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1. Field of the Invention _
The present invention relates to a magnetic transducer in a magnetic data
storage system, and more particularly to a magnetic transducer having a wear

indication feature which improves the reliability, availability and serviceability of the

magnetic storage system. -

2, Description of the Related Art
Magnetic disk drives are information storage devices which utilize at least one
rotatable disk with concentric data tracks containing the information, one or more:
transducers (or “heads”) for reading data from and/or writing data to the various tracks,
and a head positioning actuétox; conpected to the transducer for moving it to the desired
'tracic and maintaining it over the track centerline during read or write operations.
Referring to Fig. 1, which shows a prior art head suspension assembly, the transducer
" 20 is attached to a slider 26 which is biased against the data surface of the disk 24. In
alternative prior art assemblies, the slider may fly élightly above the surface of the _disk
supported by an air bearing generated by the rotation of the disk. The slider 26 is '
mounted on a support arm of the positioning actuator (not shown) by way of a
suspension 25. The suspension 25 provides dimensional stability between the slider 26
and actuator, and controlled flexibility in slight vertical as well as pitch and roll motions
. (gimbaled motions) of the slider during its relative motion above the rotating magnetic
disk surface. -
With a push for higher data densities (the amount of data which can be recorded
on a disk), it becomes a challenge to format the disk surface with narrower data tracks

and narrower inter-track spacings in order to pack more data tracks on the disk surface.



*fRefenring to Fig. 1, which shows a prior art head suspensi

transducer 20 is attached to a slidgr 26 which is biagedsaggiﬁ:fegﬁgyaatge
surface of the disk 24. In alternative prior art assenblies, the slider may
fly slightly above the surface of the disk supported by an éir beari ng
generated by the rotation of the disk. The slider 26 is nounted on a
support arm of the positioning actuator (not shown) by way of a suspension
25. The suspension 25 provides di nersional stability between the slider 26

a_nd actuator, and controlled flexibility in slight tical
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with the rotating disk surface. The transducer of the latter type is often referred to as
contact transducer.” With everything else being équal, it is possible to achieve a higher
data density using a contact transducer than an air bearing type transducer.
~ Thecontact transducer is not without limitation. lieferring to Fig. 1, the contact
transducer 20 has a tip structure 22 (schematically shown) which is configured to detect
a change in magnetic flux when reading data from the magnetic disk 24 and/or cause a
change in magnetic flux when writing data ohto the magnetic disk 24 as the transducer
20 is_."moved across the magnetic disk 24. This tip 22 has an operational thickness T in
. the order of a few microns thick. By nature of a contact transducer, the tip 22 is
inevitably subject to wear from abrasion by the magﬁeﬁc disk 24 once the disk drive
has been placed into operation. The slider 26 which is made ofa har_dér material than
the ﬁp 22 slows down the wear process to soine extent. However, evcnﬁlally, prolong
wear of the transducer tip 22 would lead to inadequate or unreliable transducing
functions and ultimate failure of the transducer 20, which would in turn lead to read
and/or-write failure of the disk drive system thereby putting it out of service. When the
transducer fails, data integrity may be affected.
It is therefore desirable for an user of a disk drive system to be able to anticipate
the wear induced failure point of the contact transducer ‘on-the-fly’ during actual
operation of the disk drive system, so that data can be safely archived prior to actual

transducer failure, and so that the failing transducer or the entire disk drive system may

be timely replaced at a convenient time with the least disruption to normal disk drive



fdesi gned to be nounted on a slider which rides on a cushion of air or an
air bearing generated by the rotating disk in close proximty to the disk
surface. For another type of transducer; it is designed to be nounted on a
slide with the transducer in contact with the rotating disk surface. The
transducer of the latter type is often referred to as contact transducer.
Wth everything el se being equal,'i% is possible to achieve a higher data
density using a contact transducer than an air bearing type transducer.
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However, eventually, prolong wear of the transducer tip 22 would tead to

i nadequate or unreliable transducing functions and ultimate failure of the
transducer 20, which would in turn lead to read and/or wite failure of the
di sk drive systemthereby putting it out of service. Wen the transducer
fails, data integrity may be affected. ' I't is therefore desirable
for an user of a disk drive systemto be able to anticipate the wear

i nduced failure point of the contact transducer 'on-the-fly' during actual
operation of the disk drive system so that data can be safely archived
prior to actual transducer failure, and so that the failing transducer or
the entire disk drive systemmay be tinely replaced at a convenient tine
with the |l east disruption to normal disk drive
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The pt:eéent invention presents a simple wear indicator that is incorporated on-

the slider for in operation on-the-fly detection of the state of wear of the transducer in a
data storage system. The novel feature is relattvely easy to be incorporated without
adding significant weight to the slider and its suspensmn and without significantly
increasing manufacturing complexity. Feedback from the wear indicator to the storage
system's control program allows for greater reliability and availability of the storage
system. Conceptually, the novel feature of the present invention involves monitoring a
change in one or more electrical properties of an electrical circuit structure as the
transducer is subject to wear by abrasion of the magnetic disk medium.

In pamcular, in accordance with one aspect of the present invention, the
resistance (or conductance) of a circuit is monitored during disk drive operattons Part
of thts clrcuxt structure is mounted on the slider and it is subject to physical wear along
with the weanng of the transducer. A predetennmed change in resistance (or
conductance) gives an indication of the predétennined wear limit at which the
transducer should be replaced prior to its actual failure. Ina specific embodiment, the
circuit is configured such that an open circuit (infinite resistance or zero conductance)
indicates that the wear limit has been reached.

In accordance with another embodintent of the present invention, the
capacitance between a proBe on the slider and the magnetic medium is monitored
during disk drive operations. The capacitance changes as the transducer wears. A
predetermined change in the capacitance gives an indication of the wear limit at which

the transducer should be replaced prior to its complete failure.

Sheet Has Been Re laced
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'at | east one transducer, said transducer having a useful thi [
defines a wuseful life of the transducer, mhergin t he transdﬁggssfsmghgrect
to wear by the magnetic nediumduring relative nmotions of the transducer
and the magnetic medium and wherein the useful life of the transducer is
spent when its useful thickness has been worn through; and wear
indi cating neans for monitoring status of wear of the transducer during
normal operations of the magnetic storage system wherein the wear

i ndi cati ng neans i ncludes circuit neans havin ctri
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I ncl udes a sensor which is positioned in a fixed relatio
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circuit - .. vided a
- limit indicator based on resistance measurement in accordance with one embodiment of
* the present invention.
' Fig.'J; is a schematic bottom view of the slider/suspension assembly o_f Fig. 3.
_Fig. 5 is a schematic side view of a slider/suspension assembly having a wear
limit indicator based on resistance measurement in accordance with another
embodiment of the present invention.
Fig. 6 is a circuit diagram of the wear limit indicator implementation for the

embodiment of Fig. 3.
Fig. 7isa circuit diagram of the wéar limit indicator implementation for a single

inductive transducer.
Fig. 8 is a circuit diagram of the wear limit indicator implementation which is

"based on conductance measurement.
Fig. 9 is a schematic side view of a slider/suspension assembly having a wear

limit indicator which is based on capacitance measurement. _
Fig. 10 is a schematic bottom view of the slider/suspension assembly of Fig. 9.
Fig. 11 is a circuit diagram of the wear limit indicator implementation for the
embodiment of Fig. 9.
Fig. 12 is a flow diagram of a storage system having a wear indicator for on-

the-fly detection of wear of the transducer in the storage system.
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prmclples of the present invention and should not be taken in a limiting sense. The

s scope-of the present invention can best be determined from the appended claims. - For
example, although the present invention is described in reference to a magnetic disk
storage system-and in particular one which implements a contact transducer, it will be -

- apparent that the invention may be implemented in other magnetic data storage systems
including recordmg systems such as a magnetic tape drive system or other applications
which could take advantage of the wear indicator feature described hereinbelow.

- - Fig. 2 illustrates a simplified schematic block diagram of a magnetic disk

| storage system 30 embodying the present invention for use in an information '
processing systems such as a computer, for example. The magnetic disk storage
system 30 comprises at least one rotatable magnetic disk 32 which is supported on a

- pmdle 34 and rotated by a dlsk drive motor 36, and at least one slider 38 ‘positioned in
close proximity to the magnetic recording medium at the disk surface 33. Datais -
stored in the magnetic recordmg medium on each disk 32 in the form of an annular
pattern of concentric data tracks (not shown) Each slider 38 is an assembly containing
one or more magnetic read and write transducers (not shown). The slider 38is
mounted to a suspension 40 which is connected to an actuator means 44 by way of an
actuator arm 42. As the disk 32 rotates, the slider 38 is controlled to move across the
disk surface 33 by the actuator means 44 so that the slider 38 may access different
portions of the disk surface 33 where desired data is recorded or read. The suspension
40 provides a slight spring force which biases the slider 38 against the disk surface 33

and controls ﬂCXIblllty in slight vertical as well as roll and pitch movements of the
slider 38 relative to the rotating disk surface 33. The actuator means as shown in Fig. 2
may be a voice coil motor (VCM), for example. The reading/writing of data and the
operations of the various components (e.g. actuator means 44 and drive motor 36) of

the magnetic disk storage system 30 are controlled by a control unit 46. In addition, the
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the magnetic mediumduring relative notions of the transzﬂggscgnéotﬁgar >
magnetic nedium and wherein the useful life of the transducer is spent
when its useful thickness has been worn through; and circuit neans
on the slider having an electrical property which changes with wear of the
Fransduper, mhere!n the circuit neans %ncludes a sensor which is positioned
ina fixed relation to the transducer ' such that the sensor is subject to
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provi ded Wihg@édd andivite h’éﬁdﬂ&d&tﬁﬁl Sdame schemhaticaily shewnoin theofigures 06t ri cal
| eads, and wherein the circuit nmea
simplicity of illustration. Their actuapsmes and locations may be different, but they do
not affect the understanding of the concept of the present invention.) The read
transducer 50 may be of the magneto-resistive type (the resistance ofa
nmagneto-resistive read transducer changes in the presence of magnetic flux changes)
and the write transducer 52 may be of the inductive type (the magnetic flux changes
with a change in current through the inductive transducer). Alternative, a single
inductive transducer may be used which performs both read and write functions (see
discussion in connection with Fig. 7 below). The read and write transducers 52, 54 and
shder 38 may be formed using processes (including, for example, photo hthographlc,
deposmon and subtractive etching processes) known in the art which taken alone do
not forrn a part of the present invention. Electrical leads 54 are connected to transducer
" contact pads 55 on the slider 38; one pair of the leads being in electrical connection
with the read transducer, and the other pair of the leads being in electrical connection
with the write transducer.

The ttinsducers 50, 52 have tips of a certain useful thickness (in the order of
several microns; e.g., less than'S microns). Should the tips wear through their useful
thickness as a result of abrasion from the magnetic disk 32, the transducers 50, 52 will
fail. For reasons earlier mentioned, it is desirable to set a wear limit L for the
“transducers 50, 52 (within their useful thickness T) prior to their complete failure and
provide a means of indicating that this wear limit has been reached during operation of
the disk drive system.

