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FI ELD OF THE | NVENTI ON : The invention relates to data storage
on magneti c nedia, specifically data storage nagnetic tape 20 using a
rotating head drum and to inproving the per f ormance of such storage
devices by inproving the - manner in which information is stored on the
t ape. BACKGROUND OF THE | NVENTI ON 25 Dat a
storage tape drives are wi dely used in . data processing systens as

el ther the PriTARRCURYEGSCAN READYWROTE ASSEMBLYOWITHTENCODED |STENAE TRANSMISS [0H
data storage device to thﬁésaﬁséhe‘\ ROTARY gl‘RENSF%RﬂErRI ve. Conventi onal
ARCUATE SCAN HEAD ASSEMBLY UTILIZING AFT TILT
POSITIONER, Unlted States Patent Application Serial No.
5 08/113,996, inventors John M. Rottenburg, et al.
PROCESS FOR MANUFACTURING RECORDING HEADS FOR
MAGNETIC STORAGE DEVICES, United States Patent
Application Serial No. 08/151,068, inventors John
Hoogerwerf, Robert Heinze, and John M. Rottenburg.
10 _ MULTICHANNEL ROTATING TRANSFORMER, United
States Patent Application Serial No. 08/114,492,
inventors Gary T. Nelson and Robert R. Heinze.
These applications are assigned to the assignee
of the presént invention and are hereby specifically
15 incorporated by reference.

FIELD OF THE INVENTION
The invention relates to data storage on
magnetic media, specifically data storage magnetic tape
20 using a rotating head drum, and to improving the
performance of such storage devices by improving the
manner in which information is stored on the tape.

BACKGROUND OF THE INVENTION
25 Data storageltape drives are widely used in
data processing systems as either the primary data
storage device or, more often, as a back-up data stdrage
device to the system’s hard disk drive. Conventional
tape drives are designed to transfer data to and from a
30 '



tape drives are designed to transfer data to and fron1a 30 WO
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2 I engt W@wmpet ically encoded tape, typically one- RCE/US25/14728 h
in width, which is transferred between a supply reel and a take-up
reel . \Wile several tape drive desi gns exi st :for recording and pl aying

back a data tape,
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with respect to the plane in which a recording head on
the drum rotates. As such, rotary head helical recording
provides a relatively large areal density.

Presently in the tape drive industry, as in
other data storage technology areas, there is a movement
toward decreasing drive dimensions while at the same time
increasing data storage capacity. Existing longitudinal
and helical recording technologies have proven inadequate
in meeting these demands. _

An alternative to the 1ongitudina1 and helical
recording scheme is a recording scheme which incorporates
an "arcuate scan" of the tape. In arcuate scan drives, a
rotating drum having a plurality of heads mounted thereon
is positioned perpendicular to the tape and rotated such
that each head makes an arcuate path oyer.;hg tape as the
tape passes around the head drum. Arcuate scan recording
has been known for some time, but has been disfavored due
to the lack of effective servoing schemes for accurately
maintaining alignment of the heads with the arcuate data
tracks. .

U.S. Patent Application Serial No. 07/898,926,
filed June 12, 1992, by J. Lemke (hereafter "the Lemke

|
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V.S, Patent Application Serial No. 07/898, 926, filed June 12, 1992, by

J. Lenke (hereafter "the Lenke WO 96/ 15531

PCT/ US95/ 1472 0 96/15531 3 appl i cpe&t/o8os14725
di scl oses a r- éﬁ\%ﬁy conpact arcuate scan tape drive for recording
and playing back up to approxi mately 10 gigabits on a conventi onal

m ni - cassette tape, a storage capacity which is higher than that 5
previously obtained with either |ongitudinal, or heli cal recor di ng.
Figures 1-2 of the present application are reproductions of Figures 1-2

of the Lenke aapgh%faiawgd dzsé"i’é@éét# fﬁi‘agf{rgﬁg a\Ete‘é(:Q-f
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having a pp&nxaltlyzwah@msb\mkac%@|¢mz%3eaf§@q9eﬁ@r§ula¢hrfé@e of lfead
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NUMer ous qigd schenes a u%ﬂ'tabl for use with
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and i ndeed anyshotmar dal Fdaurec d,diaibmy stape VEEr£s "tape 21 passes head .

drum 30. As the tape advances from the right to the left
and the drum rotates in a counterclockwise direction, the
heads trace arcuately-shaped data tracks 40, |

20 substantially transverse to the longitudinal axis of tape
21. As also shown in Figure 3, arcuate tracks 40 are not
entirely semicircular, as the motion of the tape causes a
pitch change in the arcuate path as the head transverses
the tape from bottom to top as shown in Figure 3.

25 The Lemke application discusses a drum having a
plurality of heads which utilizes a sequential, three
head data transfer and positioning scheme. In the Lemke

. arrangement, the heads are arranged in triads where the
first head is a read head, the second a write head and
30 the third a servo head, each passing over a given track
in succession. It should be readily understood that
numerous head schemes are suitable for use with arcuate
scan dlsk drives.
A significant concern in an arcuate scan drive,

35 and indeed any information recording system wherein a
rotating head drum section must electrically communicate
with a stationary data channel and controller, is the



rotating head drum section nust electrically comrunicate wth a °

stationary data channel and controller, is the WO 96/ 15531

PCT/ US95/ 14725 _ 4 . - ?@ n of .
the dat a™QAWIEPH fromthe stationary section to the rc?m égtion.
Generally, this i nvol ves use of a rotary transformer or a slip ring.
In either alternative, there are limtations in the anount 5 of
signal which is successfully commutated fromthe stationary section to
the rotating section. |In the Lenke 4 application, the rotating section

I's essentiall assi ve, aning,that the data transnmitted fromthe
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to a recoeébagohef& tHehQ:'ei‘!Exfdir@ RAst Bet Bt 25 the coded
data.is fre an co nent _or en such
0o 2 CaEcdciaht, BE-rgitn b K Paesed by Che eSS, tRatBel r om the
prinmary teapke secondary of* a rotating transforner the'inefficiency
i nherent in such- ode reduces the over aC|t of t he
bov ce g0 " Dty SRR Geliled e Pl L EIEL AR ShESaThe

si gnal s ameasns aorcbdethBamﬁaandaua)signalhpgp@eaﬂs recordlngomn in
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channel as there is no bound on the D.C. component in the

data stream. In a rotating transformer, when such
signals are transmitted across the*transformer,'over
time, the transformer voltage will tend to equaiize to .

20 the area of greatest voltage, either more p051t1ve or
negative. '

When transmitting encoded data across a
rotating transformer and providing such s1gnals dzrectly
to a recording head, the encoding scheme must ensure that

25 the coded data is free of any DC component or is "DC-free
code.” When such DC-free codes are utilized to encode
data which must pass from the primary to the secondary of
a'rotating transformer, the inefficiency inherent in such
codes ‘reduces the overall storage capacity of the device.

30 An alternative to commutatively coupling data
signals across a rotary transformer to recording heads is
shown in United States Patent No. 5,191,489. As shown
therein, data and control information is transmitted via
a rotary transformer and "transmission system,"

35 respectively, to the pre-amplifier on the rotatlng side

' of a helical scan recordlng arrangement. The pre-
ampllflers then drive the recording heads directly whlle




®f a helical scan recording arrangenent. The pre- anplifiers then
drive the recording heads directly while WO 96/ 15531

PCT/ US95/ 14yes 564 both are rotating adjacent to the storpgHUSesii4028
Fhe system |sc1 osed shows data signals transmtted over a f our
channel rotary transformer; four separate sets of- - data are transnitted
to four anplifiers driving ‘four 5 recordi ng heads. ‘A "transm ssion systent,
separate from the rotary transforner gand described with respect to the
prior art as a slip ring, transmts control signals to t he four

amplifiers lpoag @ré’”réii'&tiﬁéa&ﬁﬂﬁcaﬁ%t Q) t¥le stordlfe TEdHit. AnrRa@coder on
the stationary portion of read/ wite assenbly egcodes al n control
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the rotati ng se ornmati on recording forage
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be recorded,_ anott cagg{es switchi ngyl nf or na and the third

carries powdCIFH "slé JuBPLEELAB, St:""'“\Jtl I ﬁz&?%ﬁ% PP ite node
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converter which controls the pre-amplifiers.
While this scheme is advantage__ous in reducing
the size of the "transmission system" needed to transmit

(0]

the pre-amp control data, two separate elements -- a
20 transmission system and separate four-channel rotary
transformer -- are required to transmit the data signals

to the rotating section for information recording onto
the data storage medium.
An alternative configuration for controlling
25 pre-amplifier circuitry on a rotating section of a
recording apparatus is shown in United States Patent No.
4,851,935, wherein video data signals are transmitted to
a rotating head in a scheme utilizing three rotary
transformers. One of the transformers carries the data
30 to be recorded, another carries switching information,
and the third carries power to a separate erase head
utilized during the write mode only. Switching between
the multiple heads disclosed therein in various
embodiments is accomplished through a Hall effect element
35 or magnetic spindle which generates an alternating signal
to a phase inverter which switches the data to be
recorded between the heads solely based on the rotational
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to a phase inverter which switches the data to be recorded between the
heads sol ely based on the rotational WO 96/ 15531

fgiéffﬁg“éﬁﬁﬁ?“' | SUMMVARY OF TgE |NVEK#?§§?QHH29f the

The invention conprises an apparatus and nethod 5 for recording
information to a storage nediumin a data st orage device having a
stationary portion and a rotating head assenbly. In one aspect, the -

i nvention conprises a circuit prd@ided on the stationary portion and

t he éégéﬁéigg BgrEhgn OIQ Prgﬂﬁﬁnconprlses a stationary 10 encoder;
a power arotary rans conpri sing a stator and a rotor
the stationary encoder coupled to. the stator; a decoder coupled to and
rotating with the r ot O& MR | o -',$o t he decoder, and

coupl ed - to the power supply Vvia e rotatrng transfornmer, the 15

anplifier rotating enhipven é@BdSPmﬂﬁiﬂﬁﬂaaﬂnﬁﬂpaﬁﬁﬁﬂﬁuand ‘methed one .

