for the channel three backward write head gap 116 during negative 

rotation of the read.;after-write head l 00 to the preselected azimuth angle. 

An angle 164 between a line 166 tangent to the lower edge 11 Ob of 
25 the fourth forward write head gap 110 and the lower edge 126a of the fourth 

read head gap 126 and a line 168 perpendicular to gap 110 at the lower edge 
11 Ob is substantially equal to an angle 170 between a line 172 tangent to 
the lower edge 11 Sb of the fourth back~ard write head gap 118 and the 
lower edge 126a of the fourth read head gap 126 and a line 174 

30 perpendicular to gap 118 at the lower edge l l 8b. As illustrated in Figures 2 
and 5, the geometric relationship between the channel four forward write 
head gap 110, the channel four read head gap 126, and the channel four 
backward write head gap 118 positions the channel four read head gap 126 
to provide read-after-write (and regular read for that track) for the channel 

35 four forward write head gap 110 during positive rotation of the read-after­
write head 100 to the preselected azim~th angle and read-after-write (and 
regular read for that track) for the channel four backward write head gap 118 

10 
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dUring negative rotation of the read-after-write head 100 to the preselected 

azimuth angle. 
:~,I 
i . -~ 

. ' . .'! 

Thus, the angles.128, 134, 140, 146, 152, 158, 164, and 170 are all 
5 substantially equal to the selected azimuth angle thereby •to provide proper 

alignment of the forward write head gaps, read.head gapst and.backward 
write head gaps during the four-channel azimuth mode of operation. 

The method of the present invention advantageously enables a single 

1 o -conventional tape reoo.rding ~paratus to selectively provide azimuth and 
non-azimuth modes of operation. The read-after-write h~ad 100 may be 
controllably positioned (including the conventional recording head motions 
of indexing and rotation) by adapting a conventional tape recording machine 
to incorporate the control system disclosed in United States Patent No. 

15 5 ,307 ,217 issued to George A. Saliba. Such a control system is adapted in a 
known manner to provide azimuth and non-azimuth (or vertical) operational 
control of the read-after-write head 100 as, for example, in accordance with 
a head positioning structure described in the commonly assigned, copending 
U.S. Patent Application Serial No. 08/557 ,662 referred to above. 

20 

As illustrated in Figures 3-6, in the azimuth mode of operation the 
read-after-write head 100 is indexed to a preselected position over the 
selected tracks of the magnetic tape medium which is moving in a forward 
direction (as indicated by the arrow 205 in Figure 3) relative to the read-

25 after-write head 100. The read-after-write head lOO is then rotated to the 
preselected positive azimuth angle. In this position, the forward write head 
gaps 104, 106, 108, and 110 (forward write channels 1-4) are substantially 
aligned with the longitudinal direction of the moving magnetic tape 
medium. Furthermore, the:read head gaps 120, 122, 124, and 126 (read 

30 channels 1-4) are also substantially aligned with the longitudinal direction 
of the moving magnetic 1$.pe; ?-edium and also positioned to provide read­
after-write (and regular re~~ for those tracks) for the forward write head 
gaps 104, 106, 108, and 110. The read-after-write head I 00 may now write 

to the tracks of the mo:ving magnetic tape medium and/or read the tracks of 
35 the magnetic tape medium in a well known manner 

11 
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The tape direction is then selectively reversed· to move-the backward 
direction (opposite to the direction indicated by the arrow 205 in Figure 3 ). 
The read-after-write.head 100 is again indexed to:~otherpreselected 
position over the ~l~ctedtraCks ofthe magnetic tape medium which is now 

5 ·moving in the backward direction (as indicatedby a direction opposite to 
the arrow 205 in Figµre 3) relative to the read-after-write head 100. The 
read-after-write head is then rotated to the pres~le~ted negative azimuth 
angle. In this position, the backward write head gaps 112, 114, 116, and 
118 (backward write channels 1-4) are substantially aligned with the 

10 longitudinal direction of the moving magnetic tape medium. Furthermore, 
the read head gaps 120, 122, J24, and 126 (read channels 1-4) are also 
substantially aligned With the longitudinal direction of the moving magnetic 
tape medium and also positioned to provide read-after-write (and regular 
read for those tracks) for the backwar~ write head gaps 112, 114, 116, and 

15 118. The read-after-write head 100 may now write to the tracks of the 
moving magnetic tape medium and/or read the trackS of the magnetic tape 
medium in a well known manner. 

