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NON-DESTRUCTIVE IN'-srl'U LANDING VELOCITY 
DETERMINATION OP MAGNETIC RIGID DISK DRIVES 

Field of tbe lnyentjon 

The present invention is dim:ted to disk drives. More paldcularly, the present 

invention provides an efficient and mliable syatom and method for detecting a 

worst case Jamting velocity for sliden in the disk drive. 

Baskppund of the lnmnion 

r 

10 

Disk drives 119 commonly med in wOlbtadons, personal computers, laptops and 

other computer systems to store Jarp amounts of data that me readily available 

to a user. In general, a disk drive comprises a magnetic disk tbat is rotated by a 

spindle motor. 1be surface of the disk is divided into a series of data tracks that 

extend cin:umfenmdally aJOUDd the disk. Bach data tJack can .store data in the 

fonn of rnagndic trmsitioas on tho disk surtace. 

A bead includes an interactive element, such as a magnetic transducer, that is 

ts used to sense tbe magnetic transitions to read data, or to conduct an electric 

current that causes a magnetic tmuition on the disk surface, to write data. Tbe 

magnetic tlaDSducer includes a read/write pp that positions the active elements 

of the transducer at a position suitable for intenction with die mapelic surface 

of the disk. 

20 

The head further comprises a slider that mounts the ttansducer to a rotary 

actuator arm, typically via a flexure element ananged between the slider and 

actuator arm to accommodate movement of the head during opemtion of the 

drive. The actuator arm operates to selectively position the head, including the 

2S transducer and slider, over a preselected data track of the disk to either read data 

from or write data to tbo pieselected data tJaCk of the disk, as the disk rotates 

below the transducer. 

In modem disk drives, the slider is configured to include an air bearing surface 

30 that callse& the head, and thus the tmnsducer, to fly above the data uacks of the 

disk surface due to interaction between the air bearing surfaC:e of the slider and 
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fluid currents that mult flom the rotadon of the disk. The amount of distance 

that the transducer flies above the disk surface is refen:ed to as the "fly height. Q 

As sbould be understood, due to openti.on of the air bearing .surface, the 

tmDsducer docs not physicllly contact the disk surface during nonnal read and 

S write operation of tbe disk drive to minimi1.e wear during operation of the drive. 

The fly height for a slider iefers to the height reached by the slider when the 

disk is rotating at its operational rotational velocity, i.e. tbe number of rotations 

per minute (q>m's) at which the disk drive was designe.d to operate. The fly 

10 height is designed to be at a level sufficient to insure .that the transducer is 

spaced from the disk surface a distance suitable to maintain negligible contact 

between the head and disk surface during nonnal disk operation. In any disk 

drive product, the surfaces of the disks are typically not perfectly smooth and 

fiat. 'lbere are peaks and valleys formed on the disk surface. The design fly 

IS height should be sufficient, e.g. to generally avoid bead/disk contact, despite the 

passage of disk surface peaks below the bead. 

When the disk drive is not operating, the rotation of the storage disk is stopped, 

and the air bearing surface of the bead does not act to cause the transducer to 

20 fly. Under such circumstances, the bead, includin1 the slider and transducer, 

comes to rest on the disk surface. Typically, the actuator is operated prior to 

power down of the disk drive, to position the bead over a landing zone provided 

on the disk surface at a location spaced away from any of the data tracks. 

25 in a known con~ stop opemtion of a .disk drive, at power down of the drive, 

the fly height of the head gradually decreases as the rotational velocity slows, 

until the head comes into contact with the disk surface at the landing zone. The 

rotational velocity of the disk at which a bead first contacts a disk surface is 

referred to as the "landing" velocity. 'I'heteafter, the bead remains in contact 

30 with the disk surface unlil and after rotation of the disk comes to a complete 

stop. The use of a landing zone prevents any damage to data tracks that may 

occur due to contact between the head and the disk ~· However, any 

contact between the head and the disk surface may result in damage to the 
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uusducer, and, in any event, contributes to wear of the head and disk surface. 

This is also true when the disk drive is started apjn in a cOntact start opemtion. 

A contact start operation cau• die~ of rotation. of the disk while 

the head is still in contact with the Jawling mne. The Iliad mmaiai in contact 

with the disk surface during acceleration of the disk, until tile rotational velocity 

of the disk reaches a •tab-off" Velocity. 11iB fake.off velocity Is the mtatioDa1 

velocity of tbe dislc at which the air bearing surface first acts to lift the head 

from the dist surface such that coacact bet'fieen the sUctef and the diSk surface is 

negligible. The take-off velocity is aplnoxiinltely equal tO the landing velocity. 

It is a goal· of disk drive manufaclmell to limit wear caused by· contact between 

the head and disk surface,· pardcularly during COlllaCt stop and start ·operations, to 

assure a more mliable ·mecbaniC:al perfOtmance of tbe disk drive. To that end, 

IS disk drive designs seek to accomplish diSk drive operation wheldn a head 

commeiices flying operation within aJi aCceptable lll8qin of rotational ·velocity 

measured from the operational rotational velocity for the disk. 

For example, it bas been determined that mechanical perfonnance for a particular 

20 drive is likely to be accepcable for a relatively long wort life when the head lifts 

off fmm or lands on the disk surface at a mtational velocity eqUaJ to 

approximately seventy pet cent of the .operational mtational velocity of the drive. 

In general, the fly height of a head· is paopol'ticmal to the mrational velocity of 

the disk, once the take-off velocity has been n:ached. In other wonls, the faster 

25 the disk is spinning, the bigbertbe fly height Of.the bead.· It bis been found that 

if flyiDg operation (the 1ate-off velocity) for a llead is achieved by, e.g., seventy 

per cent of the operational velocity, the desiJed fly height should be iacbed by 

the bead when the disk is acceleramd up to the opeiationaJ ·velocity. If the take· 

off velocity is greater than seventy per cent of the operational vetocity, there is a 

30 significant likelihood t11at the bead does not laCb the· desired fly height when the 

dist is accelemtecl to the operational velocity, •leading to excessive wear and 

prcmatum mechatrical failum of the disk drive. 
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THIS SHEET HAS E3EEN 
REPLACED. 

In addition, when the take-off or landing velocity is greater than seventy per cent 

of the operational velocity, the head remains in contact with the disk surface (i.e. 

the total sliding distance of the head on the disk surface during either a contact 

start or stop operation) for a total length of disk smface that is likely to result in 

S excessive wear of the head/disk interface. 

During manufacture of disk drive&, it is desirable to be able to test each 

individual disk drive to detennine the take-off and/or Janding velocity for each 

bead in tho drive as a quality control procedure to insure that each head in the 

10 disk drive is operating to lift off from or land on the disk surface with a minimal 

sliding distance, and, in a contact start operation, is operating to reach ~e deslgn 

fly height at the operational mtadona1 velocity of the disk. However, there is 

not pmsently available a reliable and efficient system or method to detemine 

take-off velocity values on a drive-by-drive basis, particularly for disk drives 

15 having muJtiple disks and heads. 

