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OF THE INVENTION 1. Technical Field: The present invention relates
to an inproved information- retrieval apparatus. In particular, the
present invention relates to an inproved digitally-based

i nformation-retrieval apparatus. Mre particularly, the present invention
relates to nagnetlc storage medi a, such as dlgltal recordi ng tapes Still
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Descri ption of t he Related Art: varlous nagnetlc recordi ng

techni ques exist for recording data to and from nagnetic storage nedia,
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Y, high volunetric efficiency and reusability. The constantly
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ondi % the data storage capacities, of nagnetic

The present invention relates to an improved information-
retrieval apparatus. In particular, the preeent invention
relates to an improved digitally-based information-retrieval
apparatus. More particularly, the present invention relates
to magnetic storage media, such as digital recording tapes.
Still more particularly, the present invention relates to

magnetic recording heads for writing and reading data to

. digital recording tapes.

2. Description of the Related Art:

Various magnetic recording techniques exist for recording
data to and from magnetic storage media, such as magnetic
tape. Magnetie tapes are used for data storage in computer
systems requiring data removability, low-cost data storage,
high data-rate capability, high volumetric efficiency and
reusability. The constantly increasing 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.

9902509-0 ¥

19 MAY 1998



recordi ng and reproducing systens, while naintaining the special: e
requi rements of high speed digital tape systens. e

2 Tape recording and reproduci ng systens for use as conputer data
storage devices are required to provide high data transfer rates and to
performa read check on all witten data. To satisfy these requirenents,
conventional tape systens typically el oy nmethods of recording known as
linear recording, in which the tracks of data lie parallel to each other
.and to the éRpe ofeqordingpeand [HepRAduGidhr @Y aRThrfidfued!ss f @S hi gh

data tran S oy LdSs [ I : 14}, hi;gher. data
densi ti essévﬁq%@érl:t g?ﬁ?g\éﬁt%gaédv%én‘?]a(g%% %?ngg#arl gl(%tg? | ng¥?§X &r%lgqﬁlé' g
-Digital |idetsa ttrapesf{dd Haties anthdgoepecfbirmear réagecheck wn taidt wirdtten

i ncr easi ng being utilized_as ggnediunlfqr dat a storage. T is a magnetic

st or age @ used @ 0SBELRTYp HRRSE RAFEHTHNFH R coftvE™ s Faner

al  ows forgfdeemat ¢biEaNEy edmPlofdhethddls CIMRAFdSHUL AP KR dPn8 rid¥ age
t echnol ogi es. For" " exanple, various fornms of nagnetic read/wite
heads can ¥Rcerdingedinnwhisbcithe drragksh oferdatarckirinpanslielr déad canh
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currently Déing I zed as an ant "t ool data storage, 1t 1's

desi r abl e techmigease offiferr ecigydi dgtslebsahgferhuatals.om Bowéoer} ha tf aisd er
and nore
desirable to obtain even higher data densities while retaining

the advantages of such recording techniques.

Digital linear tape (DLT) is a magnetic linear tape
medium that is increasingly being utilized as a medium for
data storage. DLT is a magnetic storage medium used to back
up data,'typically in computer systems. DLT allows for the
rapid transfer of daté, in comparison to other tape storage
technologies. 'For example, various forms of magnetic
read/write heads can be utilized in association with -servo
mechanisms to read and write data to and from a track of a

particular DLT.

Because DLT is currently being utilized as an important
tool for data storage, it is desirable to increase the
recording density, thus allowing for the faster and more
efficient retrieval and writing of data. One method of
increasing this storage density involves azimuth recording.
The term "azimuth" refers to the horizontal angular distance

from a particular reference direction. The use of the word



efficient retrieval and witing of data. One nmet hod of increasing this-

. storage density involves azinuth recording. The term"azimuth" refers-to -
the horizontal angular distance froma particular reference direction. The
use of the word 3 "azinmuth" in "azimuth
recordi ng" thus suggests a form of angul ar recording. Azimuth
recordi ng involves the use of a rotating recording head, such that data
tracks on a tape may be.recorded at aifferent angles with respect-to the

- edge of thezimyah"Azinut"Rziensini rgceedings ithus r sugpgsdst rackogax tefn in

which the I zat] {Jiyections of adjacent data tracks lie at different
azi nmut h aﬁg%ga?% é%5§£§#ﬁ§1 To date, nost recording systens have relied

strictly on magnetic heads which contain read/wite el ements but which
record only vertically, thus pot allow.ng for_angul ar or_"azimuthal"

recordi ng of ~d&Zdm FEANAIRT nSPAIERR adtlfyed!SF 2Ff mAh FRERELPAg

over non- aald¥Hd ngeCREHENY s8chhathAZi BHER NEEAEEE NPT aNBLAse Ve, Mbah
data track packing. Azinuth recordi ng provides nuch denser track packing
t han r egulrgcondgsk aiacki fite rardciang st atidd reeppest ttackheaetigeagofphbeng
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chal I -enge iof whieh ¢hegmbighetiesiticondigeseivast odcakdngceherdataraekcRe

teChmqueslie at different azimuth angle to each other. To date, most
recording systems have relied strictly on magnetic heads which
contain read/write elements but which record only vertically,
thus not allowing for angular or "azimuthal™ recording of
daté. One of the principal advantages_of azimuth recording
over non-azimuth recording is that azimuth recording promotes
very high data track packing. Azimuth recording provides much
denser track packing than regular track packing spacing
because regular tréck packiﬁg spacing typically requires gaps

bétween tracké.

Those systems which do attempt to implement azimuth
reéording techniques are faced with the challenge of providing
fine positioning servo tracking. Servo tracking techniques
have been developed to reduce the effects of txracking error
and thus improve the data capacity of tape systems. Known
servo techniques vary widely, but most involve methods of
dynamically moving a read head gap to continually reposition
it over a written servo track. The movement of a servo read

.head gap compensates for lateral tape motion during a read.



have been devel oped to reduce the effects of tracking error and thus

. inprove the data capacity of tape systens. Known servo techniques vary-

wi dely, but nost involve nmethods of dynam cally noving a read head gap to
continually reposition it over a witten servo track. The novenent of a
servo read head gap conpensates for |ateral tape notion during a read.

4 However, |lateral tape notion during witing is not controlled with
respect to the wite head gap. Thus, the distance between tracks is
“still Iinﬁ?@@vﬁﬁrthétﬁﬁaﬁigéﬁé Betipe durépdl wrabdngolfonotncepgspliedavoi d

over-wri tyngn HAMOUS! ¥ LhLeqliackioaq gap. BASAON the fategaag it

can be appreci at a need exi's or armr I'nproved azi nu recording

" syst em whbetwdens twhclemcdunt stiplobl anstedsao atkd fmawn posdéei anf ngheer vo
tracking._ A ne%g al so exists for an inexpensjye and easg_to“i | ement
appar at us 38 fet R8BSVRPERCPr oD BECeri FR PER1Yi QFFhighELt VB9 PRERERYSIM i s
bel i eved {hattbtherappasat us and nmet hod presented herein solves these

probl ens.