read/ gri tﬁof‘e?écoﬁaﬂﬁbeﬂnférhhe:&m) l:lof aClstorage M Al Yin tAeadLhary
transfornmer furt gast a first, and second chapnel s, each

Chamnel | Eherags Sevics; HaVingor BEASLARAHTI DOTHITOAINA oS 6109

Wi ndi ng, Réadoagdsembleln mheoﬁemspwnpl thend et ifdre e cisr Deew | £d vi a
the first channgl and .t ae en der decoder r.e 4: |l ed via the
second cHeHRERLE RECYHES °Pr §f8Fﬁ§ ﬁﬁﬁ?ﬁ ®des a third

channel andtahzngnpoﬁeion. Whevcdeeuétcbnmprduhputama;zﬂidnaﬂymedecoder

Uhe A0 Teeodetl £1BO0EE a0pE1 TP e BEEARY Brafirobnie Wipifllhd,

rel ative & s3tatonnndoa TOEOT r §hecaaanelonary encoder coupled £d urt her
uni que as&}f‘é?tsté‘tcﬁ?fpa&'aé’é?&ér?’eou 14! §80aged mﬁoﬁa‘i@?@ S defte anplifier

and t he power . or stor char ge pomer supply is

active, éﬁF?ﬁ(ﬂ#@l%@Pkﬁg}QE FBuPﬁGdaﬁﬁltheﬂeﬁﬁéﬁrbhén cqwpdkad supply s

not acti W& the power supply via the rotating transformer, the
15 amplifier rotating;with the decoder and the rotor; and at
least one read/write head, coupled to the amplifier.
Generally, the rotary transformer further includes at
least a first and second channels, each channel comprised |
of a rotor winding and a corresponding stator winding, ' E
20 and wherein the power supply and amplifier'are'coupied
via the first channel, and the encoder and decoder are
coupled'via the second channel. The rotary transformer
may further includes a third channel and the encoder
provides a clock output signal to the decoder via the
25 third channel, and may include a fourth channel coupled :
to the amplifier and the read/write head, the fourth | |
channel having relative isolation from the first channel. |

| In a further unique aspect, a capacitor is
30 pro#ided and is coupled to the amplifier and the power
supply, for storing charge when the power supply'is '
active, and providing charge to the amplifier when the
power supply is not active. - |
The method for reading and writing data to a
. 35 tape storage'medium, comprises the steps of: providing a
' rotating head drum adjacent to the tape, the head drum
including at least one read/write head and an amplifiér



fhe met hod for reading and witing data to a 35. tape storage nedi um
conprises the steps of: providing a rotati ng head drum adj acent to the

tape, the he i ncluding at | east one read/wite head SUSYR/14725
a ’*ﬁﬁhD 96

anplifier /15531

PCT/ US95/ 14725 LT coupled to the
head; encodi ng preanplifier control signal s and the data in a
synchronous signal; transmtting the synchronous signal through a
rotating transformer to the head drum "transmtting a clock signal 5

through the r apako (3. 0

prearrgl i fier; 86@%1%%(:%%' EﬁE gas;’ng#cﬁegué %\%ﬂ et cgntrb?.
preanplifier $igmalecand gbevvﬂﬁtté e ajAynghronous Rigngd;

The inventi onc PaRuMIEEingYehe! sYhCHIGHIRS idL l'EﬁEGW%HQatBQtﬁtﬂhége

capacity of tape storage devices whi | e decr easj Si ze of
such devi ces.transiormeér to ghe head,d q“ﬂ#ﬂﬁ%ﬂ?#%&?%&%ﬂ ?eEi gd’&&?éion a

tﬁpe st glr gge mﬂch ughl thenrotatdng transcrmelf; \/tﬂ:c'iaﬁszﬁiﬁﬂln% ai pbvlwetedo I15OI
The read/wit eads_in ar cuat rive are direct goupl e
o%drving ariherPERaB) LR8BSR tne S SASHS, RESPAYERLG i
W t hout the ushat thefpaeaﬁpﬂiiéeanmmﬁdn;enﬁuﬂntarwrztg therdasangot he
density of t The manufacturability of tape drives

S |nprov!§5by ¥edGC|ng the sensitivity of the manufacturing
process to intol erancesTbe Apvention pngﬁmﬂaﬁnsawanaieﬁﬂvantagaasiurners

and not ohg roving tgelg Qﬂgé 6k§3ﬂyﬂ6§rfgébcgtéggébfeﬁyiéegost 25

systemtothem?ora IumISI
DESCRI PTI ON ¢¢hiflge yeaeing the physicalTﬁetaenﬂeﬁqtswwieweeSdescr| bed

Wi th respect to t hepRar Eigubar t@%d@@aﬁu@%@@ec&&@d akt&cha a30
features, and advantages of the invention wll becone_, apparent with

reference to t3ResPEL ?geaWFGﬁuQn&nd?§m§ﬁ$¥ate §Ganyfigk drive is also

improved.

15 The read/write heads in an arcuate scan tape
drive are directly coupled to driving amplifiers so that
data can be recorded onto the tape medium without the use
of a DC free encoding scheme thereby increasing the
density of tape drives.

20 The manufacturability of tape drives is
improved by reducing the'sensitivity of the manufacturing -
process to intolerances of mechanical components such as
transformers and motors.

In addition the data rate of data from a host

25 system to the storage medium is improved.

D IPT F E DRA!
The invention will be described with respect to
the particular embodiments thereof. Other objects,
30 features, and advantages of the invention will become
apparent with reference to the specification and drawings
in which: .
| Figure 1 is a perspective view of an arcuate
scan tape assembly such as that disclosed in United
35 States Patent application Serial Number 07/898,926,
inventors Lgmgg,'et‘al..
Figure 2 is a top view of an arcuate scan head
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Figure 1 is a perspective view of an arcuate scan tape assenbly such as
that disclosed in United 35 States Patent application Serial Nunmber

07/ 898, 926, i nventors Lenke, et al.. . Figure 2 is a top -
vi ew of arW@9iEBd scan head WD 96/ 15531 PCT/USIS/14

PCT/ US95/ 14725 8 assenbl y
Interacting with a tape storage nedi um Figure 3 is a plan
vi-ew of the magnetic side of a tape showi ng the positioning of arcuate
data tracks thereon. 5 &igure 4 is a block diagramof the

data read éggavwite circuitr% I n accordance with the, present
i nventi on. 288 Y interagripgewikh & rape,stquags imedbMsuccessive

heads on an arcg?teksmguﬂei Seiﬁaasbn?nbﬁri%vi @rie'r.lrméﬁmné,@ic_sic;e cnsf -
posi 1 ve. arl TR PORwEB ERR PosifiBaing] ar, ardudte Gk tradie ™l ¢ (s 4
bl ock reprdsheredron of the informati on contai ned on both a positive.
azi mut hgand 15 negatiy L myt bodgt fC o ' | gu] D shows "a
conpari son between the™ typical data track an e Wi si gnal s.

Zon b fEatEL Ty Lo 8! BLBER Biagram ot £hg dat4 HEads) gna
Figure 6 i ®nd roite cchyeuktoy incacoordance wifhodihe @resentsed in

conjunctioqﬁyéﬂﬁi _present 20 invention. : o Figure 7 is a
representation of the control - word format used in conjunction with the
wite control ci rEigure 3R igecaprepresengasionoef successive  Figure

8 is a schejeds oh ash arGhatbegéan dpiver pakisingo R a gy sekfium.

I nventj on. Figure, 9 is i tkn1n di agram _show ng .t he cl ock
signal$%and wite si INrefIBLis a-RLRFk: TePresgntarion of the present‘
i nvention. relative positfoming 4 positienanteweghtdve kimth a 30

rotary transforner. suitable for use with the read/wite circuitry of
the presen ﬁqﬁigiﬁékﬁ' C Figure 11 is a plan view of a

packagi ng schene Figure 5C is. a block representation of the
: information contained on both a positive azimuth and
15 negative azimuth data track. - '
 Figure 5D shows a comparison between the
typical data track and the write clock signals.
| Figure 6 is a block diagram of the control
block format used in conjunction with the present
20 invention. | _
Figure 7 is a representation of the control
word format used in conjunction with the write control
circuitry of the present invention. |
Figure 8 is a schematic diagram of the de-
25 serializing of the present invention. -
Figure 9 is a timing diagram showing the clock
signals and write signals of the read/write circuitry of
the present invention. - '
Figure 10 is a plan view of one-half of a
30 rotary transformer suitable for use with the read/write
circuitry of the present invention. |
' Figure 11 is a plan view of a packaging'SCheme
suitable for use with the read/write circuitry of the
present invention. |
35



suitabl e for use with the read/wite circuitry of the pr esent
I nventi on. WO 96/ 15531

PCT/ US95/ 147@ 1 9 " PCT/US95/14725
PETAI LED- DES B‘W’éﬁ OF THE | NVENTI ON The data storage system
of the present i nvention will be described with reference to Figures 4-
11. 5 Figure 4 is a block diagramof the data storage

systemas utilized to record and retrieve dgta in a storage device with
a rotating head drum such as an arcuate scan dISk drive. The invention

sol ves several pr obl ejEerat e dhx : e,pp- pl TRVERTOON € scan data
DS

10 storage devices, and WS - Su 0 physi ca
space required by the ne?ﬁ&n qﬁem i of éh%fEﬁﬁ§€n§can dri ve.

