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1. Field of the Invention '~ The present invention relates to PO
magnetical ly driven positioning devices. A nore particular aspect of the

I nvention concerns an inexpensive system ampd nethod for determ ning the
orientation of a coil driven actuator armin a magnetic disk drive w thout
the aid of servo signals fromthe disk.

SERVO-FREE VELOCITY ESTIMATOR FOR COIL
DRIVEN ACTUATOR ARM IN A DATA STORAGE DRIVE

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to magnetically driven positioning devices. A more
particular aspect of the invention concerns an inexpensive system and method for determining

~ the orientation of a coil driven actuator arm in a magnetic disk drive without the aid of servo
signals from the disk.

2. Description of the Related Art
- During normal operation of a data storage disk drive, such as a magnetic disk drive,

a read/write head senses servo signals stored on a disk as the read head glides across the disk
surface. A servo controller interprets the servo signals, and uses these signals to adjust the
head’s position relative to the disk surface. The servo controller moves the head, either to
‘maintain a desired head position or to travel to a new position, by movmg an actuator arm
whose tip is secured to the head

During certain situations, however, servo signals are not available to guxde or position
the head. For instance, the operation of "parking" the head moves the head away from the
region of the disk surface containing data. Consequently, guidance of the head to and from
a "park” position cannot be conducted using servo signals.

To overcome this problem, various known methods estimate head velocity by

analyzing certain electrical characteristics of an actuator’s voice coil motor ("VCM"), which



2. * Description of the Related Art During normal operation of a
sdata storage disk drive, such as a magnetic disk drive, a read/wite head
senses servo signals stored on a disk as the read head glides across the
di sk surface. A servo controller interprets the servo signals, and uses
these signals to adjust the head's positio®relative to the disk surface.
The servo controller noves the head, either to maintain a desired head
position or -to travel to a new pogition, by noving an actuator arm whose
tip is secured to the head. During certain situations, however,
servo signals are not available to guide or position the head. For

I nstance, the operation of "parking" the head noves the head away fromthe
region of the disk surface containing data. Consequently, guidance of the
head to and froma "park" position cannot be conducted using servo signals.
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anal yzing certain efectrical characteristi'és of an actuator s vol cé co
mot or (" VCM {calledha tivice coil") secured to the actuator arm, and one or more permanent magnets. The 2

coil is positioned within the magnetic field of the permanent magnets. Thus, applying a
current through the voice coil creates a magnetic force that moves the actuator arm relative
to the permanent magnet. |

Some known methods estimate the velocity of the actuator arm using the back-emf
voltage ("Vyene' OF "back-emf”) present across the voice coil. The back-emf is the voltage
drop across the voice coil due to the coil’s motion through the field of the permanent
magnets. The back-emf is therefore the inductive component of the voltage drop across the
voice coil. The back-emf is proportional to the actuator arm’s velocity in the ratio of a

_ known constant. ' . _

One approach to estimating the arm’s velocity involves the following steps. First,
the total voice coil voltage is measured, then this sum is converted to the digital domain with .
an analog-to-digital ("A/D") converter. Next, the calculated ohmic portion of the coil voltage
is digitally subtracted, leaving the inductive portion of the coil voltage, i.e., the back-emf.
The ohmic portion of the coil voltage may be calculated using a previous measurement of coil

. resistance and a measurement of the coil current. The resistance is usually measured while

the actuator arm is stationary, by measuring the voltage across the voice coil while applying
a VCM current that produces no actuator motion. '

Although this approach may be adequate for some applications, it may be
unsati_sfactory for disk drives that cannot afford the expense, space, or processing required to
operate an A/D converter.

Another approach estimates back-emf by measuring total coil voltage, and subtracting

in the analog domain an estimate of the portion of the coil voltage attributable to coil
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i s’'used.to position the actuator arm Broadly, the VCMincludes a wound
conductive coil (called a "voice coil") secured to the actuator arm and

one or nore permanent magnets. The coil is positigned within the magnetic
field of the permanent nmagnets. Thus, appliing a CYffceair f e voice
coil creates a magnetic force that noves the actuptor ég t to the
per manent magnet. Sonme known net hods esti ity gf the
actuator armusing the back-enf voltage ("V[err]" or "back-enf") present
across the voice coil. The back-enf is the voltage drop across the voice

coil due to the coil's notion through the field of the permanent magnets.
The back-enf is therefore the inductive conponent of the voltage drop

. across the voice coil. The back-enf is proportional to the actuator arms
velocity in the ratio of a known constant. One approach to

estimating the ar .velocity involves the follagwn e FLL
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from a number of different conditions. For example, normal disk drive operations typically
involve heating and cooling of the voice coil, which cause temperature-dependent excursions
in the voice coil resistance. In acfdition, voice coil resistance may also vary from anticipated
values due to manufacturing variations. As a result, estimations of back-emf dependent upon
a fixed value of coil resistance are not accurate under all circumstances.

This potential inaccuracy is further compounded while removing an actuator arm from
a parked position, since the current through the voice coil, and hence the voltage drop due
to resistance of the coil, is substantially greater than the current during other actuator
movement. In particular, breaking free from a magnetic latch can require large forces: with
a coil current on the order of one amp, and a deviation in coil resistance of = two ohms, the

estimated back-emf may be two volts off. In some systems, this may lead to a velocity

estimate having an error of + one meter per second.

il SUMMARY OF THE INVENTION
Broadly, the present invention concerns an inexpensive system and method for

determining the orientation of a coil driven actuator arm without the aid of servo signals.
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oper'ate an A/ D converter. Anot her approach estimates back-enf by
*measuring total coil voltage, and subtracting in the anal og domain an
estimate of the portion of the coil voltage attributable to coil _

3 resistance. This estimate is generated by sanpling the voltage
across a sense resistor coupled in series wigh the voice coil, and
multiplying this voltage by the ratio between a nom nal coil resistance and
the nom nal sense resistance. This approach is explained in Eaton et al.,

"I nproved Back El ectromagnetic Force Voice Coil Mtor Controller”™, |BM
Techni cal Disclosure Bulletin, Vol. 38, No. 11, Novenber 1995. This
reference is incorporated by reference in its entirety.

One embodiment of the invention comprises an apparatus embodied in a velocity-estimator,
which may be implemented in an environment including a head actuator assembly having a
voice coil secured to an actuator arm. The velocity estimator includes a coil sensor to
measure analog voltage across the conductive coil. A sample-hold unit is coupled to the
analog coil sensor. Responsive to receipt of a sample-activation signal, the sample-hold unit
stores’ an analog signal proportional to the voltage measured by the coil sensor.
Advantageously, this voltage is measured when the coil voltage drop is solely attributable to
the resistance of the voice coil, i.e. when the actuator arm is stationary. An analog summer
has a first input coupled to the qutput of the sample-hold unit and a second input coupled to
the c.:oil sensor. The summer has a summer output providing a signal rei:resentative of the
voltage being measured by the coil sensor minus the si@ﬂ being stored by the sample-hold

~unit. In this configuration, the summer output therefore provides a back-emf signal,
représen_ting an estimate of the actuator arm’s velocity.

Advantageously, the velocity estimator may also operate using an alternate
measurement of voltage drop across the voice coil. Namely, a sense resistor is coupled in
series with the conductive coil, and a sense amplifier is provided to measure analog voltage
across the sense resistor. A multiplier coupled to the sense amplifier is used to multiply the
analog voltage measured by the sense resistor sensor by a predetermined amount; this amount
is the nominal resistance of the conductive coil divided by the nominal resistance of the sense
resistor. As a result, the multiplier provides a signal representing the portion of coil voltage
drop-due to coil resistance. A switch is responsive to a first switch-activafion signal to couple
the sample-hold unit to the summer. The switch is also responsive to a second switch-

" activation signal to couple the multiplier to the summer. Thus, the switch alternatively



Altﬁough useful in sone circunstances, the Eaton approach does not e nt
*for wvariations in coil resistance fromthe estimted coi|_LesiShag
variations may result froma nunber of different condg gﬁpsﬂi‘o\ gxanply
normal di sk drive operations typically involve heatin§‘and ggo ol t he
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resistance. In addition, voice coil resistance may al so vary from

antici pated values due to manufacturing variations. As a result,
estimations' of back-enf dependent upon a fixed value of coil resistance
are not_accurate under all circunstances. This potential inaccuracy
s further conpounded while renoving an actuator armfrom a parked
position, since the current through the voice coil, and hence the voltage
drop due to resistance of the coil, is substantially greater than the
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i nvention concern an inexpensive systemfor determning the orientation of
a coi |l dri ven sigpelg ftooy the disk(s).t Incone implemenigtion, adisst wnaleg vplapeis measured across the

voice coil while concurrently holding the actuator arm in a fixed position and generating a

first electrical current (having a first magnitude and first direction) in the voice coil. Then,
a signal representative of the first measured analog voltage is stored. Next, a second
predetermined electrical current is generated in the voice coil. This current has the first -
magnitude but a second direction of flow opposite the first direction. . Concurrently, a second
analog voltage across the conductive coil is measured. An anélqg estimated velocity signal
is produced by subtracting the stored signal from the measured second analog voltage. This
signai can be integrated to produce an analog position signal.

Alternatively, or in combination, steps may be performed to determine an alternate
measure of actuator arm velocity. First, current through the conductive coil is measured or
estimated. An estimated coil resistance voltage signal is then generated by multiplying the
voltage measured across the same resistor by a ratio of nominal voice coil resistance and
nominal sense resistor resistance. An alternate analog estimated velocity signal can then be
produced by subtracting the nominal coil resistance voltage from a measured analog coil
voltage. This estimated Qelocity signal may be useful, for example, if the coil current has
changed since activation of the éample—hold unit., .rendering the original estimated coil
resistance voltage signal inaccurate.