In accordance with a first embodiment of the present invention illustrated in
Fig. 3, a wear limit indicator 50 in the form of a strip of electrically conductive material

is formed around the sides of the slider 38 as shown. This strip 60 is connected to an



"el ect'rical ly connected to one or nore of the said |eads. Accor di ng

to still another aspect of the present iinvention there is provided a
nmagnetic storage system conprising: a magneti c storage nedi um havi ng
a plurality of tracks for receiving data; - drive nmeans for noving the
magneti c storage nmedi um a slider including at |east one transducer

mai ntained in a transducing positi 033 relative to said nmagneti c storage
medi um during rel ative notions between said slider and sai d nagnetic

storage nedium_ said transducer having a useful thi.c
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the slider 38 such that its breakmg pomt corrcsponds to the,wear limit L of the
transducers 50, 52. The resistance or conductance of the open circuit in the strip 60 -
would indicate that this wear limit has been reached. ‘Fig. 3 illustrates by way of
example the situation where the read and write transducers have the same wear -limit L.
If one of the transducers hasa smaller wear limit, the strip 60 should be positioned to
corréspond to the wear limit of the transducer with the smaller wear limit.

‘The material of the wear limit indicator strip 60 may be a conductive metal, but
preferably a fairly resistive material te.g., Nichrome) such that the resistance of the
entire strip 60 would be ten to Several thousand ohms. In the example shown, the total
length of the strip 60 is in the order of‘ 200 microns; of whlch approximately 100 .
microns is within the pad, and tts width is in the order-of 8-12 microns. The total
thlclg_ness of the strip is in range of 80-120 angstroms, and preferably about 100
angstroms. The total resistance of the circuit in this example using this material and
these dimensions is 2 Kohms. The purpose for using a resistive material would
become apparent from the discussion below in connection with Fig. 6. A layer of
insulative material 62 (e.g., photo resist or a;lumina) separates the strip 60 from the
slider 38. | | |

The leads 64 to the wear indicator strip are electrically connected to a resistance
or conductance measuring device in the control unit 46 of the disk drive system 30,
depending on whether resistance or conductance is relied upon as an indication of the
chaiige in electrical properties of the wear limit indicator. The specific electrical circuit
for the wear limit indicator depends on the type of transducers mounted on the slider 38
and the scheme of wear limit detection relied upon (resistance or conductance).

The different electrical circuits for the wear limit indicator is now explained in

reference to Figs. 6-8 . Fig. 6 shows the configuration in which resistance of the strip



't hr ough; wear indicating neans for nonitoring the status of wear
of the transducer during -normal operations of the magnetic storage
system _ actuat or nmeans coupled to said slider for noving said
slider relative to the magneti c storage nmediumto selected tracks on
sai d magnetic storage nedium said actuator nmeans including a suspension
assenbly which supports the slider at one end t hereof; and

control neans for controlling the operations of drive means, wear-

indicating . neans, actuator neans and, transducin f with respect to
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to the relative high resistance of the strip 60 compared to the low resistance of the
transducers wﬁich is in the order of se\;eral ohms. The transducer leads 54a and 54b
are connected to a resistance measuring device 66 in the control unit 46.
Tn the case in which resistance of the strip 60 is measured for wear limit
detection and a single inductive transducer 68 is used for both read and write functions,
the circuit shown in Fig. 7 would be appropriate. In this configuration, one lead 64a of
the wear limit indicator strip 60 is connected to a transducer lead 54a and the other lead
64b of the strip is connected to ground. The resistance measuring device 66 in the
control unit 46 is connected to the lead 54a and ground.
~ For both the above two configurations, the leads of the transducers can be
com"reniently made use of by the wear limit indicator strip 60 to make connection to
the resistance measuring device 66 in the control unit 46. This is desirable as it
eliminates the need to use full lengths of separate leads to connect the strip 60 on the
slider 38 directly to the control unit 46, thereby simplifying the manufacturing process
and keeping to a minimum the added weight to the slider/suspension assembly asa
result of addition of the wear limit indicator feature. It is noted that the short
connections from the strip 60 to the transducer leads 54 may be in the form of metal
traces formed on the slider 38 and/or suspension 40 using any known processes
involving, for example, photolithography, deposition, and/or etching steps. For
example in Fig, 4, the leads 64a and 64b may be in the form of short surface traces 65a
and 65b formed on the slider to connect the leads 64 of the strip 60 to the appropriate
contact pads 535.

In the case of detection of the wear limit based on measurement of the
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s spent when its useful thickness have been
worn through, a met hod of nonitoring status of the transducer conpri sing

the steps of: provi din i ndi [ [

_ : _ g a wear indicating nmeans for indicating a
ghgngte_ in an electrical property with wear of the transducer during %orrral
operations of the magnetic storage system and _ detecting said change

in electrical property to provide ang ndi '

. d ndication of the status of we
the transducer, wherein the step of providing a vvear i ndi cati ng meaﬁ; °
i ncludes the step of providing a circuit rrean Vi, n rical
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medi um in @o@ﬂﬂﬁfc'l&d@ l63kand 64b from the strip 60 are connccte,d Eiﬁ'gcstlyutg Iang & magnetic
conductance measuring devnce 70 in the control unit 46.

Refemng back to th 4, the strip 60 is posmoned around the periphery of the
slider 38 so that any unevqn wear occurring more at any comner or side of the slider 38
may be detected. Alternatively, it may be configured as a strip 61 on only one side of
the slider 38 as shown in Fig. 5. This configuration, however, might not provide an

" accurate indication of the wear limit of the transducers 50, 52 should uneven wear
occurs. |

In alternative emquiments, the strip 60 may be disposed about the edge of the
slider 38 or a few microns in from the edge of the slider. The strip could be placed in
various locations about the élider, so long as the strip 60 either encloses or substantially
encloses the read/write elements. If the strip 60 does not completely enclose the '
read/write elements, it should enclose three sides of the read/write clements.

; It is noted that the afaredescribed embodiments are examples 1llustratmg the ~
general principles of the prescnt invention. While the wear limit is indicated by an
open circuit in the wear limit indicator strip, it is contemplated that the present
invention is equally applicable toa detectlon of the wear limit by monitoring a gradual
change in the resistance or conductance in the strip (from a reference resistance or |
conductance at the time the transducer is placed into service) as it is being worn by
abrasion by the magnetic disk. The wear limit may be setata point prior to an open
circuit involving the wear limit indicator strip.

In another embodiment of the present invention shown in Figs. 9 and 10, the
change in capacitance betwéen a conductive surface and a probe on the slider 38 is
relied upon to give an indication of the status of wear of the transducers 50, 52. The
conductive surface may be the magnetic media, a conductive overcoat, and/or a
conductive substrate on the slider. The probe may be in the form of a closed loop 72 of

metal (having a width in the order of 10 microns) around the sides of the slider 38
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el ectrical connection with the read transducer, a wite transducer and a
wite transducer lead in electrical connection with the wite transducer
said transducer having a useful thickness which defines a useful life o%
the transducer, wherein the transduger is subject to wear by the magnetic
medi um during relative notions of the slider and the magnetic medi um and
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embodiments, one lead 54a of the transducer 50 rriay be made use of to make the

electrical connection between the loop 72 and the control unit 46. ,

Tt can be appreciated that the loop 72 should be positioned on the slider ata

point beyond the wear limit L as abrasion of the loop is not 'oontemplated. The wear

limit of the transducer is detected to have been reached at a predetermined capacitance

measured.

With reference now to Fig. 12, a flow diagram of a disk drive system including

the wear indicator is shown. At léast one rotatable magnetic disk 32 is supported by

spindle 34 and rotated by disk drive motor 36. At least one slider 38 is positioned in

close proximity to the magnetic recording medium at the disk surface. Asthedisk

rotates, the wear limit indicator 50 (as shown previously in Fig. 3) sends a signal along

the sensor leads over suspension 40 to control unit 46. Control unit 46 comprises at

least one sehsor signal processor 80, which receives the signal from the wear limit

indicator. The sensor signal processor 80 sends the boolean representation of the signal

into OR gate 84, where the signal is OR'd with the signals from other suspension

assemblies (if any). The signalis then transmitted over line 86 into file processor 88.

The file processor 88 determines from the signal whether or not .the wear limit indicator

has reached its threshold value. If the file processor 88 determines that the wear limit

has been reached, then the file processor 88 sets the status flag at 92. If the wear limit

has not yet been reached, then along path 94, the file processor 88 continues to enable

the wear sensors. It is noted that the sensor signal processing units 80 are adapted to

receive a signal based on the capacitance between a probe on the slider and the

magnetic medium and convert it into a digital signal, or to receive a signal based on the



+suspensi on assenbly for supporting a slider for transducing a magnetic
nmediumin a nagnetic storage system conprising: a suspension

menber ; a slider supported by the suspension nmenber; a
transducer supported on the slider for transducing the nagnetic medi um the
transducer conprising a read transducer, a read transducer lead in

el ectrical connection with the read ttansducer, a wite transducer and a
wite transducer Iead in electrical connection to the wite transducer

Che t r anodaEBRTcoarerFol R Fpued S T SRR SBRAL. 7' lear by the mgnet i
ng' um during rekayksiniPindRaG: of the pesant infenticritis baen mwmd?;@ medi Lrﬁqggﬁél ¢

reference to contact type transducers which are in constant contact with the magnetic

disk.during data reading and writing operations. It is understood that the present

" invention may be implemented for a 'flying' transduder of the type which rides on an air

bearing against the magnetic disk. Such flying type transducer is also subject to wear

of the magnetic disk at least during initial acceleration and final deceleration of the disk

when the disk drive system is turned on-and off.

While the present invention has been particularly shown and descnbed with

reference to the illustrated embodiments thereof, 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, scope and teaching of the invention. Aécordingly, the

invention herein disclosed is to be considered merely as illustrative and limited in scope

only as specified in the appended claims.



:rﬂerﬁin the useful life of the transducer is spent when its useful
I ckness has been worn throu h; and a wear sensor conprising a

ls'z)ggt)l of SI ﬂ“lmﬂ “H“ﬂﬂtﬂil“ |ve material formed on the slider at a

"~ on de mt of the transdfeerwu one_end of the

thar sensor 'i s‘cohnetted to the read transduchHlssdiEgmdi éﬁ'ﬁﬁ d end of
e wear sensor is connected to the wite tra sduceREm_ng suchjt hat when

strip are detectible by a detection chgcuit conpri sed of said el ectrical

t he useful thickness is worn the changing el eCtT —F of the

| eads. According to still an
ot her aspect of the present inven
t?ere Is provided a nagnetic storage systen1conpr|5|n8 a na;hg?ic
ieoragf nﬁﬂE&H@hﬁﬂtng a plurality of tracks for receiving data; drive
ans for noving the magnetic storage nmedium a slider including at

| east one transducer maintained in a transduci
( cin
magnetic storage nmed magrthtipitmgpdneih&?ﬂ?@blﬁfﬂEﬂ?gﬁ%‘%’h&%&?h‘%@?%é? ;gdsal |

said nmagnetic sto ' .
A g amagnet&c Iglgstoragesys@m’cghgﬁglﬁgnsducer conprising a read transducer,

at least one transducer, said transducer having an useful thickness which
defines an useful life of the transducer, wherein the transducer is subject to wear by the
magnetic medium during relative motions of the transducer and the magnetic medium
and wherein the useful life of the transducer is spent when its useful thickness has been

worn through; and
wear indicating means for monitoring status of wear of the transducer during -

normal operations of the magnetic storage system.

2. A magnetic transducing assembly as in claim 1 wherein the wear
indicating means includes circuit means having an electrical property which changes

with. wear of the transducer.

_ 3. A magnetic transducing assembly as in claim 2 wherein the circuit
means includes a sensor which is positioned in a fixed relation to the transducer such
that the sensor is subject to wear by the magnetic medium during operations of the
magnetic storage system and which electrical property changes with such wear, and
wherein the wear indicating means further includes a detection means for monitoring a
change in said electrical property of said sensor as a result of such wear, thereby giving

an indication of the wear status of the transducer.