This operation is selectively controlled in ·a well known manner by 
20 the tape recorder control system. As illustrated in Figure 5, the azimuth 

mode typically produces a criss-cross overlapping pattern on the magnetic 
tape storage medium. 

Thus, the read-after-write head 100 provides four channels of read 
25 and write during the. azimuthal mode of operation in both the forward and 

backward directions of magnetic tape motion. This operation is selectively 
controlled in a well known manner by the tape recorder control system. As 
illustrated in Figure 5, the azimuth mode typically produces a criss-cross 
overlapping pattern on the ma$fietic tape storage medium. 

30 

As illustrated in Figures· 7 and 8, in the non-azimuth mode of 
operation, the read-after-write head I 00 is indexed to a preselected position 
over the selected tracks of the magnetic tape medium which is moving in a 
forward direction (as indicated by the arrow 605 in Figure 7) relative to the 

35 read-after-write head 100. The read-after-write head is then rotated to, or 
maintained at, the neutral or laterally aligned angular position illustrated in 
Figure 7 (azimuth angle equals zero). In this position the forward write 

12 
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head gaps 106 and 110 (forward write channels two and four} are 
substantially aligned with the longitudinal .directi~n of the moving magnetic 
tape medium. ~rlh6ftnore, the read headpps;u~ and 124 (read channels 
one and three) are also substantially aligned with the longitudinal direction 

s of the moving magnetic ta¢. medium and also in opposing relationship to 
the forward write head gap~: 106 and 110 (forward write channels two and 
four). The read-after-write. head 100. may now write to the tracks of the 
moving magnetic tape medium and/or read the tracks of the magnetic tape 
medium in a well known mariner 

10 
The tape direction i~_then selectively reversed to move the backward 

direction (opposite to the 4irection indicated by the arrow 605 in Figure 7). 
The read-after-write head 1.00 is again indexed.to another preselected 
position over the selected tracks of the magnetic tape medium which is now 

15 moving in the backward direction (as indicated by a direction opposite to 
the arrow 605 in Figure 7) reiative to the read-after-write head 100. The 
read-after-write head is again maintained in the neutral or vertical angular 
position as illustrated in Figure 7. In this position, the backward write head 
gaps 114and118 (backwar4 write channels two and four) are substantially 

20 aligned with the longitudinal direction of the moving magnetic tape· 
medium. Furthennore, the read head gaps 120 and 124 (read channels one 
and three) are also substantiaily aligned with the longitudinal direction of 
the moving magnetic tape m,edium and also in opposing relationship to the 
backward write head gaps 112, 114, 116, and 118. The read-after-write 

25 head 100 may now write to the tracks of the moving magnetic tape medium 
and/or read the tracks of the magnetic tape medium in a well known manner. 

Thus, the read-after-write head I 00 provides two channels of read 
·• 

(using read channels one and three) and write (using forward and backward 
30 write channels two and four) during the non-azimuthal (or vertical) mode of 

operation in both the forward and backward directions of magnetic tape 
motion. 

In summary, Figures 2-8 show the illustrative dual-mode method of 
35 recording data onto azimuthal and non-azimuthal magnetic tapes by using 

the read-after-write head 100~ The illustrative method generally comprises 
the steps of: 

13 
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positioning the head 100 at a predetermined azimuth angle for four­
channel azimuth mode recording, and then 

writing data, oqto a first magnetic tape in ~e four channel azimuth 
mode using the· read;.;after-write recording hea<flOO, etc.; as well as 

5 positioning #i~ head 100 at the nominal, non-azimuth null position for 
two-channel non-aZimuth recording, and then 

writing data onto a second magnetic tape in two charuiel non-azimuth 
mode using the read-after-write recording head 100, etc. 