Previous proposals involve recording a signal having a known frequency on a 

preselected track of the disk while the disk is rotating at a preselected rotational 

velocity and then reading back the signal at one or more different rotational 

20 velocities of the disk, including a rotational velocity corresponding to an 

expected take-off velocity. Contact between the slider and dist surface affects 

the signal read back from the disk. Knowledge of how the read back signal is 

affected can be applied to analyze the signal for evidence of slider/disk contact. 

The analysis can .include frequency or amplitude demodulation of the read back 

25 signal for indications of slider/disk contactt and, e.g., measurement of the 

rotational velocity_ at which the read back signal first indicates slider/disk contact. 

Such a velocity measurement will generally correspond to the take-off velocity of 

the panicular slider. 

30 The methods and apparatuses described in the previous proposals suffer from 

shoncomings such as limited bandwidth for effective demodulation of the read 

back signal, time consuming procedures for detecting the :n:ad baclt signal and 

poor signal-to-noise ratios diminishing the accuracy and sensitivity of the 
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detection process. In addition, the prior pmposala are not mfficiendy 
economical for implemeamdon in a mass pmduCtion Opiaation to quickly and 

efficiently test elch and every di* driVe product being· manufactuied. 

S Sumlllll)' of the Igyentjgg ·· · 

10 

1be present invention provides a system and method for accmatoly and 

efficiently detecting a wont case Jaacling VelOcity ·for the heads in a disk drive 

product during manufaCture of'tbe pmduct. 1be wont case Jawing velocity 

conesponds to the Jaodi0g ~ of the ·fiiit head tO caa1ICt a disk surface in a 

controlled power down Of tile disk drive product. · 

' . 

The present inveDtion mcbpima that one of the dfecti ot slider/disk contact is 

an acoustic emission froai mechanical colilponents of the dist drive, such as, 

e.g.9 the spindle motor~ According to the j>teient inveiltion, the acoustic 

IS emissions caused by slider/disk contact am --··by an acoustic emission sensor 

and the sensed acoustic emissions aM correJated to the rotational velocity of the 

disks of the disk drive prOduct at tbe time the acousdc emissiOns _indicative of 

slider/disk colllaet are lint sensed, to provide Jancling velocity.infomJation. 

20 In an exemplary embodiment of the present illventiOn;· an acoustic emission 

sensor is secmely acoustically Coupled to the spiDdle motor of a disk drive device 

under test. The acoustic sensor MCeives · &COUstiC emissions from the spindle 

motor and opmates to ballsduce the' acoustic emissiOns into corresponding 

electric sianaJs. 1be acoustic emissions emanating lroin the spindle mator 

2S include emissions caused by viblations of"tbe inotor itself, u well as emissions 

caused by mecbanical vibntions that n:sult from coataci .between any. one of the 

heads in the disk drive device under· test and the· respective disk surface 

(slider/disk contact). Accordingly, the acoustic emission senior outputs electric 

signals indicative of the occunmce of any slider/disk contact within the device 

30 under teat. 

Pursuant to the pmsem invention, the spindle motOr is hutially powe.recl to 

accelerate the disks up to the operational veloCity designed for the device under 
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test. Thereaftdt~ the power to the spindle motor:~is shut off, and tbe disks are 

illlowed to spin down to zero velocity. 

Pursuant to another feature of the present invention, an electric probe is coupled 

S to electric leads used to power the spindle motor. After the power to the spindle 

motor is shut off, the probe attached to the spindle motor power leads is used to 

measure a back EMF generated by the continuing rotation of the spindle motor. 

A back BMF is an electric voltage genented by tbe ·rotation of components of a 

conventional electric motor, such as the rotor, and typically pulsates at a 

10 frequency that is proportional to the rotational velocity of the rotating 

components. Inasmuch as the totor is typically used to directly rotate the disks 

of a disk drive, the spindle motor JOtor rotational velocity, as represented by the 

generated pulsating back BMF, is indicative of the rotational velocity of the disks 

at any time during the spin down of the disks after shut down of the power to the 

JS spindle motor. 

The output of the probe is continuously processed during spin down to correlate 

the back EMF values to corresponding rotational velocities of the disks of the 

device under test. At. the same time, the output of the acoustic emission sensor 

20 is monitored to detennine when an indication of slider/disk contact first occurs. 

25 

Upon determination of a first indication of slider/disk contact from the electric 

signal ouq>ut of the acoustic emission sensor, the rotational velocity of the disk, 

as indicated by the back BMP value from the probe • the time of the first 

slider/disk contact, is recorded. 

1be reconlecl rotational velocity .corresponds to the landing velocity of at least 

the first one of the heads in the device under test to contact a disk surface. The 

recorded velocity is compared to a threshold velocity,.which can be set at, e.g., 

!eVenty per cent of the operational velocity desiped for the device under test. If 

30 the recorded velocity, as detennined from the back BMF reading from the probe, 

is· equal to or Jess than the threshold value, then all of the heads of the device 

under test BM operating at acceptable levels of fly height. This ,is because the 

test acconting ~ the present invention established a first indication of contact 
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between any of the' beads of tbe deYico under teat 8acl a reapective. disk surface~ 

at a value of mtatiooal velocity at or Jess than -~·per cent Of the operational 

velocity of the disk drive. lllasllluch as the disks. of the device under test are 

spinning down tO zero velocity, 111y subsequent. sua,;r,disk eontacts will occur at 

S even lower rotadoaa1 velocities. 

10 

15 

As noted above, the landing ~ty tor a head.ls geQerlDy eqwil to the take-off 

velocity for tbe bead. 11aus, the me Of tile :Jlndmg veJOcity methocl according to 

the present inventioli provides an iadicatiOn of tab-Oft velocity performance for 

the heada of a disk drive deVice unc1er·test. If the ~ between the 

reconfed rutatiomd velocity and die dueshold va1U iDdlcites tblt the iecorded 
. . . . 

velocity is greater than the threshold valuet .. 'it wm be known that at least 

one of the heads of the clevb under test is not acbieWlg ~y· height opemtion 

ac:cmdina to the design specification of the clis1c drive~ .·· 

The ~ velocity information provided by the present invention can be used 

during a disk drive mass manufacturing oporatioD tO ~ those disk drive . . .. 

products whcmin at least one of the heads comes into· CoDtact with a respective 

disk surface at a linding velocity greater than, e.g.~ sevetlty per cent of the 

20 rotational velocity at which the disk drive procliact. was desiped to· operate. Any 

disk drive product that fails to evidence ~ acc:epbd>J4' ·1acnn, velocity. for all of 

its heads is rejected. and mnoved fmm tilts mass ~ operation for further 

testin1 and iepair. 