4. A magnetic transducing assembly as in claim 3 wherein the detection

means monitors a change in electrical resistance or conductance of the sensor.
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, L . k s
transdﬂeer—l—ead—hﬁ—aﬂeeﬁl cal connection with the read transducer, a wite

transd transducer lead in electrical connection with the
wite t ransducer havi ng a useful thickness which defines
a usef nsducer, wherein the trag

LS sub| ect to wear

by the magnetlc rredl umduring relative notions of vhgs SR
magnetic nmedi um and whereig.:t he useful |ife of tIijfes trang Eﬁéé
its useful thickness has beén worn t hrough, .,J---....-
a strip of electrically conductive materjal formnmed on the slider at a
| ocation defining the wear limt of the' ransducer wherein one end of the -
wear - sensor is connected to the read transducer second end of
the wear sensoB-is kﬁﬁﬁ%ﬁé@"ﬁ@%qﬂésiﬁfﬂbﬂ@%m&h@aﬁ rq“b'gﬂﬁ"@ﬁ%‘w that when

the usefu lmqggFé ﬁ'lt%ﬁ‘?@% a cﬁa Ql%se ﬁr@glgblr‘&lt% flelstdsoRivhieh @BREpbRds t8f t he

strip are ct| on circuit conprised of said electrical
| eads; act wavear lmﬁarfshmrpdmbrwuhmtsdlsdhl tiskndser novi ng sai d slider

relative to the magnetic storage nediumto selected tracks on said nmagnetic
st or age.

6. A magnetic transducmg assembly as in claim 3 wherein said transducer
includes a slider which has a bottom surface and sides, the slider supporting the useﬁxl
thickness of the transducer at its bottom surface, and wherein the sensor is attached

near the edge of at least one side of the slider.

7. A magnetic transducing assembly as in claim 6 wherein the sensor
includes a strip of material positioned on at least one side of the slider, ﬂle strip of
material, the slider and the useful thickness of the transducer being subject to wear by

the magnetic medium during operations of the magnétic storage system, whereby the
detection mean;s detects a chan!ge in the electrical property of said strip of material as a

result of such wear, thereby giving an indication of the wear status of the transducer.

8. A magnetic transducing assembly as in claim 7 wherein the strip of
material is positioned about the periphery of the transducers, such that the strip has a

similar wear rate as the transducers.

9. A magnetic transducing assembly as in claim 8 wherein the change in
the electrical property of the sensor detected is a change in electrical resistance or
conductance corresponding to a change from close to open circuit in the strip of
maiérial, said change corresponding to a wear limit of the transducer within its useful

thickness.
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4e__medium- sai-d-actuat or neans i ncl udi ng' a suspensi on assenbly which

supports the slider —.at one end thereof; and control neans for
cont ﬂ“l!lllj !I ﬁl!!ﬁutt ion of the drive neans, wear sensor, actuator neans
and Itk ta with respect to the maggetie=—storage T jm

The present invention presents a sinple wear i ngites$ SHEER & glor por at ed
on the slider for in operation on-the-fly detétti on REPUAGEDt at eilof wear

of the transducer in a data storage system The Tovel feature i1s
relatively easy to be incorporated wit t adding significant weight to
the slider and its suspension and without significantly increasing

manuf acturing conplexity. Feedback fromthe wear indicator to the storage
system's contriol priogmgnetix transducingrassgmisht asrin claim Quyherain thedgnsdpsen abi ity

of the stgrage syste Concept ual | NG sent

i nvention Pﬁgﬁﬂ ?/’y °'ﬁ?#ﬁ°_f‘1?ﬂrﬁa‘_9saa@‘%{‘x%%'}‘ :;h%' s@géré];gksoé;l&ﬁ%dﬁlgﬁgﬁrglg%@?écg?\@

properti e%e{éf:ti&ﬂmeérﬁqymﬂahg GicloTohé osihordof said leads.t he transducer is subject
to wear by abrasion of the magnetic di sk nedium

11. A magnetic mmsdﬁcing assembly as in claim 9 wherein the transducer
includes a read head and a write head each having a pair of electrical leads, and
wherein the sensor is electrically connected to the detection means by making use of

one or more leads of the read and write heads. .

12. A magnetic transducing assembiy as in claim 2 wherein the circuit
means includes a capacitance means for defining an electrical capacitance which, -
changes with wear of the transducer, and wherein the wear indicating means further
includes a detection means for monitoring a change in the capacitance as a result of

such wear, thereby giving an indication of the wear status of the transducer.

13. A magnetic transducing assembly as in claim 12 wherein the
capacitance means includes a probe positioned in a fixed relation to the transducer, said

probe in conjunction with the magnetic medium define the capacitance.

14. A magnetic transducing assembly as in claim 13 wherein said
transducer includes a slider which has a bottom surface and sides, the slider supporting
the useful thickness of the transducer at its bottom surface, and wherein the probe is a
strip of material attached to at least one side of the slider, whereby the detection means
det;ects a change in the capaéitance of the strip of material in reference to the magnetic

medium.
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5 BREF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a

schenat
prior art slider/suspension assenbly. Fi
2 |s a ﬂu r»ﬂﬂlﬂ" |I| “IEI agram of a magnetic disk storage systemin whi cﬁ
mi1oONn 4 s inplenented. Fy c side
VI ew of a slider/suspension assenbly having a NeRMISISHEET HASOBEEN ir based on

resi stance nmeasurenent in accordance with one gnbodi '
. . ; . | REFHACED t he fgire
;lnygnt}on. . Fig. 4 is a schematic botto sent
I der/ suspensi on assenbly of Fig. 3 Fi [ i i
_ _ _ . 3. 46 ig. 5is a schematic side
view of a slider/suspension assenbly having a wear limt indicator based on

resi stance nmeasurement in accordance w th anot adi
present
i nventi on. 15.  FAgag6etiofransdcing astemhlngy 1] agp lgng' lmg}ulaﬁ% tc%dl cat or

i npl ement gtion for t e

i
di agr am of*¢f CWéQPCFc%"fm ?gglqgg%‘(rgklﬂrzr%gg?r)gﬁtlsaﬁoingenctefdotrﬁ ﬂg dsei?cncglsgai ?\Idtrjg? : E/e
t r ansducermeans by making use of said lead.

16. A suspension assembly for supporting a slider for transducing a
magnetic medium in a magnetic storage system, comprising:

a suspension member; '

a slider support by the suspension member;

a transducer supported on the slider for transducing the magnetic medium in the
magnetic storage system, said transducer having an useful thickness which defines an
useful life of the transducer, wherein the transducer is subject to wear by the magnetic
medium during relative motions of the transducer and the magnetic medium and
wherein the useful life of the transducer is spent when its useful thickness has been_
worn through; and

circuit means on the slider having an electrical propcrty which changes with

wear of the transducer.

17. A suspension assembly as in claim 16 wherein the circuit means
includes a sensor which is posmoned in a fixed relation to the transducer such that the
sensor is subject to wear by the magnetic medium during operations of the magnetic

storage system and which electrical property changes with such wear.

18. A suspension assembly in claim 16 wherein the circuit means includes a
cap'acitance means for defining an electrical capacitance in conjunction with the

magnetic medium wherein the capacitance changes with wear of the transducer.
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‘Fig. +8 i Sbi%ﬂ_i_t,di,@ﬂ_&m_of the wear linit indicator inplenentation
which is based on conductance neasurenent. Fig. 9 1is a schematic
\?vlhﬁghvz gwbggmlﬂlmm“umﬁﬂmm on assenbly having a wear limt indicator

e nmeasurenent. ] ALY ' [
bott om vi ew of ¢he s dér/Suspension assenbly of E@gg%*tﬁ HAS gEEﬁ;ire.rraELI Sl;
is acircuit diagramof the wear limt indicatorjinpl cHERHAPERN for?t he
enbodi ment of Fig. 9. Fig. 12 is a flow diagram of a storage
system having a wear indicator for on- 1ihe-fly detection of wear of the
transducer in the storage system '

6 DESCRI PTI ON OF THE | L USTRATED . resent
description is hade f\gﬂ“sﬂq'?é‘%ﬁsﬁﬁb %ﬁf‘“?f“l“hégyﬁewﬁ?ﬁ?aﬁ‘gﬁ‘e’?ﬁ ‘%(rai ﬁci pl es
of the pr eﬁ‘éﬂheé DYRBE pOLiGHRA it B fixkdlreiion Retht amsduter, aid probe inng sense. The
scope of the present invention can best be determined fromthe appended

cl ai ms. Foconjuratiph &vithal condugsive seréacs cadkaidetavent i on i s described in

reference to a magnetic disk storage systemand in particular one which
i mpl enents a contact transducer, it wll be

20. A suspension assembly as in claim 16 wherein the transducer has at

least one or more electrical leads, and wherein the circuit means is electrically

connected to one or more of said leads.

21. A magnetic storage system oomprisiﬁg:

a magnetic storage medium having a plurality of tracks for receiving data;

drive means for moving the magnetic storage medium;

a slider including at least one transducer maintained in a transducing position
relative to said magnetic storage medium during relative motions between said slider
and said magnetic storage 'medium, said transducer having an useful thickness which
deﬁn.es an useful life of the transducer, wherein the transducer is subject to wear by the
maghctic storage medium during relative motions of the slider and the magnetic storage
medium and the useful life of the transducer is spent when its useful thickness have
been worn through;

wear indicating means for monitoring the status of wear of the transducer
during normal operations of the magnetic storage system;

actuator means coupled to said slider for moving said slider relative to the
magnetic storage medium to selected tracks on said magnetic storage medium, said
actuator means including a suspension assembly which supports the slider at one end
thereof; and '

control means for controlling the operations of drive means, wear indicating
means, actuator means and transducing of data with respect to the magnetic storage

medium.
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-app Inmvention may be inplenented in other magnetic data

stora ng recordi ng systens such as a nagnetic tape drive
systemﬂ“agﬁm\mﬂ!“mtﬂlons whi ch coul d take advant age of the wear

ndi c he descri bed herei nbel ow = : 3
sinplified schematic bl ock diagram of a magnetidf c tgm 30
enbodyi ng the present invention for use in an
systens such as a conputer, for exanple. The nmaghesks=sH ot age syst em
30 conprises at |east one rotatable nagogtic di sk 32 mhlch I S supported on
a spindle 34 and rotated by a_disk drive notor 36, and at |east one slider

38 positioned in close proximty to the, rec ks at the
di sk surface 322. Datﬁamasﬂ%tpétoéﬁgclsbi“?'ﬁéswg‘gﬁ@te#l ‘51?6«5%'8 %n%gﬁed&hﬂg]on each
disk 32 in the form of 1L&ridl Plop&@pwhieh changdatvith weaceds (not
shown) . Eé'&%"ﬁ'ﬁcﬁ'g?sg?ulﬁgne%ﬁpgissm contgll%gl ng one or nore magnetic read
and write tid @dnsduseer s (not shown). The slider 38 is nmounted to a suspensi on
40 which is’ connected to an. actuator neans 44 by way of an actuator arm 42.