Based on the foregoing it can be appreciated that a need
exists for an improved azimuth recording system which does not
encounter problems associated fine positioning servo tracking.
A need also exists for an inexpensive and'easy to implement
apparatus and method which provides fine positioning servo
tracking. It is believed that the abparatus and method

presented herein solves these problemé;



5 . ' SUMVARY OF THE | NVENTI ON It is therefore an -~

object of the invention to provide an inproved information-retrieval -~ -
' appar atus and met hod. It is another object of the invention to
provi de an inproved digitally-based information-retrieval apparatus and
met hod. It is yet another object of the invention to provide an
i nproved magneti c recordi ng head. 5 It is still another object of the
present invention to provide inproved positioning servo tracking in
association with azinuth re@é’%ﬁ@ OF FHE O om nagnetic recording
t apes. The above and ot her objects are achieved as is now descri bed.

A magnetic recording apparatus and nmethod for the azinuthal recording of

. data to and from g8t eheterage shacksecondai tied Divenigldnl tbipeavidepsni s
di scl osed, The magnetic recordi ng apparatus includes a nagnetic data

r ecor di ngtHRRAVELs RS PymatACRagtitiicitde ARRHF RS FNG 9341y | ocated
within the nmagnetic data recording head assenbly. The magnetic data
recordi ng head assenbly includes a control device coupled to one or nore

| eft servo sendbrsis waspthert ebjett odbr Vithgedsyentdoa |oearadvicle henl ef t

of and ad} age8teaN 8§18 13- raded 4 iF Y i o A A SPUSEL L 85 OLHU"Y -

method.

It is yet another object of the invention to provide an

improved magnetic recording head.

It is still another object of the present invention to
provide improved positioning servo tracking in association
with azimuth recording of data to and from magnetic recording

tapes.

The above and other dbjeéts are achieved as is now
described. A magnetic recording apparatus and method for the
azimuthal recording of data to and from data storage tracks
contained on digital linear tape is disclosed. The magnetic
recording apparatus includes a magnetic data recording head
assembly. A magnetic fecording head is centrally located
within the magnetic data recording head assembly. The
magnetic data recording head assembly includes a control
device coupled to one or more left servo sensors, wherein the
left servo sensors are located to the left of and adjacent and

external to the centrally located magnetic recording head.



6 The magnetic recording apparatus additionally includes a control ~-

. device coupled to one or nore right servo sensors, wherein the right servo

sensors are |located to the right of and adjacent and external to the

centrally |l ocated magnetic recording head. The left and right servo sensors

assist the centrally |l ocated magnetic recording head to tilt and rotate at

a predeternined angle with respect t& a particul ar data storage track
contained on a digital |inear tape, during a recordin eration, thereby

- i ncr easi MYPF e WS U e FECOF ARG pPBPPHPﬁgsi n%&%%féaoﬁg?mt haRC+BE8#di Rig.
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characteristic of the invention are set forth in the appended clains. The
" inventiorwhexelf thewright serwel Isemscrspraferledahedetof tise rifghtt hef

he ol | GRS Rar R Eaoade ertogeingil oro oft 1 FRREFATTVe taoRT aHORRER r ead
i n conj uncécondivhg hhéhe. acthapasy¥tngndr awghgys sewler @dhisors assist the
centrally located magnetic recording head to tilt and rotate
at a predetermined angle with respect to a particular data
storage track contained on a digital linear tape, during a
recording operation, thereby increasing recording density and

providing improved azimuthal recording.



FIG 1(a) is a pictorial representation of an oblique view of a nmagnetic-
head assenbly, in accordance with a preferred enbodi nent of the present -

" invention; FIG 1(b) is an expl oded view of the nmagenetic head
assenbly of FIG 1(a), in accordance with a preferred enbodinment of the
present invention; FIG 2 is a pictorial representation of an

angul ar view of the azinuth recordind magnetic head of FIG 1(a) and FI G
1(b), in accordance with. a preferred enbodi nrent of the present invention;
"FIG 3.illustrates a tdER¥$EmP§$CFﬁBTEQNnQFhTFECBFﬁWﬁ§ gnetic head of
FIG 2, in accordance with a preferred enbodi nrent of the present invention;
8 FIG 4 illustrates an angular front view of the azinuth recording

. magneti c head @heFl Goval i feadumadande Midved phedmactesr eatbbdi nedt vhet he

A S UG MO BT N
itself, however, as well as a preferred mode of use, further.
objects, and advantages thereof, will best be understood by
reference to the following detailed description of an
illustrative embodiment when read in conjunction with the

accompanying drawings, wherein:

FIG. l(a) is a pictorial representation of an oblique
view of a magnetic head assembly, in accordance with a

preferred embodiment of the present invention;

FIG. 1(b) is an exploded view of the magenetic head .
assembly of FIG. 1(a), in accordance with a preferred

embodiment of the present invention;

FIG. 2 is a pictorial representation of an angular view
of the azimuth recording magnetic head of FIG. 1(a) and FIG.
1(b), in accordance with a preferred embodiment of the present

invention;

FIG. 3 illustrates a top view of the azimuth recording
magnetic head of ¥FIG. 2, in accordance with a preferred

embodiment of the present invention;



FLG" 5(b) depicts a top view of an azimuth recordi ng magneti c head.in both
.a normal recording pattern and an azinmuthal recording pattern, in N
accordance with a preferred enbodi nent of the present invention; FI G
6 illustrates a pictorial diagramillustrative of prior art tape notion and
general principals of azinuth tape recording; -FIG 7 illustrates a
detailed pictorial diagramillustratiwe of prior art forward azinuth tape

recording and additional .general principals of azimuth recording, and

‘FIG 8 depicts EtFaghetitUPEEBERSNEN: RRERLREYEGPNEOVIBY RE &4@ &z imardr di ng
tracks an } A T | t S, o NFRECOr gan i ferre

enbodi mn%%ﬁ%ﬁ%rg@{%ﬁ%eﬁggénpf ) ﬁ’ Th %EBO%dBB%e ngh a9
"DETAI LED DESCRPAédDN\eitbo@RneRRED ENBCPLUEMRt invenkliGn;1l(a) is a pictorial
representation of an oblique view of a magnetic data recordi ng head
assenbly 90, in accordance with a preferred enbodi nent of the present

invention. Mignetec 83a3 riecaistngdipad aeperpldy 98¢l BClyidesy ag razifph
recordi ng magnetic head 101, which can record data
azimuth recording magnetic head;

FIG. 5(b) depicts a top view of an azimuth recording
magnetic head in both a normal recording pattern and .an
azimuthal recording pattern, .in accordance with a preferred

embodiment of the present invention;

FIG. 6 illustrates a pictorial diagram illustrative of

prior art tape motion and general principals of azimuth tape

recording;

FIG. 7 illustrates a detailed pictorial diagram
illustrative of prior art forward azimuth tape recording and

additional general principals of azimuth recording; and

FIG. 8 depicts a magnetic recording track layout for both
regular recording tracks and azimuth recording tracks, in
accordance with a preferred embodiment of the present

invention.



