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MAGNETIC TRANSDUCER WITH WEAR INDICATOR 

IN A MAGNETIC DATA STORAGE SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The p~ent 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 infonnation storage devices which utilize at least one 

_rotatable ~isk ·with concentric data tracks containing the infonnation, one or more · 

transducers (or "heads") for reading data from and/or writing data to the various tracks, 

and a head positioni~g actuato~ connected to the transducer for moving it to the desired 
: 

. . 

·track and maintaining it over the track centerline during read or write operations. 

Referring to Fig. l, 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 slightly 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 ann 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 ~.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 fonnat the disk surface with narrower data tracks 

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

·.;·· 
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A significant limitation on data density is the spacing between the transducer and the 

disk surface. Generally, the sma11er the spacing between a transducer and a.disk, the 
. . . 

higher the data density possible, as the magnetic flux in relation to the transducer is 

more focused at a smaller area on the disk surface so as to improve 4ata resolution. As 
' " . ' . . . ~ .. 

previously mentioned, one type of transducer in a-magnetic disk storage system is 

c:tesigned to be mounted on a slider which rides on a cushion of air or an air bearing 

generated by the rotating disk in.close proximity to the disk surface. For another type· 

of transducer; it is designed to be mounted on a slideti with the transducer. in· contact 

with the rotating disk surface. The transducer of the latter type is often referred to. as 

contact transducer.·. With everything else being equal, it is possible to achieve a higher 

data density using a contact transducer than an air bearing type transducer. 

The contact transducer is not without limitation. Referring to Fig. 1, the contact 

transducer 20 has a tip structure 2l (schematically shown) which is configured to detect 
. . ~ 

~change in magnetic flux when_ reading data from the ~"etic disk 24 and/or cause a 

change in magnetic flux when writing data obto the magnetic disk 24 as the transducer 

20 i~ 'moved across the magnetic disk 24. This tip 24 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 fro~ abrasion by the magrietic disk 24 once the disk drive 

has been placed into operation. The slider 26 which is made of a harder material than 

the tip 22 slows down the wear process to some extent However, eventually, prolong 
. . 

wear of the transducer tip 22 w0uld lead to inadequate or unreliable transducing 

functions and ultimate failure of the transducer 20, which would in tum lead to read 

and/or write failure of the disk drive system thereby putting it out of seivice. 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 nonnal disk drive 
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operations. Further, in accomplishing the foregping, it is desirable to keep any 

additional structure to the transducer, slider or the suspension assembly therefor to a 

minimum. This is to minimize adding weight and inertia to the slider/suspension 

assembly which would otherwise negatively affect the mechanical performance of the 

disk drive system and increase ooinplexity of manufacturing. 
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SUMMARY OF THE INVENTION 

. 
. 

The pl,"esent 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 sy~tem. ·The novel feature is relatively ;easy to be inoorporated without 

adding sigi:iificant weight to the slider and its suspension and without significantly 

increasing man_ufacturing 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 ~volves monitoring a 

change irt 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 particular, in accordance with one aspect of the present invention, the 

resistance (or conductance) of~ circuit is monitored during disk drive operations. Part 

of this circuit structure is mounted on the ~lider and it is subject to physical wear along 
l > . ) 

with the wearing of the transducer. A predetennined change in resistance (or 

conductance) gives an indication of the predetennined wear limit at which the 

transducer should be replacec\_prior to its actual failure. In a 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 embodiment of the present invention, the 

capacitance between a probe oil 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. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic side view of a prior art slider/suspension assembly. 

Fig. 2 is a schematic/block diagram of a magnetic disk storage system in which 
-

the present invention is implemented. 

Fig. 3 is a schematic side view of a slider/suspension assembly haying a wear 

limit indicator based on resistance measurement in accordance with one embodiment of 

the present invention. 

Fig. 4 is a schematic bottom vie\v of the slider/suspension assembly of 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 wc;ar limit indicator implementation for the 

embodiz:nent of Fig. 3. 

Fig. 7 is a cireuit diagram of the w~r 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 ~lider/suspension assembly having a wear 

limit indicator which is based on capac~tance me:asurement 

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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DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

The p~esent description is made for the purpose of illustrating the general 

principles of th~ present invention and should not be taken in a limiting sense. The 
'\ 

··. . '} 

scope-of the p~sent invention can best be deteanined from the ~ppended claims.· For 

example, although the present invention is descnbed in reference to a magnetic disk 

storage system·_and -in. particular one which implements a contact transducer, it will be· · 

· apparent that the inv~ntion may be implemented in other magnetic data storage systems 

including recording systems such as a magnetic tape drive system or other applications 

which c6uld take advantage of the wear indicator feature descnbed hereinbelow. 

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

st~rage system 30 embodying the present invention for use in an infonna~on 

processing systems such as a computer, for example. The .magnetic disk storage 

system, ~o comprises at least one rotatable. magnetic disk 32 which is supported on a 
. . 