As the disk 32 rotates, the slider 38 is controlled to nove across the disk
surface 33 by e agi HahmticERMEe sydemas ihdaint 22whérsiidhe dRuEcaBE cess

different portions of the disk surfac 33 where de corded or
read. The mclminsrasscmrmblobrlbwmeé 3 W“’?B?'? Wg“g? ﬁ?ﬁggﬁ%‘% dtj)?tgggs t he
slider 38 against Bfg@ﬁg%eﬁr?%w fn?a%ﬁet?@m@(ﬂ@m‘aﬁﬂh drationg of ﬁalelmatgyetlm sl i ght

vertical SRE1S SU nmovements of the sli der relative to
the rotat ighftagh ss'kteﬁwnﬁaﬂﬁclﬁélectﬁtﬂ pmpbﬂmchaﬂgcﬂams‘&g weah AAd | °T§F‘b 2 may be

a voice coil mnotor, (VCV, gha and the
oper atlonsﬂwlﬂd‘f@“O&m“B’Eﬁsﬁ’Eg ﬁ §d(°°° c.m S%Qaé or r?‘{eoghgqfdﬁfsnagﬁd drive
mot or  36) sg[ é%?n%?g&gkﬁfo@aﬂ%eﬁé&raaﬂ@esﬁk&fmch&&aaﬂmmhylﬁwmg ped by a

n a

control uni i on
indication of the wear status of the transducer

24. A magnetic storage system as in claim 22 wherein the circuit means

mcludes a capacitance means for defining an electrical capacitance which changes with

wear of the transducer, and wherein the wear indicating means further includes a -
detection means for monitoring a change in the capacitance as a result of such wear,

thefeby giving an indication of the wear status of the transducer.

25. A magnetic storage system as in claim 24 wherein the capacitance
means includes a probe positioned in a fixed relation to the transducer, said probe in

conjunction with the magnetic medium define the capacitance.

26. A magnetic storage system as in claim 22 wherein the transducer has
onc'<'>r more electrical leads and wherein the sensor is electrically connected to the

detection means by making use of one or more of said leads.
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<7 conttfol unit 46 aiso includes a detection device for the wear limt

I ndi cat or I ned bel ow. Figs. 3 schematically
| | I ust ratlmmmmlmamllﬂlrhe slider region. In this particular enbodi nent
hown, therecare auread £ransducer 50 and a separate wite transducer 52.
(The read and wite transducers 52, 54 are schg
figures for sinplicity of |IIustrat|on Their 4
may be different, but they do not affect the un
of the present |nvent|on ) The read tragsducer
magnet o-resi stive type (the resistance of a magnet o- resrstrve r ead
transducer changes in the presence of m t|c flux, e?&rz}q? éiﬂﬁéert he wite
transducer 52 #hy bEond magretic starase;sy e Wikeh Gofp gt qumh;;nges with
a change in ent ﬁcérfhaﬂﬁ af aseful tiickressiwhione, a
single |nhﬁ ?f{élct"rga %ﬁ%?ﬁeﬁﬁ'%ggggﬁd whi ch gelrfor both read.and wite
£ UNCL | ONS défe al isefublsfe of thertrantduser whowinihe FATHECeT # HRCEHP WD Mad and
wite transducers sl i d etidmediaases
(i ncl udi ngaghelic 'Ei‘f\wﬁ‘l‘g'"“ﬁh%? b“’-r‘t‘? ?gﬂﬁhﬁ%ﬁaﬁeﬁ%ﬁ?g\fﬁd@nd subtractive
et chi ng PLOF&RSREH thk R life of B tﬁhidu‘ﬁémekpehakm itslusefol thickness he¥e m a part of

the present 1 nvention. Electrical ]eads 54 cer
cont act pheen wérmahraugh, %WF@@@OQB‘O“’&?TE‘%W ?"eﬁ‘h‘g}? &%.%H%el 9 ?ﬁg‘q#lect rical
connection wW.th the read transducer, and the other pair of the | eads bei ng
in el ect r P mection with the wite transducer. transducers
50, 52 have ti povidiing acvesat hidivatisgmeanstfor infiseting achanga e aBPtf&F’CB sever al

m crons; e.g | ess tha 5 m ctons st thiGAdenetié Siogiget hei r
usef ul thrmé”‘ wear t[ana “cﬁh‘)'ﬁg‘ggﬁ%ériohgﬁ%&e srragnet |gcﬁed| sk 32, the
transducers stétg a&z wll fail. ‘For reasons earlier nmentioned, it is

desirabl e

0 skt a wear limt Lfor.thetransduc:rSS t heir
useful thi ckneaiete'E)_mg)sawbph&tfuetimdF?m%ﬁWE‘Fiét"fpa?‘f‘ a%‘faé&l éf%é Btls

of wear of the transducer.

28. A method as in claim 27 wherein the step of providing a wear indicating
mearts includes the step of providing a circuit means having an electrical property

whie.h changes with wear of the transducer. -

29. A method as in claim 28 wherein the step of providing the circuit meatls
includes the step of providing a sensor which is positioned in a fixed relation to the
transducer such that the sensor is subject to wear by the magnetic medium during
operations of the magnetic storage system and which electrical property changes with
such wear, and wherein the step of providing the wear indicating means further
includes the step of providing a detection means for monitoring a change in said

electrical property of said sensor as a result of such wear, thereby giving an indication

of the wear status of the transducer.
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‘provf d'e_a_TT‘EHTTS'_O_f——I—TTd—C‘atI ng that thi s wear limt has been reached duri ng

oper at In’@ﬂ I ve system In accordance with a first
errbodl II Hl m HN invention illustrated in Q-3 weeF Tyl iom t

i ndi cat or estorm of a strip of electricafy ial is
forrred around the si des of the sllder 38 as showj.

connected to an . . ==FTAI M5 1
A magnetic transduci ng assenbly for transducing a magnetlc medl umin a
magnetic  di sk storage system conp?¥sing: at | east one transducer
sai d transducer having a useful thickness which defines a useful life of1

t he transducer, where t
medi um duri ng B8} at |’\/|€‘2W89?'bﬁlrgl%gigWﬁgrel"rtg%s;tgﬁb@ﬁ[mhg\gwﬁ%lﬁ%gﬁ%%ﬁg rranggfablmc
and wher eijiijudel Bf di'épeéﬂﬂro%dﬁg aQﬁpddt@dernwaﬁdfwdeﬁmsg spelattrioilen i ts usef ul

t hi ckness has been worn th rou%1 an
capacitance which changes with wear of the transducer, and wherein the step of

providing the wear indicating means further includes the step of providing a detection

3

means for monitoring a change in the capacitance as a result of such wear, thereby

giving an indication of the wear status of the transducer.

31.  Amethod asin claim 30 wherein the step of providing the capacitance
means includes the step of pdsitidning a probe in a fixed relation to the transducer, said

probe in conjunction with the magnetic medium defining the capacitance. -

32. A magnetic storage system as in claim 29 wherein the transducer has
one or more electrical leads and wherein the step of providing the sensor includes the:
step of electrically connecting the sensor to the detection means by making use of one

or more of said leads: )

This Sheet Has Been R

[ llllﬂ i Iill



wear “i ndi cating nmeans for nonitoring status of wear of the transducer
during normal operations of the rragnetlc Storage system wherein the wear
i ndi cating neans includes circuit neans having an el ectrical property

whi ch changes with wear of the transducer, and wherein the circuit neans
I ncludes a sensor which is positioned in a fixeq EFEI ggrne
transducer such that the sensor is subject to wear ﬁi&%& &5 Imedi um
during operations of the nagnetic storage systemjand . I'T ctrichal
property changes with such wear, wherein the wear indicating neans further

I ncludes a detection neans for-nonitoring a change in said electrical
property of said sensor as a result - or such wear, thereby giving an

i ndi cation of the wear status of the trans

t r ansduci NN AGNETICYTRANSPUCER WIHH WEAR &ﬁﬁgmﬁé& é@“‘r{g&ﬁg&%’h} ors a
change in electrical resistance o e of the sensor. .

magneti ¢ transduci ng assenbly as #’Tﬁﬁﬁ%gﬁﬁ ein the det ectlon rreans
nonitors a change fromclose to open circuit in the sensor which

corresponds to a war |imt of the transducer within its useful thickness.

4. ansduci ng assenbly as in claim1 wherein said transducer
I ncl udes %‘BS%RAHF

A wear indicator is incorporated on the slider (38) of a magnetic transducer (50,
52) in a storage system for in operation on-the-fly detection of the state of wear of the
transducer. The wear indicator involves monitoring a change in an electrical property of
an electrical circuit structure as the transducer (50, 52) is worn by abrasion against the
magnetic disk. In one embodiment, the resistance (or conductance) of the circuit is
monitored during disk drive operations. Part of the resistance (cbnductance) circuit
structure is mounted on the slider (38) and it is physically worn along with the wearing
of the transducer (50, 52). A predetermined change in resistance (or conductance) gives
an indication of the predetermined wear limit at which the transducer (50, 52) should be
replaced prior to its actual failure. In one embodiment, the circuit is configured such

that an open circuit (infinite resistance or zero conductance) indicates that the wear limit

has been reached.

Fig. 3. This Sheet Has Been Replaced
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sl.i der which has a bottom surface .and. sides, ‘the slider supporting the
useful thickness of the transducer at its-bottom surface, and wherein the
sensor is attached near the edge of "at |east one side of the slider. 5. A
magneti c transducing assenbly as in claim4 wherein the sensor includes a
strip of material positioned on at |east one side of the slider, the strip
of material, the slider and the useful thickness of the
transducer being subject to wear by the Tmgnetic nedium  during operations
of the magnetic storage system whereby the detection neans detects a
change in the electrical property of said stip of material as a result of
such wear, thereby giving an indication of the wear status of the

t ransducer.
25 20 96
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6.- A magnetic transducing assenbly as in claim5 wherein the strip of
material is positioned about the periphery of the transducers, such that
the strip has a simlar wear rate as the transducers. 7. A nagnetic
transduci ng assenbly as in claim®6 wherein the change in the electrical
property of the sensor detected is a change in electrical resistance or
conductance corresponding to a change fromclose to open circuit in the
strip of material, said ehange correspbhding to a r limt of the
transducer within its usgful thickness. 8. A magnet { ¢ transduci ng assenbly
as in claim7, wherein e transducer has one rar e el ectrical |eads,
and wherein the sen Y el ectrically connected to [the detection neans by
maki ng use of one or no of said leads. 9. A nagn c transducing
assenbly as in claim?7 erein the transducer includeg a read head and a
wite head each having pair of electrical |eads, ] wherein the sensor
is electrically connect to the detection neans by |npki ng use of one or
nore | eads of the read|gnd wite heads. 10. A gmgnefic transducjn
assenbly for transducing jJa magnetic nmediumin a n?gi i
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di-sk storage system conpri sing: ~at |east one transducer, said
transducer having a useful thickness which defines a useful life of the
transducer, wherein the transducer is subject to wear by the nagnetic
medi um during relative notions of the transducer and the magnetic nmedi um
and wherein the useful life of the transducer is spent when its useful

t hi ckness has been worn through; and wear i ndicating neans for
moni toring status of wear of the trarBéducer during nor mal operations of
t he magnetic storage system wherein the wear indicating neans i ncl udes
circuit nmeans having an electrical property which changes with wear of the
15 transducer, and wherein the circuit neans includes a capacitance neans
for defining an
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el ectrical capacitance which changes with wear of the transducer, and
wherein the wear indicating neans further includes a detection neans for
monitoring a change in the capacitance as a result of such wear, thereby
giving an indication of the wear status of the transducer. 11. A magnetic
transduci ng assenbly as in claim10 wherein the capacitance neans i ncludes
a probe positioned in a fixed relation to the transducer, said probe in
conjunction with the magnetic nedi um déf/ifne t he capacitance. 12. A
magneti c transduci ng assenbly as in claim 11l wherein said transducer
includes a slider which has a bottom surface and sides, the slider
supporting the useful thickness of the tGlansducer at its bottom surface,
and wherein the probe is a strip of nmaterial attached to at |east one side
of the slider, whereby det ecti on ans jdetects a chafge in the

capaci tance of the stri material iln reflerence t hg—magneti ¢ medi um
13. A magnetic transducin enbly as—1n[ cl aim 12 ereim the transducer
has at |east one electfita i $ connected to the
detection neans by naking 64a 64b
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use of said lead. 14. A suspension assenbly for supporting a slider for
transduci ng a magnetic nedium in a nmagnetic storage system conprising:

a suspensi on menber; a slider support by the suspension nenber

a transducer supported on the slider for transducing the magnetic nmediumin
t he magneti c storage system said transducer having a useful thickness

whi ch defines a useful life of the transducer, wherein the transducer is
subj ect to wear, by the magnetic medi um during rel ative notions of the
transducer and the nagnetic medi um and®fher ei n the useful life of the

transducer is spent when its useful thickness has been worn through;
circuit neans on the slider having an electrical property which changes

w th wear of the transducer, wherein the circuit neans_i ncludes a sensor
whi ch is positioned infag 60 52
T 54—
54 ot |
 b4a 64b