from nagnetic data tracks azinmuthally, while providing fine positi-oning -
servo tracking. Magnetic data recording head assenbly 90 includes a head-

" beam 103 and cabl e 107 which provi des power to nmagnetic data recordi ng head

assenbly 90 and azimuth recordi ng nagnetic head 101. Cable 107 is a

two-wire twi sted pair assenbly. Magnetic data recordi ng head assenbly 90

al so includes a head cabl e cover 103 &hi ch provi des shiel di ng and

protection to cables coupled to azinmuth recordi ng magneti c head 101. Head

-beam 105 i s an al DEFASRED: PESCRIPTIMN OF & Fﬂﬁ¥¥P¥M§N§(ﬁ ng magnetic

head 101 and an actuator coil in an integral structure. Magneti c

data recordi ng head assenbly 90 includes a control device, coupled to a

- left servo senFmG.| dgai)edi s oat pd dtelrtiadf mepraddntecosddi of magnsihl Lghead
101. A control device is also cqupled to a right servo sensqr, which itself
i s | ocat e¥leY tHk @ gRRIBLtIS ndehar kRFW NP Fadedd c2RELTPEYL RPrhi 0

magneti ¢ datg HeAREI! RYthead agseERlN 30, chitdailale tRer | efje @

servo sensors assi st the nagne?ﬂc recording head to tilt and rQ?géégﬁﬁ a
pr edet er ninednanghe vwadnetipedatborecpading dead datsemld by agd@ imatkdehil e
recordi ng_t he dat orage track

dat a : : . .10 st
during a PBcBFUTHEPoPEFArAbRI PREPEEYCi ReRealPhy YREG FRY HRReFEydaha

provi di ngeehfl & ' I di 160NLHGH 0@ &8s a under
t he contro?ggfﬁgﬁggﬁ?$%Fkﬁ?féi%fggah?g%mPgﬁgPIgstra?eg;???¥%3 1%b§§§§

control cpesariondeg Eaehveortratkieyi cMagneddupl dateo tersprding rbead 106.
assembly 90 includes a head beam 103 and cable 107 which

provides power to magnetic data recording head assembly 90 and
azimuth recording magnetic head 101. Cable 107 is a two-wire
twisted pair assembly. Magnetic data recording head assembly
90 also includes a head cable cover 103 which provides
shielding and protection to cables coupled to azimuth
recording magnetic head 101. Head beam 105 is an aluminum
structure, which parries azimuth recording magnetic head 101

and an actuator coil in an integral structure.

Magnetic data recording head assembly 90 includes a
control device; coupled to a left servo sensor located to the
left of azfmuth recording magnetic head 101. A control device
is also coupled to a right servo sensor, which itself is
located to thé right of azimuth recording magnetic head 101
within magnetic data recording head assembly 90, such that the
left and right servo sensors assist the magnetic recording
head to tilt and rotate at a predetermined angle with respect

to a particular data storage track while recording the data



FIG 1(b) is an exploded view of the magenetic head assenbly 90 of .FI G
1(a), in accordance with a preferred enbodi nent of the present invention.
In FIG 1(a) and FIG 1(b), like parts are indicated by |like reference
nunerals. Thus, in FIG 1(b) cable 107 is coupled to magnetic data
recording head assenbly 90 as in FIG 1(a). A head cover 85 can be utilized
to cover azimuth recording magnetic haad 101. Head cover 85 can be
installed after all the qther elenents are connected properly and foll ow ng
-curing. A stanpgestrackitdurirgl a secovding epdrationai Wwrdey doaressihd o

azimuth re i magnetic head 101.. Beam coil. . provi des_ .addi tional
Support o SoPRIERS AR LF v PR ROV dIRE E S b1 8 MRl Pt i
“addi t i onal EagRpebhtirelherdr G| poress idder the cbhfrol b a Rt R
representation of an angylar view of the azinmuth recordi ng magnetic head

101 of FI GFiiguitanthirk is(b}luphrabedr HarkESwil fPh 5t GartRal &t ent
f th t i ' ' : ' ' h . ' | ud
o gnt "osBPy | FAYATGoRRror R TERNBIAG RO ol Rt 24k udes

interl eaved read/ wite elenents. Each nodul e i ncl udes an extensi on | ocat ed

at either side gf the I n_head of azinuth recording nmagnetic head 101. A
ri ght extension%IQS 1(b) 1is ap se§8ipgg8ne‘ﬁlq"b Pﬁeq}qegh‘i“ag?n?r—éﬁt hRRAI e

LaPi extendfSeBALEnSNGH2dd, PETLY 008 hBchiaabeR! Bl ot dFLfrda
embodiment -of the present invention. 1In FIG. 1(a) and FIG.
1(b), like parts are indicated by like reference numerals.
Thus, in FIG. 1(b) cable 107 is coupled to magnetic data
recording head assembly 90 as in FIG. 1(a). A head cover 85
can be utilized to cover azimuth recording magnetic head 101.
Head cover 85 can be installed after all the other elements
are connected properly and following curing. A clamp 88 is
utilized to cover a cable that .can be connected to azimuth
recording magnetic head 101. Beam coil 80 provides additional

support to azimuth recording magnetic head 101.  Clamp 76

provides additional support to head cable cover 103. .

FIG. 2 is a pictorial representation of an angular view
of the azimuth recording magnetic head 101 of FIG. 1l(a) and
FIG. 1(b), in acéordance with a preferred embodiment of the
present invention. Azimuth recording magnetic head 101
includes. a right module 116 and a left module 112. Each
module contains interleaved read/write elements. Each module
includes an extension located at either side of the main head

of azimuth reCording magnetic head 101. A right extension 128



servo read el enents. Right extension 128 contains servo read. el enents 1283,

“while left extension 124 contains servo read el ements 122. Miltiple serve

read el ements may be maintained with these nodul e extensions. In addition,
azi muth recordi ng magnetic head 101 includes two gaps, a left gap 112 and a
right gap 111, each of which is skewed +/- 9 to 10 degrees respectively.
Thus, when azinuth recordi ng magneticihead 101 is in an azi nuth recording
nmode, the servo read elenents will be positioned perpendicul ar or

ort hogonalist cpesetiipnedt itoh thet apieghipt Pdn, ridHy ebodpéadiliep + i niZngleft

monet 1 ¢ AREETbon 24" £ ThbETs Enkg® B Tt 84T o AT AGHEE ahae.

