CONTI NUOUS MODE VELOCI TY CONTROL OF VO CE CO L MOTORS CROSS REFERENCE TO
RELATED APPLI CATI ON [ 0001] This application clains the benefit of the
filing date of U S. Provisional Patent Application 60/902,586, filed
February 21, 2007, which is hereby incorporated by reference. TECHN CAL

FI ELD [0002% Theggresent di scl osure rel ates generally to hard disk drives
and, in par tPRGFRYOUL MADE ¥REOSAT Y nEPNSROL PEr VRSREr GPELNYOFOREe coi

not ors. BACKGROUND [0003] A hard disk drive includes a disk on which data
is stored, a spindle notor which rotates the disk, a read/wite head, and
a voice coil notor GROEY REFERENCE HEO REJAIEDN APRLECANEBMNf Or

reading/ witing fromto the disk surface. Wen the disk is not rotating,

the VOM oy t e i BeagAwas tfil@ dNei ki Skhal Bane¥henokhed skilisg
rotating, and read/wite operations are in progress, the head, which is

carried V [ Lt d ﬁgg%?% . SLor r e of the
di sk. V%ce%ir;}i%]egg’: 3{<r§| 's §ﬁ§t9§rg%%)§tg?ng, t he héggllggra%ééd 6ngvgy ’ré;%c't he di sk
'n filed February 21, 2007, which is hereby incorporated by

reference.

TECHNICAL FIELD
[0002] The present disclosure relates generally to hard
disk drives and, in particular, to systems and methods

for controlling voice coil motors.

BACKGROUND
[0003] A hard disk drive includes a disk on which data is
stored, a spindle motor which rotateg the disk, a
read/write head, and a voice coil motor (VCM) to move the
head over the disk for reading/writing from/to the disk
surface. When the disk is not rotating, the VCM moves
the head away from the disk area. When the disk is
rotating, and read/write operations are in progress, the
head, which is carried on a VCM arm, is positioned above
the data storage surface of the disk. When the disk is
not rotating, the head is moved away from the disk in

order to prevent any damage to the disk.
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order to prevent any danmage to the disk. -1 [0004] Conventional systens
generally use two nethods or nodes for controlling the velocity of VCM,
continuous and discontinuous node. [0005] Conventional discontinuous node
nmet hods generally drive the VCM notor using Pul se Wdth Mdul ati on (PW).
During the PWM of f-state, the back el ectromagnetic field (BEMF) voltage
appear i nd08@4los s Conzeutiomatlorsyis: esehsaenerghky BENE ot agdhiosksoramtion i s

used to determne the power required to drive the VCM notor in the next
cycle. Gomdent fomal comthobbingi ndedi sedotinhyoust NUAMs , marwtettimuddsat t he
PWM frequency be in the audible range. This is typically due to the L/R

const ant 4 tdesddrtithoes dd@e. and requirenents for sufficient off-tine
to sense the BEM- effectively. [0006] For .conventional continuous node
nmet hods, a constant voltage is applied across the VCM notor. Thus, the

S D e e R R R e

vol tage WL P EHS Waﬁnmotor using Pulse Width Modulation (PWM).
During the PWM off-state, the back electromagnetic field
(BEMF) voltage appearing across the VCM motor is sensed.
The BEMF wvoltage information is used to determine the
power required to drive the VCM motor in the next cycle.
Conventional methods using discontinuous modes mandate
that the PWM frequency be in the audible range. This is
typically due to the L/R constant of the inductive motor
and requirements for sufficient off-time to sense the

BEMF effectively.

[0006] For conventional continuocus mode methods, a
constant voltage is applied across the VCM motor. Thus,
the motor maximum velocity is limited. Such methods do
not control the velocity effectively. Often times, the
voltage includes the BEMF and voltage across the motor
resistance (Rm). Another conventional method senses the
motor current through the sense resistor (Rs) and voltage
across the VCM motor. This information is then used to

calculate the VCM motor resistance and the actual BEMF.




resi stance (Rm. Another conventional nethod senses the notor current

t hrough the sense resistor (Rs) and voltage across the VCM notor. This
information is then used to calculate the VCM notor resistance and the
actual BEMF. -2 [0007] It is generally inportant that there exists a
preci se control over the velocity of the actuator in a Hard Di sk Drive
(HDD) . Md800Hon¥enti®nayemetrablly conpovtant hethal cetl@ore Motis{s/C¥ duri ng
t he | oad/ unl oading operation of HDDs with ranp | oad features. Such control
enabl es tpweatdalatontolt raansd t that orediodiftfy t&E thep asdvidost damegi ng t he
HDD by preventing crashes against the media or ranp in high speeds. [0008]

To achi evigs @908 el 9eivy ¢ABbS Ol . Mostl T@RRetAldNE1 IRAd@Ntedrit Rt ract the
VCM back el ectromagnetic field (BEMF) voltage and the notor resistance

accurat el e Thﬂ/élcéﬁs EYPA CabbY ¥ RE T iduGul %d t%h%%useiég?iﬂ{nlr&q%ﬁ{égg”ggst he

general ly vary wth respect to tenperature a e torque reqU|r

armis brou ht up [foqg] re ist fore eed for

o oved SRS At A, 1 T, FEEFRE ool
enables the actuator to transit onto or off the ramp

without damaging the HDD by preventing crashes against

the media or ramp in high speeds.