Wi le the i nveﬂm‘reﬁtmbhl w&&ldbecaémmech with nedesrasceet toaRigueest @-scan
di sk drive, i 15 applicability of the inventionis not |limted to

arcuate e di sk drives, but is useful in all systens wherein data -
is transm st ed froma st a‘h.'gum‘erﬁ dacta duidak ailagramtaf'hl;eréaoad'sngrage

daia L0 a nunbBYSBEm BEGRRAE R cHo R SRR AR o Eevd GReR gl O %0

transformer besberage devacengimhaa.a@maﬁﬂquhﬁad drmme suahlaaaay
el ectroni cs Of%Llaﬁaw&es%&gkagrmwmmme TP 3 G é%fvéé%g%rs&anne' s

(each channel g sfp sing primary and secon
wi ndi ngs on 25preh emﬁaﬁ§t6ﬁﬁénﬂ the F@ﬁﬂﬁhe¢f|%r@%%@etﬁcﬁﬂaﬁ§#ﬁt

wite dat%oands€89£§€|d§bﬁﬁébs dﬂ@ Egliﬁ&a%ﬂﬁéﬂﬂﬁﬁEﬁiSreduc€§6ﬁ¥ gat @neead
back fromthe storage nedi u and clock sjgnals. The data and

control signalBR¥S2CRABRBGS r%qq}rgdsﬁy fHSh SRS c%‘P‘F‘Bﬂn§PF§a for
transm ssj on 3&n &reéuhte ghannetlb@0n1one side of the transformer to the

O oot NG, ol 00’ B SR YL N crpdacaten (e
preanpl i fi ers refiererdcentohanr arsiiate scarhehidlasheine y.tHée control
signal s gigerQQﬁpfﬁééﬁlllty of the invention is not limited to arcuate
scan disk drives, but is useful in all systems wherein
data is transmitted from a stationary section to a
rotating recording section.
One aspect of the invention includes providing
20 data to a number of read/write heads through a single
rotating transformer between a rotating head assembly and
the stationary electronics of the system with a minimum
number of transformer channels (each channel being
comprised of opposing primary and secondary windings on
25 the transformer). A single channel is used to transmit
write data and control signals, while separate channels
carry data read back from the storage medium, power, and
clock signals. The data and control signals are encoded
in a synchronous communication stream for transmission
30 +wvia the channel from one side of the transformer to the
other. Decoding circuitry on the rotating head assembly
decodes the data and control information, and provides
‘this information to preamplifiers mounted on the rotating
head assembly. The control signals generate write
35 current by controlling the power output of the pre-
amplifiers which are coupled directly to the recording
heads. '



35 current by controlling the power output of the pre- anplifiers

whi ch are coupled directly to the recording heads. WO

96/ 15531 PCT/ US95/ 14725 .
10 ‘WO96/15531 By providing the pre-anplifier circui try%crmwl‘\‘;{zﬁg t he
recordi ng heads on the rotating section, wth t he preanplifiers coupl ed
directly to the read/wite heads, the preanplifiers drive the heads
directly and the 5 signal-to-noise ratio of the recorded data is greater
than that realized in conventional r ot ng drum - recordi ng systens. In
addi tion, the invention a||Q%F re§§h§i$ of dat a tﬁ t he tape

W t hout DC-free encodrn ?5a§+ﬁ§ t Eyden5|ty of

dat a storedrivihg thherammrdiny(heaﬂsrquﬁhaurmtaﬁimgleecyion t wdthystem
O o EhE R8sl SR B addifer sy YD SloherpEgsen!

i nvention grerectr on enen réSent
i nvention heedg;ovheepr@nmpliﬂxanstﬂniuganhenheqdeodxremtzﬁoaaddthe

ot at! 50 dgygnd?-tBORLASR HRIN of HS YR G B! £5°5PRRYer ar cuat e

scan tape drTve inclu a stationary portion 200 an rotatlng portion
100 sui tabF%aFthégrerﬁﬁﬂ-H-zﬁﬁ’elﬂ@ﬁ?ﬁenﬁloﬂﬁheﬁ’ﬂﬁ%##%ﬁedmmt in the Lenke

applicati O:Becéﬂdihg systéinst.ed 19 %Imu%:?nttwpiﬂmttﬁh E1iswsNgpBer 20
08/ 113, 996. i't. shoul d be understo thaI t{%ﬁ |q¥§nt|on i s not
SHFREC

limted byr?ﬁer éPS. bE| SatAo RS EaPe Wihg Ndet forth

her ei n. thereby greaeays uméalﬁx@ertefaldensﬁmier& axtHystoted cvoe to
r.ot ati ng drum 100

th t t 200, and 25
are sb cohbentApe’ ahdrEaRb Bl akdiier Yhel ity s uflet’ o0 o
perlpheral deV|ce fonguhesu is actimoke representztiomiofisthéor exanple, a

per sonal HECEneRBabLNS Jrltd®ANd sl gl ALY POILIO0RP00  are

electrlcal cou héf” by neans 0 ranstornmer 400
whi ch conpiqmesrnnlsmanbungl@beamesentamytantmm areTipravided a0 and

rotor 420 saeh ERYCetaciBh %gp Pre1RR0 20t a3 & q{)cwa Gefii ch al | ow
I nductive coupling Q across the etmee stator 410 and
r ot or 1320 portion 100 of an arcuate scan hea ass Y. An arcuate

scan tape drive including a statlonary portlon 200 and
rotating portion. 100 suitable for use with the present
invention are taught in the Lemke application, and in
United States patent application Serial Number

20 08/113,996. -However, it should be underStood that the
invention is not limited by the particular mechanical
conflguratzon whzch is set forth herein.

As should be generally.understOOd'by reference

to these applications, the stationary portion 200 and

25 rotating drum 100 are sub-components of an arcuate scan
disk drive which serves as a peripheral device for a host
computer system 50 such as, for example, a personal
computer. Rotating drum 100 and stationary portiom 200
are'electrically coupled to each other by means of a

30 rotary transformer 400 which comprises a stator 410, and
a rotor 420. The stator 410 and rotor 420 each have
multiple, opposing sets of windings which allow inductive
coupling of s1gnals across the gap between stator 410 and
rotor 420. _

35 The arcuate_scanadisk drive generally ineludes
a number of elements to encode data and interact with
host system 50. Host system 50 is coupled to a Small



85 The arcuate scan disk drive generally includes a nunber

of elenents to encode data and interact with host system 50. Host
system 50 is o a Small WO 96/ 15531 PCT/US95/14725
F"CT/U895/1472§%%’ﬁ;gsf 11 Conput er System
Interface (SCSI) controller 55. The SCSI controller 55 has a

bi -di rectional connection toa DVA controll er 57 which has a

bi -directional connection to a menory bykfer 59, a system control

m croprocessor 60, and 5 formatter 220. M croprocessor 60 receives

merocode | ioheds it SR ACHE PRceNEcST) AkdloI 6 238 0ok scar

coupled to formattier 220." Power supg nay conpri se SWtc
pover supply arRPREFUILFRR dpphyectiongd; ﬂﬂwcw to a DMA

Alternatively, mowls’vw&wnyhas aomnuieeﬁeiemve:mtﬁuﬂpw ar

any suitable subst rOV|ded on t he ar ate
Scan drive |5 MeMOTY BHEASE 58, 318YSRem cORbRR Riar of 60" an
interacts wBthﬂhrm&tﬁer 220. aMilcsopsseceskeiro§0 mmteﬁvéﬁiminxbeddeo

di 434 f 4
Fotating  CtAHloRTons from Bou 56, podi5 Mgt Bl dict: famafly
onto a spindl e danplreﬂ #to dfoxmattevt 220 . dr Fewed0 sapply 1500 may ecpprise
tat 410. F d | d
i gnal wi ndi ng G EHTERH iedé SokeiNslol YA Y B hld Bdies Kupfrl R
wi ndi ng 438 Arcontrcallrelga%%nd Ahbernaivedys/poweraSMRPIIOVARR0 fmaY i t e

section 444 ‘EBé?? t 4 232, 232a,
234, 234a, 240 240 1.384&:3352%%é%7 ¢ %uegﬁ?e&z’?ﬁlgn area?@'ou;‘ill”l acr oss

respective mnnﬁ ke u3n 434, and 438. It shoul d be understood
that the structure of Aﬁé@t?oéi@edsothhbl azcubte Iwarpfdfﬂé)rlé@ to

I s t1 th {
For mt ter 220 KA RARED 40 rieado88A8580, 200" § SRUHLER 98P nes

232- 232a, 236 Zﬂﬂmrarm)admyetqmtteanﬂzooaseadlswustsed:M‘m&, Zdfdvis
1S 22285, 8iStea o WA *BaSof HRRRHA fa 19, 28 o1 statoy 1o
of Figure 10 shows rotor 420 of rotating
transformexr 400. A hole 430 is used to mount rotor 420
onto a spindle for rotation with rotary drum 100 and with
respect to stator 410. Four windings are shown including
20 clock winding 432, a read signal winding 434, a write and
control data winding 436, and a power winding 438. An
air gap and shorting bar 440 separate power ferrite
section 444 from data ferrite section 442. Signals on
lines 232,232a; 234,234a; 240,240a; 243,245,247; (Figure
25 4) are coupled across respective windings 436, 432, 434,
and 438. It should be understood that the structure of
stator 410 is identical to that of rotor 420 to allow
signals transmitted between the respective windings.
Formatter 220 is coupled to windings 436,432 on
30 a stator 410 via lines 232-232a, 236-236a, respectively,
and to read/write channel 210 via lines 221-225. Power
supply 500 is coupled to winding 438 on stator 410 by
lines 245,247.
Rotating drum 100 includes a plurality of
35 read/write heads 110-117, shown in this embodiment as
being divided into write dedicated heads 110-113 and read
dedicated heads 114-117, each being coupled to one of two



e . .
35 read/wite heads 110-117, shown in this enbodi nent as bei ng di vi ded

into wite dedi cated heads 110-113 and read dedi cated heads 114-117,
each being coupled to one of two WO 96/ 15531 - - - .
PCT/ USO5W@9&/18831 12 POUSTII i er
circuits 120,130. In practice, each read/ wite head 110-117 is
physically identical and may be manufactured in accordance with the

t eachi ngs of co- pending U.S. Patent Application Serial No.
08/151,068. 5 (In the enbodi nent di sddssed herein, the read head gaps
and wite head dg have Iternatln% azi_mut hal angles wi-th respect to
the track@TeramPLLiASEIChEFBHER LR 130 ¢5 J& PHRAF R GRI 22N )