" functi onalie ftf 3&ertdibd NE24 esR@ctiyl: | REéHSioh 12@S€askeasntasni pdilgat ed

by arrows 113. For exanple, in FIG 2 the length of the functional area
i s given #S raadl eenanipoct Rightepgitiensdon dR8 aopLalnst FeryL zeads are

i ndicated as . 7 T. | engt.h of e ri . and ft les | 0. 2. Those
skilled i r?ﬁl%meen}r‘? i?gffl wg tgreec]iea%tg; ?ﬁ%?gé’r‘?ﬂoég scﬁ)ec%lti!ngs n%%gu?eﬁ?ﬁfjs are
provi ded igldndat?,13esMuTRAPIERIYD dedd elelkhtist mai B8 mpyhpasasdonl y
and ot her sizes and shapes may be utilized in accordance with a preferred

enbodi mentvidh thessy & lleiaﬁhﬂﬂaiﬂﬂfrwbﬁénéﬁ@i§ﬁ0ﬁea§%é@PEaE§?C§Iﬁé@gions
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head i n a mulebl gapeadiibeamchmo it hwh scipoier etelgdan /- 9 to 10 degrees
respectively. Thus, when azimuth recording magnetic head 101
is in an azimuth recording mode, the servo read elements will
be positioned perpendicular or orthogonal to the direction of
tape motion, thereby reading timing information accurately'

relative to the position of azimuth recording magnetic head
101. '

FIG. 2 also illustrates non-functional and functional
areas, and the respective lengths of these areas, as indicated
by arrows 113. For example, in FIG. 2 the length of the
functional area is given as 8.7 and the respective lengths of
the non—funcﬁional areas are indicated as .75. The length of
the right and left modules is 10.2. Those-skilled in the art
will appreciate that although specific measurements are
provided in FIG. 2, these measurements are for.illustrative
purposes bnly and other sizes and shapes may be utilized in
accordance with a preferred embodiment of the present
invention. Movement of head actuator directions are also

indicated within FIG. 2 as "ACTUATOR Y DATUM" and "ACTUATOR X



eleetrical coil. X and Y registers (not shown) along the sides of azinuth

~recordi ng magneti c head 101 establish the end position of the head. A
tape head actuator is utilized in accordance with azinmuth recording
magneti ¢ head 101 for positioning purposes. FIG 3 illustrates a top

view of azimuth recording magnetic head 101 of FIG 2, in accordance with a
preferred enbodi nent of the present ifwwention. In FIG 2 and FIG 3, like
parts are indicated by |jke reference nunerals. In FIG 3 left nodule 118
-is skewedDAUYML] y swely Kr @nd ighdatodulieditétoes miyxabe artidzizad hed
reqording}gosition. | ext en ontaiggﬁ% rvo read el enments 123,

Ri_ght i 128
while Ief EﬁFénEPthﬁéﬁgEBn’i‘ aﬁ‘(ﬁéal On\}"r?a}deg(?ag\'e 15PO¥HREedPY 02 R ead

“elenments angckRyeaRoStdd pnedxom el t herrcgiidt s t [WotlabRohaCka diRy €héher
azimuth or non-azinuth recordlgg whi ch "has the effect of inproving

r ecor di ngsddesi of apiwatiberecordinadtagneii dheady a0l eatphlispathecendr
predet er m_ned, pattern. The_l ocat,on_of the curr ervo read. el enents
function 885&5&8&sﬂfu§pe§$%§a'bun%sFapﬁhéﬁagiégga%#qMtﬁ?t#ﬁﬁiﬁﬁ%&t}gcks.
A brass shiebddhd@d swhehi t agnadtat tdworPitEr meignaiint headecaodi ngor

magnetic head 101. Azimuth recording magnetic head 101 includes right
nmodul e 11BO8A¢ HOBANGTRWARCSES and brass shield 130. The width of the

brass shield is approximately 0.1. Right extension 128 and right nodule 116
13 are positioned approxinmately .004 behind |l eft nodule 118 and
FIG. 3 illustrates a top .view of azimuth recording

magnetic head 101 of FIG. 2, in accordance With a preferred
embodiment of the present invention. In FIG. 2 and FIG. 3,
like parts are indicated by like reference numerals. In FIG.
3 left module 118 is skewed slightly away from right module
116 to indicate an' azimuthal recording position. Right
extehsion 128 contains servo read elements 123, while left
extension 124 contains servo read elements 122. The servo read
‘elements are thus positioned on either side of the data tracks
for either azimuth or non-azimuth recording, which has the
effect of improving recording density, because data tracks can
be organized in a particular predetermined pattern. The
location of the current servo read elements function
analogously to "speed bumps, " when mixed in with the data
tracks. A brass shield 130 is posipioned at the center of
azimuth recording magnetic head 101. Azimuth recording
magnetic head 101 includes right module 116 and left module
118 and brass shield 130. The width of the brass shield is
approxiﬁately 0.1. Right extension 128 and right module 116



| ef t- extensi on 124. FIG 4 illustrates an angular front view of the
‘magnetic recording head of FIG 3, in accordance with a preferred TN
enbodi ment of the present invention. In FIG 2, FIG 3 and FIG 4, like
parts are indicated by |like reference nunerals. Actuator axis are al so
indicated in FIG 4. Thus, "ACTUATOR Z DATUM i ndi cates novenent along a
z-axis by an actuator. "ACTUATOR L DATWM' i ndi cates novenent al ong an
1-axis. L and Z datumindicators are utilized to |ocate azinuth recording
-magnet i ¢ eezel dodit homedoapbrexhmatebganp0dhbehind fedtr edbdmlean 18 egid i cal
coil. Thui, h and Z registers are |ocated on the sides of azinmuth recording
magnet i c 1RiteRSteRabffsh L and Z axis positioning for the azinuth
‘recordi ng magnetic head 101. FIG 5(a) illustrates a top view of a
prior art non- azimuth recording nmagnetic head 104. In FIG 5(a) and FIG
5(b), like partBIGyredihdiwsteatdy dnlkangelar efcenhumsvalel thepamabiwtic
utilized in _accordance wth_nQpn-aziguth recordi ng magnetic head 104

i ncl udes a &% Jf/(gl?)%t 198. %%r;r‘f‘vog?r &@ksa%?%rﬁi%?i?%atwé&batalﬁe erred
Non- azi nutdint & heh fJoFBGREL 'gi:efé%’i‘ﬁ Lt drtGldiles iNOFedi P25eericdnNs @ncf:
chip sections 161 and 163). Positioned between these chip sections are

cl osure sd&XGond, 1bbkanpdatt?. are indicated by like reference numerkls.

FIG 5(b) AepielSra.ko8 YLEWa0Lo20 1220 KL 18C9 ¥ NS,  thus, "acTuaTOR
.Z DATUM" indicates movement along a z-axis by an actuator.
"ACTUATOR L DATUM" indicates movement along an l-axis. I and
Z datum indicators are utilized to locate azimuth recording
magnetic head 101 in a movable head beam, which is powered by
an electrical coil. Thus, L and Z registers are located on
the sides of azimuth recording magnetic head 101 to establish
L and Z axis positioning for the azimuth recording magnetic
head 101. ' |

FIG. 5(a) iliustrates a top View'of a prior art non-
azimuth recording magnetic head 104. 1In FIG. 5(a) and FIG.
5(b),'1ike parts are indicated by like reference numerals.
Tape 136, utilized in accordance with non-azimuth recording
magnetic head 104 includes a servo pattern 148. Servo tracké
are indicated at 190. Non-azimuth recording magnetic head 104
includes two chip sections (i.e., chip sections 161 and 163).
Positioned between these chip sections are closure sections
165 and 167.