[0008] To achieve good velocity control, it is generally
important to extract the VCM back electromagnetic field
(BEMF) voltage and the motor resistance accurately. This
is typically very difficult because motor resistances
generally vary with respect to temperature and the torque

required as the arm is brought up and down the ramp.

[0009] There is therefore a need for improved systems and

methods for controlling voice coil motors.




-3 SUMVARY [0010] A disclosed enbodinents includes a nethod of
controlling the velocity of a voice coil notor (VCM, including sensing a
vol tage difference between the VCM and a sense resistor and driving a
velocity control loop (VCL) based on the voltage difference. [0011]

Anot her enbodi ment includes a control loop circuit, including a current
out put connected to drive a voice coil notor, the voice coil notor
producing a back electromagnetic SPMMAREBEMF) voltage. The circuit al so

i ncludes a sense resistor connected to the BEMF output, and a BEMF

resisti vqooEKWor K caipeldised a elboRime@disSt Ahclaidés eCapthwsi ¢or. The
circuit also includes a velocity control loop (VCL) connected to control

the vol tage Qi Pty aeher dy80-L0c¢ WH t a6 4 &4 erenge Qstyeenyd)), a
junction of the sense resistor and the current output and (ii) a junction

f the fi, ' h | 0 di
ncl udes SR Benfile "F B tia (EERLPhce) MR el ORE TR LTSk,

and a voice . . .
and a sense resistor and driving a velocity control loop

(VCL) based on the voltage difference.

[0011] Another embodiment includes a control loop
circuit, including a current output connected to drive a
voice coil motor, the voice coil motor producing a back
electromagnetic field (BEMF) voltage. The circuit also
includes a sense resistor connected to the BEMF output,
and a BEMF resistive network comprising a first resistor
and a second resistor. The circuit also includes a
velocity control 1loop (VCL) connected to control the
voltage output according to a voltage difference between
(i) a Jjunction of the sense resistor and the current
output and (ii) a junction of the first resistor and the

second resistor.

[0012] Another embodiment includes a hard disk drive.
The hard disk drive includes a storage disk, and a voice
coil motor (VCM) connected to operate a VCM arm for
reading the storage disk. The hard disk drive also
includes a VCM control circuit including a control loop

circuit connected to control the VCM, as described
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coil nmotor (VCM connected to operate a VCM armfor reading the storage

di sk. The hard disk drive also includes a VCM control circuit including a
control loop circuit connected to control the VCM as described -4
herein. [0013] OQher technical features may be readily apparent to one
skilled in the art fromthe follow ng figures, descriptions and clains. -5
BRI EF DES&RI€IM ON OF THE DRAW NGS [0014] For a nore conpl ete under st andi ng
of this disclosure and its features, reference is now nade to the

foll owi ng description, taken in conjunction with the acconpanying

dr awi ngs,[0018]whi OlthefOdEdhiti (A REféatarassingpt | beedeaididy tamhagrain
illustrating a continuous velocity control |oop according to one

enbodi mento obnkhesipl EB&At igi SEhoswa FPBH6]tHd CeBE13wdhadraygmtdsal |y
illustrates exenplary enbodinents of a data processing apparatus accordi ng

to the i&@&’%iﬂﬁoﬁ@dand claims.



[0017] FIGURE 3 depicts a flowhart of a process in accordance with a

di scl osed enbodi nent. -6 DETAI LED DESCRI PTI ON [ 0018] The present disclosure
is generally related to the hard disk drive (HDD) voice coil notor (VCM
ranp | oad/unl oad operation. In one enbodi nent, the present disclosure

provi des a system and hod_f or ntrollin the VCM vel ocity during ranp
| oad/ unl oad operati ontSEFaggﬁﬁRE%%an&Ft H%Er 2RARINCEe head onto the
media. [0019] FIGURE 1 is a sonewhat sinplified circuit diagram of

conti nuouygoyfl oCiELy- coqptr oop, or di q{yﬁ nbgdi mgnt; of the
pr esent (thiﬁsc osure. Contr31O Ieoopc%gglég%neglarp%yﬁl%r?c uélgg a8gack i

el ectromagnetjc field (BEM) . voltage enf) 102 produced by a VCM driven
by an out%lu%d%%“}rr%n??éaggggF?QEgFSgan%\Flgﬁr \?etllsefm(”DRE‘)%eld: and five
anplifi erts -_velocity command anplifier (VelCnd), anp]ifier, 106, driver
anpl i fi erfQIAYIRG ) VTR VR.  HRfeRi ot ( mPRiRgt o, withyr il ifier