25 The acousdc emission, baclc BMP probe arrangement of the pmeat invention 

provides a straigbtforwanl, lligbly efticimt and eColtomical meCbanism able to be 

implemented in a mass pmdacdon eaviroam- to qmddy test each and every 

disk drive product passing tbmu1h the manufacturing pmcmt for acceprable fly 

height operation. ·yo advntap, any disk drive·prodUCt·tbat fiilS to evidence an 

30 acceptable Jandina velocity upon ~ emission tMting, can be Subjected to a 

frequeney demodulation test to determine tbe tab-Oft or laDdinl vcJocity for each 

individual head in the failed_ disk clriVe, to tberebY i~ ~bicb individual bead 

or heads need to be repaired. The frequency demoduiadon test can be perfonned 
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acconfing to thcf'test method taught in U.S.~ Serial No.'[Docket No. . . ~ . . 

~8--001) entitled FM DBI'BCUON OF SUDER-DISK INTBRFACB, faled on 

even date herewith in the name of Li-Yan Zhu and assigned to the assignee of 

the present. application. The specification of the afomnentioned co-pending 

S application is hereby expiessly incoiporated by reference •. 

Brief Descrjptioo of the DnwiDa 

Figure 1 is penpecdve view of an exemplary disk drive. 

10 Figure 2 is a block diagram of a test system according to the present invention to 

determine a worst case landing volocity for heads in a dist drive device under 

test. 

Figure 3 is a papb illustrating the Jelationsbip between an acoustic emission 

15 signal and drive velocity of a djsJ(, over time. 

20 

Figure 4 is a gnph illustrating the relationship between an acoustic emission 

signal and drive velocity. of a disk, over .time, including the effects of acoustic 

emission signals caused by slider/disk contact. 

Figure S is a gnph illustrating fly height for a head versus rotational velocity of 

a disk over which the head is flying. 

Figure 6 is a block diagram for a flequency demodulation test that can be used in 

25 conjunction with the test system of fig. 2 to identify individual heads that contact 

a disk surface as: a landing velocity ·that is not within the design specification of 

the disk drive device under test, as determined by the test system of fig. 2. 

Detailed Descrjption 

JO Referring now to the drawings, and initially to fig. 1, there is illustrated an 

example of a disk drive designated generally by the :reference numeral 20. The 

disk drive 20 includes a plurality of storage disks 22a-d and a p•urality of 

read/write heads 24a-h. Sacb of the storage disks 22a-d is provided with a 
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plurality ot data uicb to store user data. Al il1usbated in fig. 1, one bead is 

provided for each surface of each of the diSks: 22a-d such that data can be read 

from or written to the data tracks of all of the storap disks~ It should be 

understood that the disk clriVe• 20 Is merely iep1Wltative of a disk drive system 

utilizing the p..ent inveatlon ·a that die prmaat ··~ can be implemenlect 

for use in connection with a disk drive system iDClncting mom or less storage 

disks. 

1be atmage disks 22a-d am mounted for rotation by a spindle motor amngement 

29, as is known in the art. Momover, tile mull~ beadi 24a-h are supported 

by respective actuator anns 28a-ia for controlled positioning over pmelectecl · 

radii of the S10mge .disks 22a-cl to enable the ieading and writing of data from 

and to the data backs. To that end, the actuator anns 28a-b are n>tatably 

mounted on a pin 30 by a voice coil mOtor 32 operable to .coatmllabty rotate the 

15 actuator anns 28a-h radiBDy across the disk surfaces. 

. ' . 

Bach of the read/write beads 24&-b is moliritecl ·to a zespectivo actuator ann 28a-h 

by a flexuie olemcnt (not shown) and comprises a magnetic tnnsdueer 2S 
. : : . 

mounted to a slider 26 having an air bearing surface (not shown), all in a known 

20 manner. As typically utilized in disk drive systems, the sliders 26 cause the 

magnetic tnnsducers 2S of tile read/write heads 24a-h to •fly• above the surfaces 

of the respective stomge disks 22a-d for non-contact opendion. of the disk drive· 

system, as discussed above. When not in use, . the voice coil motor. 32 rotates the 

actuator arms 28a-h durina a COD1aCt stop opel8tion, to position the read/write 

25 beads 24a-b over a mijleccive Jandini ·zone SS, when the tad/write beads 24a-h 

come to mt on the stomp disk surfaces. .As sboukt ho undmtood,. each of the 

Jad/write heads· 24a-h is at. mat oa a reipecdve landing zone 58 at the 

commencement of a contact start opemtion. 

. . ' 

30 A printed circuit board (PCB) 34 is pmvided to mount contml electronics for 

controlled operation of the spindle motor 29 and the voice coil motor 32. The 

PCB 34 also incudes ntad/write channel circuitry coupJed to the ieid/write heads 

24a-h, to control the transfer of data to and from the dala tricks of the storage 
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disks 22a-d •. ~ manner for coupling the PCB '34 to the various components of 

the disk drive is well known in the art. 

According to an exemplary non-destructive, in-situ, acoustic emission landing 

s velocity test method implementing tbe present invention, prior to assembly and 

coupling of the PCB 34, an assembly 48 comprising the actuator anns 28a-b, 

with heads 24a-h, voice coil motor 32, storage diaks 22a-d and spindle motor 29 

of fig. 1, is coupled to a test system as a device under test, as illustrated in fig. 

2. More particularly, a poWer supply SO is coupled to the spindle motor 29 

10 within the assembly 48, as generally known, to accelerate the storage disks 22a-d 

up to the operational velocity desiped for the assembly 48. The power supply 

SO is controlled by a computer 49 tbat is programmed to operate the power 

supply SO to energi7.e the spindle motor 29 until the storage disks 22a-d rowe at 

the operational velocity designed for the disks 22a-d of the assembly 48. The 

IS assembly 48 is operated with the beads over the landing zone SS. 

An acoustic emission sensor S2, such as, e.g., an RIS sensor sold by Acoustic 

Physics, is placed upon the assembly 48 on the top cover of a motor hub (not 

shown) typically fonned in a disk drive product to mount the spindle motor 29. 

20 A small amount of alcohol can be applied to the contacting surface of the 

assembly before placing the acoustic emission sensor 52 on the assembly 48 to 

provide a clean contact surface for transmission of acoustic waves. A dead 

weight (not shown) pJaced on top of the acoustic emission sensor 52 can be used 

to provide an adequate acoustic coupling between the sensor 52 and spindle 

25 motor 29. The alcohol will evaporate when the sensor 52 is removed from the 

assembly, after the test, to minimize contaminants. that may be introduced into 

the disk drive. The use of alcohol and a dead weight provides •. fast and clean 

means for acoustically coupling the sensor 52 to the spindle motor 29, to thereby 

facilitate a. high throughput rate for the test method of the piesent invention. The 

30 RlS acoustic sensor S2 operates to tnmsduce acoustic emissions sensed by the 

sensor S2 into an electric signal. 