Io During azimuth mode bidirectional recording the method includes the 
steps of positioning the head 100 at a positive predetermined angle for 
forward-direction four channel azimuth mode recording, and repositioning 
the head I 00 at a negative or complementary azimuth angle for backward­
direction four-channel azimuth inode recording, in addition to the writing 

15 steps. In both modes, the head 100 advantageously performs reading after 
writing during each writing operation in order to verify that the data pattern 
intended for writing has actually been recorded ~nto the tape. 

The illustrative embodiment includes four forward write head gaps, 
20 four read head gaps, and four backward write head gaps. It will be apparent 

to a person of ordinary skill in the art, having the· benefit of this disclosure, 
that the teachings of the disclosure may provide a read-after-write head for 
azimuth and non-azimuth modes of operation with any number and· 
combination of read and write head gaps. 

25 
It will be appreciated by those of ordinary skill having the benefit of 

this disclosure that numerous variations from the illustrations in the notes 
will be possible without departing from the inventive concept described 
herein. 

14 
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What is claimed is: 

,/. ~ -· . 
1. A method' of storing data on magnetjc~pe using a read-after-write 

recording head including four f<>rWatd wiii~ head gaps, four read head gaps, 

5 and four backward write head gapst comprising: 
positioning said recording he_lld at a predetermined azimuth angle and 

writing data onto and reading data from a relatively moving first magnetic 

-tape in azimuth mode using said four forward and .backward write head gaps 

and said four read head gaps; and 
1 o positioning said recording head at a non-azimuth, null angle and 

writing data onto and reading data from a relatively moying second 

magnetic tape in non-azimuth mode using two of said forward write head 

gaps, two of said backward write head gaps, and two of said read head gaps. 

15 2. A method of storing data on magnetic tape ·using a read-after-write 

recording head including forward write head gaps, read head gaps, and 

backward write head gaps, comprising: 
writing data onto and readin~ data from a first magnetic tape in 

azimuth mode using said all of said forward write head gaps, backward 

20 write head gaps, and read head gaps; and 
writing data onto and reading data from a second magnetic tape in 

non-azimuth mode using a portion of said forward write head gaps, 

backward write head gaps, and read head gaps. 

25 3. The method of claim 2, wherein said read-after-write head includes 

four forward write head gaps, four read head gaps, and four backward write 

head gaps. 

4. A read-after-write recording head for recording infonnation onto 

30 and reading information from a magnetic tape storage medium, comprising: 

(a) a surface against which the magneti~ tape storage medium is 

drawn in a forward direction and in a backward direction; 

(b) firstt second, third, and fourth laterally spaced apart forward 

write head gaps including upper and lower edges and upper and lower 

35 portions opening into said surface; 
(b) first, second, third, and fourth lateraliy spaced apart backward 

write head gaps including upper and lower edges and upper and lower 

15 
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portions opening into said surface spaced apart from said forward write head 
gaps, said forward and backward write head gaps being laterally offset; and 

( c) first, second, third, and fourth laterally spaced apart read head 
gaps including lower edges opening into said surface and located between 

5 said forward and backward head gaps, said rea<I head gaps extending 
generally parallel t~ and laterally offset from s~id forward and backward 
write head gaps mid unequally spaced apart from .said forward and backward 
write head gaps; 

( d) wherein said first read head gap is positioned in opposing 
10 relationship to said upper portion of said second forward write head gap and 

said lower portion of said second backward write .head gap; 
( e) wherein said third read head gap is· positioned in opposing 

relationship to said upper portion of said fourth forward write head gap and 
said lower portion of said fourth backward writ~ head gap; 

15 ( f) wherein an angle between a line tangent to said lower edge of 
said first forward write head gap and said lower edge of said first read head 
gap and a line perpendicular to said lower edge of said first forward write 
head gap is substantially equal to an angle between a line tangent to said 
lower edge of said first backward write head gap and said lower edge of said 

20 first read head gap and a line perpendicular to said lower edge of said first 
. . 

backward write head gap; 
· (g) wherein an angle between a line tangent to said lower edge of 

said second forward write head gap and said lower edge of said second read 
head gap and a line perpendicular to said lower edge of said second forward 