- spindle 34 and rotated by a disk drive motor 36, and at least one slider 38 positioned in 

clos¥ proximity to the magnetic recording medium at the disk surface 33. Data is . 

stored in the magnetic recording 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 38 is 

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 flexibility 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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control unit 46 also includes a detection device for the wear limit indicator as will be 

explained below.. 

Figs. 3 schematically illustrates more closely the slider region. In this particular 

embodiment shown, there are a read transducer 50 and a separate write transducer 52. 

(fhe read and write transducers 5-2, 54 are schematically shown in the figures for 

simplicity o.f illustration. Their actual sizes and locations may be different, but they do 

not affect the ~nderstanding of the concept of the present invention.) The read 

transducer .50 may be of the magneto-resistive type (the resistance of a 

.magneto-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 perfonns both read and write functions (see 

.discussion in connection with Fig. 7 below). The read and write transducers 52, 54 and 

slider 38 may be fonned using processes (including, for example, photo lithographic, 

deposition and subtractive etching processes) known in the art which taken alone do 

not form 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 transducers 50, 52 have tips of a certain useful thickness (in the order of 

several microns; e.g., less than 5 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 
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electrical circuit which allows the detection of resistance or conductance chang~s in the 

strip. As the slider 38 and the transducers 50, 52 are worn by abrasive contact with the 
. . . 

magnetic disk medium, the strip of material will wear and will eventually be physically 

broken at some point (i.e., open circuit). As such, the strip 60 should be positioned on 

the slider 38 such that its breaking p~int co~sponds to tht; 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 has a smaller wear limit, the strip 60 should be pQ~itioned to 

correspond to the wear limit of the transducer with the smaller wear limit 

-The material of th~ wear limit indicator strip 60 may be a conductive metal, but 

preferably a fairly resistive material (e.g., Nichrome) such that the resistance of the 

entire strip 60 would be ten to severa~ thousand ohms. In the example s~own, the total 

length of the strip 60 is in the order of 200 microns; of which approximately 100 
' ~ 

microns is within the pad, and its width is in the ordef-of8-12 microns. The total 

thic~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 alumina) 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 µnit 46 of the disk drive system 30, 

depending on whether resistance or conductance is relied upon as an indication of the - . 

change 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 
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60 is measured for wear limit detection and the read transducer 50 is of the 

magneto-resistive type and the write transducer 52 is of the inductive type. In this 

configuration, one lead 64a to the wear limit indicator strip 60 is connected to a read 

transducer lead 54a and the other lead 64b to the strip 60 is connected to a write 

transducer lead 54b. The-interC9nnection of the leads 54a and 54b by the strip 60 does 

not affect the read and write functions of the read and write transducers 50, 52; owing 

to the relative high resistance of the strip 60 compared to the low resistance of the 
. . 

transducers which is in the order of several ohms. The transducer leads 54a and 54b 

are connected ·to a resistance measuring device 66 in the control unit 46. 

In 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 oonfigurations, the leads of the transducers can be 
i . 

conveniently 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 miniml_lm the added weight to the slider/suspension assembly as a 

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 fonn of metal 

traces formed on the slider 38 and/or suspension 40 using any known proce~ses 

involving, for example, photolithography, deposition, and/or etching steps. For 

example in Fig. 4, the leads 64a and 64b may be in the fonn 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 55. 

In the case of detection of the wear limit based on measurement of the 
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conductance of the wear limit indicator strip, separate leads for the wear limit indicator 

strip would be required, regardless of the type of transducers used. Referring to Fig. 8, 

two separate leads 64a and 64b from the strip 60 are connected directly to a 

conductance measuring device 70 in the control unit 46. 

Referring back to Fig. 4, the strip 60 is po~itioned a~und the periphery of the 

slider 38 so that any uneven wear occurring more at any comer or side of the slider 38 

may be detect~. Alternatively; it may ~e 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 em~imenfs. 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 slider, so long a,s the strip 60 either encloses or substantialty 

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 elements. 

It is noted that the afqredescn"bed embodiments are examples illustrating the -

general principles of the present 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 to a dete~tio~ 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 i~ placed into service) as it is being worn by 

abrasion by the magnetic disk. The wear limit may be set at a 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 between a conductive surface and a probe on the slider 38 is 

retied 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 fonn of a closed loop 72 of 

metal (having a width in the order of I 0 microns) around the sides of the slider 38 



11 

formed in a manner similar to the wear limit indicator strip 60 in the earlier 

embodiment. As the slider 38 and transducers 50, 52 wear from abrasion by the 

magnetic disk 32, the spacing between the loop 72 and magnetic disk 32 changes, 

thereby changing the capacitance at the spacing. Referring also to Fig. 10, the 

capacitance between this loop 72 and the magnetic disk 32 is monitored by a 

conductance measuring device 74 in the control unit 46. As in the earlier 

embodiments, ~ne lead 54a of the transducer SO may be made use of to make the 

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

It can be appreciated that the loop 72 should be positioned on the slider at a 

point beyond the wear limit Las abrasion of the loop is not contemplated. The wear 

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

measured. 