magnreti c head 101 in both a normal recording pattern 132 and an azi nuthal --
‘recording pattern 134, in accordance with a preferred enbodi nent of the -
‘present invention. A tape being read or.witten to by an azimuth recording
magneti c head includes a particular servo pattern 148. Servo pattern 148 is
conposed of servo dianonds, as illustrated in FIG 5(b). The azinuth
recordi ng magnetic head 101 is showmn nbt only over tape 136 at a nornal
recording pattern 132 and an azimuthal recording pattern 134, but is also
indicated physiEst] y54db)lidepictd| & thiph)vieacbhbidep carimazhmudcomtingli ng
magneti c head 101 includes_four chjip sections 152, 156, 1 and 160, 180
and 182. magnet%%éme%ﬂiboée&PiBﬁth39 B@rﬁaip5§88rgﬂn9eH%%i?qﬂﬂxﬁ?eﬂ? on

“whi ch thin,{iLpyRenshi cr68626¢h89 FRY €83, ar £ deRRYABRH AN dWE REN 5
closed off with Barrium Titenate Carbide (BTC), a formof ceramc that

mat es wi t lpesitdroéd t érebad bmenrenbifotbe pitepeséctinyesitionkEaciA dAapritbeing.
recordi ng nagnetic heag 101 includes a BTC sectiaon. .BTC sectiﬁm 1§§ ié

i ncl uded Wi $FF nOFefYr Xt 8Asith 284 AR FEETE JEGATSH M6 NAINRhLFuRR

W thin ri giicErdessd YPard2teuldr aftdivd gs_att@sm ndigcat edry8 FhtcebhalagngdsFl G
5(b), a nunber of servo tracks are indicated at 190. A nunber of data
tracks ar Compesed of t pervo ediagapdsdlapet WeestcatpdsertFEHGE- 18fbhnd Ehesure
200. The_ se h rack el e S o] e r r e_anogt her
i n order t%%orﬁ%@il dgggﬁ%?&\rllgd 'éla\‘pgfééégjéc g%%%!riaggrldgesf %h%dr_éggo%@clwh%y I
expansi onstapde186t avi &h nldrinal | Fe@bh@inywpdetekhe132 and an azimuthal

recording pattern 134, but is also indicated physically at

150. In FIG. 5(5), each depicted azimuth recordihg magnetic
head 101 includes four chip sections 152, 156, 158 and 160,
180 and 182.

Each chip section may be composed of ferrite material, on
which thin film magnetic recording head layers are deposited
and then closed off with Barrium Titenate'Carbide (BTC), a
form of ceramic that mates with each of the aforementioned
chip sections. Each azimuth recordiné magnetic head 101
includes a BTC section. BTC section 164 is included within
left extension 124, while BTC section 162 is included within
right extensidn 128. Iﬁ addition, as indicated in FIG. 5 (a)
and FIG. 5(b), a number of servo tracks are indicated at 190.
A number of data fracks are located within 1left gap 112
between chip section 182 and closure 200. The servo head
track elements are located far apart from one another in order
to provide improved average accuracy due to hydroscopic

thermal expanSions inherent with DILT. In other words, the



15 servo head elenments are | ocated on either side of (i.e., and external

. to) all of the data head el enents.. Data tracks are positioned

bet ween cl osure 202 and chip section 180 within right gap 111. Servo tracks
190 are shown situated between chip section 152 and BTC section 164 at
servo gap 140a. Simlar servo tracks are positioned between BTC section
164 and chip 156 at servo gap 140b, between BTC section 162 and chip -
section 160 at servo gap 140c, and bel®een BTC section 162 and chip

-section 15@rélo $RIAD actsl. ard'sl ddutiaatesl ¢S sfid)of | eftegppand2 and
ri ght gap 111 are each skewed +/- 9 to 10 dggéses respectively. Those
skilled i @%teendd 64l aldpreding date thead tfkenrsadt e depicted in FIG

"5(b), one set of servo read elenments is utilized for one direction of tape
notion and another set of servo read elenents is utilized for the reverse
direction of miaten.tracks arfd Gositidnsd rateseen pcbosural 202 agndnchip

Illustrative of prior art tape notion general pringip of azjnmuth
tape recors§GtgoFHE0 @?ﬁﬂiQn¥§9WWe9§§bﬁaaricﬁﬁrVQIgF?S%§hi%80?r§z§ﬁﬁWﬁ

recordi ng dit @ £ J LB S il 8ectRes: 152! &nd er@ <& aiaC hedskryEl G

6, a three-gap head is provided. Two outer nodul es nay be conposed of wite
heads, whidap tI&0an ddiSénpdean seray toapkssere pesd theadd Bhetweeenr BITE head

can be, Ut dgsd,f o cgne dy 1 eclion gF, Labes oL o and e, oWSt, ot Lgueroe

depicted igadti@n 6162 AAOWA4D section 160 at servo gap 140c, and
between BTC section 162 and chip section 158 at servo gap
140d. As indicated in FIG. 5(b), left gap 112 and right gap
111 are each skewed +/- 9 to 10 degrees respectively. Those
skilled in the art will appreciate in that the example
depicted in'FIG. 5(b), one set of servo read elements is
utilized for one direction of tape motion and another set of
servo read elements is utilized for the reverse direction of

motion.

FIG. 6 illustrates a-pictorial.diagram 230 illustrative
of prior art tape motion and general principals of azimuth
tape recording. FIG. 6 depicts the geometrical relationship
of azimuth recording in a "read after write" mode. In the
example depicted in FIG. 6, a three-gap head is proﬁided. TwO
outer modules may be composed of write heads, while the middle
portion may comprise a read head. Either write head can be
utilized for one direction of tape motion and the other for
reverse direction. Tape motion with respect to data tracks

contained on tape 236 is depicted in FIG. 6. ‘Arrow 220



16 ‘indicates a forward notion, wherein wite elenents 248 and read .
.el'ements 250 respectively wite or read data to tracks contained on tape - -
136. Li kewi se, arrow 224 indicates a reverse notion, wherein wite and
read el enments 250 and 248 respectively wite or read data to tracks
contained on tape 136. Left gap 112 and right gap 111 are al so depicted in
FIG 6 in both forward and reverse nothygn positions. Left gap 112 and ri ght
gap 111 are anal ogous to the respective left and right gaps pictured and
-descri bed imdbtatest A feswand tmowidn draMéngsn wa tienteidmgaviesl gagnelrne

read/ wite h%?d fa% be u%ilized I n association with the ta€e not i on

depi ct ed (TP Elegments 250prespectivedyr Mdd e Qetgadqdpret 50i dlrafkeyr am
"231 illust ' | O t 4 war | t c [ .. tional
gener al pr?ﬁ?%ﬁ??ogdaz:{a téh ]'rje%(‘:'or d?%l@?éﬂgs%r v%gglorewerre%?g Q%e@ng?eggpiact ed
in FIG 7.revepse 286tiodj cahesednf emidied andt imsad vbsmem: s 250 ahemetess 250
and read elenents, 248. In FIG 6 and FIG 7, like parts are indicated by

li ke referEnt® ‘Fbﬁ%ﬁz SWIEBSr OheZdf8% @ tde it titR GRS FFentaingdi en fiara i on

| - . 36.
to wite or36cad.< dap0192 hhQM-dghe §480KEL GO ?%ng‘a@'}ltﬁ%? %’gb Fc?:eEg'iect ed

data tracks contained on tape 136 are anal ogous t
in FIG 6.6 in both famard,ard mstverssed 44 o ipoest tdromrsead Iedita dap artd rom
First head 244, in a reverse notion

tracks 1t 6,.. i ndic d at 260. .