An electric output of the sensor 52 is coupled to an amplifier, filter circuit 54 to 

-10-



W0"'2296 

amplify the electric output of the sensor 52 and tO tune the amplified signal to 

between appmximately lSO and 350 kHz. The amplified and tuned signal output 

by the amplifier cin:uit 54 is coupled to an analog input port of the computer 49, 

for monitorlng by 1be computer 49 to detenDine iDdic:ations of slider/disk contact, 

s as will be described in more detail below. 

10 

An eJectriC probe 56 is coupled u a difreremial 'p!Obe acmss two power wires of 

the spindle motor 29 to measme a bd:·ma valtQe ·~ by the spindle 

motor 29, u is aeineraUY known in the alt. ~ to the exemplary 

embodiment of the present invention, the 'OUtpilt Of the pJObe 56 is also coupled 

to an analog input port of the Computer 49, for monitoring by the computer 49 to 

detmmine a comspoading roradoaal velocitJ of the storage disks 22a-d mounted 

by the spindle motor 29 within the usembJy 48 ·IJemg tested, as will appear. 

IS Referring now to fig. 3, time is shown a gnpll BIUstming the reJationsbiP 

between an acoustiC emission signal dorivecl from the sensor 52 and rotational 
velocity of disks, such as the storage disks 22a-4 ill assell'lbly 48, as ~ be 

determined from the electric output of the plObe 56, aver time. In. fig. 3, the 

reJationship is ploUed without the iilfluenc:e of acoustic emissions that are caused 

20 by slider/disk contact. 

Back BMF voltage values fOr the type of spindle nic>tor used in the assembly 48 

can be comlated to the corresponding rOtatioilal velocities of die motor rotor. 

The Computer 49 opmteS to periodically sample the back BMP voltago from the 

2S probe 56. 1be back ~ pulsates It a hquency related to the rotational 

velocity of the motor rotor. The computer 49 can calculate the rotational 

velocities of the motor rotor by timing tho back -BMF pulses sampled by the 

computer 49. As should be understood, tbe rOtatimial velocity of the motor rotor 

is proportiona) to the rotational velocity of the storage disks 22a-d mounted by 

30 the spindle motor 29. 

The computer 49 also opemtes to periodically ample the electric output of the 

amplifier circuit 54 to obtain sipal values conesponding to acoustic emissions 
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received by the ~sor 52 from the spindle mot0t:'29 within the assembly 48 

tJnder test. 

As shown in fig. 3, at times prior to the time labeled •trigger•, the spindle motor 

S 29 is fully energized by the power supply SO, and the storage disks within the 

assembly 48 are rotating at the design operational rotational velocity. 1be 

IOtational velocity value (curved .labeled •drive velocity") mn•ins at a level 

correspondjng to a maximum value, which, in tum, corresponds to the 

operational velocity. 

10 

At the time labeled "trigger", the computer 49 controls tbe power supply 50 to 

withdJaw power from the spindle motor 29 so as to permit the storage disks 22a­

d to spin clown to 7.el'O velocity. 1be computer also operates to begin sampling 

back EMF values from the probe S2. As can be seen in fig. 3, the velocity 

IS values represented by the drive velocity curve to the right of the trigger point 

gradually decrease in proportion to the slow down of the rotational velocity of 

the storage disks 22a-d. 

Below the drive velocity curve of rag. 3 is plotted values corresponding to the 

20 electric output from the acoustic emission sensor 52 that iesults from acoustic 

emissions caused by the rotation of the spindle motor 29 (curve labeled "AE 

signal"). As seen in fig. 3, the shape and slope of the AB signal curve generally 

conform to the shape and slope of the drive velocity curve, indicating that 

acoustic emissions from noise caused by the spindle motor 29 are proportiona~ to 

2S the rotational velocity of the stomge disks 22a·d mounted by the spindle motor in 

the assembly 48. Thus, after the trigger point, the acoustic emissions from the 

spindle motor decrease in proportion to the slow down in rotational velocity of 

the storage disks 22a-d during spin down. 

30 Referring now. to fig. 4, there is shown a graph illusuating the relationship 

between the·acoustic emission signal derived from the sensor 52 and rotational 

velocity of the stomge disks 22a-d, inclucliDg acoustic emissions caused by 

slider/disk contacts within the assembly 48, as recognized by the present 
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invention. Fmm the triaer point, the paph of fii. 4 is similar to the graph of 

fig. 3 until a first head within the assembly 48 · comac1s a mapective disk surface. 

That point is labeled •avaJancbc point• on fig. 4. As discovered, the acoustic 

emissions from the spindle motor 29 cbmle ch8matk:any upon an initial 

slider/disk Contact. T.buS, the electric siploutput by the sensor 52, as 

illusaated in the exaniple ot fit~ 4, ~ shlq)1y and. auclckmiy upon the 

initial contact, as shown at the avalandie point ill the graph of fig. 4. · 

According to the im-nt invention, the compater--49 ii~ to sample~ 

the electric output of the sensor 52 and the -back BMP· voJtaae derived from the 

probe 56 after the triger point. -Mnover~- tile cOrDpuw 49 is pmarammed to 

calculate and m:Otd thO drive Wtocity value~ as Mpmeatecl ·by' Jlwses from the 

·back BMF voltage, when· the computer deteds the SUdcieD change in AB signal 

Sbmgtb (avaJanche.poiDt), indicative of a first slider/M cmltact. 'lbe drive·· 

IS -Velocity at the avalanche point··~ tO tbe" landhig veJoclty of the first 

head within the assembly 48 to contact a disk sulface. 

After recording the landing velocity value for the_ assembly under test, the 

·computer 49 operates to comPue the iecOrdecl laJdna velocity to a threshold 

20 landing velocity value stored in the cOn1puter 49, and to indbte a 11rejection° of 

any assembly under test wbcnin tbe teCCmted 'IOtationaJ velocity at the avalanche 

point is greater tban the threshold value. 

ne thre:sbold landing velCJcitY can bC set as a functioll of'the following fonnula: 
25 . LV......., =((TOH+ 4FR)* Full Spem)/(FB.m • S) 

wbendn: 

LV ........ is the thmsboJd· value for a lanclina velocity aglinst which 

velocity at the avalanche point in a device under tat is compaml; 

30 ma· is the speclfication for the disks used in ·the ciovice under test and 

indicates the ftyin1 heilht avalanche point of the dislt' ·Stnface; 
Full Speed is the operational mtationalvdochy for the device under test; 

FR.. is the minimum "flying height u per the design sPCcmcation of the 
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device under telt; · ·. · 

AFB is the fly height drop due to clamping of the disk to the spindle 

motor; and 

S is a safety factor selected by a system designer. 