(Error Anp) 112, and BEMF sensing anplifier (BenfSenseAnp) 114. Control
| oop 100 aFepaeyir@sdevingat i ba €orpari son and | ogic

[0015] FIGURE 1 is a simplified <c¢ircuit diagram
illustrating a continuous velocity control loop according

to one embodiment of the present disclosure;

[0016] FIGURE 2 diagrammatically illustrates exemplary
embodiments of a data processing apparatus according to

the invention; and

[0017] FIGURE 3 depicts a flowchart of a process in

accordance with a disclosed embodiment.




bl ock 116. [0020] Control |oop 100 showmn in FIGURE 1 is for illustration
pur poses only and may include various other suitable conponents, such as
resistors, inductors and capacitors. Any one or nore of the
above-described anplifiers may be, for exanple, operational anplifiers. -7
[ 0021] Control | oop 100 general%ﬁlcontrols BENF vol tage (Vbenf) 102,
produced by a VCM dri ven by by means of an input to DAC
104. The voltage at DAC 104 is general |y level shifted to produce Wt arget
using Vel Cnd anplifier 106. As an exanple, when DAC 104 provides a
positive [6@1ﬁ]anﬁhewaegentcai;§e@qmara/oi$ ageneaalwe rpégaedvad e of

Benf Sense anplifier 114 (i.e., node SNS INM to go higher, which in turn
causes tHmrnbutqbi&kodeEvréSemHBDampkziofiber b4 1t o mgr drowe(VeM)00228myd n t hi s
figure, BEMF voltage (Vbenf) 102 is produced by a VCM driven by an out put

current fieda/H¥oad 0cgdbBridnd I esirst 8he REnRIH @Y S the SEALOT
resistance ratio. Resistor Rs acts as a sense resistor, an R and R2

toget her §0Ld S PACKLBLEEHEAMRONE Lk @ method for controlling

the VCM velocity during ramp load/unload operation to

avoid crashing the read/write head onto the media.

[0019] FIGURE 1 is a somewhat simplified circuit diagram
of continuous velocity control loop 100 according to one
embodiment of the present disclosure. Control loop 100
generally includes a back electromagnetic field (BEMF)
voltage (Vbemf) 102 produced by a VCM driven by an output
current, a digital-to-analog converter (DAC) 104 and five
amplifiers - velocity command amplifier (VelCmd)
amplifier 106, driver amplifier (Adriver) 108, driver
amplifier (Bdriver) 110, error amplifier (Error Amp) 112,
and BEMF sensing amplifier (BemfSenseAmp) 114. Control
loop 100 also includes calibration comparison and logic

block 116.

[0020] Control 1loop 100 shown in FIGURE 1 1is for
illustration purposes only and may include various other
suitable components, such as resistors, inductors and
capacitors. Any one or more of the above-described
amplifiers may be, for example, operational amplifiers.
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(BEMF) resistor network. Note that particular resistors are not
necessarily only a single device, but can be inplenented as a plurality of
resistors, as known to those of skill in the art. [0023] Error anplifier
112 accunulates the error causing the VCMdrivers, such as Adriver 108 and
Bdri ver ﬁﬁ produce nore current from OUTA to OUTB. As the current

ri ses, ﬁ%%§°£nd19ﬂﬁ/ell(9[95 Q%eBEM:YV(ﬂ‘%%d@ls t RBMFy oI ldqgent
positive input of BenfSense anplifier 114 (i.e., node SNS I NP) al so

i ncreases{Vhegnf) i}02vat gresduded 1 vel t M adrﬂ-henne]gm i 3@ jqyhputof

Benf Sense anplifier 114 (i.e., node SNS-INM. Wen the two vol tages natch,
Vbenf 102unferthe bptmeans| bf banednalutt aoViDaCgan4 .On THee vadlterge leand, i f
DAC 104 provides a negative command, DAC 104 produces an inverted polarity

Vbenf 102padi alpsevest lg@ﬂé&aqupsgévtehe MM Ed mave Bﬂoah_eeppms&?g@;
direction. Thus, by changing the polarity of DAC 104, bidirectional

control C’D‘xsi:@ \ngM:rh& Q{ﬁBtL%@Qr 1@630'0“1% 08n éQgﬁlg%,e%% 'H%I'E 1dde
a eve

present disclosure prOV| des t he lity to con mul t vel ocity
control @ﬁé@ﬁé&%dhf %&%@ﬁve command, Vtarget causes the voltage

at the negative input of BemfSense amplifier 114 (i.e.,
node SNS INM) to go higher, which in turn causes the

output of BemfSense amplifier 114 to go lower.