Pre- i'mgl It frﬁdL,gkfdi:tJeéﬁeiaoligChl? ialr phy&li@:Taqciyoridélﬁ@icxaﬂgBéﬁ&m\al ?hand are
coupl e a coder or e-seri.all zer ali es e

Pt Ton e s EFtiTed 1o BelBrrBose  ish thi teadhingg of 'eo:' 150, 130
are also(pnndxngtu.aAnHaUgnt(Appl1catéshowgrﬂamnmbmnnakmsaIassund|nglg38
on rotgr I 2 a ne

o 358" i G g Sbodimed€oal ScfbgUh RerRln, | P’ dedd Ed GHIAL

de-seri al ians} wisSiteead cgappshave, axogma:piagt azdmpthal alglesial i zer 150
\nooubl eduih WAEBIOE (90LnanerRYIgY ap aiBkasdl A SR OV L0
rotating Gﬁ&ﬁeﬂk)gﬂ)FiSUEEr%Bt)flEreiémpﬁﬁfénrpﬁ@mqm&;Samaﬂym%ﬂed v[err]

out put  ared pihitted)én 2FdEad LAg 18Pum B@ﬁt aaaearéﬁQ:dum@aJrﬂc%tO
rotor 420 via lines 24 24 %f§ﬂ§g44 and receives th output of power

suppl 3° 5068088y R% erti 150 V1a1éenﬁ§ gédfplze’*@-t &hf ound, an‘
provi des z:'mﬁgwcaie:st\éaecm]oﬁawhwnpm deseepbed! belehs! I lpxen stationary

Fgr;;ggr(ﬁ?o gld%‘i'flt neﬁ_%q Jt%(g ?%eotcﬁ‘ Sﬁg?éggplegoFEUW P?llig%&?ﬁ?ﬁqﬁ'— Figure 4 is
as fol | owshown) camplementarpdes wimdimgsr4280onerotoes 400t oy ivirengi cal
DLocks) Sz o SR A S S BTERE 0! e LOBhaRERL T, Vi CS!
pnrui%le§1gmﬁﬁthQﬂaQEIDSxﬂﬂQWQ%tQh% 254135 areuprovdded betweemdul at ed
data gfh??eta?ézzg‘;aﬁmﬁﬁo Und préOASE 1962 3600LB8paER MRy SUCh as
De-serializer 150 is coupled to windings (not shown) on
rotor 420 complementary to windings" 432 and 436 on stator
'410 by lines 234,238. Also located on rotating drum 100
20 is a rectlfier 160 which provides a regulated v, output
to drive pre-amps 120,130. Rectifier 160 is coupled to
rotor 420 via lines 246,248 and 244, and recéives_the
output of power supply 500 via lines 246,248. Rectifier
160 is coupled'to-ground and provides a regulated Vo
25 output to capacitor C;, on statlonary port1on 200 via lines
244, transformer 400, and line 243..
'In general, operation of the read/write
circuitry shown in Figure 4 is as follows. In a write
mode, formatter 220 receives data (in'logicai blockS) and
30 write instructions from the host system 56 via SCSI
cdntroller 55 and controller 57. In accordance with _
well-known principles, formatter 220 converts the binary
user data into modulated data using any of a number of
conventional coding schemes, éﬁch"as non-return-to- zero
35 (NRZ) code, and provides the coded data (NRZ DATA), along
with a sync-write clock (WCLK) to read/write channel 210.
Read/write channel 210 encodes the:incoming éoded daté



85 (NRZ) code, and provides the coded data (NRZ DATA); al ong with a

sync-write clock (WCLK) to read/wite channel 210. Read/ wite channel
210 encodes 'lggqm' ng coded data WO 96/ 15531 PCT/US95/14725
PCT/ US95/ 147 _ 13 (NRZ DATA) with
error correction coding, in a well-known format, such as, for exanple,
al 7 runlength limted. (RLL) read/wite code to ensure proper
transm ssi on of the data signals acr rotating transformer 400. A 5
PRAML partial response channel, fabricated 1n accoridance with

wel | -known pri(RRZPDATA )UK \@éﬁﬂﬁ%&@ﬁ?@ﬁeaﬁam?so iand mllemwmg

conventional definitions_for codi ng, be utilized.

Read/ write chBRFBRt216UGk RS FA% EXamRIRe R 13/ '7V\F1-1¥1e18§95h( vopited
formatter 220(RnL)i Fead/write code to end@f £6§e229rhh§ﬂ1§§§@$¥bﬂrm
wr i Ited_olat a (\ GP‘FE‘nOW deqﬁ?é chanefn](carlr@{%:Lé):&%5 EF’angﬂ L nf (rgmat I.on

i ncl udi ng wri t8€c ChA rvo®
}nforn?tiSn andmgrpamﬂaanﬂﬁfspbﬁsechn&nmﬁm 1fabrhoated mrfacmmtdmmdelthe
ormof an en nechr | 32a
Lnes. "23298H w33 - KRSV et 0 N LRT kel T kB, cRipopdacsis

si ngl e ended angnadeemaaangﬂconvennmﬂnaﬂtdeﬁlnutngns fot3PRéMLrotat|ng
t ransf or ner 488dlﬁg Bﬁﬁr%ﬁgdmb (af%égle ended driver may be utilized

r ats

to provide the onous ream as represented by |ine 232a.
Li ne 232a may be return@@ wrire tchannelr2t0 f ghephprovidesngneodeded

driver. e mebketedlral g m:gr% Wk leFiaz0 o giae #asline 236 (with a
differential or S|ng e end onent resented by, [ine 236ag@§h|ch

i s synchroni zed °Fm§§ﬁqqx? cFQﬂﬁﬂ? q%ﬁat%ﬁtﬂﬁ%tﬁndFFﬁe
Bot h the reolﬂaeaow @axtaa;nalrm arkle| el s6DNBhfSfBationr ectified on

(he rotor s de o e LAl Loata! G L BN B e
deseri al i zer §éPvboinfortatddn thmdﬂprbéidehuﬁhstW£ﬁﬂelaﬂbh aaddlscussed
el oS o B bPS, SRRRNIAGL 3 AL UG 0P L8t aRtehegnsTony 400
signal s i s twsyRthrenos?data ziiaam (iWDN) on lines 232,232a. Lines
232 and 232a are intended to represent the differential
or single ended signal drive which is coupled to winding
436 on rotating transformer 400. A differential or
20 'single_ended driver may be utilized to provide the
synchronous data stream, as represented by line 232a.
Line 232a may be returned to a voltage source for the
single ended driver. Formatter 220 also pfovides a clock
signal on line 236 (with a differential or'single ended
25 component represented by line 236a) which is synchronized
with the write and control data output on line 232. Both
the synchronous data stream and clock signal are
rectified on the rotor side of the rotating transformer
to provide positive input signals to the deserializer.
30 The clock signal iCLK is utilized by deserializer 150 to
decode the data in data stream iWDN, as discussed below.
Thus, the total number of windings on rotary transformer
400 dedicated to carrying the user data, write control
data, and clock signals is two (lines 232 and 236). '
35 During a write, power supply 500 is enabled by
a control signal R/W CONTROL generated by host 50,
formatter 220, or other suitable control means, to
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35 During a wite, power supply 500 is enabl ed by a control
signal R/ W CONTROL generated by host 50, formatter 220, or other

sui tabl e ans, to WO 96/ 15531 PCT/US9S/14725 «
PCT/ US95/ %ﬁlﬂlma 14 provi de pul sed

DC or .sinusoidal output on |ines 245, 247 to the power w nding of
stator 410. The power signal is comut ated to power wi nding 438 on
rotor 420 and via i nes 246, 248 toq ectifier 160. As noted above, 5
rectifier 160 provides a regulated outpuf R v[err] to pre- arrplifiers

120, 130.