FIG. 11



16 fixed relation to the transducer such that the sensor is subject to
wear by the nmagnetic nediumduring operations of the nagnetic storage
system and which el ectrical property changes with such wear. 15. A
suspensi on assenbly for supporting a slider for transducing a magnetic
medium in a magnetic storage system conprising: a suspensi on
menber ; a slider support by the suspension nenber; a
transducer supported on the slider foré4%ansducing the magnetic nmediumin
the magnetic storage system said transducer having a useful thickness

whi ch defines a wuseful life of the transducer, wherein the transducer is
subject to wear by the magnetic nediumduring relative notions of the
transducer and the nagnetic nedium and wherein the useful |life of the

transducer is spent when its useful thickness has been worn through;
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and circuit nmeans on the slider having an electrical property which.
changes with wear of the transducer, wherein the circuit nmeans includes a
capaci tance neans for defining an el ectrical capacitance in conjunction
wi th the magnetic nmedi um wherein the capacitance changes with wear of the
transducer. 16. A suspension assenbly as in claim215 wherein the

capaci tance neans includes a probe positioned in a fixed relation to the
transducer, said probe in conjunction with_a conductive surface on the

sl i der. 17. A suspension assenbly for §dﬁporting.a slider for transducing
a magnetic nmedium in a nmagnetic storage system conprising: a
suspensi on nenber; a slider “8upport by the suspension nenber;

a transducer supported on the sILdELLLQL“ILansdueing the magnetic nmediumin

t he nagnetiq"EFGFHQE—gyéfEﬁ?_Said transdwoer having a useful thickness
whi ch defines q useful life of the transducer, wherein, thg‘transducer
is subject. to wear by the nmagnetic : 40 38 33
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medi um during relative nmotions of the tr.
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useful life of the transducer is s Ng8} ; PAESE. ged!.1e
pent -

worn through; and circuit neans o BﬂP{’ u%%}r Egl Ian o e)ﬂ@.%.b ol

property which changes with wear g an ectripal

of thejtransducer, wh 1988
has at | east one or nore electrical |ead ,M’EE-QF] RS ereF]nPPrEg”” o

is electrically connected to SUMMARY
storage system conpri sing: S o ads. 18. A magnetic

a nmagneti¢ stora d
plurality of ITEIum )
magneti ¢ st orxz:'ge | Sj;n ohecspedt maf that present rnvenaqm rP§°Yla?a/ aﬁlﬁ“{:he

- aslid
mai Nt ai negahstudidg’ asemblyi fay pmmdutmlg 2 rmagrrl]é:ulcugllecrlli atn 223 EneRP il SdnigECer

system, comprising:

at least one transducer, said transducer having a useful thickness which defines a
useful life of the transducer, wherein the trapsducer is subject to. wear by the magnetic
medium during relative motions of the transducer and the magnetic mediurn.ami wherein
the useful life of the transducer is spent when its useful thickness has been nrorn through;
ad B -

wear indicating means for monitoring status of wear of the transducer during
.normal operations of the magnetic storage system, wherein the wear indicating means
includes circuit means having an electrical property whrch changes with wear of the
transducer, and wherein the circuit means includes a sensor which is positioned in a
fixed relation t0 the transducer such that r.he sensor is subJect to wear by the magnetic
medium during operations of the magnetic storage system and which _electrical property
changes with such wear, wherein the wear indicating means further includes a detection
means for monitoring a change in said. electncal property of said sensor as a result or '

. such wear, thereby giving a0 indication of the wear status of the transducer -

_ According to another aspect of the present invention there is provided a circuit |
means includes a capacitance means for defining an electrical capacrtance wtuch changes
with vrear of the transducer; and wherem the wear indicating means further mcludes a
detecnon means for monitoring a change in. rhe capacitance as 2 result of such wear,

| thereby giving an indication of the wear status of the transducer. - '

According to- still another aspect of the presenr invention there is provrded a:
suSpensien as-s.ernbly for supporting a shdcr for transducmg a magnenc medium in a
magnetic storage system, comprising: , . o N

" asuspension member; | | . | ' _' REP LACEMENT SHEET .

a slider support by the suspension member; |
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‘relative to said magnetic storage nediumduring relative notions between
said slider and said nmagnetic storage nedium said transducer having a
‘useful thickness which defines a wuseful life of the transducer, wherein
the transducer is subject to wear by the nagnetic storage nmedi um during
relative notions of the slider and the &ﬁgnetic storage nedium and the

useful life of the transducer is spent en its useful thi ckness have been
worn - through;, ¢y ucer‘"%’tﬂﬁ:poh@@'o%aﬂrb &ﬁd&emstmfx@aucw Sxibtit edhid tinSme
wear of the trans ucer I ng nor mal operations of the magneti c storage

syst em %nenecgtgﬁg@rsygﬁﬁﬁssa?&lt%%ﬁcep havingl & hbetaY wicknes® Whikh Fefifesshi der

relative to nefic storage nmediumto selected tracks on said

magneti ¢ Sisefiddffe ' dhe! Bansducsr, wikéidahe transdacer is sabject togwearshysmemgmnc
assenbly whi ch supports the sl'ider at one end t hereof ; and

control megegiufrodurigielgiveimeticns of dretradsdooes aod tleér foggnetie amesliumvend wherein
I ndi cating nmeans, actuator neans and transtC|ng of data with respect to
t he magnet the uséfal Hscof the transducer is spent when its useful thickness has been worn through;

and

circuit means on the slider having an electrical property which changes with wear
of the transducer, wherein the circuit means includes 2 sensor which is positioned in a
ﬁxed relation to the transducer such that the sensor is subject to wear by. the magnetic
medium during operations of the magnetic smmge system and which electncal property
changes with such wear.

According to still another aspect of the present invention there is provided wherein
the circuit means includes a capacitance means for defining an electrical capacitance in
conjunction with the magnetic medium wherein the capacitance changes with wear of the
transducer.

According to still another aSpect_ of the present invention there is provided wherein

- thc transducer has at least one or more electrical leads, and wherein the cir_cuit m_eans' is
electrically connected 1o one or more of the said leads. )

According to strll anor.her aspect of the present mvenuon there is provrdcd a
magnetic stOrage system comprising: '

‘a magnetic storage medium having a plurality of tracks for receiving data;
dnve means for moving the magnetic storage medrum | ' B
a slider including at least one transducer maintained in a transducmg posmon L
_ relatxve to said rnagnettc storage medmm durxng relative ' motions between satd shder and
' said magnetic storage medium, said transducer having a uSEflll tluclcness which defines a .
. useful lit‘e of the'trartsducer, wherein the transducer' is subjcct to- wear by the magnetic |

storage mcdmm durmg relatxve mouons of the shder and the magnettc storage medium

{REPLAC EMENT SHEET
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medi um wherein the wear indicating nmeans includes circuit means” having an
“electrical. property which changes with wear of the transducer. 19. A
magneti c storage systemas in claim 18 wherein the circuit nmeans includes
a sensor which is positioned in a fixe?hrel ation to the transducer such

that the sepsor is subject to wear by e magneti c medi um during
stem and whi ch

ti ondbhe vse edfi
operati on Rutelifecafi the tadk@aer | &hSREBL, When, jtg ¢ b Shigkniese havesbeen wo

el ectrica roperty changes with su
‘indicatin ‘g‘iﬂns further includes a detection neans for nonitoring a renhange

in said el ectrical property of said sensor as a result of such wear,

thereby gi vi n§e&nindicatingimeans 66r monitd tatus of the transducer
20. A m tlf storage systemas in ci Eim\%ngfrgf’ﬁ' Pf"lglecmdmerrdaﬁi@
ﬁb%%& f; Enpl ng an el ectrical capacitance

i ncl udes iQ Cm@mgéﬁgeﬁb%

whi ch changes with wear of the fransddcer, and wherein the wear

i ndi cating tor, FeaRs ‘=i°m:11t=ﬁdmss.fﬂddsiide(stszo'in&’?ﬂé1 Said’ lider relative to the
ma
gnetic storage medium to selected ‘racks on said magnetic storage medium, said

actuator means including a suspension assembly which supports the slider at one end
thereof; and

control means for controlling the operations of drive Ineans, weaf indicating
means, actuator means and transducing of data with Tespect to the magnetic storage

~ medium, wherem the wear indicating means includes circuit means havmg an eleemeal.
pmperty which changes with wear of the transducer.

According to still another aspect of the present mvennon there is provxded for a
magnetic Storage system which comprxses at least ome transducer for transducmg a
magnetic medjum, said transducer having a useful thickness which defines a useful life
of the transducer, wherein the transducer is subject to wear by the magnetic medium
during relative motions of the transducer and the magnetic medium and wherein the |
useful hfe of the t.ransducer 1s spent when i its useful thickness have been worn through a
method of monitoring status of the: transducer compnsm« the steps of:

provxdmg a wear mdxcanng means for md:catmg a change In an electrical property

| - with wear of the transducer during normal operanons of the magnetic storage system; |
and - ' ' |

| detecnng said change in electncal property to prov;de an indication of the sEams of

| wear of the transduoer wherem the step of prov:dmg a wear mdxcatmg means meludes' '

th
e step of prowdmg a cxrcuxt means havmg an electncal property whleh changes with
wear of the rransdueer | o

| REPLACEMENT SHEET -
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nonitoring a change in the capacitance as a result EPLACEM fSH 1(13
_giving an i ndi cation of the wear status of thg tiransducer:: 21
magnetic storage systemas in claim20 wherein the|cdpatitiRfft®9Beahs
includes a  probe positioned in a fixed relationjtq the transducer}| said
probe in conjunction with the magneti c, medi um defi ne the capacitapce.