) The invention affords its users with a number of distinct advantages. One

implementation of the invention, for example, provides an inexpensive apparatus and

i



4 ~One enbodi rent of the invention conprises an apparatus enbodied in
= avelocity estimator, which may be inplenented in an environnent i ncluding
a head actuator assenbly having a voice coil secured to an actuator arm
The velocity estimator includes a coil sensor to measure anal og voltage
across the conductive coil. A sanple-hold ¢nit is coupled to ,
coil sensor. Responsive to receipt of a sanple-acti -6
sanpl e-hold unit stores an anal og signal proportior "
measured by the coil sensor. Advantageously, this VWItagéR pasured when
the coil voltage drop is solely attributable to the ' t he voice
coil, i.e. when the actuator armis stationary. An anal og sumrer has a
first input coupled to the output of the sanple-hold unit and a second

i nput coupled to the coil sensor. The sumrer has a sumrer output providing

a signal representative of.the voltage being.neasured by the cail sensqr
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representing an estjmate of the actuator arm s velocity. . . .
Advant ageous |e§timetsebagktemdiby pemally meagringa poamation spibveltage with agredatermined epik e
measur ement Qhurfl Ao EuBRAAREINS vhILE MU el tag MR Yoovinéift B hESAS! O
is coupled in series wt tﬁe conductive coil, andga sefise anplifier Is
provi ded to reeasusing the atmegymaghitudlgeof current. The invention thus avoids inaccuracies that can

arise when coil resistance varies from a nominal value due to factors such as temperature or
manufacturing. Also, the invention may advantageously be implemented without requiring

the expense and complexity of analog-to-digital converters.

BRIEF DESCRIPTION OF THE DRAWINGS
The nature, objects, and advantages of the invention will become more apparent to
those skilled in the art after considering the following detailed description in connection with
the aécompanjring drawings, in which like reference numerals designate like parts throughout,
wherein:
FIGURE 1 is a diagram of the hardware components and interconnections of a data
storage drive in accordance with the invention.
FIGURE 2 is a schematic diagram illustrating hardware components and
interconnections in a velocity estimator in accordance with the invention.
FIGURE 3 is a flowchart illustrating steps involved in an illustrative latch break
sequence in accordance with the invention. _ .
- FIGURE 4 is a flowchart illustrating steps involved in an illustrative loss of servo
signal sequence in accordance with the invention.
FIGURE 5 is a flowchart illustrating steps involved in an illustrative ramp unload

sequence in accordance with the invention.
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acrbss the sense resistor. Anultiplier coupled to the sense anplifier is
cused to nultiply the anal og voltage neasured by the sense resistor sensor
by a predeterm ned anount; this anmount is the nom nal resistance of the
conductive coil divided by the nom nal resistance of the sense resistor. As
aresult, the nultiplier provides a signalyrepresenting the portion of coi
vol tage drop due to coil resistance. A switch is responsive to a first
switch-activation signal to couple the sanple-hold unit to the sumrer. The
switch is also responsive to a second switch- activation signal to couple
the multiplier to the sumrer. Thus, the switch alternatively

-5- provides the summer with the output signal fromthe sanple-hold unit
or the output signal fromthe nultiplier. Enbodi nents of the
invention may afford its users with a nunber of distinct advantages. One

I npl ement ati on of j | , #ﬂg kﬂﬁﬁﬁﬁ lve
apparatus for det gﬁf‘%@%ﬁ?ﬁ%ﬁ?ﬁ?@%ﬁ Pala?:%)'?“{ rﬁi@g[r%i actuator in a
di sk drive without the aid of servo signals fromthe disk(s). Unlike the

prior art, an enbodi ment of the inventj accurately estimtes
back-enf by actually neasuring a no-nn#ﬂ@%aﬁgﬁﬁ voltage with a

pr edet er m negafdRidre EdVic@mdent and t hen subtracting this value fromthe coil

vol tage during novenent of the actuator arm using the sanpe mgnitude of,
current. _ One aspect of the invention concerns a data storage drive with features to determine

the velocity of a coil driven actuator without the aid of servo signals. As an example, this
system may be implemented in the data storage drive 100 of Figure 1. As shown in Figure
1, the drive 100 includes a disk 102, which may comprise one or more magnetic digital data
storage disks or optical disks. An actuator arm 104 is positioned proximate the disk 102, and
pivots about a point 105 to move radially as shown by an arrow 106.

The actuator arm 104 includes a read/write heaa 108, secured to the actuator arm 104
at a location such as a distal end of the arm 104. The read/write head 108 may, comprise a
transducer for reading and writing data to a magnetic medium, an optical head for exchanging
data with an optical medium, or another suitable read/write device. The arm 104 also
includes a voice coil 110, which moves relative to one or more magnets 112 when current
flows through the voice coil 110. The voice coil 110 and magnets 112 provide a VCM,
which may be embodied by a new or conventional VCM, depending upon the needs of the
application.

A servo controller 114 generates and applies current to the voice coil 110, viaa VMC
driver 115. The servo controller 114 guides the arm 104 to position the read/write head 108
over a desired track of data. This process is aided using feedback in the form of servo signals
received by the read/write head 108.

' The disk drive 100 also includes a velocity estimator 116 coupled to the voice coil 110

to determine characteristics such as head 108 position and/or velocity. In the illustrated



| naccuraci es that can arise when coil resistance varies froma nom na

« value due to factors such as tenperature or manufacturing nmay thus be
reduced or avoided. Also, enbodi nents of the invention nay advantageously
be inmplenmented without requiring the expense and conplexity of

anal og-to-digital converters. 8

- 6- BRI EF DESCRI PTI ON OF THE DRAW NGS The

nat ure, objects, and advantages of the invention will becone nore apparent
to those skilled in the art after considering the foll ow ng detailed
description in connection wth the acconpanying draw ngs, in which Iike

reference nunerals designate |ike parts throughout, wherein: FI GURE
1 is a diagramof the hardware conponents and interconnections of a data
-storage drive in accordance with the invention. FIGURE 2 is a
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FIGURE 3 is am‘ebmwebamy sifalsSieprRbdnigive bEMS rddi 0¢luelt) dntl paditidn, kdspdctiaéliy Vof the

lateh br eak\ actuator arm 104. Operation of the velocity estimator 116 is discussed in greater detail
" below.

The drive 100 may further include a number of further components (not shown), such
as a ramp across which the actuator arm 104 moves to a parked position, a latch to hold the
actuator arm 104 in the parked position, a disk drive housing, bearings, and a variety of other
components. These components, which are not shown for ease of illustration, may be

provided by commercially available components, or components whose construction would

be apparent to an ordinarily skilled artisan having the benefit of this disclosure.

Velocity Estimator 116

i i

The hardware components and interconnections of the velocity estimator 116 are

illustrated further in Figure 2. For clarity of illustration, Figure 2 does not show a number

of components, e.g., the actuator arm 104 and magnets 112.

VM

The voice coil 110 (also called "coil") is electrically connected between a voltage
supply 200 and electrical ground 202. The voltage supply 200 may originate from a source
such as the VMC driver 115. The voltage supply 200 serves to generate a current (1) to flow -

in the coil 110. Although not shown, the coil 110 includes both an inductance (L) and a
resistance (R)).



séquence in accordance with the invention. FIGYURE 4 is a flowhart

. Illustrating steps involved in an illustrative |loss of servo
si gnal sequence in accordance with the invention. FIGURE 5 is a
flowchart illustrating steps involved in&?n illustrative ranmp unl oad
sequence in accordance with -the inventi or.
7 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
STRUCTURE

Sense Resistor

A sense resistor 204 may be coupled in series with the coil 110. The sense resistor
204 preferably comprises a relatively small resistance, provided to sense current through the
coil 110. In this regard, a sense amplifier 206 is coupled across the sense resistor 204 to
measure the voltage drop (V,) across the sense resistor 204. Similarly, a coil sensor 208 is
coupled across the coil 110. Each of the sense amplifier 206 and coil sensor 208 may

comprise, for example, an operational amplifier.

Summer

A summer 210 receives the signal provided by the coil sensor 208 and subtracts one
of the following signals: (1) a sample-hold signal from a sample-hold unit 212, when a first
switch 216 is in position B (as iillust;ated), or (2) an estimated coil resistance signal from a
multiplier 214, when the switch 216 is in position A. A second switch 218 selectively
connects (position D) or disconnects (position C) the sample-hold unit 212 to/from the coil
sensor 208 and summer 210. Preferably, the first and second switches 216/218 comprise
electronic switches.

As discussed in greater detail below, the output of the summer 210 represents the
back-emf of the coil 110. This output signal is available on the line 118, which is coupled
to the servo controller 114 as shown in Figure 1. In the illustrated implementation, the back-

emf signal represents the radial velocity of the actuator arm 104.

Sample-Hold Unit

The sample-hold unit 212 comprises an analog circuit for sampling the coil voltage

" (V) when the switch 218 is closed, and for holding this voltage level. Preferably, the



Har'dwar e Envi r onnent One aspect of the invention concerns a data
storage drive with features to determ ne the velocity of a coil driven
actuator without the aid of servo signals. As an exanple, this system may
be inplenented in the data storage drive 100 of Figure 1. As shown in
Figure 1, the drive 100 includes a disk 18®, which may conprise one or nore
magnetic digital data storage disks or optical disks. An actuator arm 104
is positioned proximte the disk 102, and pivots about a point 105 to nove
radially as shown by an arrow 106. The actuator arm 104 includes a
read/ wite head 108, secured to the actuator arm 104 at a |ocation such as
a distal end of the arm 104. The read/wite head 108 nmay, conprise a
transducer for reading and witing data to a nmagnetic nedium an optical
head for exchanging data with an optical medium or another suitable

read/ wite device, .The. | so _ingl ud a.voice colil 110, whjch noves
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‘the arm 104 to position the read/wite head 108 over ed track o
data. This process is aided using feedback in the formof servo signals
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i11Tustrated coefficient. In the illustrated embodiment, this coefficient represents the ratio between a
nominal resistance of the coil (R,,) and a nominal resistance of the sense resistor (R,). As
an example, the nominal coil resistance may be a predicted value of coil resistance, or the
resistancé of the coil 110 measured under prescribed conditions. Likewise, the nominal sens:e
resistanc? may be a predicted sense resistance, or resistance of the sense resistor 204
measured under certain prescribed conditions. Each value of nominal resistance, however,
may differ from the actual resistance at any time, however, due to factors such as
temperature, manufacturing variations, etc.