(not shomné)rllgn H‘S;ﬁtﬂg,a_pal_ ARt FRALOPQUTs t6r tEESREF L YR ohPEE Bnd

tracks 105cightl 3fap@sSpidehéd eshd@tdéd€ribed herein with respect to all
drawings. - An interleaved magnetic read/write head may-be
utilized in association with the tape motion depicted in FIG.

6.

FIG. 7 illustrates a detailed pictorial diagrarﬁ 231
illustrative of prior art forward azimuth tape recording and
additional general principals of azimuth recording. Sexrvo
elements are not depicted in FI_ZG. 7. Arrow 220 indicates a
forward motion, wherein write elements 250 and read elements
248. In FIG. 6 and FIG. 7, like parts are indicated by like
reference elements. Four heads are depicted in FIG. 7, which

function to write or read data to or from data tracks
contained on tape 236. The data tracks contained on tape 136

are analogous to data tracks 192 depicted in FIG. 6.

In FIG. 7, first head 244 writes or read data to or from
tracks 1 to 26, as indicated at 260. First head 244, in a
reverse motion (not shown in FIG. 7), also functions reads or

writes data from or to tracks 105 to 130, as indicated at 276.



17-Second head 242 functions to wite or reads data to or from tracks:.53
to 79, as indicated at 262. Second head 242, in a reverse notion (not shown
in FIG 7) also wites or reads data to or fromtracks 131 to 156, as
indicated at 274. Third head 246 wites or reads data to or fromtracks 53
to 78, as indicated at 268. Third head 246, in a reverse notion (not shown
in FIG 7) reads or wites data from to tracks 157 to 182, as indicated
at 172. Fourth head 256 wites or reads to or fromtracks 79 to 104, as

- I ndi cat edS@soré4he&F@uUR4P Peadt2bfis to ﬁrieuebser&aﬁbodatal SQo\Nbirt E&oﬁr
reads data to or fromtracks 183 to 208 as_indicated a FIG 8
depi cts athaghetP2 kecdPdi a§ ipdéraragoat 368- foseﬁeﬁﬁ FS@GIgﬂzneéékding

+ tracks 30 e@?f‘ﬁ%ﬁ&%‘{& (et 4G 1%C§-ic;304bléf's8‘(‘v%9£€%§‘%er ‘Q{’era*?j St e”ed

enbodi nen e presen hvent | on recor tra

i ndicate ta ragwmrun?aaﬁqs A3l evenssl aasuindﬂzamm haltlf a:m.dl ﬂglﬁﬂcﬂ(hle&cﬁm
i ndi cate [ zag" pattern. zag" - pattern indicates
that the %éﬁv@"ﬁg'é‘d; ePemEReds %atar§8dé?1§ Sfoﬁzﬁrﬁﬂ%&‘r eedr dithg’ fagieti c

head 101 {5q7ngled at 3Re.OXIHIRLEl b SIpE) oBS LN ELLheL ALt QhorThose

skilled inthe art can appreciate t “ZI g™ Tepresents one direction of
t ape noti shoandih EIE zan)" ﬂe@;ﬁ$mnw$1tbe datar firog epatterorguicddcsd 4o t he

reverse ta noti on,  hence the term z The servo reader_in
it 1 EBE, PR oL PR RS ARt 1 o itk taas (208 WHGAPY A e

i i ng | nbor FRLROR BER 3ieelus rRIAL i ye 10a188:005hE1 98401 BLLBUN Haker di ng

magneti c 101 "agai nst the tape during azimith recording. The data head
of azi nut®56, in a reverse motion, also writes or reads data to or from

tracks 183 to 208 as indicated at 270.

FIG. 8 depicts - a magnetic recording track layout 300 for
both regular recording tracks 302 and azimuth recording tracks
304, in accordance with a preferred embodiment of the present
invention. Regular recording tracks 302 indicate a
"regularized" or "even" layout. Azimuth recording tracks 304
indicafe a "zig zag" pattern. This "zig zag" pattern
indicates that the servo head element (i.e., reader) of

~azimuth recording magnetic head 101 is éhgled at approximately
9.5 degrees in either direction. Those skilled in the art can
appreciate that "zig" represents one direction of tape motion.
and the "zag" represents the recording pattern produced in the
reverse tape motion, hence the term "zig zag." The servo
reader in Azimuth recording is orthogonal to the tape motion,
thereby reading the timing ihformation accurately relative to
the position of azimuth recording magnetic head 101 against

the tape during azimuth recording. The data héad of azimuth



18- recording magnetic head 101 is positioned at an angle with respect to
the tape notion. When taken together, the aforenentioned draw ngs
descri be a magnetic recordi ng apparatus and nmethod for the azi nut hal
recording of data to and from data storage tracks contai ned on DLT. The
magneti c recordi ng apparatus thus includes magnetic data recordi ng head
assenbly 90. Magnetic recording head 11 is centrally located within
magneti c data recordi ng head assenbly 90. Magnetic data recordi ng head

. assenbly 28coirahndemayymild deatdvioe, iéowusict ioned | #E t aneanglensgdEh t hat
is located to the left of the magnetic recordi ng head. The magnetic
recor di ngT8FP&Fat &9 £88i CREPaMAFLO%el udes a control device, coupled to a

- right servo sensor that is located to the right of the nagnetic recording
head within the magnetic data recordi ng head assenbly. The left and
ri ght servo selbtenstaksenstoddichemgridic eforenpditiagnedadravingbtdasciribéat e
at a predetermned angle with respect to a Rparticul.ar. data storage track
containedaoﬁqg?é%%ﬁu#%ﬁf%&%@%o? ﬂﬁagﬁ%rﬁPgoW?tﬁﬁgrggfi S et thaf
recor di ng réedyrdivngabe Qa0HI €b Nthd YRV edtazkbturhgk tesekdi cantdpasat ba
recordi ng head 101 includes a left nodule and a right nodule. The left

modul e i n®lddesThef pageplbcseageordirgmrrarakenctnidringlwies mageebing,

o, il R hUda Sy 9o0N0 SaRgRecELereRlsaBkgpcRlclr

positioni dg, téetrellysdromatsehsedtalianmmgnanict kiatd glheceeiiagsensad
assembly 90. Magnetic data recording head assembly 80 includes
a control device, coupled to a left servo sensor that is
located to the 1left of the magnetic recording head. The
magnetic recording apparatus additionally includes a control
device, cbupled-to a right servo sensor that is located to the
right of the magnetic recording head within the magnetic data
recording head assembly.