[0022] In this figure, BEMF voltage (Vbemf) 102 is
produced by a VCM driven by an output current from OUTA
to OUTB, and resistor Rm represents the VCM motor
resistance ratio. Resistor Rs acts as a sense resistor,
and R1 and R2 together form a back electromagnetic field
(BEMF) resistor network. Note that particular resistors
are not necessarily only a single device, but can be
implemented as a plurality of resistors, as known to

those of skill in the art.

[0023] Error amplifier 112 accumulates the error causing
the VCM drivers, such as Adriver 108 and Bdriver 110, to
produce more current from OUTA to OUTB. As the current
rises, the VCM moves and develops the BEMF voltage , the
voltage at positive input of BemfSense amplifier 114

(i.e., node SNS_ INP) also increases, until it matches the
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settings for DAC 104 to get out of a latch and by traversing across the
ranp and nedi a. [0024] The voltage across QUTB and QUTA at steady state
are given by the relationships illustrated by Equations 1 and 2 bel ow. Rs,
SNS- RNP=( QL' TB+Vbenf)* Rs +QUTA(1 ) Rs+RmRs+Rm(Eqn. 1) 9 T,7 S.-VS -
.PO1= (QUTB + Vt arg et) ' R, +( x' 4(1- R1 (E%n. R1+R2 RL+R2 Q [ 0025]
Now, assuUfRHtpdhatt BERESAIRIALIHS | FRRYE 128 Rewigenger amro)ifdeitsetl4 control
l'oop 100 will force the voltage at positive input of BenfSense anplifier
114 (i.e.{imde RASNSNENPYM) o elfbgh the rola atpd tagashanatagjat iWeenhput of
Benf Sense anplifier 114 (i.e., node SNS INM. Assumng that R/R2 = RS/RM
t he rel ati@mnsdf pthél metoat ed 1y beeqrmpiabnt3 ehewetesulons.the other

hand, if DAC 104 provides a negative command, DAC 104

produces an inverted polarity Vbemf 102 which eventually

causes the VCM to move in the opposite direction. Thus,

by changing the polarity of DAC 104, bidirectional

control of the VCM is achieved. In addition, in one

embodiment, the present disclosure provides the ability

to conduct multilevel velocity control by using different

settings for DAC 104 to get out of a latch and by

traversing across the ramp and media.

[0024] The voltage across OUTB and OUTA at steady state
are given by the relationships illustrated by Equations 1

and 2 below.

SNS _INP = (OQUTB +Vbemf)* +OUTA(l-

Rs+Rm Rs+ Rm (Eqn.
1)

Rl Rl
SNS _INM = (OUTB +Vtargef)* ———+ OUTAl——) (Eqn.
R1+R2 R1+R2 )

[0025] Now, assuming that BemfSense amplifier 114 has a
zero (0) offset, control loop 100 will force the voltage

at positive input of BemfSense amplifier 114 (i.e., node

-9.



(Egn. 3) [0026] The gain at Vel Cnd anplifier 106 is typically set to one
(1). Equations 1, 2 and 3 above generally illustrate that infornmation
regarding Rs/Rmcan aid in selecting values for RL and R2 to cl ose the

|l oop. It is noted that Rm cannot be neasured directly and changes wth
t enperat ure as t he HDD erates. Accordingly, in one enbodi nent, the
present dPNSLHERY ethr cﬁﬁ"g%]s ﬁet‘?ﬂi‘d:ag‘?\cﬁﬁdl% aNeIRpI ¥ cAPPHEaton node.
[0027] In one enbodinent, calibration is performed by by driving the VCM
in e|therB@mﬁ$@‘FﬁecéﬁPﬂ-élf1I360pU(m} er . Vaide aB¥S nENML he Assmidp at the
top of the ranp before starting the ranp |oad/ unload operation and then
setting thargeR1fR2 zer 0 KOJRM, Thiise tielatoiaurship natllwstirarederby Vbent
120 and Vtarget are both equal to zero. Using known resistor network

princi pl esgq@diti s chrbeles, résulss. found that RI/R2=Rs/Rmif the positive
I nput of BenfSense anplifier 114 (i.e., node SNS_INP) to equal the voltage
at the negative input of BenfSense anplifier 114 (i.e., node SNS INVM. -10

(Egqn. 3)
[0026] The gain at VelCmd amplifier 106 is typically set
to one (1). Equations 1, 2 and 3 above generally
illustrate that information regarding Rs/Rm can aid in
selecting values for Rl and R2 to close the loop. It is
noted that Rm cannot be measured directly and changes
with temperature as the HDD operates. Accordingly, in
one embodiment, the present disclosure provides a method

including a simple calibration mode.

[0027] In one embodiment, calibration is performed by by
driving the VCM in either current control loop (CCL) or
VCL, against the crash stop at the top of the ramp before
starting the ramp load/unload operation and then setting
Vtarget to zero (0). Thus, the motor is not moving when
Vbemf 120 and Vtarget are both equal to =zero. Using
known resistor network principles and techniques, it is
found that R1/R2=Rs/Rm if the positive input of BemfSense
amplifier 114 (i.e., node SNS_INP) to equal the voltage
at the negative input of BemfSense amplifier 114 (i.e.,

node SNS_INM) .