The output of the multiplier 214 may be expressed by Equation 1:

multiplier output = V_ * (R_/R)) (1]

The sense voltage divided by the sense resistance equals the coil current, as shown in

Equation 2.

V,/R =1, [2]



8 ~exanple, the estimator 116 includes a velocity output line 118
‘and a position output line 120. These lines carry signals representative of
the radial velocity and position, respectively, of the actuator arm 104.
Qperation of the velocity estimator 116 is discussed in greater detai

bel ow. The drive 100 may further incliade a nunber of further
conponents (not shown), such as a ranp across which the actuator arm 104
noves to a parked position, a latch to hold the actuator arm 104 in the
parked position, a disk drive housing, bearings, and a variety of other
conponents. These conponents, which are not shown for ease of illustration,
may be provided by commercially avail abl e conponents, or conponents whose
construction woul d be apparent to an ordinarily skilled artisan having the
benefit of this disclosure. Vel ocity Estimtor 116 The har dwar e
components an dAt{d? Eh%rch %Gfrgxgtl Iglﬂtslpl?efd l;yhtﬁe Xgrlni%gll cto}/l rees?sttalngggy%rroxji&lgte? ’Eh% voltage drop

in the coil due to its resistance, as shown in Equation 3.
V=L *R, ' (31

Therefore, substituting Equations 2-3 into Equation 1 shows that the output of the multiplier
214 represents the voltage drop in the coil attributable to its resistance, as shown in Equation
4,

multiplier output =1 * R, =V, ' 2]

Integrator ' ;-

Optionally, the velocity estimator 116 may also include an integrator 220. The
integrator 220 integrates the output of the summer 210. As the summer 210 outputs the back-
emf voltage of the coil 110 (a measure of actuator arm velocity), the integrator 220 provides
an indication of actuator arm position relative to a known starting position. This output signal
is available on a line 120, which is directed to the servo controller 114 as shown in Figure

1. In the illustrated implementation, this represents the radial position of the actuator arm
104. |

Comparator Banks
Optionally, the velocity estimator 116 may also include a number of comparators to
compare the position and/or velocity output signals with pre-established values. The

illustrated embodiment includes a velocity comparator bank 230 and a position comparator



illdstrated further in Figure 2. For clarity of illustration, Figure 2 does
- not" show a nunber of conponents, e.g., the actuator arm 104 and nmagnets
112. VCM The voice coil 110 (also called "coil") is

el ectrically connected between a voltage supply 200 and el ectrical ground
202. The vol tage supply 200 may originate ffppma source such as the VMC
driver 115. The voltage supply 200 serves to generate a current (I[err])
to flowin the coil 110. Al though not shown, the coil 110 includes both an
i nductance (L[err]) and a resistance (Rlerr])."-

9 -

bank 228. In the illustrated embodiment, each comparator bank 230/228 includes one or
more comparators, each comparing the input signal with a different predetermined comparison

| signal. Each comparator, for example, may provide one output if the ini_:ut signal exceeds
the comparison signal, and a different output if the input signal is less than the comparison
signal.

For example, the velocity comparator bank 230 may compare the estimated velocity -
signal with a very small signal to determine whether the actuator arm 104 is moving. The
velocity bank 230 may also compare the estimated velocity signal with other signals,
appropriately calibrated, to determine whether the actuator arm 104 is moving in one
direction, the opposite direction, faster than an established threshold, slower than an
established threshold, etc. |

The position comparator bank 228 may compare the estimated position signal with
different comparison signals to determine whether the actuator arm 104 is excessively close
to a crash stop, where the actuator arm 104 is along the ramp, etc.

Preferably, the comparator banks 228, 230 employ analog comparators, for simplicity
of design and ease of implementation. However, analog-to-digital converters may be used

instead or in combination, if permitted by design considerations such as space, expense, power

availability, etc.

Manufacture
.- Preferably, the components of the velocity estimator 116 are impleﬁxented in the form -
of an application specific integrated circuit ("ASIC", also called a "custom IC"). This
‘optimizes the space, reliability, and cost of the circuit. However, the velocity estimator 116

may alternatively be implemented using discrete circuit components if desired.



SenSe Resi stor A sense resistor 204 may be coupled in series with

« the coil 110. The sense resistor 204 preferably conprises a relatively
smal | resistance, provided to sense current through the coil 110. In this
regard, a sense anplifier 206 is coupled acrgss the sense resistor 204 to
measure the voltage drop (V[err]) across t hd3sense resistor 204. Simlarly,
a coil sensor 208 is coupled across the coil 110. Each of the sense
anplifier 206 and coil sensor 208 nay conprise, for exanple, an operational
anplifier. Summer A sumrer 210 receives the signal provided
by the coil sensor 208 and subtracts one of the following signals: (1) a
sanpl e-hol d signal froma sanple-hold unit 212, when a first switch 216 is
in position B (as illustrated), or (2) an estinmated coil resistance signal
froma multiplier 214, when the switch 216 is in position A. A second
switch 218 sel ectively connects (ppsiti(qugyﬂgbbﬂlsconnects (position O
the sanple-hold unit 212 to/fromthe coil sensor 208 and sunmer 210.
Preferably, the fi rstaddition sethevariews hagdvware Embqkﬁmsntsdwptnb@@beveeetdi@wm aspect

Swi t ches. As di.scussed in AR
surmer 210 r eptt RSy BR £ R SR el ey s BBl i e
avai |l abl e on tseragd drével 18, which is coupled to the servo control ler 114 as
shown in Figure 1. In the illustrated inplementation, the back- enf signal
represents the radial velocity of the actuator arm 104.
Sanpl e- Hol d Uny dtch Break OpeRiiog @l e-hol d unit 212 conprises an anal og

[ the coll

circuit for sanpli an vol t age
- igure 3 shows a sequence of method steps 300 to illustrate one example of the

method aspect of the present invention. For ease of explanatlon, but without any limitation
intended thereby, the example of Figure 3 is described in the context of the storage drive 100
and velocity estimator 116 described above. I |
Generally, the steps 300 serve to un-park the actuator arm 104 by removing the arm
from a latch (not shown) used to hold the arm in its parked position. As is known in the art,
an actuator arm is unlatched by moving against its latch with sufficient force to release or
“break" the latch. The steps 300 begin in task 302, which begins a procedure for calibrating
the sample-hbld unit 212. Task 302 begins with the actuator arm 104 being held in place by
the latch. In this position, the actuator arm 104 is considered to be parked.
First, the servo controller 114 applies a predetermined coil current (-I) to the coil 110.
For sufficient force to break the latch, -I, may be around 1 amp as an example. The direction
of this current is selected to urge the actuator arm 104 toward the crash stop (not shown).
qu_vever, the crash stop prevents the arm 104 from moving. Thus, the voltage across the coil
(VJ)-at this time is due entirely to coil resistance (R.), with none of .the voltage being
attributable to back-emf. In task 304 the sample-hold unit 212 samples the coil voltage and
" stores this sampled signal: While this voltage is being sampled, the switch 218 must be

closed.



(VM err]) when the switch 218 is closed, and for holding this voltage |evel.
‘Preferably, the ' 10
sanpl e-hold unit 212 holds the sanpl ed signal continuously until another
sanple is-taken. In the illustrated enbodi ment, the sanple-hold unit 218

i ncl udes a control line 219 coupled to the ¥rvo controller 114. By placing
a predeterm ned signal on the control line 219, the servo controller 114
activates the sanple-hold unit 218, causing it to sanple the coil voltage.
Mul tiplier The nmultiplier 214 serves to multiply the sense voltage

(V[err]) by a predeterm ned

Next, in task 306 the servo controller 114 applies an opposite predetermined coil
current (+1_) to move the actuator arm 104 away from the crash stop and toward the disk 102.
In the illustrated embodiment, the coil current (+I)) may be about one amp, maintained for
about five milliseconds. Concurrently, the back-emf of the coil 110 is monitored to provide
an estimation o-f actuator arm velocity. In particular, the switch 216 is set to couple the
sample-hold unit 212 to the summer 210. The summer 210 therefore reduces the total coil
voltage (V,) by the coil voltage due to resistance, resulting in the back-emf (i.e., voltage due
to the inductive component of the coil). During task 306, the switch 218 is open.

The back-emf may be divided by a predetermined constant (k) to provide an
estimation of velocity, as shown in Equation 5 below. The constant (k) may be about two

volts/meter/second, for example.
estimated velocity = back-emf / k 5]

As part of task 306, the servo controller 114 may perform additional steps (not shown)
to correct the actuator arm’s velocity to a predetermined velocity. This is achieved by
comparing the estimated velocity to the predetermined velocity, and either increasing or
decreasing the coil current appropriately.