The left and right servo sensors assist the magnetic
recording head to tilt and rotate at a predetermined angle
with respect to a particulai data storage track contained on
DLT, dﬁring a recording operation, thereby increasing
recording density and providing iﬁproved azimuthal reéording.
Magnetic recording head 101 includes a left module and a right
module. The left module includes left servo sensor elements
skewed for azimuth recording, and the right module includes
right servo sensor elements skewed for azimuth recording.- In
order to improve recording density and fine servo positioning,

the left servo sensor elements and the right servo sensor



19-el ements are conposed of only read elenents (i.e. servo read el enents

122 and 123). Those skilled in the art can appreciate that the

azi muth recordi ng head descri bed herein may be utilized not only for
azimuth recording, but also for non-azinuth recording of data from data
tracks. The magnetic recordi ng apparatus and nmet hod presented has been
described in terns of primarily an azgwth recordi ng system However, an
azimuth recording track pattern is not required for inplenentation of a

. pr ef er r ed edeneditrse i3tr <o fcdnipe gErde sefh ton I'w enetadore 1 entEing: sraginet | csemoorokad head
and nagnetlc dg&s 5§ﬁ9rq5ﬂ%gﬂﬁad assenbly described herein can be utilized

in a tape track patterns in which the direction of

magneti zati on of data is the sane. Thus, while the invention has

been particularly shown as described with reference to a preferred

enbodi ment, it Thidde iskiddest dmosdebprthose appreéetate that atmetmmw’ahi ous

changes | ) c%rx@lq%d h%reé{[oa CLeéT(Bylgjed %qreefnh?{a%} ri)ewl.{{liol% %%E i g%n]éfjhe

spirit an SCo i‘nvention erefore con

t hat such amdmfﬂrcatewmlm betradeowEbbonbdn depimbthgrécomiihg <sp|diata.0r

scope of the present invention as defined in the agpended cl ai irs.

from data tracks. The magnetic recording apparatus and method

presented has been described in terms of primarily an azimuth
recording system. However, an azimuth recording track pattern
is not required for implementation of a preferred embodiment
of the present invention. The magnetic recording head and
magnetic data recording head assembly described herein can be
utilized in a tape system with standard track patterns in

which the direction of magnetization of data is the same.

Thus, while the invention has been particularly shown as
‘described with reference to'é preferred embodiment, it will be
understood by those skilled in the art that various changes in
form and detail may be made therein without departing from the
spirit and scope of the invention. It is therefore
contemplated that such modifications can be made without
departing from the spiritror scope of the present invention as-

defined in the appended claims.



20-CLAI V5. What is clained is: 1. A magnetic recording apparatus for
‘the azinuthal recording of data to and from data storage tracks; Wherein
sai d magnetic recording apparatus includes a magnetic. data recordlng head
assenbly, said magnetic recording apparatus conprising: gnetlc
recording head centrally located within.said magn m “ g head
assenbl y; control neans within said nagnetl ‘N“ eorﬂlng head
assenbly, coupled to at | east one |eft2&ervo sensor* vherein said at |east
. one left LmARMSensor is located to the left of and external to said
magneti c recordj ng head; and control neans within said nagnetic data
recordi ng 3ﬁ%§é%%ﬂwe cb®pled to at | east one right servo sensor,
- wherein said at | east one right servo sensor is |located to the rlght of and
external to said magnetic recordi ng head, such that said left and right
servo-senslor s dssimagsatiicnageebirdingcorafipeydteml tHori | thend azdtmatthadt a

pr edet er m_ned |l e wi.ith res ect t artjcular_data sporage track while

recor di ng ]%eacf%r%%}% 9?05}? %C?n‘g %Fﬁ&‘ éiar% osrtu‘??%g%péfﬁfggn, w?]f?&eéﬂ&/

i ncreasi nq;armomdgﬂ@tﬁ!@wetdbﬁm@r aypdragusf fineiledlesazd Mdh§aktiec=ahag.
recording head assembly, said magnetic recording apparatus

comprising:

a magnetic recording head centrally located within said

magnetic data recording head assembly:;

control means within said magnetic data recording head
assembly, coupled to at least one left servo sensor, wherein
said at least one left servo sensor is located to the left of

and external to said magnetic recording head; and

control means within said magnetic data recording head
assembly, coupled to'at‘least one right servo sensor, wherein
said at least one right servo sensor is located to the right
of and external to said magnetic recording head, such that .
said 1left and right servo sensors assist said magnetic
recording head to tilt and rotate at .a predetermined angle
with respect to a particular data storage track while
recording said data storage track during a recording
operatibn, thereby increasing recording density and providing

efficient azimuthal recording.



21°. 2. The magnetic recordi ng apparatus of claim1l wherein said magnetic

data recordi ng head assenbly further conprises: recordi ng
“data at an azinmuth angle. 3. The magnetic rec+"ﬁl H EE"Of claim?2
wherein said nagnetic recording head conprises a'ly S a right

nmodul e. 4. The magnetic recordi ng apparatus of claim3 wherein:
said | eft nodule conprises |eft servo sgnsor el enents skewed for azinuth
recordi ng; and said right nodul e conprises right servo sensor

el ements skewed They ragh@vlil reeordifg apparatiigeofbgnaimCl rsordingsaid
apparatus of claim4 wherein: saild left servo sensor elenents
conpri se onlagnedd¢ eadremesorging head aggemblyriuridien GAMRBESRP enent s
.conprise only read el enents. -

means for recording data at an azimuth angle.
3. The magnetic recording apparatus of claim 2 wherein said
magnetic recording head comprises a left module and a right
module.

4, The magnetic recording apparatus of claim 3 wherein:

said left module comprises left servo sensor elements

skewed for azimuth recording; and

said right module comprises right servo sensor elements

skewed for azimuth recording.
5. The magnetic recording apparatus of claim 4 wherein:

said left servo sensor elements comprise only read

elements; and

said right servo sensor elements comprise only read

elements.

6. The magnetic recbrding apparatus of claim 5 further

comprising a storage tape comprising data storage tracks.



6. . The magnetic recording apparatus of claim5 further conpr|5|ng a
storage tape conprising data storage tracks.

22 7. The nmagnetic recordi ng apparatus of cl ai rising:
means for positioning said |left servo sensor el ﬂ“i &'ﬂ@ﬁﬂf@ﬂmlar to the
direction of the novenent of said storage tape g
operation. . 8. The magnetic recordi 24 appar atus of clain17 further

conpri si ng: means for positioning said right servo sensor elenments

_per pendi cyl.ar tihd hRagheesti ore@braing Mgty 68 (cEADmage Fapehdy i ng
a recordi ng operation. 9. The magnetic recording apparatus of claim38

wher ei n sGNNI recordi ng head conprises an interleaved read/ wite

- magneti c recordi ng head. 10. The nmgnetic recording apparatus of claim?9
further

means for positioning said left servo sensor elements
perpendicular to the direction of the movement of said storage

tape during a recording operation.