during thetprxfa&?@?‘uié% Déatﬂf‘céiﬁﬁs%ﬁég]r Pgrt ?gfo?s& Sieé?%%s WI’I te data
and cdift ridie paveTavinding veR) staAzALled ThenPoMeramignaly 1920,
using the Qﬂdﬁﬁh@aﬁmlwr i€ CwoRdihg§ea388onDeotor 430" iadld 48fa 150 then

provi des wrlte cQ nals a ata to pr arrpllflers 120, 130
whi ch drivé §n4é' 41@ ﬁe‘f'Bfg}?Felgéta gﬁ F?&efiaﬁ'g In_a
read mflef dewtirt itenr 31%313 proviies a)omgudléteaumtpuﬁoﬁ sd tbowed-t 0 ]
pre-anplifiger nt al ne citor r and ot her
capaci torsa('@c?\]/ﬁ q,éosﬁqﬂ” gaérl)gi‘ #aggﬁﬁ‘ﬂl 5?335 é CuuPFRESEhe
wite - roldergeHdts wdhﬂﬂngtme téad mbdeges on the tape and t hese

changes, in the fo_rml._fgI oo %Qgg g&l&&géﬂggggggeZ&tgr hr ansnmitted to

data channel 210 via Dat a
channel Zl@mg-nﬂmml gHmNbaswsmitbadt fizompfokmatserencodi ng

o By H22E dedd] e‘é‘atalé’f?ég’*naﬁf*%ﬁ%’z\%”%ﬁa?t°“%ﬁec §os pe T g
clock si gn@erirBdizer 350 ithem provides weitercontrel, signaQSOanéu on to
host 50. uger data to Eﬁ”&@fﬁﬁ!@b 26 0¥0 tURi ERT 8Rival nbRAgdat a as

witten on_a g| ven track §Qa{the arcuate scan drive 30 described in

copendi ng &18° Aﬁpltloca'ﬁ‘&? ta, onthe tap@y 113 996, the read and wite
heads are positioned meh read nivte | NEormLot it 22 0 o@$sabl ad) ?watr heads are

-?Ltg[ﬁ%%lveé¥Pg g%gfwt ¢ res e t to a raqhgéﬂgnaqfibngBO i romthe
maintained by capacltor.cu and.other capacitors (shown in
'Figure 11), which accumulate charge}during the write
mode. Heads 110-117 detect flux changes on the tape and
these changes; in the form of a-readhback-VOltage signal,

20 ‘are transmitted to data channel 210 via lines 240, 240a,
242 242a. '

Data channel 210 decodes the read signal based
on the modulation encoding scheme utilized in the
particuiar embodiment. Data channel 210 theniprovides

25 the read data 81gnal (RDATA), on line 224, and a read
clock signal (RDCK), on line 223, to formatter 220 for
provision to host 50. '

Flgures 5B and 5C show the format of the data
as wrltten on a given track. In the arcuate scan drlve

30 described 1n copending U.S. Application Serial No.
08/113,996, the read and write heads are posltloned such
that the recording gaps of adjacent heads are
altérnatively angled with respect to a radial emanating
from the rotational axis 38 of the drum toward the head.

35 This is illustrated in Figure 5A. Generally, positlve
azimuth tracks are passed by "write" heads, while
negative azimuth tracks are passed by "read" heads.
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85 This is illustrated in Figure 5A. Generally, positive azinmuth

tracks are passed by "wite" heads, while negative azinuth tracks are
passed by "r@ifoefa8ads. WO 96/ 15531 PCT/US95/14725
PCT/ US95/ 14725 15 Thus, two types
of data tracks result, a positive azinuth track and a negative azinuth
track, dependi ng upon the azi nut hal angle (positive or negative) of the
head wi th respect to the' radial. A posigive azimuth or servo track 5

i ncl udes servo data, while:a negative track has no servo data. As shown

in Figure 5B, THig,PASd it4fped o edathVeracksaFeBult ! RAPCE A Bré GLPLMSER | N
an overl appi ng fashion, to npxi m ze the storage density of the tape. As
‘'shown in % ans qPRFQEEﬁY?V%z%EPﬁBtﬁrPF§ckdfP§qqﬁﬂﬂuﬂ£P%iqu guard

band or gapar eaziimtithal/ ZAnglen{posidive drineddtive) ofsahe hedd with

ncl Udes paps TR I3 tie WMAE oA RORiEive AR inkh 3 hp CheRle,

data 175. 5 iGmindEXR mehih, dédiZ2a whillé8@bnegatdeectaiaek thas hmo vesereo 15

heads at the i.nni s Of ¢ t gack FiLauie . én8£§

synchronizatigﬁ. étmgg% gﬁgﬁgnggggﬁgléﬁbnthe b?%aggﬁﬁ%g?ﬁg a pdﬁﬁﬁe

write control agdmutdnh tracks are 2pecorded in an overlappling ffashionfto

control bl ock i ' ' 6 h frolydl ains a
néééc r?n:.z% %}@“hﬂ&ﬁ’% Eéﬂyi?geafogﬁ% mg&%% AdP Of¥

32-bit syn onl zat1 on patt _conpr - bi t - wor ds Sync
word 1, Sync’ WéGwre 5C.1dhg peettive agimuthngrack 179 dacjudg®&ode. As

di ,s;:usge?m ][1 @%’{aﬁ:id r%@ieé\ébr_ p_,areée:thai,:?nb15e\?%e&u11ma§t3 nm'ﬁfaﬂd,r!?;tm?
wite data for e - sync patter nc r , nc r .
e’ the | CBgURY Rt TR 08 ARG LK BLEGKS RE SmeRdinsa 115-
bits ]gf cogtrulegéztharh 'l ;@ azimitdd track SE80ainddtdeshghps 182agaisder or
transferred t ol.di r t rovi ded. no,errqrs _are detect in
the CRC data %c’%lt&plﬂ%q?oelg%%ﬂe{%‘fgﬁaﬁgsg?‘ﬁcPé"Sﬁg 8 f“ﬁgrei‘%ﬁ:ta ﬁe%’s
110-117, Capsl AF2ad02b, t82pcandi D82becarebgenkratekc byr itthe write
current, d prQW | { p a | L€ 13Q,.
failure wtl pegggp?hewg#%&é éﬁ%éﬁ m'?ogmi Eg %égg &Eééﬁky %&4§é%?% e
wite enabl e showsolthe reynchronization between the clock signals on
lines 236,236a and the write control data on lines
282,282a.

The format of control block 174a is shown in
20 Figure 6. Each control block contains a 32-bit
synchronization pattern comprised of two 16-bit words
Sync Word 1, Sync Word 2, a 16-bit control word, and 4
bits of CRC code. As discussed in detail below, de-
serializer 150 continuously scans the write data for the
25 32-bit sync pattern (Sync Word 1, Sync Word 2). Once the
5ynchronization pattern is detected, the subsequent 16
bits of control data is stored in a serial data shift
registef or transferred to a holding register, provided
no errors are detécted in the CRC data field. The
30 control data selects one of the eight heads 110-117,
enables read/write operation, establishes the write
current, and provides write data to pre-amplifiers
120,130. - A CRC failure will place the pré-amplifier into
a read mode by_forcing the write enable control line
35 inactive. As detailed below, both Sync Word 1 and Syhc
' Word 2 must be detected to enable the write mode
operations. A sync word which is unique to both 1,7 RLL



35 inactive. As detailed below both Sync Wrd 1 and Sync Wrd 2 nust

be detected to enable the wite node operations. A sync word which is
uni que to_both 1.7 RLL WO 96/ 15531 ‘ - .
PCT/ US95/ Wo/8siss31 16 ah PRt hods
of data encoding is utilized in one enbodi nment . Serial .
control data is received fromthe . formatter 220 via transfornmer 400 at

the beginning and 5 end of each wite %éack, as shown by bl ocks 174a, 174b
in Figure 5A. A mininmmof eight clotk periods are required to

i de t f ttl [
Po tr anom BoAn R4, FaHadH Jof | LRBDARIITYY pesadRed Qe °r)c © P "
begi nni ng embaddaentts ack 10 to be.witten onto the tape. Slgnal timng is
such -t hat ‘the CO@%H&af“Eéhﬁfbir@?ééei§eg?&@?b§dtE?oﬂ?% lecul ar head

i s positioned over the servo bl ock
on a posit EPsMaLtan t?ztor aci@ W$£M§t%¢9 at theg| begingiag asd servo .

bl ock. ureng Beoddcte ﬁiwt&é& {48 CkRowh "By SBLYEKS' qu&aw in
unrecorded, .as shown in - e_5C, The 16 bit qontro

word fornaFicvrenddn | B mn#mgmr%f ight qlsoshaaﬁséoéﬁ arepeguired

de-serial i ggr pleride dimglriore the ﬁ@%t&hﬁfoﬁﬂé?soaﬁﬁuts used in 20
conjunction w-th bit 10 to sel ect

Ponet T on OMAYREBEH o RERKIS IBFY R ctabemtte 65 Bhe  £4 T8RN BRLH qur es
4 and 8. Beynt4wowrd t(SyermlWaond 1) aamattthes}aé@ianu$ng dfita 8athetwaickt en onto

bt bok T "UR; PE° wriesRl drth, e, Gapl ol SORAE e IREREP L buln Rt g
conpri se thheheanumahaﬂonﬂeﬂaiQﬂ&h&ﬁgzxedrmhihblthe parhdaularohead is to
be used fogga EHE% ‘”efqt o‘feidﬁfeb‘é&d&ﬁs gadr?%sr, ta-Jh §£‘2rto'3thé ¢ikgeough 7

sel ect the cu rent equent wite oper ation
on a 30 pggwmblagknmat RRE&LINE |azimith (F¥¢|¢16ughn§ immediatpdy -

current 'eféhlbﬂlhg %S@%éﬂ”éé%ﬁﬁ”ﬁ%ﬁ&ﬁ”“ ﬁﬁtiﬁgQ@@éééiOQ az;mﬁ&ha negative
azi muth track CRC data check™i bit, calcul ated
Gata 15 ' FERakder e SOTHR AREA TARALRS WRRSCOTIRA RF CBRPIEL HE
Figure S5C. '
The 16 bit control word format is shown in
Figure 7. Bit 15 enables or disables de-serializer 150
to drive the pre-amplifier chips and is used in
20 conjunction with bit 10 to select pre-amplifier 120 or
130, the function of which is output via lines CS (chip
select) shown in Figures 4 and 8. Bit 14 (write enable)
enables the user data to be written onto tape and must be
enabled active upon correct receipt of a control block.
25 Bits 11 through 13 are currently unused. Bits 8, 9 and
10 comprise the head select field and determines which
head 110-117 is to be used for a subsequent read or write
data transfer. Bits 4 through 7 select the current level
to be used for the subsequent write operation on a
30 positive azimuth track, while bits 0 through 3 select the
current level to be used for a subsequent write operation
on a negative azimuth track. ' “
The CRC data check is a 16-bit, calculated data
field derived from the 4 bits of data transmitted in the
35 control block 174a as shown in Figure 6 to verify the
‘ integrity of the communication channel. Any CRC error
will cause de-serializer 150 to negate'the'w;ite control