After task 306, query 308 determines ‘whether the arm 104 has started moving yet.
This is achieved by using the velocity comparator bank 230 to determine whether the
estimated velocity is greater than zero. To accommodate a margin of érror, task 306 may
élternati\?ely determine whether the estimate velocity exceeds a predetermined velocity slightly

: greater than zero, e.g. one meter per second. In an alternative embodiment, instead of

determining whether the actuator arm has a non-zero velocity, the position comparator bank



coefficient. In the illustrated enbodinent, this coefficient represents the
. rati o between a nom nal resistance of the coil (Rerr]) and a nom na

resi stance of the sense resistor (Rerr]). As an exanple, the nom nal coi
resistance may be a predicted value. of coil resistance, or the resistance
of the coil 110 neasured under prescribed tonditions. Likew se, the nom nal
sense resistance nmay be a predicted sense resistance, or resistance of the
sense resistor 204 neasured under certain prescribed conditions. Each val ue
of nom nal resistance, however, may differ fromthe actual resistance at
any tinme, however, due to factors such as tenperature, manufacturing

variations, etc. The output of the multiplier 214 may be expressed
by Equation 1: mul tiplier output = V[err] *
(Rlerr]/Rerr]) [ 1] The sense voltage divided by the sense

{/FZ Ir ﬂ a/n CeR[ :??{H xila)% fb:\?srgii’ td defetholife Whettts oM B Bﬂﬁ#@gtioﬂ'ﬁagchanged from an initial

position.
If the arm 104 does not move, task 307 selects an increased coil current to boost the
- magnetic force applied to the arm 104. Then the calibration steps 302/304 are repeated, and
attempts are renewed to break the latch in task 306.

‘When query 308 finds that the arm 104 is moving, the s.ervo controller 114 in task 310
reduces the coil current (+1) for ongoing movement of the arm 104. Initially moving the
actuator arm requires a significantly larger coil current than ongoing movement or the arm.
However, the estimate of back-emf based on the sample-hold unit 212 is only accurate for
the specific value of coil current used during calibration (tasks 302-304). Therefore, having
reduced the coil current, taék 312 is performed to begin using a different estimate of bél(:k-
emf, which is broadly applicable to different coil currents. Namely, task 312 operates the
switch 216 to couple the multiplier 214 to the summer 210. As a result, the back-emf is

determined as shown in Equation 6, below.
estimated back-emf=V_- V, (R, /R,) 6]

This estimate of back-emf is not as precise as estimates employing the output of the samp'le-
hold unit 212, since the actual coil resistance (R} varies from the nominal value (R.,) with
changing temperature and manufacturing conditions. However, having reduced the coil
current in task 312, the output of the multiplier 214 is substantially smaller. As a result,
errors in the calculated béck—emf are also small.

After task 312, query 313 integrates the estimated velocity of task 312 to determine

the arm’s position. Using this signal (shown on line 120, Figure 2), query 313 determines



And, the coil current nultiplied by the nonminal coil resistance
< approximates the voltage drop in the coil due to its resistance, as shown
i n Equation 3. Vlerr]=1I[err] *
Rl err] [ 3] Therefore, substituting Equations 2-3
into Equation 1 shows that the output of thg nultiplier 214 represents the
voltage drop in the coil attributable to its resistance, as shown in
Equation 4. mul tiplier output = I[err] *
RL.err] = [4] | nt egr at or

whether the arm is positioned too close to a crash stop (not shown). As known in the art,
crash stops are provided in head disk assemblies to prevent actuator arms from travelling
beyond predetermined radial positions. If query 313 finds that the actuator arm 104 is too
near a crash stop, task 315 reduces the coil current and proceeds to query 317. Query 313
proceeds directly to query 317 if the actuator arm 104 is found to be sufficiently far from a
crash stop. _ '

Query 317 determines whether the head 108 can detect servo signals on the disk 102
yet. If not, control returns to query 313. However, when query 317 determines that the head
108 is receiving a servo signal from the disk 102, this signal is used to determine the position

and velocity of the actuator arm 104, as shown in task 314. The routine 300 then ends in
task 316. ' '

Loss of Servo Signal
Figure 4 shows another sequence of method steps 400 to illustrate a different example
of the meth(-)d aspect of the present invention. Generally, the sequence 400 provides one
embodiment of a method for preventing crash stop impact during operation without any servo
_signal. The sequehce 400 is described in the context of the storage drive 100 and velocity
estimator 116 described above for ease of explanation, but without any limitation intended
thereby. |
Broadly, the sequence 400 determines whether the velocity of the actuator arm 104
is within predetermined limits, and if not, the sequence 400 takes appr-opriate responsive
action. Task 402 depicts normal operation of the drive 100, where the head 108 is positioned
'éccording to servo signals detected from the disk 102. Query 404 asks whether servo signals

from the disk 102 are being properly received. If so, normal operation of the drive 100



Optionally, the velocity estimator 116 may al so include an integrator 220.
* The integrator 220 integrates the output of the sunmmer 210. As the sumrer
210 out puts the back- enf voltage of the coil 110 (a neasure of actuator
armvelocity), the integrator 220 provides_an indication of actuator arm
position relative to a known starting posi??on. This output signal is
avai l able on a line 120, which is directed to the servo controller 114 as
shown in Figure 1. In the illustrated inplenentation, this represents the
radi al position of the actuator arm 104. Conpar at or Banks
Optionally, the velocity estimator 116 may al so i nclude a.nunber of
conparators to conpare the position and/or velocity output signals with

pre-established values. The illustrated enbodi nent includes a velocity
conpar at or bank 230 and a position conparat or
12 continues in task 402. However, if query 404 determines that the head 108 is no longer

properly receiving servo signals, certain actions are taken to ensure that the actuator arm 104
does not contact one of its crash stops.

In particular, query 406 determines whether the actuator arm’s estimated velocity (line
118) exceeds a predetermined inner-diameter-bound ("ID bound”) vélocity limit. In
accordance with the invention, the estimated velocity is'preferably obtained from the signal
on line 118 (Figure 1), as discussed above. In other words, query 406 determines whether
the actuator arm is moving toward the ID too fast. If so, task 408 applies an appropriate
current to the voice coil 110 to move the arm 104 toward the outer diameter ("OD"). After
task 408, control is returned to query 406.

If query 406 determines that the arm’s velocity:does not exceed the ID bound limit,
query 410 is performed. Query 410 determines whether the actuator arm 104 is moving too
quickly toward the OD. Specifically, query 410 deterimines whether the estimated velocity
(line 118) exceeds a predetermined OD-bound velocity limit. If so, query 412 applies an
appropriate current to the voice coil 110 to move the arm 104 toward the ID. After task 412,
control returns to query 406.

After queries 406 and 410 established that the actuator arm 104 is not speeding toward
the ID or OD crash stops, task 414 applies a servo re-acquisition sequence, wherein the
actuator arm 104 and head 108 are operated to re-acquire servo signals from the disk 102.
This step, for example, may involve the application of techniques that should be apparent to
those.of ordinary skill in the art, having the benefit of this disclosure. After the servo signal

is reacquired, the routine 400 ends in task 416. .
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bank 228. In the illustrated enbodi nent, each conparator bank 230/ 228

I ncl udes one or nore conparators, each conparing the input signal with a
di fferent predeterm ned conparison signal. Each conparator, for exanple,
may provide one output if the input signal  exceeds the conparison signal,
and a different output if the input signaIIQS | ess than the conparison

si gnal . For exanple, the velocity conparator bank 230 may conpare
the estimated velocity signal with a very small signal to determ ne whet her
the actuator arm 104 is noving. The velocity bank 230 may al so conpare the
estimated velocity signal with other signals, appropriately calibrated, to
determ ne whet her the actuator arm 104 is noving in one direction, the
opposite direction, faster than an established threshold, slower than an
established threshold, etc. The position conparator bank 228 may

conpare the rahb igd position signal with different conparison signals to

+ det ermi ne whether_the actuator arm 104 is excessively close to a crash

stop, where the JigwWadehows #scnoancest mediog stepeS00inplusirnte 2 differer_lt exii_npt_[e@lf tiel vy,
e, Sompar At AkubaMiiect i 43050k Sy aRBE00 RONIRY, 2" Sl TRl Yol

design and ease of Tnplenentation. wever, anal‘dg-to-ar gl
may be used é¢mixidgmentof airamp umbadhseqirence. The gegnenice S@lishigsattibad fprthe context of the

[ [ e i labilit . .
Nanuf act ur e oragd B To BRE Feroit ERBROsTITA e bRY ieviot bise &5 “alemtionoboty 1
a{. e i npl enmendvithout any lighittornrintended thereby. - '

Broadly, the sequence 500 serves to move the actuator arm 104 along a ramp (not

shown) toward servo signals on the disk 102 prior to acquisition of any servo signals from
the disk 102. As is known in the art, many actuator arms can be parked by moving the

- actuator arm along a rémp toward a crash stop whose location does not permit guidance of
the arm with use of servo signals.

After the steps 500 bégix_x in task 502, task 504 begins a procedure for calibrating the
sample-hold unit 212. Task 50'4 ‘begins with the actuator arm 104 residing against or near
a crash stop along the neighboring ramp. In this position, the actuator arm 104 is considered
to be péu'ked. First, the servo controller 114 applies a predetermined coil current (-I) to the
coil 110. The direction of this current is selected to urge the actuator arm 104 toward the
crash stop (not shown). However, the crash stop prevents the arm 104 from moving. Thus,
the voltage across the coil (V,) at this time is due entirely to coil resistance (R.), with none
of the voltage being attributable to back-emf. In task 506, the sample-hold unit 212 samples
the coil voltage and stores this sampled signal. While this voltage is being sampled, the first
switch 218 must be closed. . |

Next, in task 508, the servo controller 114 applies an opposite predetermined coil
‘current (+]) to move the actuator arm 104 away from the crash stop and toward servo signals

on the disk 102. Concurrently, the back-emf of the coil 110 is monitored to provide an



of *an application specific integrated circuit ("ASIC', also called a
“custom 1 C'). This optimzes the space, reliability, and cost of the
circuit. However, the velocity estimator 116 nay alternatively be

i npl emented using discrete circuit conponegts i f desired.

13 OPERATI ON
addition to the various hardware enbodi nents descri bed above,

In
a different

aspect of :the invention concerns nmethods that esti mat e act uator arm

vel ocity and/or position in a data storage drive.

estimation of actuator arm velocity. In particular, the switch 216 is set to couple the sample-
hold unit 212 to the summer 210. The summer 210 therefore subtracts the coil voltage due
to resistance from the total coil voltage, resulting in the back-emf (i.e., voltage due to the
inductive component of the coil). During task 508, the first switch 218 is open.