Figure S illustrates the relationship between flying height and the rotational 

v~ity of a dist. The gmph of fig. 5 shows the slope of the change in flying 

hei~ versus the rotational velocity of the disk. 'lbe upper sloped line is the 

mean value for flying height chaqe u a function of rotational velocity. The 

10 lower sloped line is a mhUmuln slope that would be expected in the device under 

test. As illustrated, when LV.........., is c:alculated by the above fonnula, the 

minimum slope for the flying height change is sufficient to raise the flying height 

to the design FD.... Any head in a device under test having a rotational velocity 

at the avalanche point that is peater than LV t111e111o111 would not reach the PH.. 

l S when a minimum slope is encounteJed, and the respective head would more 

likely encounter wear probl~s if such a device under test were not mnoved 

fonn the manufacturing operation for repair. 

As noted above, the acoustic emission test according to the present invention 

20 detennines. the worst case landing velocity for the device under test, but does not 

indicate which actual bead or beads of a failed device do not achieve acceptable 

fly height operation. To determine the take-off velocity of each individual one of 

the heads 24a-h of an assembly 48 that fails the acoustic emission test. the failed 

assembly can be subject to the test method disclosed in co-pending U .s. 
25 Application Serial No. [Docket No. 9408-001) entitled FM DBTBCTION OF 

SUDBR.-DISIC INTBRPACBt as noted above. 

Figure 6 illustrates in block diagram fonn a test system according to the 

invention of the co-pending application. A control device 400 simulates the PCB 

· 30 34 to operate the assembly under test. More panicularly, the control device 400 

is coupled to the assembly in place of the PCB 34 to control operation of the 

spindle mOtor 29 and voice coil motor 32, and includes read/write channel 

circuitry to cause the heads 24a-h to read or write signals from or to the surfaces 

-14-



W0"'2296 

of the stotage disks 22a-d. 

As generally known in the art, the control clovice 400 is provided with a 

multiplexer (not· shown) to select ·any OJie of tile heads 24a-h at a time for control 

S to either read or write signals fnnn or to the mspective disk surface. 

10 

The control device 400 includes an output coupled tcrin fuPUt of an PM 

demodulator 440. ' ne coittlol cleVice Output .... tO traasniit signals read by 

a selected one of die ftlld/wri1B heads ~h to 'the PM deDtoclulalor 440. ne 
FM demodulator 440 can comprisO a conVentiOMI PM ~Jator, as 

commonly used in FM mdic>s, modified to ~::a~ *dwidth 

appzvpriato to disk drive jitter fJeCluencies, or a ~Y 'iDstrWDent, such as. 

e.g., an HP 8901A Modulation Alialyzer. The PM c:lelilochilato 44o includes an 

output to· output signals of vUious freqUcncleS ctemodUJlted fiom the signal read 

1S back by a selected head 24a•b. 

A spectrum analyzer 500 includes an mpuf c:Oupled to tliO·out'piut t,f the FM 

demodulator 440 to receive the demodulated frequency signals. 1be specuu.m'· 

analymr 500 opemtes to provide 'sipat stmtgth informadoa for eaeh of the 

20 frequencies demodulated by the FM ctemodUJatc>r 440. 'lbe specuum analyzer 

can comprise a conventional frequency speCtnlm allalyzer Or a ~r 
performing a Pourier transfonDation of the recaved dcmoduhded frequency 

signals. Por most efficient opemtiOD, ·a fut Pourier tiansfonmtion algorithm is 

implemented in the processor,' as will be described' in mere cleiaiJ··IJietow. 
25 

An output of the spectrum ~yzer soo is COllPJm to a peak ~ S60 

arranged to detect peak values tllat am above a threshold envelope encompassing 

a value or valuea of signal strenatb Udcati'Ve of head/disk Contact, ·from the 

30 detector 560 operates ta output a pus/tail indication for the device under test, 

based upon detection of peaks above any valUo Cncompulod within the dueshold 

envelope, as will appeu. Any:pealc value abOve a tbresllolcl vllue indicates 

slider/disk contact. 
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The control <ie-Olci; 400 is operated to cause the; .. fOice. coil motor 32 to position 

t'1e actuator arms 28a-h over a preselected radius of the storage disks 22a-d. The 

particular radius chosen depends on the sensitivity of frequency of a read back 

signal due to head/disk contact. 

. The sensitivity of frequency of a mad back signal is affected by several factors 

most notably, the magnitude and direction of mechanical vibrations caused by the 

contact. These facton vary as a function of.the particular structures and 

construction of the mechanical components comprising the head, flexure and 

10 other suspension elements mounting .the bead to an actuator arm. 

Initially, the sensitivity of read back fmquency to bead/disk contact can be 

cletennined experimentally for a particular head. For certain presently used 

sliders and suspensions, such u a two-rail nano slider and type 19 suspensions 

IS manufactured by Hutchinson, it has been found that the sensitivity is greate_st 

when the skew ang!e between a bead and disk is greatest. In most rotary 

actuators of the type illustlated in fig. l, the greatest skew angle occurs when the 

actuator arms 28a-h position the beads 24a-b at the outer rim of the st~e disks 

22a-d. 

20 

Once a radius is selected and the control device 400 operates to cause the voice 

coil motor 32 to position the actuator anns 28a-h at the pmselected radius of the 

respective storage disks 22a-d, the control device 400 controls. the spindle motor 

29 to rolate the storage disks 22a-d at a first preselected rotational velocity. 

25 While rotating at the first rotational velocity, the control .device 400 utilizes the 

multiplexer to sequentially activate each of the heads 24a-h, to write, in tum, a 

signal having a substantially unifonn pattern completely around each respective 

storage disk surface, at the preselected ndius. The wavelength of each pattern 

signal as written ·on the respective· disk surface, will be a function of the 

30 frequency of the signal provided to the head 24 by the control device 400 and the 

first preselected rotational velocity. The written signal will include frequency 

jitter if the respective activated. head 24a-h is in contact with the di~ surface 

during writing of the pattern signal. To advantage, the wavelength of the written 
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sipal is set to equal the wavelength of the high· frequedcy sipal typically used 

to test the magnetic perfonnance of 1he heads 24&-h. 