35 control block 174a as shown in Figure 6 to verify the integrity of

t he comruni cati on channel. Any CRC error w Il cause de-serializer 150
to negate th ] ontrol WO 96/ 15531 PCI/US95/14725
PCT/ US95/ 147‘5!5'&,%’1&3P 17 signal (WRI TE-N
in Figure 8 and maintain the current val ues for head sel ection and
wite current control. The CRC-generated polynomal is as follows: G X)
= Xerr] + Xerr] + Xerr] + 1. 5 7 The structure and
operation of de-serializer. .: 150 will be di’scussed with reference to

Figure 8. De- : | Qg2 i : ' d Wt
regi ster 152, asmfté% ggpgq‘ghé#g,?’g? ?}%}?Aé %a) %#ﬁl%%ﬂpﬂﬁghgfngﬁgi
regi ster 156, av@lueSec§ganbeadosel@ctivm and 3erite current ngantrsolopeThee

i n-conj unction ¢RCPEEhETELRAS PolPnomial % R HdElows! ag ERNVET *¥ QD BV + x°
nonitoring the serial bit stieam provided fromformatter 220 for proper
synchroni zat i on*tot-the 32-bit control word, then transferring the

fol lowing 1§ bits of contrake deractie® Bhd TPt i féf resl séenallzeko
control word hoigbn&% reqi,ster 150 via transn ssion #%1608 Th§ out put
of t he cont Whtd RS Bigguessaswith FerRTence 1ER 8- U the

r1 gzzidll \82 ite prfa-s;eri.'aliees 1%0],c ?&_ﬁer‘a‘.\gnysgmf&xidhes and rimgoet hd?gat shﬂffr:]ers

, 164 are als e uffe , ave a esho Q |

voltage of 3 vorediStbEclsatlh' il avE Hehaliod def U1 uPnt BBl Hoty
mv. Hyst er esd3dinglreglisteypilssl,, andd arisegueneencontrol module IES8.

I nput writegadat L WONL i r Qul t Q. he s | t o] 244 _
fromform toer glééévi a ‘ri%?grgy éb%st@reag's tol‘r%’n r_unj%%i%rg 'gﬁsﬁeu‘gggﬁh:%oégiéél

| nput buffer 16fotrparallgilodriiadconversiom dyamoidoring sthgaserialt bat

de- seri al i getedmOprovided from folfiRtitddizay id gkgnal (IVDN) is
t he out put of the ?orn%tter 220 with the wrzlte dcgﬁ?%% wite 30

control infor neSYREhTroRhZatigRaPLi §hgRLepitowomirala#rrd, §R@RAsition of
an NRZ wave fOftE&éﬁsbértht EReOfib21bdlag 16 bty ¥ |dditsiDeaRtat Feoslat a
pul se is |g er nal Igaiatsﬁhg _ ibg the wite datar enera‘# -Ci{g_l ,4nan_d _
synchroni zed t B%h f5F| FRYIBEET P4 KO SRR MG $hich is
recei ved register 150 via transmission line 160. The output of
the control word holding register 156 directs operation
of the read/write pre-amplifiers 120,130. Two Schmitt
trigger input buffers 162,164 are also provided. Buffers
20 162,164 have a threshold load high voltage of 3 volts %
300 mV, and a high to low threshold of 2 volts + 300 mV.
Hysteresis is 1 volt. typical, 700 mV minimum.
The input write data (iWDN) is provided to the
write data generator 154 from formatter 220 via rotary
25 transformer 400 as discussed above. Input buffer 162 is
provided at the data and control signal input of de-
serializer 150. '
The input write data signal (iWDN) is the
output of the formatter 220 with the write data and write
30 control information. The signal is pulsed low for each
transition of an NRZ wave form to be written onto tape.
 The falling edge of the data pulse is internally latched
by the write data generator 154 and synchronized to the
falling edge of the input clock (iCLKN) which is received
35 via Schmitt triggexr input buffer 164 on line 238. The
.synchronization pulse transition representing the NR2Z
data format is then converted to binary form by write



35 wvia Schmtt trigger input buffer 164 on line 238. The
synchroni zation pulse transition representing the NRZ data format is

t hen convegrte binary formby wite V\096/1553
ber] Uson) W smasss . }'&'a'{"e?”’é"? at or

154 for use by other nodul es. The converted NRZ bit streamis
re-encoded by wite data generator 154 to generate a single

pul se-per-transition: out put signal, WD for use by either anplifier
120,130. 5 Wite data generat or 151 al® prow des the |nput control

data for t er i f ter ich is nonitored for the presence
of the conagfis % o ﬂﬁeﬁg@ uSéM}"Y other Ay E?atlg}'f?hl p between the
ilgpu{ADc! ochonvertedg:mm ,b:in:hesurqam ihitm(em&edrhythrmel tdatdat a si)gnal

in [ above
t he pul se ?g‘gnm Tl onl¥|§§v\@o g}rﬁ% 4 giﬁgtﬁul'ésh%eﬁe égggﬁéﬁdat a
pattern oncukpulegignad /D (ﬁQR:RJQG IBieither amplhéneusn.ag.nae -positive

cl ock t e I t 1 r es 15
an out ‘gg?eﬁgigg ﬁ,gglhngbde% \%klﬁlcﬁéﬁomjéﬁé ‘?ﬁ)@hﬁbﬁe 9? Eﬂ&e“ od

(CLK 20M .Sakpufox| &8 ik xagister, c‘ﬂ?ﬂs@f&n?rscm%ktéﬁﬁél to the
bit rate agophthé ﬁ@baen&e of ft?iéofdi:ﬁﬂ:ﬁﬂ QudtP imPermdeisnpositive

transition cl ocks |nfo rratlon o.n e data | info
de-serializer 20 156%€ ? éett"ff@%l%li&f\ém;ﬂckl gure 9 is the
same for bOi.dJLIdW, pthead.npalnd dae:aortdm)warrrahrme write c(ljat:arﬁi]gﬁal

trans r n PR t.he erlo err| iIs
appro; rrarm@Py %3@%@8@803&?%%?&“ Fo‘(?“l‘%)eer#] hﬁ%l ng a m ni

val ue of 1&$&aaddaabawenuﬁ'@5p\ﬂfsel&ﬁﬁsiumm iy Geddraped gyt echni que,

cycl bof  1dt8hiRg the' Sedlabd itz sl gitedih if e gide TN o,
recei ves sekeek wramgjtion,i angr ﬁﬂﬁnoﬂﬂ’lmntthﬁa mﬂﬁtdmt@lwneedger 154.

Data is 30coC8f%éPU9H§' bsueguet:d @y, COHY ob‘é%:ﬁlﬁg Lt
g 8r

transition of % I ng re I ster 156
| at chd€ arRP HOFERUE F%ﬁP havi thn vhich d& puarhalt of the 152,

Thi s | cESeBhesiods (CEROJOM) Lo dnpue 1ocka({CIKN) Prtvwides a
constant clock equal to the bit rate at which data is
recorded onto the tape. This positive transition clocks
information on the data line (iWDN) into de- serializer

20 150. The polarlty of the szgnal shown in Figure 9 is the
same for both the primary and secondary windings of the
rotary transfdrmef In the PR4 coding embodiment, the
period Teye is approx:mately 33 nanoseconds, with the
period Tpyp having a minimum value of 15 NS and a maximum

25 of 18 NS. In a 1,7 RLL coding technique, the period ?mc.
is 50 NS, with the period Tpp having a minimum cycle of
23 NS and a maximum of 27 NS. '

Shift register 152 receives serial binary
information from the write data generator 154. Déta is

30 contlnuously shifted into register 152 on the negatlve
tran51tlon of the input clock (iCLKN).