-10-




[0028] In one enbodi nent, an enhanced auto-calibration may be perforned to
configure the BenfSense anplifier 114 as a conparator. During calibration,
the VCMis driven in the CCL with R inplenented as a resistor tree, thus
the resistance tapping is auto increnented till the conparator toggles.
[0029] In one enbodinment, R /R2 may be set to be slightly |arger than

Rs/ Rm TH0@2 &Jer%sonmegbﬁémﬁnﬁurﬁ&@harrqer%tawmn@lc:&ﬁatgmratm@h avoi ds

margi nal stability. Second, this configuration limts the maxi num VCM
current. Béhepenkomed\VEW @mféigumhr i vize | BegfBensby ampiadier RI4\&3 C Y
Gai n*DAC (Egn. Rl1.Rin - R2.Rs 4) [0030] Accordingly, enbodinents of the
present i sebapdratogenermitingr sl dbrueisat i ldHey amd akl s véinf fa ent
predeterm ned velocity profiles to be executed for either current

limting cipd OﬁéﬁmEheunrfn@”ﬂen@rméd essi g QQ"s'istBQ' el e HY tQyer com ng
magnetic | atches on the ranp or clinbing the ranp, and qU| ck energency

braking ofeq AGCSlELat i QS 1 Neg by Rans Qb cABREGL! I Ngiife Rk

comparator toggles.

[0029] In one embodiment, R1/R2 may be set to be slightly
larger than Rs/Rm. This serves two general purposes.
First, this configuration avoids marginal stability.
Second, this configuration limits the maximum VCM
current. The maximum VCM current drive is given by:

Rl

Imax = *VelCmdGain* DAC (Eqn.
R1.Rm—R2.Rs

4)

[0030] Accordingly, embodiments of the present disclosure
generally provide versatility and allows different
predetermined velocity profiles to be executed for either
current 1limiting, programmable current profiles in both
polarities for overcoming magnetic latches on the ramp or
climbing the ramp, and gquick emergency braking or
deceleration routines, by means of controlling the DAC,
Rl and R2. Accordingly, in one embodiment, the present
disclosure provides the ability to quick brake the VCM by

setting to a default ratio of R1 and R2 and DAC.
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R and R2. Accordingly, in one enbodi nent, the present disclosure provides
the ability to quick brake the VCM by setting to a default ratio of R and
R2 and DAC. -11 [0031] In addition, current limting control may be
achieved by adjusting the Rl to R2 ratio. Variations in Rmacross certain
t enperatures may be achieved by adjusting the RL to R2 ratio. In one
enbodi mer0031lauiBrapddiRioand RuUESNbr al iBAtERAt | AREBLERY b&@3FchiR%ed by

conparing SNS_INP and SNS_ INM [0032] FIGURE 2 diagranmmatically illustrates
exenpl ar yackidoeld neyt sdgfissidgt &her Rlesso nB2appaiat us Vasdatdiang tin t he

I nvention. The apparatus of FIGURE 2 includes a hard disk drive 80 which

i ncl udes Rnr aaprddsar carged nouttsanfite raifr e armay St beagacthiske20.bbur i ng
hard di sk operation, the VCM arm 130 rotates about shaft 170 to nove the

read/ witgg\esdideg tnd herfeauregh | ogations onrd hesll skemdadPimesd) 140,
that can be inplenented using a conventional voice control notor, known to

those of aﬁﬁé&at]lzg oﬂ\?\ﬁ.ﬁ?{] R2 %&%{e‘é‘fﬁf&t QPBBEE?%S&{%"&%V M ddlvdy VM

control circuilt I nclu osed loop
by comparing SNS_INP and SNS_ INM.

[0032] FIGURE 2 diagrammatically illustrates exemplary
embodiments of a data processing apparatus according to
the invention. The apparatus of FIGURE 2 includes a hard
disk drive 80 which includes a ramp 14 arranged outside
and near a storage disk 120. During hard disk operation,
the VCM arm 130 rotates about shaft 170 to move the
read/write head 12 to the required locations on the disk
120. VCM 140, that can be implemented wusing a
conventional voice control motor, known to those of skill
in the art, is connected to operate VCM arm 130. A VCM
control circuit 150, which includes closed loop (CL) 100

described above, is connected to control VCM 140.