22. A magnetic storage systemas in clai fhc21 wher eilnt-he-transducer—has one

or nore el ecA¢dosdihe | 8 | ar.is electrically .
connected to the det e%tigﬁﬁlrre%gﬁ%ﬂégégﬂcpr?g&ﬁﬁé’%g%g &veg 'éné*‘erﬁo‘ﬁep%i‘”dﬁﬁi%
| eads. Anaprefié rAnSARNR A& Strané WHI&B C ri.ses at_| east e
t ransducer fogrﬂé transg}lj%tci naﬁgwnggnet | §ﬁﬁ@j| um gtg‘? “é%éﬁ&c’@?grﬁ'&ﬁi‘ﬁg‘ a
useful thi (skdregésy&tdnc'lbdﬁgjﬂsn@ a useful life of the transducer, wherein
the transducer is subject to wear by the magnetic medi um during rel ative
motions of the at leassehecstidenosnplisinga W@t dueer WHich Mchiids WhesEl e, Ussf vl
life of the transducer is spen% when its useful thi ckness&ﬁgg%sdgéaéghaxgﬁn
through, a tramsducer iead imelecmicahepmtetionswith theeedd einsthier § MRS HERMSRAS| NY
the steps of: _ _

write transducer lead in electrical connection with the write transducer, said transducer

eby
. A

(4]

—

having a useful thickness which defines a useful life of the transducer, wherein the
transducer is subject to wear by the magnetic medium during relative motions of the
slider and the magnetic medium and wﬁercin the useful life of 'the transducer is spent
when its useful thickness has been worn through; and ‘

a wear sensor comprising a strip of electrically conductive material formed on the

- slider at a location defining the wear limit of the transducer, wherein one end of the wear
sensor is connected to the read transducer lead and a second end of the wear sensor is |
connected to the write transducer, lead, such that when the useful thickness is worn the
changing electrical properties of the strip are detectible by a detection circuit comprised
of said electrical leads.

According to still -another aspect of the present invention there is proyidéd a
suspension asscmﬁly for supporting a slider for transducing a nmgnetid medium m a
magnetié storag'e ‘system, comprising: |

a suspension member; - | | |

a slider supported by the suspension member; |

. a transducer supported on the s_i_ider for transducing the m-agnt_:tin_: medium, the
Ltransducer cémpiri's'ing_ a read transducer,_ a read u-ansducér Iéad in electrical connection -
with the read u-ansducér, a write_transducer and a write transducer lead in cl'éc:trical N

" conmection to the write ',u:ar.xsducer,. said tra_n#ducer ha_ving a useful _- thicknc#s 'which'

. defines a useful life of the transduécr,: Qﬁe.re?ri the Uansdﬁécr'is _su_fajeci to 'v)ear by the -

magnetic mediom during felative motions of the slider and the magnetic medium and
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‘providing a wear indicating neans for indicating a ¢nange 1n an efeftrical

_property with wear of the transducer during normall ¢p {1' tﬂ %qef he
nmagnetic storage system and detecting said gh 3 ﬂ el’ecyrical
property to provide an indication of the status of] wear—e+—t+he—~transducer,

wherein the step of providing a wear indicating mgans incl udes
the step of providing a circuit neans hav‘?'dng an eltrrTcar property which

changes vvit t. noclaim23 wherein
the step of pr£oév§i§| gm seé‘?glfcéﬁ@ugﬂ%&%%ucﬁ%% RERL %lgg;l Eﬁsgﬁgt 18knﬁss JB? oRARi ¥ ta
sensor whi cf,h ‘Z%.gqﬁatloned in a fixed relation to the transducer such that
the sensor iI's ject to wear by the magnetic medium during operations of

the magnetic sjQieapSeb ebbASHly Y of eRtiricif coRtiRAGE kbt AR ASHERA e the

such wear,

slider at a location defining the wear limit of the transducer, wherein one end of the wear
sensor is connected to the read transducer lead and a second end of the wear sensor is
connected to the write transducer lead, such that when the useful thickness is worn the
changing electrical properties of the strip are detectible by a detection circuit comprised
of said electrical leads. |

According to still another aspect of the present ‘invention there is provided a
magnetic storage system comprising: | '

a magnetic storage medium having a plnrality of tracks for receiving data;

drive means for moving the magnetic storage medium;

a slider including at least one transducer maintained in a transducing position
relative to said magnetic storage medium during relative motions between said slider and
said magnetic storage medium, said transducer comprising a read transducer, a read
transducer lead in electrical connection with the read transducer, a write transdncer and "a
write transducer lead in elecn'ical connection with the write transducer, said transducer
havmg a useﬁﬂ thxckness which deﬁnes a useful life of the transducer, wherein the
transducer is subject to wear by the magnenc medium during relauve rnot:ons of the
slider and the magnetic medmm and wherein the useful life of the transducer is spent
when i ns useful thlclmess has been worn. through,

a wear sensor compnsmg a srrxp of electrxcally conductive material formed on the -
slider at a location deﬁnmg‘ the wear limit of the transducer, wherein one end of lhe wear

~ sensor ‘is connected to the read transducer lead and a second end-of the wear sensor is
connected to the write transducer lead, -such that when the useful ﬂnckness is worn the
changing electncal propemes of the strip are detecnble by a detect\on cn'cuxt comprised -
- of said electrical leads; actuator means coupled to said shder for movmg said- shder.

: relauve to the magnenc storage .medium (o selected tracks on said magnetic ‘storage.



. Wherein the step of providing the wear indicating neans further includes
.the step of providing a detection neans for nonitoring a change in said
electrical property of said sensor as a result of such wear, thereby
giving an indication of the wear status of the transducer. 25. A nethod
in claim23 wherein the step of providingthe circuit neans includes the

step of pr ci tance, neans for defining an el ectrical
capaci t anclg]\égﬂf% %aadc?é\??g MeARSHingRAIng 7 suspensianaassetnblyrwhieln Suppoets ehashidee

step of prgy i ndi cating neans further includes the step of
provi di ng %d eteggtt%éo}go%s for nonitoring a change in the capacitance as

a result of s I ng_an _indicationm of the wear status of

the transducer. ﬁ% K‘ngnehfok %*gghf aPPFT3EPn AE tBs iriveemetnsp wdar pseasorli ng;

'the ca aC'dcﬁfh%‘r 't{%E st e ositioning a probe in a fixed
b w@?ﬁi&pf&&)g‘ r?pr‘g % SiqgagdrmedMnet ic

relation to the trans ucer

medi um def i ni nppet et| .Stor errethod as in claim
24 wherein the't r@%ﬁ%oer nlillaﬂ(i’g%seea% 3 P ar indieator that is incorporated on the

slider for in operation on-the-fly detection of the state of wear of the transducer in a data

storage system. The novel feature is relatively easy to be incorporated without adding
significant weight to the slider and its suspension and without significantly increasing
manufactunng complexity. Feedback from the wear indicator to the storage system's
control program allows for greater rehabxhty and availability of the storage system.
Conceptually, the nove] feature of the present invention involves monitoring a change in
one or more electrical properties of an electrical circuit structure as the transducer is

subject to wear by abrasion of the magnetic disk medium.
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el ectrica T,\S« Férgn the step of prow di n udes the
.- step of | ectrically clonnecting the sensor to mamjml ns by
maki ng use pf bhOEEr1988r of said | eads. nsduci ng
assenbly f transduci ng ja jmagnetic mad1| umin a magnet i C di sk storage
system cpnpri si ng: at | east one slider conprising a transducer
whi ch includes a read transducer, a ig§s g transducer lead in electrical

connection with the read transducer a wite transducer and a wite

transducer. | ohdnignetit eatsucinl; as@tes Firtfandhiicing { hapbdticSmidiaRSe ggﬂgﬁﬁa
transducer ng a
usef ul t Hiskstorage witsteth, carhprising:a useful life of the transducer, wherein the
transducer is subject to wear by the nmagnetic nedi um during rel ative

motions of t#& least one transducer, said transducer having a useful thickness which defines 2

useful life of the transducer, wherein the transducer is subject to wear by the magnetic
medium during relative motions of the transducer and the magnetic medium and wherein
the useful life of the transducer is spent when its useful thickness has been worn through;
and |
wear indicating means for monitoring status of wear of the transdicer during
normal operations of the magnetic storage system, wherein the wear indicating means
includes circuit means having an electrical propér_ty which changes with wear of the
transducer, and wherein the' circuit means includes a sensor which is positioned in a
fixed relation to the transducer such that the sensor is subject to wear by the magnet.xc
medium during operations of the magnenc storage system and which electrical property
changes with such wear, wherein the wear indicating means further includes a detection
means for monitoring a é.h_ange in said electrical property of said sensor as a result or
such wear, thereby giving an indication of the wear status of the transducer,. .
2. A magnetic transducing assembly as in claim 1 wherein the detection means
monitors a change in electrical resistance or conductance of the sensor.
3. A magnetic transducing assembly as in claim 2 wherein the detection means
monitors a change from close to open circuit in the sensor which corresponds .to a wear
limit of the. transducer within its useful thickness.
4. A magnetic transducing assembly as in claim 1 wherein said transducer includes a
slider which has a bottom surfaé:e and -sideé the slider supponing- the useful thicknees of
.' the transducer at its bottom surface and wherem the sensor is attached near r the edvc of
at least one side of the slider. o _
5. A magnetic transducing asscmbly as-in claim 4 Wherem the sensor includes a strip |

of material positioned on at least one sxde of the shdc1 the strip of marerial, the slider
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sl'ider and thermeagmetTT TTEdUM and wherein the
transducer i s spen gﬁg I tjs luseful thickness m ough and
a wear sensof P @Bg skrlip of electricall rra erial formed

on the ind=r fining the wear limt of the t ransducer,
wherein one pnd of the wear slnsor is connected to the read transducer
| ead and a se ar sensdr is connected to the wite
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positioned about the periphery of the transducers, such that the strip has a similar wear.

rate as the transqucers. |
7. A magnetic transducing assembly as ip claim 6 wherein the change in the electrical
property of the sensor detected is a change in electrical resistance or ¢onductance
corresponding to a change from close to open circuit in the strip of material, said change
corresponding to 2 wear limit of the transducer within its useful thickness.
8. A magnetic transducing assembly as m claim 7, wherein the transducer has one or
more electrical leads, and wherein the sensor is electrically- conriected to the detect_io‘n
| means- by making use of one or more of said leads.
9. A magneiic iransduc'mg assembly as it claim 7 wherein the transducer includes 2
read head and a write head each having z pair of electrical leads, and wherein the sensor
is electrically connected to the detection mezns by making use of one or more leads of
- the read and write heads. .

10. A magnetic transducing assembly for ransducing a magnetic medium in a magnetic
disk storage system, comprising: | | )

at.least'one transducer, said transducer having 2 useful thickness which defines a2
useful life of the transducer, wherein the transducer is subject to wear by the ‘magnetic
medium during relative motions of the transducer and the magnetic-. medium and wherein
the useful life of the fransdncer is spent wher its useful thickness has béen worn through; |
and _

wear indicating means for monitoring status of wear of the trainfsciizccf during
normal opera:'io-ns of the magnetic storage system', wherein the wear indicating means

includes circuit means having an electrical property which changes with wear of the



‘surface and s WJACEMENTD SHEE’EUDDOHI ng the us
_transdﬁcer at uortom s ace, and wherei
near the edge 01 s de of t he sI ¢ L

transduci ng. 4sg eni)l“)})eéét‘, n chafm 31, wherein-the strip of material
posi tioned abqutlthe -perphery ¢f the transducers,

a simlar wear rate as the tnansducernss.

assenbly as i n—eletm28—Wherei n the detection circuit

AT

the
ttached
nmagnet iC
S

such that the strip has
A magneti c transduci ng
i ncl udes

capaci t anggsawmns afid wherdin thengircuit meanstintlodds x eapacitansn greanpifomdefinivgyas wi t h
wear of the transducer, and wherein the detection circuit nonitors a change
In oaaﬁﬁcaleuapmmaceawhmmhangﬁs witls wearaf thettranséuser,cangdi whergin thawedht i on

of the wear status- of t he transducer.

indicating means further includes a detection means for monitoring a' change in the
capacitance as a result of such wear, thereby giving an indication of the wear status of
the transducer.