When writing the signal to each disk smfaco; there will typicllly .be a 

s . discontinuity in the signal at the completion of the JOtation of the disk. nus is 

due to tbe· fact tbat the wavet.gth of the ·signal does not pn:icisely fit a whole 

number of cycles ·within the cimunfereace ·of the storage dist at the preselected 

radius. · 1be apectmm analyzer 500 is Pied to omit m:eption of tbo signal fonn 

the head when it ii passing over the cliicontinuity. of the. signal written on the 

1 O respective disk surface, as will be described in greater detail below. 

·After the Writing of each signal having' a substailtially uniform p8ttmn completely 

aJOUDd each respective stonp disk surface; at the rreselected radiUs, and with 

the actuator arms 28a-h remainiDa at the preselected. mdius of the 1espective 

15 storage disks 22a-d, the contn>I device· 400· then cOntrols ·t1te ·spindle motor 29 to 

rotate the storage disks ~-d ·at a second- preseJecteci JOtatioDal velocity. ··While 

rotating at the second rotadoDal velocity;,. the control• device 400 utilizes the 

muldplexer to sequendally activate each ot·the heads 24a-b, to read the 

previously written signals, one at a time. The frequency of each pattern signal 

20 as read fmm the disk surface, will now be a function of tbe second preselected 

rotational velocity and will include frequency-jitter if die respective activated 

head 24a-h was in contact with the disk surface during either reading ··or writing 

of the pattern sipal. 

25 Each of tbe lint and second RJlational velocities is chosen to be at a value 

reJevant to the take-off velocity for. the heads 24a•h. For example, if the disk 

drive 20 is designed to opente at 7200 rpm, the' signal can be written at a first 

rotational velocity equal to 7200 ipm. 'lbe signal can then be read back at a 

·rotational velocity equal to approximately 7041 of 7200 rpm, e.g. 5000 rpm. 

30 · The method can be implemented in an opposite Older of writing and reading a 

signal, i:.e., writing the signal at SOOD rpm and n=ading the sipal back at 7200 

rpm. 

-17-
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In any event, th~' two rorational veJocities selected· Should provide information 

.regarding s~r/disk contact at a minimum take off velocity acceptable for the 

device under test. One of the rotational velocities selected should be at the 

desired take off velocity, and the other sufficiently higher, e.g. 10% higher 

(SOOO ipm higher in the example of a take off velocity of SOOO ipm), to 

eliminate any n:peatablo vibrations that may occur in the head at approximately 

equal rotationaJ velocities. In this mamaer, any frequency jitter found in the read 

back signal will be indicative of a failure to achieve fly height operation by the 

desired lake off velocity, u wm appear. 

The signals read back by the heads 24a-h are transmitted by the output of the 

control device 400 to the input of the FM demodulator 440. The FM 

demodulator 440 is may include filters to attenuate mquency jitter unrelated to 

slider/disk contact. The FM demodulator 440 is operated to demodulate the. read 

IS back signals, one at a time, from the heads 24a-h. The spectmm analyzer 500 is 

gated at the portion ot the signa) that contains a discontinuity to omit the 

influence of the discontinuity in the signal demodulation. The length of the 

discontinuity is short as compared to frequency jitter effects that may be caused 

by slider/disk contact. Accordingly, even if slider/disk first occurs at the 

20 discontinuity, the effects of jitter will persist beyond the length of the 

discontinuity, and will be detected by the FM demodulation. 

Vibrations of the head/actuator assembly occur in various modes, including 

flexure modes and suspension modes. 11ae frequency range of the FM 

2S demodulation focuses upon vibrations in the flexure mode. It has been 

determined that flexure vibrations are less susceptible to noise, and more 

indicative of slider/disk conract. Other forms of vibration, e.g. suspension 

vibrations, can be caused by facton other than slider/disk contact, such as air 

turbulence and spiDdle vibmtions. In addition, flexure vibmtions occur at a 

30 higher frequency than suspension vibrations resulting in higher PM: resolution of 

amplitude infonnation. 

BxperimentAtion has shown that flexure modes of vibration are quiet in the 
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ablence of slider/disk contact. At the onset of sJider/dist cont8ct, one or more 
-- . 

flexure modes of vi.,_Oll increase sbuply. · Tlie natural Yibndons of a flexure 

occur over a relatively wide frequency bandwidth, which inakes it difficult to 

isolate expected Yiblatiolls usiag blliil-pus filters. HoweVei', die cloae­

conelation ·bet\Veen flexure modes Of vibntioft. and slider/dist comact make 

flexure vibndoD model bighly cleairlbJe as a basis for cldelminatian of 

slider/disk coatact. 

'lbus, the spectnm1 analyzer soo is coupled to ·t1ae· PM deiDodulator 440 to 

receive the FM demodulated read back signals, one at a time, and analyze signal 
amplitudes for each read back. signal, over the tiqueDcy range conaponding to --

the natmal vibiatiou dlat inay· occur in a flexuie due to slider/disk comact. 1be 

natural frequencieS of flaum Vibiitio1's are determined empirically for the type 

of fJexuns med. in the disk drive 20, aacl used to· set the fNc(uency mnge for 
. . 

IS demodulation and spectrum analysis; 

'lbroupout a tnquency spectrum of from, e:g., tOJC Hz to some bz, there is a 
low level noise froDI the FM demodW8tor 440. A tmihOld 'envelope is set at an 

amplitude or amplitudes that ~-iufticiently hip than the averaF" level for the 

20 noise amplitude to insure thit accmate indicitions of slider/disk contact are 

obtained. Whenever slicterlclisk contact oc:curS, the amplitude of~ various 

frequencies conesponding to tbO flexum vibration peak sharply abOve the 

threshold. The precise ··fnquencles of Vftmdion Varlel fioDI ·drive bead to drive · -

bead due to manufacturing tolerances and other fac:tOrS-distinctive to a panicular 

2S head stnlCtllle. ·ay using a ·specttUm analysis over a bandwidth tbaf eovers the 

full range of possible flexuie vibmtiCJns, ·it "is not necessary to know which 
.. -·· 

precise fl'equencies wiB correspond to flexure ·vibratioli for any particular 

slider/disk interface. 

30 1be spect111m analyzer 500 c1n comprise a )JrocessOr-J*fOnnliig a fast Fourier 

transfonnation of the PM demodulated read back sipals. A fastFourier 

transfonnation can be performed at much higher speeds than a conventional ·-­

spectnam analyzer and the msults from one revolutioD Of mad baCk ·are reliable 
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enough for ac@r&tely detecting contact. In addition, the discontinuity can be 

i_gnored in the analysis. 

Each amplitude detected in the spectNm analysis is compmd in the peak 

S detector 560 to the threShold value. As noted above, the tbmshold value at any 

particular frequency is set relevant to the level of noise in the FM demodulated 

signals. 1be .amplitude of noise from a conventional FM demodulator is 

insignificant compared to the amplitude of noise from mechanical vibrations. A 

c;:onventional FM demodulator of the type typically used in FM radios provides a 

10 detection sensitivity of approximately 0.0811mls. 