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

the wear indiCator is shown. At least 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 

closC? proximity to the magnetic recording mediutp at the disk surface. As the disk 

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 sensor 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 signal is 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 



12 

resistance of the circuit and convert it to a digital signal. 

The wear limit indicator of the present invention has been described in 

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' transduber 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 descnoed with 

reference to the illustrated embodiments thereof, it will be understood by those skilled 

in the art that various changes in. fonn and detail may be ~e Uierein without 

departing from the spirit, scope and teaching of the invention. Accordingly, the 

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

only as specified in the appended claims. 
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WE CLAIM: 

1. A magnetic transducing assembly for transducing a magnetic medium in 

a magnetic disk storage system, comprising: 

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 mo~ions 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 s~ch 

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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5. A magnetic transducing assembly as in claim 4 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. 

6. A magnetic transducing assembly as in claim 3 wherein said transducer 

includes a slider which has a· bo~om surface and sides, the slider sup~~rting the us~fui 

thickness of the transducer at its bottom surface, and wherein the sensor is a~hed 

near the edge of at least one sioe of the s1ider. 

7. A magnetic transducing assembly as in claim 6 wherein ~e sensor 

includes a strip of material positioned on at l~astone side of the slider, the strip of. 

material, the slider and the usefi,il thickness of the transducer being subject to wear by 

the magnetic m~ium during operations of the magnetic storage system, whereby the 
I 

detection means detects a change 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 

material, said change corresponding to a wear limit of the transducer within its useful 

thickness. 
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10. A magnetic transducing assembly as in claim 9 wherein the transdµcer 

has one or more electrical leads, and wherein the sensor is electrically connected to the 

detection means by making use of one or more of said leads. 

11. A magnetic transducing assembly as in claim 9 wherein the transducer 

includes a read head and a write head each having a pair of electrical leads, and 

whereir:i 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 assembly 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 

detects a change in the capacitance of the strip of material in reference to the magnetic 

medium. 

iif flill1ililillf 
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15. A magnetic transducing assembly as in claim 14 wherein the transducer 

has at least one electrical lead and wherein the probe is connected to the detection 

means by making use of said lead_. 

16. A suspension assembly for supporting a s~ider 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 Inedium 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. 

17. A suspension assembly as in claim 16 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. 

18. A suspension assembly in claim 16 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. 

lf ili1JU1l1i1Mr 
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19. A suspension assembly a~ in claim 18 wherein the capacitance means 

includes a probe positioned in a fixed relation to the transducer, said probe in 

conjunction with a conductive surface on the slider. 

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 comprising: 

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

drive means for moving the magnetic storage medium~ 

a slider including a:t 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 

defines an useful life of the transducer, wherein the transducer is subject to wear by the 

magnetic 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 nonnal 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 contro11ing 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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22. A magnetic.storage system as in claim 21 wherein the wear indicatj~g 

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

the transducer. 
' 

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

inclUdes a sensor which is positioned in a fixed relation to the transducer siich that the. 

senso~ is subj~ct 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 m~ns 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. 

24. A magnetic storage syste~ as in claim 22 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 · 

det~ction 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. 

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 

one or 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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27. For a magnetic storage system which comprises at least one transd:ucer 

for transducing a magnetic medium, 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 have 

been worn through, a method of monitoring status of wear of the transducer comprising 

the steps of: 

providing a wear indicating means for indicating a change in an electrical 

· property with wear of the transducer during nonnal operations of the magnetic storage 

system; and 

detect~ng said change in electrical property to provide an indication of the status 

of wear of the transducer. 

28. A method as in claim 27 wherein the step of providing a wear indicating 

means includes the step of providing a circuit means having an electrical property 

which changes with wear o~the transducer. 

29. A method as in claim 28 wherein the step of providing the circuit means 

includes the step of providing a sensor w~ich is positioned in a fixed relation to the 

transducer such that the s~nsor 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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30. A method in claim 28 wherein the step of providing the circuit means 

includes the step of providing a capacitance means for defining an electrical 

capacitance which chan,ges with wear of the transducer, and wherein the step of 
, '} '\ 

·~ I "" I 

• 
providing the wear indicating means further includes the step of providing 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. 

31. A method as in claim 30 wherein the step of providing the capacitance 
. . 

means includes the step of positioning a probe in a fixed relation to the transducer, said 

probe in conjunction with the magnetic medium definb1g the capacitance. · 

32. A magnetic s~orage system as in claim 29 wherein the transdu~er has 

.one or more electrical leads and wherein the step of providing the sensor includes the: 

step ?f electrically oonnectirlg the sensor to the .detection means by ~aking use of one 

or more of said leads; 

{ 