11. - A magnetic transducing assembly as in claim 10 wherein the capacitance means
includes a probe positioned in a fixed relation to the transducer, said probe in
conjunction with the magnetic medium define the capacitance.

12, A magnetic &ansducing assembly as in claim 11 wherein said transducer includes a
slider which has a bottom surface and sides, the slider supporting the useful thickness of
the transducer at its bottom surface and wherein the probe is a strip of material attached
to at least one side of the slider, whereby the detection mcans detects a change in the

capacitance of the strip of matenal in reference to the magnetic medium. .

13, A magnetic transducing assembly as in claim 12 wherein the transducer has at least
~ one electncal lead and wherein the probe is connected to the detecuon means by making

"~ use of said lead.

14. A suspension assembly for supporting a slider for transducing a magnetic medium

~ in a magnetic storage system, comprising:

a suspension member,

a slider support by the suspension member;

a transducer supported on the slider for transducing the. ‘magnetic medmm in the
magnetxc storage system, said transducer havmg a useful thickness which det'mes a
_useful life of the transducer, .wherem the transducer 1s subject to wear by the magnetic

_ medium during relative motions of the transducer and the magnetxc mcdlum and wherein

. the useful lee of the transducer is spent when its useful thxckness has been wom through;

and
cxrcun means on the slider havmo an elec:ncal prOperty which changes with wear

of the l:ransducer wherein the ercun means 1nc1ude< a sensor whxch is positioned in a
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35. A suspensilont 4REAT

ey, o i §L3|Iﬂﬂil|||lllﬂ{1|ﬂ|ﬂlﬂl"? ansducer

supporting a sli*der fbr ¥rahsducing a

magnetic nediym __in storage system conprising: a
suspensi on sl}ii der suppdrted by the suspensi on nenber;

a transducer slider for transducjng the netic rredl um
the t rarﬁxbdcniatmmprths Mﬂ@s@cﬁé&ﬂ?ht thah the seasor 1 suyg ‘Pr‘ﬁ??ggﬂ @F IPREUE n

el ectrical connection wth the read transducer a cer and a
W ite i amedhimeduingopsrHiere e cRAEneRb et rarem iy peBRRRLASRSRL,
sai d transducer having a useful thickness which defines a useful life of
the transehaBess Withsieh Weathe transducer is subj ect to wear by the nmagnetic

ot e A b S Mgt i
th Cknessmhaarsnalgjr?e%c Storage system, comprising:
a suspension member;
a slider support by the suspension member;
a transducer supported on the slider for transducing the magnetic medium in the
magnetic storage system, said transducer having a useful thickness which defines 2
" useful life of the transducer, wherein the transducer is subject to wear by the magnetic |
medium during relative motions of the transducer and the magnetic medium and wherein
the useful life of the transducer is spent when its useful thickness has been worn through;
and | '
circuit means on the slider having an electrical property which changes with wear
of the transducer, wherein the circuit means includes a capacitance means for defining an
electrical capacitance in conjunction with the magnetic medium wherein the capacitance .
changes with wear of the transducer. .
16. A suspension assembly as in claim 15 wh_erein the capacitance means includes 2
probe positidned in a fixed relation to the.-transducer, said probe in conjunction with a
conductive surface on the slider.
17. A suspensmn assembly for supportmg a slider for transducmg a magnetic medmm
ina magneuc storage system, compnsmg
a suspension member'; |
2 slider support by the 5uspens1on member; ' |
a transducer supported on the slider for transducmg the magnetic medmm in the '
magnenc storage system said transducer havmg a useful thxckness which deﬁnes a
useful life of the mnsducer, wherem the transducer is sub)ect 10 wear by the magnetic

" medium during relative motions of the tra_nsd_ucer and the magnetic medivm and wherein
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t hr ough; and nsor conprising 4 +Hp—of —Erectiji qal |y

conducti ve E um‘\rﬁ&uiﬁ the slider at a o.(;at d@é n| nd the wear
limt of th in one end of the| veart 1Pseén ils lconnect ed
to the read transducer | ead and a second end of theJAE.a.r—&e-n-s-e-r- ils
connected to the wite transducer |eadjysuch thht when the useful] thickness
IS worn the changi ng el ectrical properties of Whe—str+p—are detectible by
a det ect igpdugeifilCfe lof Qe RANsBOERY is 9%ens a/hen b assfuli thizkndss &ds been @érn through;

suspensi on-assenbly as in claim35, wherein the detection circuit nonitors
a changgdin electrical resistance or conductance of the sensor. 37. A
suspensi on assenbly as in claim 36, wherein the detection circuit nonitors

a  change f rofreuit!means ton thealideri havirg ani eleethical yABSSEY WC@I"FWQSG’%%M to a

wear limt of the transducer within its useful thickness. A
suspensi wf the srankducen swhereis wmmdu%ba%atrﬂe@é.oae é’lfllﬂ%‘ie ﬂ%@%@lﬂ%omﬁ
surface and si des, the slider Pportln t he useful - ckn s of the

t r ans duc ewhereini the ciscuit mmfemglca y copnegiegiie 0pg AT MRS 9 ﬁ@ gadét t ached

near the edge of at |east one side of, the slider.
18. A magnetic storage system comprising:

a magnetic storage medium having a plurality of tracks fdr receiving data;
drive means fér moving the magnetic storage medium; |
a slider including at least one transducer maintained in 2 transducing position
relative to said magnetic storage medium during relative motions between said slider and
said magneuc storage medium, said transducer having 2 useful thickness which defines a
useful life of the transducer, wherein the transducer is subject to wear by the magnetic
storage medium during relative motions of the slidef and the magnetic 'storage medium
and the useful life of the transducer is spent when its useful thickness have been worn
through; |
| wear indicating means for monito‘ring the status of wear of the transducer during
normal operanons of the magnetic storage system; _
actuator means coupled to said slider for movmg said shder relative to the
magnetic storage medium to selected tracks on said magneuc storage medium, said
actuator means including a suspénsion assembly which supports the slider at one end
thereof; and | |
control means for controlling the operations of drive means, - wear indicating
méans, actuator means ahd'transducing _of data with _réspect_ to tbe magnetic étorage
_medium, wherein the wear indicating means includes cxrcu:t means having am electrical . ©
| property Whlch changes with wear of the transducer.
19 ~ A magnetic stOrage system  as in claim. 18 wherein the circuit means includes a
© sensor which 1is posmoned in a fixed relation to the u'ansducer such that the sensor is

subject to wear by the magnenc medium: durmg operatnons of the magnetic storage |
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22 o NI o onery s e
' transduder 9.1 y#p- syspensi on

the strip has & si®m Farvwear w#ate as the =
Includes

assenbly as in claim35, wherein the detection dirfcuit _
cafa 11e; hanges with

capaci tance nmeans for defining an el ectriacal .
wear of tfgg tr;aqré;dug:%, and wherein thé detectilgn circuit nonitofs a
change in %fﬁ'ac Wdichasleetricels ptdpert fenahald Jyear t-hereby giving '

i ndi cation of fhe wear status gfdpt hg..t rﬁggegdﬁ‘?b@m FEALL rang wherdn oie. argebl y
as in cl al'MfRHngwmesnsi further inclpdwi am&gﬁ%g{é}n%gcl udes a probe:positioned
ina fi Xegleét?{cgltli}r%gc}t; }he_dt ransducer. . %rnEPPEWé}FB)laaq@ungqsin eid’
conpri si ng: Ol saxd sensor as a .. 22

.0np g result of such wear, thereby giving an indication of

the wear status of the transduéer.

capaci i i
pacitance means fpr defining an electrica] capacitance which changes with wear of the
transd i indicati -
ucer, and wherein the wear xndlcatl_ng means further includes a detectiop means for
m - - - - .
omtoring a change in the Capacitance as a result of such wear, thereby giving an
indication of the wear status of the transducer

21. ] in claj ] -
.5 magnenic storage system as in claim 20 wherein the capacitance means includes a

magnetic medium define the capacitance.
2. . . .

A Inagnenic storage system as in claim 21 wherein the transducer has one Or more
elechcﬂ leads and wherein the sensor is electrically connected to the detection means by
making use of one or more of said leads. | |
23. : ic ' -

For a Tnagnetic storage system which comprises at least one transducer for

d . - - ’ - | |
transducing 2 magnetic medjum, sajd transducer having a useful thickness which defines
a useful life of the: ' rei
| ful life of the _transducer, wherein t_he transducer is subject to wear by the magnetic

. .. - ) - . o
medium during relative motions of the transducer and the magnetic medium and wherej
.the useﬂ;l life of .the transducer is spent when its useful thickness have beep worn
ttlrou . (N . ' ) .

gh, 2 method of monitoring status of wear of the transducer comprisihg the steps
of. ' o

| provxq_mg a wear.indicating means for indicating _a. chaﬁge m an electrical property
with P . L L N
o wear qf the transducer during normal operations of the magnetic storage -system;.
and o S |
detecting said change in electrical property to pro_vide an indicétion_ of thelstams of

wear of the wherein the step iding a w '
tnansduce;,__whercxn the step of providing a wear indicating means includes
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a magneti c qt grege-ree-tr-Aqviing a pl urallty cei ving data;
~drive neans [fdr nmowvi ng the netic storage mnmmm“ I‘l““ﬂsl | der
i ncl udi ng at ea§t %58 W?ﬂan‘;g cer maintainéd i*n a t¥kansduci rfg position
relative to|sdid gagnetic sttojage nedi um during relative notions between
said slider Jand said magneti storage19rred| um said transducer conprising a
read transdd

ducer lead in electrical e on vm&lh t he
read trathe dtﬁpe@f PrOVHNE @ GIFANSEIGRNS, haying ap € nW: QIPB'F@H&%% 135‘83851 L
el ectrical connection with the wite transducer, said transducer having a
usef ul twearkafabe trapsdugedef i nes a usef ul life of the transducer wher ein the

tr d bj t-t th t I t

. | Aonebe a6 ih o T Whsted he-staeor Sr ot M LifhA%pkefd ShGes | ¢
of the tran ducer ent when ef h c h
a wear §Z¢PUEBEB¢WS’§‘%EQ" SEDSPT L‘bes“gﬂsc’éﬁﬁ I wgﬁaﬁa ?\?‘g%%a &y é}; glrJ?red

wher Q?n Sb B De; sw'g’gg“gatg%gp,ngé @gﬁﬁggp@ i uPlng PO

t rans UCGI’

| ead and d
t?ZnsﬁﬂcﬁgﬁéﬁcS?tog%gﬂsirﬂ'%ﬁ oRicncAfatay rope Bf RAEEH “’”‘*hos‘me“’w ud