If any signal amplitude of any of the read back signals exceeds the threshold 

value, this indicates flexure vibntions caused by slider/disk contact. The peak 

detector S60 is .operated to indicate which Je8d back signal or signals had signal 

1S amplitudes that exceeded the threshold value so that the particuJar heads 24a-h 

failing to begin fly height operation by the desired take off velocity, are 

identified. 

The acoustic sensor, back EMF probe arrangement of the piesent invention can 

20 be implemented at a level of capital expense that is sufficiently economical to 

allow multiple test stations, each including sensor and probe devices, for a high 

testing throughput commensurate with production rates of a modem mass 

production disk drive manufacturing operation. A frequency demodulation test 

system, ·as described above, would used to teSt a relatively few drives, i.e. only 

25 those drives that have failed the acoustic emission test. Accordingly, a single 

frequency demodulation system can be used to service the failed drives from 

multiple acoustic emission test systems pmViding an overall test amngement that 

accommodates mass production testing of each and every drive during 

manufacture to identify individual heads that do not meet fly height specifications 

30 for the drives. 
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Claims: 

· 1. A method for tmdng for slider/disk coDtact in i disk drive 

comprisin1 a rotating disk and a bead mounted by an actuator for selective 

positioning of the. head oVer the dilk, the bead .havilig a slider, and· a spindle 

motor for mtatiag the disk, comprising the steps of: 

pmvidinl power to the spindle motm to caaile 1otation Ot tbe disk at a 

piwlected rotational velocity cormspoDcling to i focational vetoc'ity designed for 

the dist. during nonnal n:ad/write opndon; 
tbenafter Withdrawing power flOm . ., spbxlle motor silch that the disk 

spins down to mm ·rotadonaJ velocity; 

while the disk spins down to zero ~ velocity, forming an acousdC 

coupling between an aCoustic emission sensor baViag an electric output and the 

spindle motor to provide ·first electrlc signals re:pmsentadve of .acoustic emissions 

froin the spindle motor, including acoustic· emisSiofts ciused by slider/disk 

contact; 

while the - spins down to mo !Otational velocity, coupling an·:~lectric 
probe to the spindle motor to provide second electric signals repreSentative of 

back BMF generated by the spindle motor as the dist spins down to zero 

velocity; 

monitoring the first electric sipaJs for a first indication of slider/disk 

contact; and · 

utilizing the second signals at the time of the first indication of slider/disk 

contact from the first electric sipals, to calculate the rotadonaJ velocity of the 

dist at the time of the first indication of slider/disic· contact. 

2. Tiie medlod of claim 1, · comprising the further step of comparing the 

calculated rotational velocity to a tbmshold vahJe. relevant to a desbed take-off or 

landing velocity for the head of the disk drive; and indicatina when the calculated 

rotational velocity exceeds the threshold value. 

3. A medloc:l for testing for slider/disk coDtact in a disk drive 

comprisin1 a rotating dist and a head mounted by an actuator for selective 

positioning of the head over the disk, die bead having a slider, and a spindle 

-21-
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motor for ~g the disk, comprising the step •.. of: 
. providing power to the spindle motor to cause rotation of the dislc at a 

preselected rotational velocity cormsponding to a rotational velocity designed for 

the disk during nonnal ·read/write operation; 

thereafter withdrawing power from the spindle motor such that the disk 

spins down to zero rotational velocity; 

while the disk spins down to zero rotational velocity, fonning an acoustic 

coupling between an acoustic emission sensor having an electric output and the 

spindle motor to provide first electric signals representative of acoustic emissions 

from the spindle motor, including acoustic emissions caused by slider/disk 

contact; 

while the disk spins down to zero mtational velocity, monitoring the 

rotational velocity of the disk; 

. monitoring the first electric signals for a first indication of slider/disk 

contact; alld 

indicating the rotational velocity of the disk at the time of the first 

indication of sl~/disk contact. 

4. The method of claim 3, comprising the further step of comparing the 

indicated rotational velocity to a threshold value relevant to a desired take-off or 

landing velocity for the head of the disk drive, and further indicating when the 

indicated rotational velocity exceeds the thi'eshold value. 

S. A method for testin1 for sliderfdisk contact in a disk drive 

comprising a pl~y of l'Otating disks and at least two heads, each mounted by 

. via a flexure to an actuator for selective positioning of the head over a respective 

one of the disks, each head having a slider, and a spindle motor for rotating the 

disk, comprising the steps of: 

providing power to the spindle motor to cause rotation of the disks at a 

preselected rotational velocity corresponding to a rotational velocity designed for 

the disks during nonnal mad/write operation; 

thereafter withdrawing power from the spindle motor such that the disks 

spin down to zero rotational velocity; 

-22-
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while the disks spiil down to zmo mtatkmalveiocity, forming an acoustic 

coupling between an acoustic mDisaion sensor having an eJedric output and the 

spindle niotor to pmvide first electric signals Rlpmenbltive of acouitic emissions 

from the spindle motor, including acoustic·emissiou caused by slider/disk 

contact; 

while the disks spin down to mo rotational.velOcity, ~the 

rotational Velocity of tbo disks; 

monitoriDg the first electric signals tor a mst indication of slider/disk 

contact; and 

inclicatiq the mtational velocity of the disks at the time of the fmt 

indication of slider/disk contact; 

comparing the indialted rotational ve1ocity to.· a· tlneshold value relevant to 

a desind take-off or landing velocity for the beads of the disk drive; 
when ·the indicated rotational veloclty exccleds the threshold value using a 

first one of the beads of tho disk drive to write a signal having a substantially 

uniform pattern· on ~e respective disk as the disk rotates at a fust preselected 

R>Cational velocity; 

tbetafter rotating the disk at a second preselected mtational velocity; 

while rotating at the second· preseJected :rotational velocity, using the first 

one of the heads tO read back the sipal written at the first preselected rotational 

velocity; and · 

performing an PM clemodulation of the read back sigmiJ ·ttm>ugb a 

frequency ranse correspondjng to a range of natural flequencies of vibration .of 

the flexuse caused by slider/disk contact; 

wbelein one of the .first and secoRd rotational velocities is set to be 

approxirDateJy equal to a deahecl or landing take off velocity of the· bead, such 

that the F.M demodulation of the read back signal indicates whether slider/disk 

contact for the rust one of the heads exists at the take off velocity. 

6. The method of claim S cOmprising tbe further stepS of:·· 

providing a spectnam analymr; and 

using the spectnlm analyzer to perform a spectn1m analy-is of the FM 

demodulation to determine amplitudes of frequency components o~f'._!th~eL------
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demodulated reld ·back signal ~used by slider/d,lsk contact. 

7. The metbQd of claim 6 comprising the funher steps of: 

.· providin& a peat· detector arranpd to m:eive the amplitudes; and 

operating the peak detector to compare the amplitudes to a threshold value 

and to indicate rejection of the disk drive when any amplitude exceeds the 

threshold value. 