8. The magnetic recording apparatus of claim 7 further

comprising:

means for positioning said right servo sensor elements
perpendicular'to the direction of the movement of said storage

tape during a recording operation.

9. The magnetic recording apparatus of claim 8 wherein said
. magnetic recording head comprises an interleaved read/write

magnetic recording head.

10. The magnetic recording apparatus of claim 9 further.

comprising:

means for reading a preformatted magnetic recording tape
utilizing timing servo data to position said magnetic
recording head against data.recording tracks contained on said

preformatted magnetic recording tape.

11. The magnetic recording apparatus of claim 8 wherein said

a magnetic recording head comprises a magnetic recording head



conpri si ng: means for reading a preformatted magnetic recordi-Ang tape
utilizing tining servo data to position said nmagnetic récordi ng head

“agai nst data recording tracks contai ned on said pref “ﬂnkﬁ
recordi ng tape. 11. The nmgnetic recording appar\m(‘“\m erein
said a magnetic recording head conprises a magnetic rding héad

23 that may be utilized in a non-azimghal recording node in additional to
an-azi mut hal recording node. _ 24 12. A
_.method foredde ﬁé?”%@aﬁtiﬁ%é' g f HahaakomabHalr GractHE R Omaae tiracks

utilizing a magnefic data recording head assenbly, said nmagnetic recording
appar at us adsjprienal:to an azimuthal recording mode.



mounting a magnetic recording head centrally w thi-n a magneti.c.data._.

-fecordi ng head assenbly; coupling a control nmeans within said

" magnetic data recording head assenbly to at | east jmulﬁmum sor,
wherein said at |east one |left servo sensor is |loc 1""”ﬂﬂgf and
external to said magnetic recordi ng head; and * c¢dnnéctngs a *cont r ol

means W thin said magnetic data recordppg head assenbly to at |east one
ri.ght servo sensor, wherein said nagnetic data recordi ng head assenbly is

located tazhe gigdtned 268 € edDBhutia B atebIRENRS | 6f refed di B h®atkon
wherein said |l eft and right servo sensors assist said magnetic recording

head to tidatarteragectiocksppriddiainpnadmagges iy datednaarding head

- particul ar or t Al - (i N i ag6,d J ack
during a raeég%érng?%%’ o%%?gtﬁgﬁge?ﬁgr gﬁﬁ?ﬁéﬂ?a?@%‘%&%% ng densi y and
provi ding efficient azinuthal recording. 13. The nmethod of claim 12

further conprising the step of: . recordi ng data at an.azi nyt.h, angl e
Ui 121 ng sai d HAGREENS GaiRAgReiai FEoREaANgs das yoentraln vitn g

magnetic data recording head assembly:

coupling a control means within said magnetic data
recording head assembly to at least one left servo sensor,
wherein said at least one left servo sensor is located to the

left of and external to said magnetic recording head; and

connecting a control means within said magnetic data -
recording head assembly to at least one right servo sensor,
wherein said magnetic data recording head assembly is located
to the right of and external to said magnetic recording head,
wherein said left and right servo sensors assist said magnetic
recording head to tilt and rotate at a predetermined angle
with respect to a particular data storage track while
recording said data storage track during a recording
opération, thereby increasing recordipg density and providing

efficient azimuthal recording.
13. The method of claim 12 further comprising the step of:

recording data at an azimuth angle utilizing said

magnetic data recording head assembly.



14. The method of claim 13 further conprising the step of:
sconfiguring said magnetic recording head to include a | eft.nodut-e-and a
ri ght nodul e. 15. The nethod of claim 14 wherein the step of configuring

said magnetic recording head to include a |eft W“lﬂ nodul e,
further conprises the step of configuring “nm lm Mcor di ng
head to include a |left nodule and a rigfit nodul e; 'suc

: tthat* sdid | eft
nodul e conprises | eft servo sensor el enents skewed for azinmuth recording;

~and 14sai Ghe gletthood dfe adenpr i 1S sfurttdidr seomwomr seirsprtied eseapsoskewed
for azimuth recording. 16. The method of claim 15 further conprising the
steps of: configuring said |left servo sensor elenents and said right

- servo sensor elEnitghdind 0sRId SRaghky i tead RIRMRY Shead 1o HifcTRidOg Of

claim 16 further conprising the step of: provi ding a storage tape
conpri si ng-efdt aostdicagnd raagiightivieadi ke data may be witten to and from
said storage tape by said nmagnetic data recordi ng head assenbly.

15. The methéd of claim 14 wherein the step of configuring
said magnetic recording head to include a left module and a

right module, further comprises the step of

configuring said magnetic recording head to include a
left module and a right module, such that said left module
comprises left servo sensor elements skewed for azimuth

recording; and

said right module comprises right servo sensor elements

skewed for azimuth recording.
16. The method of claim 15 further comprising the steps of:

configuring said left servo sensor elements and said

right servo sensor elements to comprise only read elements.
17. The method of claim 16 further comprising the step of:
providing a storage tape comprising data storage tracks,

wherein data may be written to and from said storage tape by

said magnetic data recording head assembly.



26, 18. The nethod of claim 17 further conprising the step of:
.positioning said left servo sensor el enents perpendicul ar to-the- difection

of the novenent of said storage tape during a rec atlon

The method of claim 18 further conprising the ste mjﬂmﬂml ‘H,HH t|on| ng
sai d right servo sensor elene?%s per pendi Cu ction of
t he novenent of said storage tape durfhg a recording operatlon 20. The
met hod of claim19 further conprising the step of: configuring said

~ magnetic fécor dhreg netddd © T anmin el Anfurthert eaorprt ehug wehe eshegnefic

recordi ng head. 21. The nethod of claim 20 further conprising the step
of " reading a preformatted magnetic recording tape utilizing timng

. servo data to pesditt igh sy @a’l@gm&ftCsé:?@@rs@dw)rhéédn@ﬂ@snpérﬁéhél&ﬁ@@&d| ng
tracks contained on said preformatted nagnetic recording ta 22. The

net hod of t@ &hfa Hirdegtint bripre JNeEReRt Epsadid storage Eape during
a recording operation.

19. The method of claim 18 further comprising the step of:

positioning said right servo sensor elements
perpendicular to the direction of the movement of said storage
tape during a recording operation.

20. The method of claim 19 further compriéing the step of:

configuring said magnetic recording head to comprise an

interleaved read/write magnetic recording head.

21. The method of claim 20 further comprising the step of:
reading a preformatted magnetic recording tape utilizing

timing servo data to position said magnetic recording head

against data recording tracks contained on said preformatted

magnetic recording tape.

- 22. The method of claim 21 further comprising the step of:

recordihg data tracks in a non-azimuthal recording mode

utilizing said magnetic recording head, wherein said magnetic



recording data tracks in a non-azinuthal recording nmode-utitizing said
«hmagnetic recordi ng head, wherein said nagnetic

~ 27 recording head may be utilized in a non-azi nut\lm\“!\m“‘iél\\‘\!m“\je in.-

addition to an azinuth recordi ng node.
27

recording head may be utilized in a non-azimuthal recording

mode in addition to an azimuth recording mode.