The back-emf may be multiplied by a predetermined constant to provide an estimation
of velocity, as discussed above. After task 508, query- 510 determines whether the actuator
arm 104 is moving along the ramp. This is achieved by determining whether the estimated
velocity is greater than zero, or some predetermined threshold such as one meter/second. If
query 510 finds that the actuator arm 104 is not moving, an increased coil current is selected

in task 512 and the velocity estimator 116 is re-calibrated based on the increased current in

-tasks 504 and 506.

After the increased coil current is applied in task 508, query 510 again determines
whether ithe. actuator arm 104 is moving. If so, query 514 determines whether the actuator
arm 104 is moving too fast. This is preferably achieved by using the velocity comparator
bank 230 to compare the estimated velocity signal to an appropriate velocity threshold. If
the arm 104 is moving too fast, task 516 reduces the coil current. However, the estimate of
back-emf based on the sample-hold unit 212 is only accurate for the specific value of coil
current used during calibration (tasks 504-506). Therefore, having reduced the coil current,
task 516 begins using a different estimation of back-emf, which is broadly applicable to
different coil currents. Namely, the switch 216 is operated to couple the multiplier 214 to
the summer 210. As a result, the back-emf is determined as discussed above in association
with the Equation 6. _

Alternatively, if query 514 determines that the actuator arm 104 is not moving too

fast, the present coil current is maintained and task 520 continues to use the velocity estimate



Latch Break Operation Figure 3 shows a sequence of nethod steps 300
to illustrate one exanple of the nethod aspect of the present invention.
For ease of explanation, but without any limtation intended thereby, the
exanple of Figure 3 is described in the context of the storage drive 100
and velocity estimator 116 descri bed above0 General ly, the steps 300
serve to un-park the actuator arm 104 by renoving the armfroma |atch (not
shown) used to hold the armin its parked position. As is known in the art,
an actuator armis unlatched by noving against its latch with sufficient
force to release or "break” the latch. The steps 300 begin in task 302,

whi ch begins a procedure for calibrating the sanple-hold unit 212. Task 302
begins with the actuator arm 104 being held in place by the latch. In this
position, the actuator arm 104 is considered to be parked. First,

the coi | 10tombtectrmcRrnEris AR AR Y EREr e OF P18 epmin Pt ©
around 1 anp ag@atéNa@xa0Phes cothledd taversiap tinf ratip] theauutireni00i ends & task 6841 A
Cr ash ot op. pASvEREEITHE TR OR FHon it HUTPINES NEy Biies S 08 HE
crash stop p i"ng. s rhuy, actoss

coi | (VI e 1] joitirelBksvolsighfls|ordde @8k 1021y 10 coi | resistance (Rierr]).
wi'th none of: the voltage being attributable to back-enf. In task 304 the

sanpl e-hold unit 212 sanples the coil voltage and stores this sanpled
signal. Wile this voltage is bei ngTegRPESBODINEN t ch 218 nust be cl osed.

" While there have been shown what are presently considered to be preferred
embodiments of the invention, it will be apparent to those skilled in the art that various
changes and modifications can be made herein without departing from the scope of the
invention as defined by the appended claims.

For example, monitoring of the positioh and velocity of the actuator arm may be
applied in many different variations, combinations, and implementations. Position and/or
veloc{ty of the actuator arm may be monitored, compared to predetermined values, or
otherwise processed during latch break sequence, ramp movement sequence, servo signal
outages, ongoing data access without a servo loss, etc.

As another alternative, the velocity estimator of the invention may employ a “current
mirror" instead of the sense resistor 204 to estimate.current through the coil 110. Current
mirrors, many of which are known in the art, provide electrical circuits that simulate one or
more electrical characteristics of mirrored circuitry, facilitating measurement of such

characteristics without disturbing the mirrored circuitry.



14 ~ Next, in task 306 the servo controller 114 applies an
.-opposite predetermned coil current (+l[err]) to nove the actuator arm 104
away fromthe crash stop and toward the disk 102. In the illustrated

enbodi ment, the coil current (+l[err]) nmay be about one anp, naintained for
about five mlliseconds. Concurrently, the ppck-enf of the coil 110 is _
monitored to provide an estimation of actuator armvelocity. In particular,
the switch 216 is set to couple the sanple-hold unit 212 to the sumer 210.
The sunmmer 210 therefore reduces the total coil voltage (V[err]) by the
coil voltage due to resistance, resulting in the back-e | ;

due to the inductive conponent of the coil). During task 306, the swtch

218 i.s open. The back-enf may be divided by a pred |m ﬂﬂuﬂqﬁm
* S '

(k) .to provide an estinmation of velocity, as shown in Equ Rl

constant (k) may be about two volts/neteréfeﬁggd, for exanple.
estimated velocity = back-enf / k [ 5]

WHAT IS CLAIMED IS:

1. An apparatus for estimating Velocify of a positioning device including a motor coil
secured to an actuator arm, said apparatus comprising:
an analog coil sensor to measure analog voltage across the coii;
a sample-hold unit coupled to the analog coil sensor and responsive to receipt of a |
éample—activation signal to store an analog signal representative of analog
voltage measured by.the coil sensor; and .
~an analog summer having a first input coupled to the sample-hold unit, having a
. second ini)ut coupled to the coil sensor, the summer also having a summer
output, said summer providing on the summer output an analog estimated
velocity signal representative of the voltage being measured by the coil sensor

reduced by the signal being stored by the sample-hold unit.

2. The apparatus of claim 1, further comprising:
an analog integrator coupled to the summer output to provide an estimated position

signal by integrating the estimated velocity signal.

3. The apparatus of claim 1, the coil including a sense resistor in electrical series
therewith, said apparatus further comprising:

a sense amplifier to measure analog voltage across the sense resistor;

a multiplier coupled to the sense amplifier to multiply the analog voltage measured

by the sense amplifier by a predetermined amount, said amount being



As part of task 306, the servo controller 114 may perform additional steps
s(not shown) to correct the actuator armis velocity to a predeterm ned
velocity. This is achieved by conparing the estimated velocity to the
predeterm ned velocity, and either increasing or decreasing the coi

current appropriately. After task 302, query 308—determines whether
the arm 104 has started noving yet. This is achieved bIMUSIWi the velocity

conpar at or bank 230 to determ ne whet her the estinated alg uw lmiﬂnter

than zero. To accommbdate a margin of error, task 306
det ermi ne whether the estimate_velocity exceeds a predetern1ned veIOC|ty
slightly greater than zero, e.g. one neter per second. In an alternative
enbodi ment, instead of determ ning whether the actuator arm has a non-zero
vel ocity, the position conparator bank

15 representative of a ratio between a nominal resistance of the coil and a
‘ nominal resistance of the sense resistor;

a switch responsive to a first switch-activation signal to couple the first input of the °
summer to the sample-hold unit, said switch being responsive to a second
switch-activation signal to couple the first input of the summer to the
multiplier; and

wherein the summer provides on the summer output an analog estimated velocity
signal representing the voltage being measured by the coil sensor reduced by

the signal being received at the first input.

4, The apparatus of claim 1, further comprising:

a current mirror to generéte an analog current representing current through the coil;

a multiplier coupled to the current mirror to multiply the analog current provided by
the current mirror by a signal representing a nominal resistance of the coil;

a switch responsive to a first switch-activation signal to couple the first input of the
summer to the sample-hold unit, said switch being responsive to a second
switch-activation signal to couple the first input of the summer to the
multiplier; and

wherein the summer provides on the summer output an analog estimated velocity
signal representing the voltage being measured by the coil sensor reduced by

the signal being received at the first input.



228" may be used to determ ne whether the actuator arm s position has

» changed froman initial position. If the arm 104 does not nove, task
307 selects an increased coil current to boost the nmagnetic force applied
to the arm 104. Then the calibration steps 2/ 304 are repeated, and
attenpts are renewed to break the latch in task 306. ; Wien query 308
finds that the arm 104 is noving, the servo controller {
reduces the coil current (+l[err]) for ongoing novenenlemmma'nﬁmm@“
Initially noving the actuator armrequires a significa clat ger ool I*
current than ongoi ng novenent or the arm However, the estimate of back-enf
based on the sanple-hold unit 212 is only accurate for the specific val ue
of -coil current used during calibration (tasks 302-304). Therefore, having
reduced the coil current, task 312 is perforned to begin using a different
estimate of back- A ;poMahERFl Faifdl gaﬂme@&mﬂrﬁﬁglaeco&@a%ﬁc%ﬁea t6 Yl summer
currents. Nanely, task"312 operates the switch 216 to couple the multiplier
214 to the sueniput to tompans the estimatad, velaedty IsigoRl to @f predetegmined vomparates inpvbwignaln

Equation 6, bg] . . . t k-enf = V[err] -
Vlerr] ( R erﬁdqyyoﬂfiee?rcﬁnpammr output signal res[pglj'swe ﬁ%fgecégﬁfgn%ﬁ e of back-enf is

‘not as precise as estinmates enpl oying 'the output of the sanple- hold unit

212, since thg actyal coil. resist rrl)._vari fromthe nonmn

vai e (Rierr]§ w tTTRcwEngn gt tabal dhche' it B aflos frles Rafish Buted
However, havi toghé¢ eslumedoitpet. coi | current in task 312, the output of the
multiplier 214 is substantially smaller. As a result, errors in the

cal cul at ed back-enf are also small. After task 312, query 313
integrates the estTRPdpparawSloF@ldim 2 furkiRs kodprsinga dethiritbnSovpld 181HH Mtegrator

position. Using this signal (shown on_line 120, Figure 2), query 313
det er nmi nes to compare the estimated position signal to a predetermined comparator input signal and

provide a comparator output signal responsive to said comparison.