8. The method of clabn S comprising the.further steps of: 

when the indicated JOtational velocity exceeds· the duesbold value using a 

second one of the heads of the disk drive to write a signal having a substantially 

uniform pattern on the respective disk as tbe disk rotates .at a fll'St preselected 

rotational velocity; 

tbemafter rotating the disk at a second preselected rotational velocity; 

while rotating at the second preselectcd rotational velocity'· using the 

second one. of the heads to read back the signal written at the rmt preselected 

rotational velocity; and 

perfonning an FM demodulation of the read back signal through a 

frequency ·mnge corresponding to a range of natutal frequencies of vibration of 

the flexure caused by slider/disk contact; 

wherein one of the first and second rotational velocities is set to be 

approximately equal to a desired or landing take off velocity of the head, such 

that the FM demodulation of the read back signal indicates whether slider/disk 

contact for the second one of the heads exists at the take off velocity. 

9. A method for testing for slider/disk contact in a disk drive 

comprising a piurality of rotating disks and ·at least two heads, each mounted by 

an actuator for selective positioning of the head over a respective one of the 

disks, each head having a slider, and a spindle motor for rotating the disk, 

comprising the StepS of: 

providing power to the spindle motor to cause rotation of the disks at a 

preselected rotational velocity corresponding to a rotational velocity designed for 

the disks during nonnal read/write operation; 
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thereafter withcbawing power fn;m the spindle motor such that the disks 

spin .down to mro rotadonal velocity; 

while the disks sphl clown 10 7.en> rotltiOnal velocity, forming an acoustic 

coupling betweeli an acoustic •iukm sensor bavirig an e1eCtric output and the 

spindle motor to· pmvide fint electric· signals n=pmentative• of acoustic emissions 

from the spindle motor~ Dlclwting acoustic Cmissiona caused by alider/disk 

contact; 

while the disks spin down to 7.en> rotational velocity, monitoring the 

rotatioDal velocity ·ot the dist; 

monitoring the first electric sipals for a· tint mdication of slider/disk 

contact; ·and. 

indicatin& the rotational velocity of the disb at the time of the first 

indication of slider/disk contact; 

comparing the indicated rotatiOnal velocity to a tblesbold value relevant to 

a desired take-off or· landing velocitY for the heads of the disk drive; 

when tbe indicated. roratiQDll velocity exceeds ·tbe tlueshold ·value:~· 

rotating the disks of the disk drive at a first preselected RJtational 

velocity; 

using one of the heads of the disk drive to write a· signal having a 

substantially uniform pattern on the respective disk as it rot.ates at the first 

preselected rotational velocity; · 

thereafter rotating the ·disk at a second pm;elected rotational· Velocity; 

while IOlaling at the second preselected· JOtational velocity, using the one 

of the heads to R*1 back the signal written at the first pi'melected rocational 

velocity; 

pmforiiling an FM demodulation of the· Rad back signal through a 

frequency range· corresiJondiilg tO a range of nalural frequencies of Vibration 

caused by slider/disk contact; and . 

perfomUng ·a spectrum analysis of the PM demodulatian to determine 

amplitudes of mquency components of the demodillated read back signal caused 

by slider/disk contact to determine the tab-off velOcity of tbe one of the heads. 

10. A method for testing for slider/dist contact ma disk drive 
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comprising a fut.ting disk and a head mounted by.·an actuator for selective 

positioning of the head over the disk, the bead having a slider, and a spindle 

motor f0r mtating the disk, comprising the steps of: 

providing power to tbe sp~e motor to cause rotation of the disk at a 

piaelected rotational velocity corrmponding to a rotational velocity designed for 

the dislc during normal read/write operation; 

thereafter withdrawing power from the spindle motor such that the disk 

·spins down to mro rotational velocity; 

while the disk spins down to mo rotational velocity, using a fluid layer 

to form an acoustic coupling between an acoustic emission sensor having an 

electric output and the spindle motor to provide first electric signals 

n:pn:sentative of acoustic emissions from the spindle motor,. including acoustic 

emissions caused by slider/disk contact; 

while the disk spins down to zero rotational velocity, monitoring the 

rotational velocity of tho disk; 

monitoring !he first electric signals for a first indication of slider/disk 

contact; and 

indicating the rotational velocity of the disk at the time of the first 

indication of slider/disk contact. 

II. The method of claim 10 wherein the fluid comprises aJcohol. 

12. A method for testing for sli;der/disk contact in a disk drive 

comprising at least one rotating disk and at least two heads, each. mounted by an 

actuator for selecti.ve positioning of the head over a. respective one of the at least 

one rotating disk, each head having a slider, and a spindle motor for rotating the 

at least one rotating disk, comprising the steps of: 

providing power to the spindle motor to cause rotation of the one at least 

one disk at a preselected ·rotational velocity corresponding to a rotational velocity 

designed for the at least one rotating disk during nonnal read/write operation; 

thereafter withdrawing power from the spindle motor such that the at least 

one rotating disk spins down to zero rotational velocity; 

while the at least one rotating disk spins down to zero rotational velocity, 
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funning an ICoastic coupBng between an acoustic emission scmor having an 
electric output and the spindle motor to provide first· electric signals 

. representative of acoustic emissions from· the spindle mOtor, including acoustic 

emissions caused by slider/disk contact; 

while the at least one rotating disk spins down to zero rotational velocity, 
monitoring the rotational velocity of the at least one rotatint ·disk; 

monitoring tbe·ftnt electric signals for a ftrst lndic8don of sDder/disk 

contact; and 

iJidicatiaa the mladoaal velocity of the at ·.- one rotating disk at the 
time ·of the first iDdication of slider/clilt contact· 

' ' ' 
comparing. tbe indicated ·rotational· veloc.ity to a tluahold value relevant to C 

' ' 

a desUed tab-off or landing veJocity for the beids of the ·disk· driw; 

when the indicated rotationil velocity exceeds the tbleshold value: 

roiating the at 1eUt one disk of the disk drive at a ftnt preselected 

rotational velocity; 

using one of the mads of the dis1t drive ·to write· a· signal having a 

substantially uniform pattein on the respective disk as it rotates at the f"mt 

preselected rotational velocity; 
thaafter mlating the dist at a· second· preselectm JVtidonal· velocity; 

while rotating at the second preselected rotational velocity, using the one 

of the heads to Rad back the signal written at the first preselected rotational 

velocity; 

perfonning an FM demodulation Of die. nsad back signal through a 

frequency range· c:onespcmding to a ralige of natural frequencies of vibJation 

caused by slider/disk contact; and 

performing· a specUUm analysis of the FM delilodulation to determine 

amplitudes of frequency COJDpodelltS of the demoduJaled Je8d back signal caused 
by slider/disk contact to detennine the tako-oft' velocity of the one of the heads. 
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