[0033] A data processing portion (e.g., a microprocessor
device or microprocessor-based circuit) 81 is coupled to
the hard disk drive 80 for permitting the data processing
portion 81 to store data onto and retrieve data from the
data storage disk 120. A user interface 82 is coupled to

the data processing portion 81l for permitting

-12-



descri bed above, is connected to control VCM 140. [0033] A data processing
portion (e.g.,
is coupled to
portion 81 to store data onto and retrieve data fromthe data storage dis
120. A user int
perm tti PN AR RaE VAR bétife dn teh P rREeS HiRE eBF RECP0 B GB1 and
user. I n sone enbodi nents, the user interface can include one or nore of
tactile iantuskice, dnwi some émbedimentand the auder | imeefbazee Tea data

processi ng

a mcroprocessor device or mcroprocessor-based circuit) 8
the hard disk drive 80 for permitting the data processing

erface 82 is coupled to the data processing portion 81 for

system of FIGURE 2 can be, in sone exenplary enbodi nents, a

1
Kk

a
a

deskt op cdongduids , caenodbebaekre omEut & ,tactEls onakerfinget, al a asgissizAnt ( PDA),
( tal canera. [0034] During a retraction operation, in some

enbodi mentriserfdtee VeNGardn 18044 6t afrfse Aol | shafe 1dQtanGARidAGS t he
read/ wite head 12 away fromthe disk 120. A tab 132 slides onto the ranp

or a digi

14 to po
respect

e head o _ b 132 s! he
A Ol W M TR M R S AT

a desktop computer, a notebook computer, a personal

digital assistant (PDA), or a digital camera.

[0034] During a retraction operation, in some embodiments,
the VCM arm 130 rotates about shaft 170 and retracts the
read/write head 12 away from the disk 120. A tab 132

slides onto the ramp 14 to position the read/write head

120.

drive

12 in a non-contacting state with respect to the disk

In various exemplary embodiments, the hard disk

80 can include other various head retraction

arrangements, such as those described in U.S. Patent

7,061,707, hereby incorporated by reference.

[0035]

Figure 3 depicts a flowchart of a process in

accordance with a disclosed embodiment, as described in

more detail above.

[0036]

In step 310, the VCM control circuit, using control

loop 100, senses the voltage difference between the VCM

and a sense resistor.

[0037]

In step 320, the VCM control circuit, using control

loop 100, drives the velocity control loop based on the
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drive 80 can include other various head retraction arrangenents, such as
those described in U S. Patent 7,061,707, hereby incorporated by
reference. [0035] Figure 3 depicts a flowhart of a process in accordance
with a disclosed enbodi nent, as described in nore detail above. [0036] In
step 310, the CNIcontrqé,g%rcuit, using control |oop 100, senses the
vol t age dTFIRFENER HRIGEThEIRESRERt and a sense resistor. [0037] In step
320, the VCM control circuit, using control |oop 100, drives the velocity
control |oop based on the -13 sensed voltage difference. [0038] In step
330, the W@%ﬂcoﬁﬂrgteﬁi Pe0irt thesiVied! csmbtxsil digoprino, usior rodnt xdie
direction of the VCMwith a digital-to-anal og converter (DAC) in the
velocity o radloo,| ognil3d] thebodiimenttsicof blie phesevcMdiwttioswre rel ate
to a systens and nmethods for controlling voice coil nmotors. In

particul adigitwl ptesaidl el sebasertepr AVRASS i T 681 st eddiack-<If
controlling voice coil notors enploying

loop.

[0039] Embodiments of the present disclosure relate to a
systems and methods for controlling voice coil motors.
In particular, the present disclosure provides a system
and method of controlling voice coil motors employing

continuous mode velocity control.

[0040] In one embodiment, the present disclosure provides
a method of controlling the velocity of a voice coil
motor (VCM) . The method includes sensing a voltage
difference between the VCM and a sense resistor and
driving a velocity control 1loop (VCL) based on the

voltage difference.

[0041] In another embodiment, the present disclosure
provides a velocity control circuit incorporating every

feature shown and described.

[0042] In still another embodiment, the present
disclosure provides a method of controlling the velocity
of an actuator in a hard disk drive incorporating every

feature shown and described.
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continuous node velocity control. [0040] In one enbodi nent, the present

di scl osure provides a nethod of controlling the velocity of a voice coi
notor (VCM) . The method includes sensing a voltage difference between the
VCM and a sense resistor and driving a velocity control |oop (VCL) based
on the voltage difference. %0041] I n anot her enbodi nent, the present

di scl osur@043k ovilgesyet vanethey emhedamesitrciihe ipReIgUT o1 Pl @Vers
feature shown and described. [0042] In still another enbodi nent, the
present picvidsare pmdekssirg neysbemofincorpoaklting teheemel Dedtyre of an
actuator in a hard disk drive incorporating every feature shown and
descri bedshovd £RO43¢stpilpeti.anot her enbodi nent, the present disclosure
provi des a processing systemincorporating every feature shown and

descri bed. [0044] In another enbodi nent, the present disclosure provides a

met hod | N@RARPPT atiNY HHANeof SRS MY, andhe dESELEDRE. disclosure
provides a method incorporating every feature shown and

described.