8. ‘The apparatus of claim 2, further comprising an analog-to-digital converter coupled
to the integrator.

9. A disk drive storage mechanism, comprising:
a head actuator assembly, comprising:
an actuator arm;
a motor coil secured to the actuator arm; and
a coil magnet mounted proximate the coil in a predetermined orientation
thereto; '
- a servo controller, to generate a selected electrical current in the coil;

an analog coil sensor to measure analog voltage across the coil;



-16* whether the armis positioned too close to a crash stop (not
= shown). As known in the art, crash stops are provided in head di sk
assenblies to prevent actuator arnms fromtravelling beyond predeterm ned

radi al positions. If query 313 finds that 3fpe actuator arm 104 is too near
a crash stop, task 315 reduces the coil current and proceeds—to query 317.

Query 313 proceeds directly to query 317 if the actuator ar@ ound
i@ets

to be sufficiently far froma crash stop. e\r\“\n
whet her the head 108 can detect servo signals on th kf not,

control returns to query 313. However, when query 317" determ nes that the

head 108 is receiving a servo signal fromthe di sk 102, this signal is used
to determine the position

a sample-hold unit coupled to the analog coil sensor and responsive to receipt of a
sample-activation signal to store an analog voltage signal representative of
analog voltage measured by the coil sensor; émd

an analog summer having a first input coupled to the sample-hold unit, having a
second input coupled to the coil sensor, the summer also havihg a summer
output, said summer providing on the summer output an analog estimated
velocity signal representative of the voltage being measured by the coil sensor

reduced by the voltage signal being stored by the sample-hold unit.

10.  The mechanism of claim 9, further comprising:
an analog integrator coupled to the summer output to provide an estimated position

signal by integrating the estimated velocity signal.

11.  The mechanism of claim 9, the conductive coil including a sense resistor in electrical
series therewith, said apparatus further comprising:

a sense resistor sensor to measure analog voltage across the sense resistor; .

a multiplier coupled to the sense resistor sensor to multiply the analog voltage
measured by the sense resistor sensor by a predetenniﬂed amount, said amount
being representative of a steady state resistance of the conductive coil divided
by a resistance of the conductive coil divided by a resistance of the sense
resistor; and )

a switch responsive to a first switch-activation signal to couple the first input of the

summer to the sample-hold unit, said switch being responsive to a second
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and velocity of the actuator arm 104, as shown in task 314. The routine 300
then ends“in task 316. Loss of Servo Signal Fi gure 4 shows anot her
sequence of nethod steps 400 to illustrate a different exanple of the

met hod aspect of the present invention. Generally, the sequence 400

provi des one enbodi nent of a nethod for préﬁbntingﬁgigihﬁiéggr%gggg;_dur|ng
operation w thout any servo signal. The sequence 400 1s t he
context of the storage drive 100 and vel ocity esti d above
f-orr ease of explanation, but without any limtati; o::”"m i"’ﬁ H
Broadl y, the sequence 400 determ nes whether the vel*ocictyto uat or
arm 104 is within predetermined limts, and if not, the sequence 400 takes

appropriate responsive action. Task 402 depicts nor mal operati-on of the
drive 100, where the head 108 is positioned according to servo signals

detected fromthe di sk $ikh-4ddeation’iknals s codpdd iy fisr MputSbPMied Suthfimetb Nde
di sk 102 are being properly recelved If so, normal operation of the drive
100 tp 1er and . 17

wherein the summer provides on the summer output an analog estimated velocity
signal representing the voltage being measured by the coil sensor reduced by

the signal being received at the first input.

12. The mechanism of claim 9, further comprising:

a current mirror to generate an analog current representing current through the coil;

a multiplier coupled to the current mirror to multiply the analog current provided by
the current mirror by a signal representiﬁg a nominal resistance of the coil; and

a switch responsive to a first switch-activation signal to couple the first input of the
summer to the sample-hold unit, said switch being responsive to a second
switch-activation signal to couple the first input of the summer to the
multiplier; and -

wherein the summer provides on the summer output an analog estimated velocity
signal representing the voltage being measured by the coil sensor reduced by

the signal being received at the first input.

13.  The mechanism of claim 9, further comprising a comparator coupled to the summer
output to compare the estimated velocity signal to a predetermined comparator input signal

and provide a comparator output signal responsive to said comparison.

- 14.  The mechanism of claim 9, further comprising an analog-to-digital converter coupled

to the summer output.



comtinues in task 402. However, if query 404 determ nes that the fread—168

‘i's no | onger properly receiving servo signals, certajn nto
ensure that the actuator arm 104 does not contact on’e rjl ﬂlﬁ[’iﬁ
In particular, query 406 determ nes whet her the actuatof arnmis s

velocity (line 118) exceeds a predeterm ned i nner-d| arreter-bound ("D

bound"”) velocity limt. |In accordance wth theg Lthe estimated
velocity is preferably obtained fromthe signal wegilfe 1), as
di scussed above. In other words, query 406 detefm ne_m gr 1t ‘_'act uat or

armis rmwngtowardtheIDtoofast I f so, t ol

appropriate current to the voice coil 110 to nove the arm 104 tovvard t he
outer diameter ("OD'). After task 408, control is returned to query 406.
. If. query 406 determ nes that the arm s velocity does not exceed the ID
bound limt, query 410 is performed. Query 410 determ nes whether the
actuator arm 104 is noving too quickly toward the OD. S eC|f aII quer
410 det er ni néd- V\héﬁhﬁél?ecbﬁlés%gf?lﬁ‘ﬁt B firthepeampyising 2 Gempaa ‘?’ (ﬁ%t g interato

predet erm ned, QR bauNGle \eSliRGkd )Cboglhgﬁ Etgnﬁlftosé)pregéi&hﬂmﬂil&nﬂﬁmwreﬁpﬁnslgnal and
appropriate curret to the vol col | to nmove the arm 104 toward the

I D. After tagiovid@a companator on@uuslgsaltr@qumefowé comparison. After queries 406
and 410 established that the actuator arm 104 is not speeding toward the 1D
or OD crash stops, task 414 applies a servo re-acquisition sequence,

-wher ei n the agg, uatThe mecharliéd oficldinh i3 durfi@Scamprisiygan analog-toadigital sonysitercoypled o
signals fromthe disk 102. This step, for exanple, may involve the
application de theu %fﬁres t hat shoul d be apparent to

17. A method of estimating velocity of an arm of a positioning device, said arm being
secured to a motor coil, said method comprising the steps of:
measuring a first analog voltage across the coil while concurrently holding the arm in
a fixed position and generating a first Predetermined constant electrical current
in the coil to bias movement of the actuator arm in a first direction, said
current having a first magnitude and a first direction of flow in the coil; and
storing a signal representative of the measured first analog voltage;
generating in the coil a second predetérmined electrical current having the first
~ magnitude and a second direction of flow opposite the first direction while
concurrently measuring a second analog voltage across the coil; and
producing an analog estimated vélocity signal representative of the measured second

analog voltage minus the stored signal.

18.  The method of claim 17, the positioning device comprising a head actuator assembly.

This Sheet Has Been Replaced




those of ordinary skill in the art, having the benef it of This—disetosure.
: After the servo signal is reacquired, the routine 416.

18 Ranp Unl oad , Figure 5 shows a sequmﬁmw MM@ eps 500
toillustrate a different exanple of the netjhod aspectecoft

invention. Generally, the sequence 500 provi des one enbodlnent of
unl oad sequence. The sequence 500 is described in the gorte
storage drive 100 and velocity estimator 116 descri bed |aHd®
expl anation, but without any limtation intended therehy.
t he sequence 500 serves to nove the actuator arm 104 al brrg™a ranp (not

shown) toward servo signals on the disk 102 prlor to acquisition of any
servo signals from

19.  The method of claim 17, the motor coil comprising a voice coil in a head actuator

assembly.

© 20.  The method of claim 17, further comprising the steps of:
providing an estimated position signal by integrating the estimated velocity signal.

21.  The method of claim 17, further comprising the steps of: _
comparing the estimated velocity signal to a predetermined analog signal

representative of a predetermined actuator arm velocity.

22.  The method of claim'20, further comprising the steps of:
comparing the estimated position signal to a predetermined position signal

repr‘esentétivé of a predetermined actuator arm position.

23.  The method of claim 21, further comprising the steps of:
responsive to the estimated velocity signal having a predetermined relationship to the

predetermined analog signal, adjusting electrical current through the coil.

24.  The method of claim 22, further comprising the steps of:
responsive to the estimated position signal having a predetermined relatlonshlp to the

predetermined analog signal, adjusting electrical current through the coil.

.25.  The method of claim 17, the step of producing an analog estimated velocity signal
further including the steps of amplifying the analog estimated velocity signal by a
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the ‘disk 102. As is known in the art, many actuator ' arms by
movi ng the actuator armalong a ranp toward a crash s ﬂtﬁi‘\m
does not permt guidance of the armw th use of servo = After
the steps 500 begin in task 502, task 504 begins a procedure for
calibrating the sanpl e-hold unit 212. Task 394 begins with_the actuator.ak
104 residing against or near a crash stop al ong the nei gijbpyi§ rSHEERHAS BBEN .
this position, the actuator arm 104 is considered to be farkedgepigGED the
servo controller 114 applies a predeterm ned coil current
coil 110. The direction of this current is selected to urge the actuator
arm 104 toward the crash stop (not shown). However, the crash stop prevents
the arm 104 from noving. Thus, the voltage across the coil (Verr]) at this
time is due entirely to coil resistance (R err]), with none of the voltage
bei ng attri butjkiefrield asktRiEnt thestimate £ROvelbdis ScabialoR- O brdetBintingdl Znits of
sanpl es the coil voltage and stores this sanpled signal. ile this voltage
i s bei ng sanplmepswementf i rst switch 218 nust be cl osed. Next, in task
508, the servo controller 114 applies an opposite predeternined c0|I
current (+l[err]) to nove the actuator arm 104 away fromthe crash stop and
toward servo £6gnalThearethddeofdiaiin 260the pEuleterminedity of msasubemdnt eoriprising ieters-

(1:(9)|I 110 i's mpréi-tseco &‘J to provide an

27.  The method of claim 17, further comprising the steps of:
compating the estimated velocity signal to a predetermined signal to determine
whether the actuator arm is moving; and
if the actuator arm is moving, reducing electrical current in the conductive coil to a
predetermined level.
28.i 'The method of claim 27, further comprising the steps of:
measuring current through the coil;
generating an estimated coil resistance voltage signal by multiplying the measured
current by a predetermined resistance of the coil; and
producing an updated analog estimated velocity signal representative of the measured

second analog voltage minus the estimated coil resistance voltage signal.