'S worn
wherein the step of providing the wear indicating means further includes the step of

providing a detection means for monitoring 2 change in said electrical property of said
sensor as & result of such wear, thereby giving an indication of the wear status of the
transducer.
25. A mzf:hod in claim 23 wherein the step of providing the circuit means includes the
step of providing 2 tapacitance means for defining an ele_cu-ical capacitance which
changes with wear of the transducer, and wherein the step of providing the wear
indicating means further includes the step of providing 2 detection means for monitoring
z change in the capacitance as 2 result of such wear, thereby giving an indication of the
wear status of the transducer. | |
26. A method as in claim 25 whérein the step of providing the capacitance means
includes the step of _positjoning a probe in a fixed r_elation 1o the transducer, said probe
in comjunction wiih the magnetic medium defining the capacitance
27. A magnetic storage method as in claim 24'-wher.ein the transducer has one or more
:l_ectriéal leads and wherein the step . of provxding the sensor includes the step of
electrically c.o'nnecfing the sensor to the detectidﬁ‘mcans-by' making use of one OF more '
of saxd leads. _ '
8. A magnetic transducing assembly for transducme a magnctnc medmm in 2 magnetic - -
disk storaﬂe system, compnsmg _ | |
at least one shdcr comp*xsmg a transducer wtuch xncludes 2 read transducer a reaC |
| vansduuer lead in electma] conuecnon with the r’ad transducer. & write Lansdu::s' and a -

w Tite uamducer lead in elc"tn..al conne::uor. with thc write transducer, md rran.dr"
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circuit corrprise el
23 actLat&rﬂ?i%éﬂéﬁ pled to said slidercfofr roviSng*said slid

rel ati

nagﬁélyg gfoﬁkee nEdﬁngnnf'_ t¢grage nediumto selected tracks on sald

el v mhiccg hhhhh I um said . actggtor means i ncludi ng a suspensi on
SHppor-ts—tie—stider a ne end t her eof ;

control nmeans for controllin v and

SO g the operati

n d
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43. A magnetic ,stor
wher ei n gfiRdeer 6is tsubject o gt biyol etic mediym g%ﬁh@é"‘rﬁoﬁo&@ oF @k m 42,
resi stance or conducjteance of _ the Fome {Qﬁg@ 0 el ectrical

as in clgider 43d thé enagnetic mediim e Oép the use f}oll%{efgfgﬁr@ids&uo‘éf ¢ gpentsystem

when its useful thickness has been worn through; and
a wear sensor comprising a strip of electrically conductive material formed on the
slider' ata loéation defining the wear limit of the transducer, wherein one end of the wear
sensor is connected to the read transducer lead and a second end of the wear Sensor is
connected to the write transducer lead, such that when the useful thickness is worn the
changing electrical properties of the strip are detectible by a detection circu: cuit.comprised
of said electrical leads. |
29, A magnetic transducing assembly as in claim 28, wherein the detection circuit
monitors a change in electrical resistance or conductance of the sensor. |
30. A magnetic transducing assembly as in claim' 29, wherein the detection circuit
. monitors a change from close to open circuit in the sensor which corresponds t0 2 wear
limit of the rransducer within its useful thickness. |
'31. A magnetic transducmg assembly as_in claim 30, wherein said slider has a bottom
" surface and sides, the slider supporting the useful thickness of the transducer at its
bottom surface, and wherein the sensor is anached near the edge of at least one side of
the slider.
32. A magnetic transducing. assembly 2s in clzum 31, wherein the stnp of material 15' _
positioned abdut the periphery of the transducers ‘such that the strip has 2 similar wear
rate as the transducers. | | '
33. A magnctlc transducmg assembly as in claxm 28, wherem the detection circ’ﬁ-it
jpcludes capacitance means for defining an electncal capacn;ance ‘which’ changes with
wear of the transducer, and wherein the detection circuit . monitors. a change in
" capacitance as 2 rééﬁlt of such wear, thereby lgiv'mg an ."ind.icatiqn of the wear status of ..

the transducer.



limt of the |ts usef ul A magnetic
storage system as er sai d sl |* €k has ® bott=-om surface _
and sides, the sl tre useful t hi ckness of the transducer at
its bottom surfja tthe sensor is attached near the edge of
at | east one sidg of the sI | der 47 A nmagnetic storage system as
inclaim 45, wherermthe—stripof material is posi tioned about the

peri pher y40f af hfghétanaasdacing assentbly hatin toheims3, i wherein he FARIGIARCAERADS 1 at e
as the transducers - 47. A magnetic storage systemas in claim42, wherein
the det egdchees @i probeé posmmiﬂddna fixed peletiomiecibe 1aBSAICEHr defi ni ng an

el ectrical capacitance which changes with wear of t@g trans ycer

wherei n Bfe getwspension essemblyt farsHPPAEBS 4 SHABHIE TARSQICHIEF MARRGIC T gmp'ésul t
of such wear, thereby giving an indication of the wear status of the
transducénamagmtic SOMREGISYSER, SOWPHEBE'System as in claim 47, wherein the

capaci tance neans includes a probe positioned in a fixed relation to the
transducer. a suspension member;

change from cl oce REPLM@QEH\J?@HBET n the sens I‘ﬂm Iﬂ “L mlnds to a wear

a slider supported by the suspension member;

a transducer supported on the slider for transducing the magnetic medium, the
transducer comprising a read transducer, a read transducer lead in electrical connection
with the read transducer, a write transducer and a write transducer lead in electrical
connection to the write transducer, said transducer having a Iuseful thickness which
defines a useful life of the transducer, wherein the transducer is subject to wear by the
magnetic medium during relative motions of the slider and the magneti¢ mediunt and -
wherein the useful life of the transducer is speat when its useful thickness has been worn
through; and

a wear Sensor comprisirig a strip of clectrically conductive material formed on the
slider at a locction _rleﬁning the wear limit of the transducer, wherein one end of the wear
sensor is connected to the read transducer lead and a second end of the wear sensor is.
connected to the write transducer lead, such that when the useful thickness is worn the |
-changing elecrrical properties of the .Strip are detectible by a detection circuit comprised
of said electrical leads.

36. A suspensiori acsembly as in claim 35, wherein the detcction circuit monitors a

change in elcctncal resistance or conductance of the sensor.

37. A suspensmn assembly as in claim 36, wherein the detecuon circuit monitors a |
' change from close to open cxrcuxt in the sensor whxch corresponds 10 a wear lumt of the .

transducer within its useful thickness. |

38. A suspension assembly as in claim 37, wherein said srider has 2 bottom surface and

sides, the slider supportihg the useful _thickness of the transducer at its bottom surface,

- and wherein the sensor is attached near the edge of at Jeast one side of the slidcr._



19 storage system which conprises at |east one
_.transducer for |!I| HHIEHE |!ﬂgnet I ¢ medium said transducer having an
useful thickne an useful life of the transducer, wherein

the transducer is subject to wear by the nagnetic nediumduring relative
notions of the transducer and the rmagngii c nmedi um and wherein the useful
life of the transducer is spent. when its useful thickness have been worn

t hrough, 3% At suspersiomassemblyi asginselait 38 oWhereiar the fstrith of magariad it pesidensdr i si ng
the steps of: provi ding a wear indicating neans _for indicating a
change i gbouo tied pediphiery of theoansdycars.i suchdbat thy strzngmﬁ daTilat Weariiats Ay t*ﬁor mal
operations of the nmmagnetic storage system and det'ecting said
change i wamddacersi cal property to provi de an i ndi cation of the stat us of

wear of the transducer. t hod aas |{tte cl ai erein the
step of 4D ovmsn@eaamagssthﬁ iuh(jlaun 35 rem detection c1rcuxt includes

capacitance means for defining an electrical capacitance which changes with wear of the

transducer, and wherein the detection circuit monitors 2 change in capacitance as a result
of such wear, thereby giving an indication of the wear status of the transducer.
41. A suspension assembly as in claim 40, wherein the capacitance means includes a
probe positioned in 2 fixed relation to the transducer. : -
42. A magnetic storage system compt'ising:

" a magnetic storage medium having 2 plurality of tracks for receiving data;

drive means for moving thc magnetic storage medium;

a slider including at least one transducer maintained in a transducing posmon
relative to said magnetic storage medium during relative motions between said slider and |
said magnetic storage medium, said transducer contprising a regd transducer, a read
transducer lead in electrical connection with the read transducer, a write transducer and a
write transducer lead in electrical connection }.vith the write transducer, said Lranstiucer
having a useful thiclcness which defines a useful life of the transducer, wherein the
transducer is sub]ect to wear by the magnenc medium during relauve motions of the
slider and the magnetic medium and wherein the useful life of the transducer is spent'
when its useful thickness has been worn through;

a wear sensor comprising a strip of electrically conducuve tnatenal formed on the
slider at a location deﬁmng the wear limit of the transducer wherein one end of the wear
sensor is connected to the read transdueer lead- and a second end of the wear sensor is
connected to the write transducer lead, such that when the useful thtckness is worn the

changing electrical propemes of the strip are detectible by a detection circuit comprised

of said electr xcal leads,




g a circuit neans having an el ectrical

means incl-udes the | I

property which chaHWW[“Mlm t he transducer. : 29. A
~method as in claim28 Whéerei"™n the*step of providing the circuit neans
i ncludes the step of providing a sensor which is positioned in a fixed

relation to the transducer such that the ensor is subj ect to wear by the

magnetic nedi umaﬂﬂiﬁiommeamrcap@@@smogﬁaugggp%net i c storage system and which

el ectri cal ﬁiao erty changes with suc | 18homAnag esaid tstiders tretpeiaf 1 e

provi ding t Eﬁbﬁr’ Stmﬁmmddﬁgpn@aggeglw%gﬁ%s oi'nc‘_:il udes the step of pr ovi drng

a detection _nmeans for nonitoring a chang nOB52f magsetiq istomdzepmepiRit, Vs f)
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wear status_of the transducer. _ _
20 thegeof; and et hod i n cl ai'm 28 wherein the step of providing the

circuit neans iqu udes theg:nt ep of providing a capacitance neans for
defining an ele INOéamcmsp | tomed]ifd itgd s M.th wear of the .
t ransducer ,aﬂ%pa(gormggarn%i ndt he step o]m‘eh Oﬁpﬂﬂgg ofNihe drive means, wear sensor
4 4na transducing of data with Tespect o the magnetic storage medjum
3. A magnpet; . . '
E0CNC storage system as in clajm 42, wherein the detection circuit monitors
a
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Change from cl reuit |
hang CS€ to open circuit in the sensor which corresponds 10 2 wear limit of the
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Tansducer within its usefu] thickness
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and sides, the slider support;
. es, the slxgle‘ supporting the useful thickness of the transducer at its b
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wherein the sensor is attached near the edge of at least one side of the
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a probe positioned in a fixed relation 10 the transducer
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prOV|d|ng the wear indicating neans further incl =providi ng
a detectton means for nonitoring a change‘rn“th:'fw Bl resul t of
such wear, thereby giving an indication of the 3

transducer 31. A method as in clai m{3@ bp of.
provi di ng the capacitance means includes the st gp of A probe in
a fixed relation to the transducer, sald4probe ifn : h t he
magneti ¢ nedi um defining the capacitance ;¢~32. A nagne iC

storage systemas in claim29 wherein the transdUCer has one or nore

el ectrical |eads and wherein-the step of providing the sensor

i ncl udes the;

step of electrically connecting the sensor to the detection neans by making

use of onMAGNEIIE DRAMNSDUCERIWITH WEAR INDICATOR IN A MAGNETIC DATA

STORAGE SYSTEM
ABSTRACT
A wear indicator is incorporated on the slider (38) of a magnetic transducer (50,

52) in a storage system for in operation on+the-ﬂy detection of .the state of wear of the

transducer. The wear indicator involves monitoring a change in an electrical property of

* an electrical circuit structure as the transducer (50, 52) is worn by abrasion against the °

magnetic disk. In one embodiment, the resistance (or conductance) of the circuit is
monitored during disk drive operations. Part of the resistance (conductance) circuit

structure is mounted on the slider (38) and it is physically worn along with the wearing

of the transducer (50, 52). A predetermined change in resistance (or conductance) gives

an indication of the predetermined wear limit at which the transducer (50, 52) should be
replaced prior to its actual failure. In one embodiment, the circuit is configured such
that an open c_ﬁ‘cuit (infinite resistance or zero conductance) indicates that the wear limit

has been reached.

- Fig. 3.