25 write head gap is substantially equal to an angle between a line tangent to 
said lower edge of said second backward write head gap and said lower edge 
of said second read head gap and a line perpendicular to said lower edge of 
said second backward write head gap; 

(h) wherein an angle between a line tangent to said lower edge of 
30 said third forward Write head gap and said lower edge of said third read head 

gap and a line perpendicular to said lower edge of said third forward write 
head gap is substantially equal to an angle between a line tangent to said 
lower edge of said third backward write head gap and said lower edge of 
said third read head gap and a line perpendicular to said lower edgt? of said 

35 third backward write head gap; and 
(i) wherein an angle between a line tangent to said lower edge of 

said fourth forward write head gap and said lower edge of said fourth read 

16 
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head gap and a lin<?··~endicular to said lower ,~~e of said fourth forward 
write head gap is substantially equal to an angle between a line tangent to 
said lower edge of said fourth backward write headi88P and said lower edge 
of said fourth read head gap and a line perpendicular to said lower edge of 

5 said fourth backward write head gap. 

5. A read-after-write recording head for recording information onto 
and reading information from a magnetic tape storage medium, comprising: 

(a) a surface against which the magnetic tape storage medium is 
1 o moving in one of a forward direction and a backward direction; 

(b) a plurality of laterally spaced apart forward write head gaps 
including lower edges and upper and lower portions opening into said 
surface; 

(b) a plurality of laterally spaced apart backward write head gaps 
15 including lower edges and upper and lower portions opening into said 

surface spaced apart from said forward write head gaps; and 
( c) a plurality of laterally spaced apart read head gaps including 

lower edges opening into said surface and located between said forward and 
backward head gaps, said read head gaps extending generally·parallel to and 

20 laterally offset from said forward and backward write head gaps. 

6. The apparatus of claim 5, wherein said plurality of backward write 
head gaps are laterally offset from said plurality of forward write head gaps. 

25 7. The apparatus of claim 5, wherein said plurality of read head gaps 
are unequally spaced apart from said plurality of forward write head gaps 
and said plurality of backward write head gaps. 

8. The apparatus of claim 5, wherein a first one of said read head 
30 gaps is positioned 1n opposing relationship to both an upper portion of a first 

one of said forward write head gaps and a lower portion of a first one of said 
backward write head gaps; and 

wherein a second one of said read head gaps is positioned in opposing 
relationship to both an upper portion of a second one of said forward write 

35 head gaps and a lower portion of a second one of said backward write head 
gaps. 

17 
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9. The apparatus of claim 5, wherein an angle between a line tangent 
to a lower edge of a first one of said forward write head gaps and a lower 
edge of a first one of said read head gaps and a line perpendicular to said 
lower edge of said first one of said forward· write head· gaps is substantially 

s equal to an angle between a line tangent to a lower.edge of first one of said 
backward write head gaps and a lower edge of said first one of read head 
gaps and a line perpendicular to said lower edge of said first one of said 
backward write head gaps 

10 IO. The apparatus of claim 5, wherein angles between lines tangent to 
said lower edges of said forward write head gaps and said lower edges of 
said read head gaps and lines perpendicular to said lower edges of said 
forward write head gaps are substantially equal to angles between lines 
tangent to lower edges of said backward write.head gaps and lower edges of 

15 said read head gaps and lines perpendicular to said lower edges of said 
backward write head gaps. 

11. A·tape recording apparatus, comprising: 
(a) a base including means for transporting a magnetic recording tape 

20 along a longitudinal axis, 
(b) a controller; 
( c) a head mounting apparatus secured to a base and controlled by the 

controller; and, 
( c) a read-after-write head positioned by the head mounting 

25 azimuth to confront the magnetic recording tape, said read-after-write head 
adapted for operation in azimuth and non-azimuth modes of operation by 
rotation to at least one positive azimuth angle for azimuth mode and to a 
null angle for non-azimuth mode. 

30 12. The tape recorder apparatus of claim 11, wherein said read-after-
write head is adapted· for four-channel azimuth mode operation. 

13. The tape recorder apparatus of claim 11, wherein said read-after­
write head is adapted for two-channel non-azimuth mode operation. 
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