29.  The method of claim 20, further comprising the steps of:
: bomparing the estimated position signal to a predetermined signal; and
if the estimated position signal exceeds the predetermined signal, adjusting electrical

current through the conductive coil in a predetermined manner.

_—
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esti‘mation of actuator armvelocity. In particular, the'switch 216 is set
‘to couple the sanple- hold unit 212 to the summer 210. The surmmer 210
therefore subtracts the coil voltage due to resistanc ' hwgf Oi |
voltage, resulting in the back-enf (i.e., v%tage dubjl“ﬂ"mnﬂwmnmr
conponent of the coil). During task 508, thé& first swtchc218 & opermn

The back-enf may be nultiplied by a predeternined constant to provide an
estimation of velocity, as discussed above. After task 5Q8,..query 510

deternines whether the actuator arm 104 is nmoving al ong t|HkHIS SHEET P gERy
achi eved by determ ning whether the estimted velocity ig greaggs Fan T
zero, or sone predeterm ned threshold such as one neter/ secore—-+-gulary

510 finds that the actuator arm 104 is not noving, an increased coil
current is selected in task 512 and the velocity estimator 116 is
r-e- cal i br at ed3basebheomethbe of plaim 49 urther cemprising theisteps 04 and 506.

After the increaseg coll. cur | -l i |

det er m nes whet heréjefn %‘%hlé%%ée% t;&?;tglri 3’1°§8‘54‘%t§gﬁo@}‘%$§%¥%"?p§% ﬁ%ﬁ?gﬁ%ﬁﬁ%uped
determi nes whet her the cactenichya peedetchfithed sesimancerof thoooil;amti. This is
preferably achi eved .usin vel ocity .C atator bank 230 t onpar e
Phe eoti mat od vel GBeRPRE et afloR St Ihang sha Pe S r & B ERA e,
arm 104 is noving too fRednd dnaRlg wllge RMEaRe EditakAichil Gesistmdd voltipesiwal. t he
estimate of back-enf based on the sanple-hold unit 212 is only accurate for
the specific value of coil current used during calibration (tasks 504-506).

Theref ore, hayjng e@dd P R1a5R117 RPthEEmprisAg fheslépsREgi Ns using a
di ff erent estF%ati'gﬁéj%&f_ bgt((:)k-ean{, e e bl e to di fferent
coi | currents. Nangdnprating én thejqodlie thid predeggsmingd el¢ctrigal cyuptte the mul tiplier

214 to

measuring a third analog coil voltage across the coil;
generating an estimated coil resistance voltage signal by performing steps comprising:
measuring current through the coil;
multiplying the measured current by a previously established resistance of the
coil; and
producing an updated analog estimated velocity signal representative of the measured

third analog voltage minus the estimated coil resistance voltage signal.

32.  The method of claim 31, further comprising the steps of:
providing an estimated position signal by integrating the updated analog estimated

velocity signal.

33. .. The method of claim 32, further comprising the steps of:
comparing the estimated position signal to a predetermined signal; and
if the estimated position signal exceeds the predetermined signal, adjusting electric

current through the conductive coil in a predetermined manner.
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the sumrer 210. As a result, the back-enf is determ ned as di scussed above
" in association with the Equatlon 6. . - Alternatively, if query 514
determ nes that the actuator arm 104 is not noving too fast, the present
coil current is maintained and task 520 continues to use the velocity
estimte 20 from
the sanple-hold unit 212. After either @ queries 522 or 518 determ nes

that the actuator arm 104 has c¢ |l eted traversing.the ra t he routi ne
500 ends SERVQWFRIEE VELQGTEY HSEMAFOBIFOR 60 DEIVEN ACEUATOR ARMAD| ¢

may consi der whether the head 108 has ac |redRI%rvo signals fromthe disk
102. A DATA STORAGE DRIVE

ABSTRACT

A system and method for determining the velocity and/or positibn of a coil driven
actuator arm (104) without the aid of servo signals. A sample-hold unit (212) is used to
measure no-motion coil voltage in the voice motor coil while applying a predetermined
coil current. Then, while the same magnitude (opposite direction) current is applied to
move the acfuator arm (104), the coil voltage is measured. The coil voltage is reduced
by the measured no-motion coil voltage, producing a measurement of back-emf. The
back-emf may be amplified by a predetermined factor to yield an estimation of velocity,

and this amount may be integrated to provide a gauge of relative actuator arm position.
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_QfHER EMBODI MENTS Wil e there have been shown what are presently
#Consi dered to be preferred enbodi nents of the invention, it will be

apparent to those skilled in the art that various changes and nodifications

can be nmade herein without departing fromthe scope of the invention as

defined by the appended cl ai ns. - For exanple, nonitoring of the

position and velocity of the actuator armmay be applied in many different

.variations, conbinations, and inplenmentati @fgs.. Position and/or velocity of

the actuator arm nay be nonitored, conpared to predeterm ned val ues, or

ot herwi se processed during | atch break sequence, ranp novenent sequence,

servo signal outages, ongoing data access without a servo | oss, etc.

As anot her alternative, the velocity estimator of the invention may enpl oy

a "current mrror" 1642 of the sense resistor 204 to estimate current

t hrough the coil 110. Current mrrors, many of which are known in the art,

provide electrical circuits that sinmulate one_oE—fpa-e ectri cal :
characteristics of mrrored circyhbr. f g e nt of such
characteristics w thout disturbing them S===u

21

VELOCITY
ESTIMATOR

<
<715 120

VCM SERVO
DRIVER |_ CONTROLLER
~115 N~114



-

3 _
_CLAIMS WHAT IS CLAIMED I S: 1. An apparatus for estimating velocity of
v“a positioning devitce-including a notor coil secured to an actuator arm

sai d. appar atus conpri si ng: an anal og.coil sensor to neasure anal og
vol tage across the coil; a sanple-hold unit coupled to the anal og
coil sensor and responsive to receipt of a sanpl e-activation
signal to store an anal og signal representative of anal og

vol tage neasured by the coil sensor; and2/s an anal og sunmer having a

first input cgqupledt he sanpl e unit, having a . second

i nput coupled|to the sensor,i thelsunmer aljso having a sumrer
out put, said, $umer [pr ng of € sumer outtput an anal og esti mated
vel ocity sig?aﬂgrepresgg é%g df ag@:*éﬁng nmeasured by the coi
sensor &= r yith bgt pg~stored by the sanpl e-hol d
unit. 2. = |The ar@gﬁﬁ f dlzaish 1,] furt E/conprising: an
anal og inte%} A or cc%gEE theggﬁﬁner out pu 0 provide an esti mated
position > oo [l N =
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_signal by integrating the estimted velocity signal. 3. The appar at us
“of claim 1, the coil including a sense resistor in electrical series
therewith, said apparatus further conprising: a sense anplifier to
nmeasure anal og voltage across the sense. resistor; a nultiplier
coupled to the sense anplifier to nultiply the anal og vol tage neasured
by the sense anplifier by a predeterm ned anbunt, said anmount being

22 representative 815 a rati o between a nom nal
resi stance of the coil and a L hal resistance of the sense
resistor; FIG. 3 ( START )
_ /300
4
A >
Y —302

APPLY PREDETERMINED COIL CURRENT -—I¢ TO
URGE ACTUATOR ARM AGAINST RAMP STOP

| /'304
SAMPLE AND HOLD COIL VOLTAGE

Y . /' 306

APPLY +i¢c TO VOICE COIL TO MOVE ACTUATOR ARM
AWAY FROM RAMP; CONCURRENTLY MONITOR VELOCITY

SELECT

- INCREASED
COIL
CURRENT

308

NO

REDUCE COIL CURRENT FOR ONGOING ARM MOTION

Yy /'312

BEGIN USING NOMINAL COIL RESISTANCE
IN ESTIMATING VELOCITY

SERVO
SIGNAL
AVAILABLE
?

YES
REDGI-;’s | 2
> USE SERV IGNA
CURRENT ' £ O SIGNAL
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= .
aswitch responsive to a first switch-activation signal to couple the first

Yinput of the summer to the sanple-hold unit, said switch
bei ng responsive to a second switch-activation signal to
couple the first input of the sunmer to the mul tiplier; and
wherein the summer provides on the sunmer output an anal og estinmated
vel ocity si gnal representiqﬁ_the vol t age bei ng neasured by
the coil sensor reduced by Pe signal being received at the
first input. 4, The apparatus of claim 1, further conpri sing: a
current mrror to generate an anal og current representing current through
the coil; . ltiplier coupled to the current mrror to nultiply the
anal og current pr ded by the current mrror by a signa

il a switch responsive
coupl e theAfirst input of the

nit, said swtch being{responsive to a second
couple the first inpuf of the s O®o the

NQ_t he sunmer providefp on the nmer out put an
l}&%ignal representing the voltage

representing a( nORIGRMALES DR RRIETRINE

to a first sw
summer to the sanple-hold
swi tch-activation signa
multiplier; a

anal og estimte
bei ng nmeasured b

by - the signal being

A

406 ESTIMATED 408
VELOCITY > YES | APPLY CONTROL|
ID~BOUND TOWARD OD Tk

LIMIT s
?