[0045] Various embodiments enable precise velocity
control of the actuator in a hard disk drive (HDD) by
controlling the voice c¢oil motor (VCM) during, for
example, loading and unloading operations of HDDs with a
ramp load feature. The actuator thus transits onto or
off the ramp without incurring damage due to crashing
against the media or ramp in high speeds. By using a
BEMF extraction resistor network and a velocity control
loop (VCL), an effective BEMF sensing, a motor resistance
sensing and velocity control circuit is formed to drive
VCM to a commanded velocity in a quiet and continuous

mode.

[0046] It may be advantageous fo set forth definitions of
certain words and phrases used in this patent document.
The term “couple” and its derivatives refer to any direct
or indirect communication between two or more elements,
whether or not those elements are in physical contact
with one another. The terms “include” and “comprise,” as
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[ 0045] Various enbodi nents enabl e precise velocity control of the actuator

in a har
duri ng,

d disk drive (HDD) by controlling the voice coil notor (VCM
for exanple, |oading and unl oadi ng operations of HDDs with a

r anp

| oad feature. The actuator thus transits onto or off the ranp w thout
st the media.or .ranp i,n_high speeds.
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(VCL), an effective BEMF sensing, a notor resistance sensing and velocity
control ciimgikatiansor Feg terdy i\@r” VOM fpciussipandeaniatodnd/am a qui et

and cont

i nuous node. [0046] It may be advantageous to set forth

definiti ditse phrases alassociizstaddwphhisesdusSedsarittiesl fdtesrawiddrument .
The term "couple” and its derivatives refer to any direct or indirect
communi cadg one bt weerddmiovayivay et he e8B! S mayWigddier tor inellutiegseel enent s
are in physical contact wth one another. The terns "include" and

GincBfded lpi€lh, agndertyahb¥eswhiker eeontiBAN iyacld&H Qi ndd hout
r

"conpris
limtati

on. The term"or" i s inclusive, neaning and/or.
within, connect to or with, couple to or with, be

communicable with, cooperate with, interleave, juxtapose,
be proximate to, be bound to or with, have, have a

property of, or the like.

[0047] While this disclosure has described certain
embodiments and generally associated methods, alterations
and permutations of these embodiments and methods will be
apparent to those skilled in the art. Accordingly, the
above description of example embodiments does not define
or constrain this disclosure. Other changes,
substitutions, and alterations are also possible without
departing from the spirit and scope of this disclosure,

as defined by the following claims.
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The phrases "associated with" and "associated therewth," as well as

derivatives thereof, may nean to include, be included wthin, interconnect
with, contain, be contained wthin, connect to or with, couple to or wth,
be comunicable with, cooperate with, interleave, juxtapose, be proximte

to, be bqund to or with, have, have a property of, or the like. [0047]

Wi | e thimsﬁ o%ItﬁMSIgéscri bed certain enbodi nents and generally
associ ated nethods, alterations and pernutations of these enbodi ments and
met hods will be apparent to those skilled in the art. Accordingly, the
above description of exanple enbodi nents does not define or constrain this
di scl osure. Oher changelsod sbbsbintubildnsg ahe aleflexdttiyorns s eval so

possi ble without departing fromthe spirit and scope of this disclosure,
as definesbily idteoi o{VveM) Nociee ahdBhod 16opiATsigCLAIMED |S: 1. A nethod of

controlling the velocity of a voice coil mtor (VCM, the nethod
conprising: sefsidthd® ¥ohiaagedl f&eFeasenbet Weeekhe tHdM 48 and a
sense resistor; and

driving a velocity control loop (VCL) based on the

voltage difference.

2. The method of claim 1 further comprising:
controlling a direction of the VCM with a digital-

to-analog converter (DAC) in the VCL.

3. The method of claim 2, wherein a polarity of

the DAC controls the direction of the VCM.

4. The method of c¢laim 2, wherein the DAC 1is

programmable to attain a desired VCM velocity.
5. The methed of c¢laim 1, wherein the sense

resistor comprises a back electromagnetic field (BEMF)

regigtive circuit.
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sense resistor; and driving a velocity control |oop (VCL) based on the

vol tage difference. 2. The nmethod of claiml1 further conprising:
controlling a direction of the VCMwith a digital- to-anal og converter
(DAC) in the VCL. 3. The nethod of claim2, wherein a polarity of the DAC

controls the d'rect on of V 4., The net hod, of ¢clajim 2, wherein the
DAC is progra ?o SFggﬁn gwkgﬁﬁqiiﬁé§%%%ﬁﬁ%iF§? gELTﬁé mét tod of
claim1l1, wherein the sense resistor conprises a back el ectromagnetic field
(BEMF) resinyUgiPedft. -17 6. The method of claim1, wherein the VCL is
in a continuous node. 7. A control loop circuit, conprising: a current

out put connected to drive a voice coil notor, the voice coil notor

produci ng a back electromagnetic field (BEMF) voltage; a sense resistor
connected to the BEAMFcamtpwol ;loop circuit, comprising:

a current output connected to drive a voice coil
motor, the voice coil motor producing a back
electromagnetic field (BEMF) voltage;

a sense resistor connected to the BEMF output;

a BEMF resistive network comprising a first resistor
and a second resistor; and

a velocity control loop (VCL) connected to control
the voltage output according to a voltage difference
between (i) a 3junction of the sense resistor and the
current output and (ii) a junction of the first resistor

and the second resistor.