Holding register 156 latches and holds control
information from data shift register 152. This
information is decoded to drive the various signals

35 controlling opera;i@n of the heads 110-117. In the event
of a CRC failure, the write enable control bit (WRITE_N)
is cleared and no further register updates are permitted



85 controlling operation of the heads 110-117. 1In the event of a CRC

failure, the wite enable control bit (WRITE N) Is cleared and no
further dates are permtted WO 96/ 15531  PCT/US95/14725
F’CT/USQS/lgwg?&iMBP _ 19 until the next
control word is received. Sequence control :158 is responsible for
governing the operation of =~ de-serializer 150. Digital logic in this
nodul e continuously nonitors the seriqaj bit streamfor the 5 presence
of the control words. Once the synchronization sequence (Sync Wrd 1,

Sync Word 2)uh§1ﬂetﬁétﬁéxtt@%dﬁﬁol wof&“iﬁeﬁeéélﬁééb|ed aBéqh@ﬁc%EXt 16
bits are | oaded

the shift 152. each bit 7is received, a-
CRC cal cEPﬁFFBﬁi |1§8pé'Pf 5%9#@&(#%&%" GFRINg hEg§O°P$FGFé‘I?E‘anoned

pol ynom al taevsérial‘iberamslmr aC)Di@‘:.ﬁile logi€ohhrehigomddageei ved.
Fol l ow ng th npared to

b d d
t he regenera&@gg nu89§$§é Pﬁﬁﬁf 6 I%ﬁé%ﬁi?i%iéﬁgégﬁef%%nFﬁ%l word is
transf er Sed presencei aff thief cmaetg:qit avorkis. t Onde hhédsygcn?onn.egr.iw 156

dth |
3p|t2 gnggfgg%&Pé§ﬁél+Ek?Etw%F ) Eﬁﬁ% Ing reﬁl % aegégg%égr%gs aC|ng
t he pre-anpl touster is epgbled anﬁ(;hgrngx:riﬁkbimgbaragln;dsé i§¢0&17
Hol di ng reglgéﬁ sﬂE@F'Q&bEQ%§r155§”“'K§ éﬁkhcﬁﬁégiﬁhFEEEEQEhy aubgicvi ded

as foll ows ns CSN, CS1 enabl € Operation of
one of the CalF“éaEﬁ@na#ﬁsPEH5QEH9 Har asqawdancewhehi the| ow out put

on CSO_rifoenaafs'éFﬂaﬁtabnéa < 1prRmaE) idd %ezl 28y dhe accu?h@?ablfl gheriven
Ccontrol | wor BoBEFolgyord 586’?\9-'3833 " g Fhg Rt EoTichPRS: Ebfect
whi ch one, of 4tbgteCRUt is recedved idmi hﬁmﬂé& -8d 7thé regéhettated data
A (N TS R Yo RN
current |inesr&AsfePibd firdm seriejatshiftazregidtenrI®Rtitdi the hBl@ihgl 3
i gi't 2l 5. oFepSelnaEt bl PO plsdile dq NG fRIad” 2 KhE event 1\,
of convertergf125¢335faslvﬁapl@hacwrlte enable bit (WRITE_| N) in the
holding register is cleared, placing the pre-amplifiers
120,130, into a read mode enabling heads 114-117. |
Holding register 156 includes 15 control
20 outputs generally subdivided as follows; Chip select
pins CS_N,CS1_N and CSO_N enable operation of one of the
two pre-amps 120,130. For example, an active low output
on CSO_N enables operation of pre-amplifier 120. The
signal is driven active if control word bit 10 is low and
25 the master chip select (control word bit 15) is active.
Head select outputs HS0-HS2 select which one of the eight
read/write heads 110-117 is enabled for data transfer.
The state of these lines is a direct result of the
control word bits 8-10, discussed above.
30 Positive azimuth current lines PAT0-PAI3 and
- negative azimuth current lines NAIO-NAI3 enable and
define the current output of pre-amps 120,130 via
digital-to-analog converters 125,135 respectively. The
output 1W1l,1W2 of converters 125,135 is coupled to
35 preamps 120,130, respectively.
In a read mode, the preamplifiers 120,130 are
‘utilized to amplify the read-back voltage generated by




35 preanps 120, 130, respectively. In a read node, the

preanplifiers 120,130 are utilized to anpllfy t he read back vol tage
gener at ed WO 96/ 15531 -
LT Usoe) MYggssat 20 t Hec T o 14728
transitions recorded to tape and detected by heads 110-117. Preanps
120,130 provide a differenti al pair read-back signal to transformner
400, which is commut ated from wi ndi ggs 434 on di sk 420 to di sk 410 and
5 provided to data channel 210. Data ch@Mnel 210 decodes the read

390 For marthy EDE%, ErgoREelate' 2edahRatlY caoe” b ASTAGTE MY mt ¢ i ng
and ECC.I&hRﬁdSoIlO 1laataPaeempBenZOuABﬁfprnwddboaudiﬁﬁﬂtenﬁi&& 59 and
host 10 5 Orna?ﬂegkggﬁﬂmeo'Erﬁﬂgfa er 400, which ig'dure 11

shows a pa aglng S shovn TN Figure 4 of the
rotating heeomurtated fromowindings 434 on ﬂéskhéﬂﬁ|ﬁ9|ﬁiﬁheﬁhﬂ.an¢e

el enent g desedviieed 100 28218 aﬁxnﬁelpmw deflatg %h&?ﬁé‘i”'z%!ﬁ deéudge for use

in an ar.cuate scan di sk drive. di stance. X shown in _ Figure 11

is, in one WMHORIRS %%r%%ﬁ’nﬁ?@?}dﬁsmheaﬁﬁa datgmRDAEA angk di anmet er

of the rot ailidek Smmxoﬂolf)@rﬁéttéﬁ 220. aerQﬁlﬁt&é&”ZW@é{dﬁﬁ%ée Al so
shown in Fi ure 11-20

t C
Functi on — dhie apndgadn SaSEbaE, Wil e FormmbhEREoaH0. By o AR
125, 135 durdan?a reerel thvele. tfansfetredpamDmnceonurbmeler gg(r) altme éw‘stgot 40]c
icie W, Su O De snut o
Ejﬁ”]ng rea}LH Qéaﬂgfalggﬁok%e p%@kggg arg(‘,heﬁg ghovvn in Figure 11
al | ows for prem:iagutentlnghoﬁstaepaohpgﬁngtfoumatrEhadnha11
respect tod ax|§£§§&E§1é%%w%?pfﬁa§ﬁ§u9£ 4h&ePERSCRbratin ”é%?h!%&-%&?“t the

rot ati onal evi ce ensur eés-no nas ancrng 1ssues
with resped®Q. rotation 30 of the rotating section 100 and is a

substanti al advaﬂhﬁgﬁhéﬁnaﬂﬂ'Figﬂréhflpf€ﬁ6“é1éﬂ¥ﬁﬂb'a€s591%ed
practical enbodi nent eatures and advant gges of the

P aceris SHuKR Mo PYOYHASH 4 chi CORVERbRRE oFORTRF TS kAR 1

an arcuate scan disk drive. The distance X shown in
Figure 11 is, in one embodiment, approximately 0.70" and
comprises the diameter of the rotating section 100 of the
arcuate scan recording device. Also shown in Figure 11

20 are capacitors Cl, C2, C3, C4, C5, and C6 which function

to store charge during write mode to power pre-amplifiers
125,135 during read mode. A total capacitance in the
lrange of 30-40 uF is sufficient storage to allow power
supply 500 to be shut off during read mode.

25 The packaging scheme shown in Fzgure 11 allows
for precise balancing of the components described with
respect to the recording apparatuS'of the présent
invention about the rotational axis of the'device; This
ensures no mass balancing igsues with respect to rotation

30 of the rotating section 100 and is a substantial
advantage in applying the present invention to a
practical embodiment. -

- The many features and advantages of the present
invention will be apparent to those of average skill in

35 . the art. For example, the distinct advantage of the
present invention is the fact that the drive designer is
no longer required to utilize DC-free code in recording



85 the art. For exanple, the distinct advantage of the pr esent

invention is the fact that the drive designer is no | onger required to
utilize DCfrQgo 66 ﬁ%:i n recording WO 96/ 15531 - PCT/US95/14725
PCT/ US95/ 14725 21 to data on the
tape thereby increasing the effective storage density of the drive. In
addition, the signal- to-noise ratio of the recorded data is inproved
over prior arcuate scan recording schenegy Al such features 5 and
advantages are intended to:be within the scope of the i nvention as

defined in theey idafed ctesHd REdpe theréb?""h.ﬂ&%ea;iﬁg[ ed A rbeigyg! ai ns.
WD 96/ 15531 95/ 14725

22 Wiat is SCOrRge density of the drive;c&p: additiens &he HER3L-

portion and a teol-aidike FALIiSHE CONE' réLB8ded  data is dmpTovddRrer
encoder; powe

conprising a sPELEOF m%tr%t%?axtﬂ%cg¥gﬁlgnﬁF?e@ﬁéode%130 q;ge{q;t'tqfées
stator; S and ademuiyes ane eintended tot bei wd thinh thee scdpe ;of the

oL o CSUReRR el WIF JHERGES 1 R OUB Bk IR ARGE PP V2

rotor; and drawings, and the following claims.




H
at |l east one read/wite he e anplifier. 2. The
circuit as clainmed in clai i‘mllﬂﬂ Em Luaﬂi‘ot ary transfornmer further
includes at |east a first nrel s, each channel g%of a-
rotor wi nWOR1E 2 corresponding stator winding, and mhererﬁ%ﬂﬁ@bﬁﬁ
supply and anplifier are coupled via the first channel, and the encoder and

decoder are coupled via the second channel. 3. The circuit as
claimed in claim2 further including a power rectifier coupled between the
stator wi nding of the second channel a®@ the anplifier. 4. The

circuit as clainmed in claim2 wherein_the rotary transforner further

I ncl udes a third channel and the encsgﬂﬂlgiovides a clock output signal to
t he decoder via the third channel. - b, The circuit as clained
in clain1§%gher§|n ihe rgtiry transfornmer further includes a fourth channel
WO 96/ 155 § claime PCT/ US95/ 14725,

23 coupled to the ampli fAecimdlthexammy\ar|stmttmrﬂpofeﬂbhhaﬁaannel _

havi ng rel at .channel . The
circuit of£1 %?#ﬁﬁéﬂﬁbgg?'g ?Fbg‘g#"séﬁﬁ ‘urality of read/wite heads
coupled to the anpl|anestaamdnawyrenmcﬁha"controI signal s include

I nformation for sel egt Ng,. Wit of the-plurality of heads is used for
& #:BGeQ supply!

recording at a given't
a rotary transformer comprising a stator and a

rotor, the stationary encoder coupled to the stator;
a decoder coupled to and rotating with the ‘
rotor; '
an amplifier coupled to the decoder, and
coupled to the power supply via the rotating transformer,
the amplifier rotating with the decoder and the rotor;
and |
at least one read/write head, coupled to the

amplifier.