410 ESTIMATED ' 412
VELOCITY > YES APPLY CONTROL|
OD—BOUND TOWARD ID

LIMIT
?

No-

414 — APPLY SERVO
RE—ACQUISITION
SEQUENCE

Y
416 END

FIG. 4



A _
§2§ 5. The apparatus of claim 1, further conprising a conparator
“coupl ed to the sunmer output to conpare the estimated velocity signal to a
predet erm ned conparator input signal and provide a comparator out put

signal responsive to said conparison. 6. The apparatus of claiml,
further conprising an anal og-to-digital converter coupled to the sumer
out put . 7. The apparatus of claim2, further conprising a conparator

coupled to the integrator to conpare the estinated position signal to a
predet ermi ned conparator input signal and provide a conparator output
signal responsive to said conparisan. 8. The apparatus of claim 2,
further conprising an analog-to-digitalsﬁpnverter coupl ed

502—( START ) 500
| re

|

504~ '
APPLY FIRST FIXED CONTROL, -l¢,
TO PRODUCE NO MOTION

506\ : |
SAMPLE AND HOLD COIL VOLTAGE

508\ R | .
APPLY + Ic TO MOVE ACTUATOR ARM AWAY FROM
RAMP; CONCURRENTLY MONITOR VELOCITY

512
SELECT INCREASED
COIL CURRENT

514

MOVING

TOO FAST
?

y 516

220~y REDUCE COIL CURRENT,
CONTINUE USING BEGIN USING NOMINAL
SIMPLE—HOLD COIL RESISTANCE IN
| VELOCITY ESTIMATE ESTIMATING VELOCITY

524— END )
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to the integrator. 9. A dlsk drlve storage mechani sm conpri si ng: !

_ \Pos '
a head actuator assenbly, conprising: an actuator arm
a notor coil secured to the actuator arm and a coil magnet
nount ed proxinmate the coil in a predetermned orientation
t her et o; a servo controller, to generate a selected electrical
current in the coil; an anal og coil sensor to neasure anal og voltage
across the coil; 24

b
resistance. This estimate is generated by sampling the voltage across a sense resistor coupled

in series with the voice coil, and multiplying this voltage by the ratio between a nominal coil
resistance and the nominal sense resistance. This approach is explaine_ci in Eaton et al.,
"Improved Back Electromagnetic Force Voice Coil Motor Controller", IBM Technical
Disclosure Bulletin, Vol. 38, No. 11, November 1995. This reference is incorporated by
refcrénce in its entirety.

Although useful in some circumstances, the Eaton approach does not account for
variations in coil resistance from the estimated coil resistance. Such variations may result
from a number of different conditions. For example, normal disk drive operations typically
involve heating and cooling of the voice coil, which cause temperature-dependent excursions
in the voice coil resistance. In addition, voice coil resistance may also vary from anticipated
values due to manufacturing variations. As a result, estimations of back-emf dependent upon
a fixed value of coil resistance are not accurate under all circumstances.

This potential inaccuraey is further compounded while removing an actuator arm from
a parked position, since the current through the voice coil, and hence the voltage drop due
to resistance of the coil, is substantially greater than the current during other actuator
movement. In particular, breaking free from a magnetic latch can require large forces: with
a coil current on the order of one amp, and a deviation in coil resistance of & two ohms, the

estimated back-emf may be two volts off. In some systems, this may lead to a velocity

estimate having an error of =+ one meter per second.

SUMMARY OF THE INVENTION
Broadly, embodiments of the present invention concern an inexpensive system

for determining the orientation of a coil driven actuator arm without the aid of servo
signals.
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a sanple-hold unit coupled to the analog coil sensor and responsive to
recei pt of a sanple-activation signal to store an anal og

vol tage signal representative of anal og vol tage neasured by
the coil sensor; and an analog_;unner having a first input coupled to
t he sanpl e-hold unit, having a ) second i nput coupled to the
coil sensor, the sumer also having a sunmmer out put, said
sumer ppéviéstthd GuMihek REHSTMBEHRfpu® gl fréil thdsHngde-A61d it &Cthe output signal

vel ocity signal representative of the voltage being neasured by the coi
sensor from the multiplier. [ educed by the vol tage signal being stored by the

sanmpl e- hol d yihdodimerk?-of thzgiﬁvéﬂ%ﬂ%ﬁf Xrefd &b ?is@?sgwitﬁ W h&ﬁgeﬁeﬁméﬁﬁwgi

an anal og integrator coupled to the sunmer output to provide an esti mated

posi t i @dvantages. One implemientation lof theninwgntian; figr exampds tirevidesia sleapensjvesi gnal .
11.. Epﬁ‘arHR@ Q@Pg&%?hing 1Bk 'E'ri%{ltﬁ{i&’? o??’b@ﬂc&ivgﬁ affiador 10 G! #S& {iﬁveaw?t%’c‘)ﬁF o
resistor'in electrica erl es erew th, sal appar at us ur er conpri si ng:

a sensehe exrl of serve esigmails fromntesdisk(shndinievibe tpaipe ants ransembdiimesnsL the
resistor; [

. a nultiplier coupled to the sense resistor sensor to
i t 1 piretien dnoreorreye e gstimated ackemi by HEnndRY Heasiiie,  ResRoBoReiL: or
Sensor vltage Withoe peidetenfthedBoilnéurrenli #hdaiien! Rtibtracting this value frb@ g coil
representative .of a steady state resistance of the conductive coil divided

by a r¥8tageEEng rmeYrned miuthei 38uaten prma| YRt dhpyamge reagitidacef eWreHe sense
resi st QhaccAfies that can ariseMvh&l cbif ?é%fkﬁ}[%héé Gati€ forh'a’ Imink Yl A% fo\éﬁ%fﬁg@

signal to couple the first input of sumer t

sanpl eshdl & temperaturg ot menhfachiripgingy thesborediiced aravaidsé.c disd, embodiments
of the invention may advantageously be implemented without requiring the .expense and

complexity of analog-to-digital converters.
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25 switch-activation signal to couple the first input
of the summer to the multiplier; and wherei n the sumer
provi des on the sunmer output an anal og estinmated velocity

signal representing the voltage being neasured by the coil sensor reduced

by . the signal being received at the first input. 12. The
mechani smof claim9, further conprisitg: a current mrror to
generate an anal og current representing current through the coil; a

glrjlofl: SLiCieLycoupl ed to EﬁﬁE ulgﬁgcn:hng},fdlgrm; %}fﬁlbﬂAp\WN&ge anal og current

The nature, objects, and advantages of the invention will become more apparent to
those skilled in the art after considering the following detailed description in connection with
the accompanying drawings, in which like reference numerals designate like parts throughout,
wherein: .

FIGURE 1 is a diagram of the hardware components and interconnections of a data

storage drive in accordance with the invention.

FIGURE 2 is a schematic diagram illustrating hardware components and

interconnections in a velocity estimator in accordance with the invention.

FIGURE 3 is a flowchart illustrating steps involved in an illustrative latch break

sequence in accordance with the invention. )

" FIGURE 4 is a flowchart illustrating steps involved in an illustrative loss of servo

signal sequence in accordance with the invention.

FIGURE S is a flowchart illustrating steps involved in an illustrative ramp unload

sequence in accordance with the invention.
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the current mrror by a signal representing i istance of the
coil; and a switch responS|vetoaf|rs W t ch-activation signal to
couple the first input of the H,ﬂ' I,""ﬂwmnnf hol d unit,
said switch being responsive to a secoggl ctivation
signal to couple the first input of thé&”Summer to the

mul tiplier; and . Wherein the sumer provides on the sunmer output an
anal-og egstsi mat V. f

bei ng rrezls?ur edelcl;h;/3 l?‘hée}gggslﬁll ogglnaélgrnr eﬁn&léeeﬁé&ﬁkﬁlsﬂg% C%ﬁﬁ’%h&gc @ Si gnak%gbel ng
recei ved infegrater tpuqomparm@atesumatgé Ppositiph signg Wampm@tmmbéucmr@aramrmpmr
conpri si r are the
estimate g%/%} oc%(@%glncg o] a preé {%ﬂrm HﬁE‘égva'tB %?% érﬁpéi%gﬁt signal and
provi de a corrpar ator out put signal responsive to said corrparl son. 14.

The ITEChEi%I Oltgﬁd ai,m 9 caﬂgrmc I’eIrScIon ng.n anal o to gl Halt al converter
coupl ed t he nWﬁ?haB ing“an” anatog-to-digital converter

coupled to the mtegrator




157 The nechani smof claim 13, further conprising a conparator coupled
to the integrator to conpare the estimated position signal to a
predet ermi ned conparator input sirgnal and provide a conparator output

signal responsive to said conparison. 16. The nechani sm of claim 13,
flirther conprising an anal og-to-digital converter coupled to the
I ntegratar. 27 -

Ll

SERVO-FREE VELOCITY 'ESTIMATOR FOR COIL DRIVEN ACTUATOR ARM IN
A DATA STORAGE DRIVE o
ABSTRACT
A system and method for determining the velocity and/or position of a coil driven
actuator arm (104) without the aid of servo signals. A sample-hold unit (212) is used to
measure no-motion coil voltage in the voice motor coil while applying a predetermined
coil current. Then, while the same magnitﬁde (opposite direction) current is applied to
move the actuator arm (104), the coil voltage is measured. The coil voltage is reduced
by the measured no-motion coil voltage, producing a measurement of back-emf. The

back-emf may be amplified by a predetermined factor to yield an estimation of velocity,

- and this amount may be integrated to provide a gauge of relative actuator arm position. :
, - | |
Fig. 2 : _ |

REPLACEMENT SHEET | |
L (

20 DEC 2000