8. The control 1loop circuit of claim 7, further
comprising a digital-to-analog converter (DAC) connected

to control a magnitude of the current output.
9. The control loop circuit of c¢laim 7, further

comprising a digital-to-analog converter (DAC) connected

to control a polarity of the current output.
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a BEMF resistive network conprising a first resistor and a second
resistor; and a velocity control |oop (VCL) connected to control the
vol t age out put according to a voltage difference between (i) a junction of
the sense resistor and the <current output and (ii) a junction of the first
resistor and Ji@e second resi it gr. 8. The control _lgop circuit ,of claim7,
further conprt%ingt2 dFgREEPt -OﬁPaI%%ﬁ/e?feFl?HACf'cd“ﬁﬁé’&%’dato
control a magnjtude of the current output. 9. The control loop circuit of
claim7, PeAanmkty ebnbhiesiqwrrenh (Peaput ocanbredscoheedigieqtimm afonnect ed
to control a polarity of the current output. -18 10. The control | oop
circuit ofhelwpic®, cohkbrmeoporn. polarity of the current output controls the
direction of the voice coil notor. 11. The control loop circuit of claim
8, wherein the DACis progranmable to attain a desired voice coil notor
velocity. 12. The control loop circuit of claim7, wherein
11. The control loop circuit of claim 8, wherein
the DAC is programmable to attain a desired voice coil

motor velocity.

12. The control loop circuit of claim 7, wherein

the VCL is in a continuous mode.

13. The control 1loop circuit of claim 8, further
comprising a velocity command amplifier connected to
level-shift and output of the DAC to produce a target

voltage.
14. The control 1loop circuit of c¢laim 7, further

comprising first and second driver amplifiers connected

to produce the current output.
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the VCL is in a continuous node. 13. The control loop circuit of claimS8,
further conprising a velocity command anplifier connected to |evel-shift
and output of the DAC to produce a target voltage. 14. The control |oop
circuit of claim7, further conprising first and second driver anplifiers

connected to od th urre utput. -19.15. A hard disk drive,
conpri si ng: éﬁétoﬁgg%aﬂ$ élsﬁ @5%%% coPPPRBPHRI¢ VeV connected to operate

a VCM armfor reading the storage disk; and a VCM control circuit

i ncl uding a cohtFRrIFPL i cui t connected to control the VOM wherein the
control loop circuit includes a current output connected to drive the VCM
the VCM prodii @iae baek lematarontifiel i econrnerted BENFPPegbtege Msense
resi stor connected to the BEMF output; a BEMF resistive network conprising
a first ras staor reading sehenstoesgstdiskandnd

a VCM control circuit including a control loop
circuit connected to control the VCM, wherein the control
loop circuit includes

a current output connected to drive the VCM, the VCM
producing a back electromagnetic field (BEMF) voltage;

a sense resistor connected to the BEMF output;

a BEMF resistive network comprising a first resistor
and a second resistor; and

a velocity control loop (VCL) connected to control
the voltage output according to a wvoltage difference
between (i) a junction of the sense resistor and the
current output and (ii) a junction of the first resistor

and the second resistor.

16. The hard disk drive of «c¢laim 15, further
comprising a digital-to-analog converter (DAC) connected

to control a magnitude of the current output.

17. The hard disk drive of claim 15, further
comprising a digital-to-analog converter (DAC) connected

to control a polarity of the current output.
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a velocity control loop (VCL) connected to control the voltage output
according to a voltage difference between (i) a junction of the sense
resistor and the <current output and (ii) a junction of the first resistor
and the second resistor. 16. The hard disk drive of claim15, further
conprising a digital-to-anal og converter (DAC) connected to control a
magni t ude of the current output. 17. The hard disk drive of claiml1l5,
further conprising_.a digital-to-anal og converter, (DAC) connected to
control a pol at§t yg]&et ﬁ’é‘réﬁr Ak otk plie. B0 AARimnd Thar YreFek drd ve of
claim17, wherein a_polarity of the current output controls the direction
of the \EManty ThE Rhed cirslendr i et it crankrebs wher diratidomDad i s
programmable to attain a desired VCM vel ocity. 20. The hard di sk drive of
clai m 15,tHeir'{¢er conprising first and second driver anplifiers connected
to produce the current output. -21

19. The hard disk drive of c¢laim 16, wherein the

DAC is programmable to attain a desired VCM velocity.

20. The hard disk drive of «claim 15, further
comprising first and second driver amplifiers connected

to produce the current output.
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