2. The circuit as claimed in claim 1 wherein
.the rotary transformer further includes at least a first
and second channels, each channel comprised of a rotor
winding and a corresponding stator winding, and wherein
the power supply and amplifier are coupled via the first
channel, and the encoder and decoder are coupled via the
second channel.

3. The circuit as claimed in claim 2 further
including a power rectifier coupled between the stator
winding of the second channel and the amplifier.

4. The circuit as claimed in claim 2 wherein
the rotary transformer further includes a third channel
and the encoder provides a clock output signal to the
decoder via the third channel.

5. The circuit as claimed in claim 4 wherein
the rotary transformer further includes a fourth channel



7. The circuit of claiml furt paC|tor coupled to the
anplifier and the power supply aﬂlﬂu' e when the power supply is
active, and pwmmuuumg charge to canm i ey when the power supRCT/USSS/I4ES

acti ve. : 8. An arcuate scan head assenbly for a storage
device, including a host interface, a rotating head drum and a stationary
portion, conprising a rotating transformer including at |east a
first and second channels between a stator 2gupled to the stationary
portion and a rotor coupled to the rotating portion; a data

. channel on thecotpledntoyther amplifier and thefr&anquiteohaaéd thet he
dat a channel h S Or t o] t QL
providing a sync &ﬁ%gﬁoégggﬁ?g %n&g‘hgﬁtrréo]l% olb{e;lr}f; SI gna‘im Efo&x eHe tfg'rr;%'mer
supply coupl edcchannéd.second channel of the transforner; a

decoder provided on the rotating head drum and coupl ed to the first channel
of the transforner and the synchronous data and control output signal, the

decoder having a plurali®fy of Thencigicuik Rfi £lam ol JEertherpincluding a
an anplifier o ﬁﬁfll@?abfnﬂeﬂﬂ?@f@ﬂéﬂﬂéaﬂgEﬁbﬁﬁlé&mtﬁoﬂﬁéo6/ %dfgéia

out puts of the decaoder %Pmer up d
PCT/ US95/ 14725Rnd wherein the control si d%als include information.£oF one

read/wite headep@cthﬁgrehat wnachhe@l the plaatl gl tof theadgPisf ged for
9. The arcuate sca deflned in claim8 wherein the

decoder, anpll¥?%?r§ﬁﬂgh§§d§ 393 ed such that the head drumis
bal anced for rotation about the, axis.

7. The' circuit of claim 1 further including a
capacitor, coupled to the amplifier and the power supply,
for storing charge when the power supply is active, and
providing charge to the amplifier when the power supply
is not active. |

_ 8. An arcuate scan head assembly for a
storage device, including a host interface, a rotating
head drum, and a stationary portion, comprising

- a rotating transformer including at least a
first and second channels between a stator coupled to the
stationary portion and a rotor coupled to the rotating
portion;

a data channel on the stationary portion;

a formatter coupled to the data channel and the
first channel of the transformer, the formatter providing
a synchronous data and control output signal;

a power supply coupled to the second channel of
the transformer; |

| a decoder provided on the rotating head drum
and coupled to the first channel of the transformer and
the synchronous data and control output signal, the
decoder having a plurality of control outputs and a data
output; ' '

an amplifier on the rotating head drum coupled
to the control and data 6utputs of the decoder, and the
power supply; and



10. The arcuate scan head assenblﬁﬂﬁ; ﬂ ined inclaim9 wherein the head

drum has a di aneter jﬂ“‘(]“l‘ l“ 11.. The arcuate scan

head ass deflne | uding a pIurallty

heads %%C}g‘%& t he arrpll i er. 12. The ar cua?e scan %a

~assenbly as defined in claim8 wherein the decoder provides the control
information to a digital-to-analog converter to drive the. anplifier and

the head to record the data to the dat storage nedi um 13.
The arcuate scan head assenbly as defined in claim8 wherein the formatter

encodes user data w Q gg@%g ”ﬁ (nﬂé?Wffibfﬂea&hSnagﬂ%4§b$htEB ener at e

t he synchronous data an cuate scan
head assenBegdofirymiceupd eghdiithe ramphkifiexryeam i ncl udes a control word,
servo information and error coding. 15. The arcuate scan head

assenbly of claim13 wherein the user data is encoded by t he data channel
prior to provision té& the'qh(?r ﬁd%%t%mﬁqﬁ%rp?\ﬁé oft fined \p

gg/15531 in cla;m.?hwherein the decoder, amp 1£fﬂé$ﬁﬁﬁdlﬁéigs are .
e_.ar sScan assge 0] C m er ein e
Coer data RETBRESHFUEH HhEtkie Healh HrdE fa b1 Aheea Far EobALinh .

formatter abbhtatRe4dikisencodi ng format.

10. The arcuate scan head assembly as defined
in claim 9 wherein the head drum has a dlameter of about ‘
0.7 inch. :

11. The arcuate scan head aesembly_as defined
in claim 8 including a plurality of read/write heads
coupled to the amplifier.

- 12. The arcuate scan head assembly as defined
in claim 8 wherein the decoder provides the control
information to a digital-to-analog converter to drive the
amplifier and the head to record the data to the data
storage medium. ' -

13. The arcuate scan head assembly as defined
in claim 8 wherein the formatter encodes user data with
control information for the amplifier to generate the
synchronous data and control output.

14. The arcuate scan head assembly of clalm 13
wherezn the data stream includes a control word, servo
information and error coding. '

15. The arcuate scan head assembly of claim 13
wherein the user data is encoded by the data channel
prior to provision to the formatter with an NRZ coding
format.



i7. The arcuate scan head assenbly ' ' aim 13 wherein the
decoder includes a wite data gene E'lﬁi“‘“ﬁ“&gbﬂﬂ controll er a shift
register and _a_ . h églng regi ster. he arcuate S0 412s
assenbly as d@??ﬁé in claiml7 wherein the wite data generator Q%codes
the control information and provides the control information to the shift
regi ster after verifying the presence of a synchroni zation stream

19. The arcuate scan head assenbly as defiggf in claim8 further |nclud|ng
a power supply filter on the rotor and ro ing with the rotor.
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generator, sequence controller, a shift register and a
holding register.

18. The arcuate scan head assembly as defined
in claim 17 wherein the write data generator decodes the
control information and provides the control information
to the shift register after verifying the presence of a

synchronization stream.

19. The arcuate scan head assembly as defined
in claim 8 further including a power supply filter on the
rotor and rotating with the rotor. '

20. An apparatus for a storage device, the
storage device including a rotating section and a
stationary section, comprising: _

a rotating transformer having a rotor coupled
to the rotating section and a stator coupled to the
stationary section, the rotating transformer including a
plurality of channels;

a read/write channel provided on the stationary
section; ' '
| a data and control signal encoder provided on
the stationary section and coupled to a first channel of
the rotating transformer; _

a power supply proﬁided on the stationary
section and coupled to a second channel of the rotating
transformer;

a decoder prov1ded on the rotating section and
coupled to the first channel
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read/write channel comprises a PR4ML channel.
22. Thé apparatus of claim 20 wherein the
read/write channel comprises a 1,7 RLL code channel.

23. The apparatus of claim 20 wherein the
decoder includes a data input and a clock input, wherein
the data input is adapted to receive serial data and
control information.

24. The apparatus of claim 20 wherein the
power supply comprises a switch mode power supply.

25. A data storage device for a host computer,
comprising: ' t '

a host interface;

a data channel coupled to the computer and
carryzng data, _

a tape storage medium having a surface; and

an arcuate scan assembly interacting with the
tape storage medium, the arcuate scan assembly including:

a stationary portion having

' a motor,. '

a stator, .

a formatter, coupled to the stator and the
data'channel, generating control signals and
sequencing data signals with the control
signals, and _

a rotating portion having

|



27 ' a pluralit of [ : ads nounted on a
head drum the head drum bei n‘;ﬁl‘“‘m‘\ mwum about an axis
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or t hogonal tvg :9?@ gre RRIRR L , PCH/USOY/ N2
& data and c 2 Si gnal decoder, .a pre-anplifier coupled
to the data and ‘control signal decoder, and the heads,
supplying data signals to the heads in a wite node and
receiving data signals fromthe tape in a read node.

26. A nethod for reading and witing datazto a tape storage nedium

conpri si ng: provi di I [ ggggt ' t
tape, the head drumincluding gﬁ“ﬁggg%séﬁggrea W?%?gh&ﬂ%%gﬁg%gﬁgﬁ 68 a
anplifier coupled to the headtead drum, theheafd rdryndaeingfrecatedtro

signals and the data in a SYpeUEORRLAEIH HHthogonal to théapgpetting the
synchronous signal through a raqtating transforner to the head drum

transmitting a clock signal BMN*E@F®+he rotating transforner;
transmitting a power to the greeted,fier; and decodi ng t he

fgnfﬂgoPg;Z.signal so t hat tg?da%E?%g%iégnrféfsé&éﬁ?ﬁ%&eégdgﬁite t he data
a pre-amplifier coupled to the data and
control signal decoder, and the heads,
supplying data signals to the heads in a write
mode and receiving data signals from the tape

in a read mode.

26. A method for reading and writing data to a
tape storage medium, comprising:

providing a rotating head drum adjacent to the
tape, the head drum including at least one read/write
head and an amplifier coupled to the head;

encoding preamplifier control signals and the
data in a synchronous signal;

transmitting the synchronous signal through a
rotating transformer to the head drum;

transmitting a clock signal through the
rotating transformer; |

transmitting a power to the preamplifier;
and

decoding the synchronous signal so that the
preamplifier is directed to write the data to the tape.



