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METHOD AND SYSTEM FCOR LI M TI NG CURRENT I N A READ/ WRI TE HE@)%C& 'CléCUI T
TECHNI CAL FI ELD OF THE | NVENTI ON TFhi s invention relates-geiﬁoglly to the
field of disk drive circuits and nore particularly to a nmethod and system
for limting current in aread/wite head retract circuit. . 2 BACKGROUND
OF THE INVENTION In a hard disk drive, data is generally stored in the form
of a sequence of magnetically polarized regions on the surface of the

di sk. These sequences, known as tracks, typically appear as
concentric circles on the disk. The data is read by a read/ wite head,
which is sensitive to changes in nmagnetic flux. As the disk
rotates under the read/wite head, the read/wite head "flies" on a thin
cushion of air created by the notion of the disk. Thus, as the

read/ wite head flies along a track, it detects the presence or absence of
magnetic flux changes at regular intervals along the track. Typically a
flux change represents a one, while the absence of a flux change indicates
a zero. To select a particular track of data to be read, the distance of
the read/wite head fromthe center of the

METHOD AND SYSTEM FOR LIMITING CURRENT
IN A READ/WRITE HEAD RETRACT CIRCUIT

TECHNICAL FIELD OF THE INVENTION
This invention relates generally to the field of disk
drive circuits and more particularly to a method and

system for limiting current in a read/write head retract
circuit.



~di sk nust be controlled. This positioning is acconplished by an actuator
*notor, also known as a voice coil motor (MCM. Under some circumnstances,
the read/wite head should be retracted to an area of the disk on which
data is not stored. This may occur when power to the hard drive is |ost,
when the supply voltage sags, or when the drive is "parked" by the user for
any reason. Wen a head retract is requested for sone non- critical
reason, such as a request by the user to park the hard disk drive, a slow
retraction of the read/wite head is desirable so as to avoid potenti al
damage to the read/wite head caused by sudden accel erati on. However ,
when the hard di sk drive supply voltage decreases below a critical |evel,
fast retraction of the read/wite heads is desirable because the read/wite

head is |iterakhyg d¥1TH% of air above the disk
surface. The read/ W ash" into the disk if the disk
rotation rate decreliBed ?%FQiqﬂﬁh:ﬂéaVele¢@¢a is mrnexpddy, stored wirerthsower
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. tracks, typically appear as concentric circles on the
disk. The data is read by a read/write head, which is
sensitive to changes in magnetic flux. As the disk
rotates under the read/write head, the read/write head
“flies” on a thin cushion of air created by the motion of
the disk. Thus, as the read/write head flies along a
track, it detects the presence or absence of magnetic flux
changes at regular intervals along the trﬁék. Typically a
flux change represents a one, while the absence of a flux
change indicates a zero.

To select a particular track of data to be read, the
distapce of the read/write head from the center of the
disk must be controlled. This positioning is accomplished
by an actuator motor, also known as a voice coil motor
(VCM) .

Under some circumstances, the read/write head should
be retracted to an area of the disk on which data is not
stored. This may occur when power to the hard drive is
lost, when the supply voltage sags, or when the drive is
“parked” by the user for any reason.

When a head retract is requested for some non-
critical reason, such as a request by the user to park the
hard disk drive, a slow retraction of the read/write head
is desirable so as to avoid potential damage to the
read/write head caused by sudden acceleration. However,
when the hard disk drive supply voltage decreases below a
critical level, fast retraction of the read/write heads is
desirable because the read/write head is literally flying
on a cushion of air above the disk surface. The
read/write head will “crash” into the disk if the disk

rotation rate decreases to a critical level. Therefore,



greater current to be supplied to the actuator notor than is required for a
=slowretraction. In prior art systens, the i ncreased current | evel
associated wth fast retraction caused overheating of the actuator notor
control circuit, particularly when the circuit becane inadvertently | ocked
into a head retracti on node. Thi s overheating caused degradati on of
circuit conponents, and altered sone of the tenperature-dependent
operating characteristics of the circuit. Mreover, the fast read/wite
head retraction of some prior art systens caused the read/wite head and/ or
its support structure to inpact the hub or spindle of the hard disk drive,
striking small fragnments of material, such as alum num fromthe hub or

spi ndl e. The fragnents would come to rest on the surface of the disk
creating an uneven surface woul d disturh the f f. Iwite
head over the ‘H%kPOWery Egﬁ‘ tﬂﬁEN?l&Rﬁ%ﬁ%#gﬁ%yglsggﬁe as

arisen for a mmﬁdWMMSd bndnwvedemthklmlﬂQ|®gSéﬁ?r@ﬁFa|@§1Fﬁ%dﬁﬁﬁkte
head retract cwﬁéggtlglagh eyghgones the. di sadvant ages and defi ci enci es of

the prior art. Sysatset:m Irgt[_raltétrgc}rf ngf rhr enxt'ea wrltgacuevgd t?etgfé}.des a
greater current to be supplied to the actuator motor than
is required for a slow retraction. In prior art systems,
the increased current level associated with fast:
retraction caused overheating of the actuator motor
control circuit, particularly when the circuit became
inadvertently locked into a head retraction mode. This
overheating caused degradation of circuit _components, and
altered some of the temperature—dependent ~operating
characteristics of the circuit. _

Moreover, the fast read/write head retraction of some
prior art systems caused the read/write head and/or its
support structure to impact the hub or spindle of the hard
disk drive, striking small fragments of material, such as
aluminum, from the hub or spindle. The fragments would
come to rest on the surface of the disk, creating an
uneven surface which would disturb the £flight of the
read/write head over the disk.



retract circuit is disclosed. The system includes a tenperature
ssensor for sensing a tenperature of the disk drive read/wite head retract
circuit. The tenperature sensor generates an output signal indicating
whet her the tenperature is above or below a threshold tenperature. The
system al so i ncludes a voltage regul ator which applies a voltage to an
actuator notor. The voltage regul ator receives an input signal
operatively associated with the output signal of the tenperature sensor,
adj usts the voltage applied to the actuatot notor in response to the input
signal. In one enbodi nent, .the systemincludes a hysteresis circuit which
adj usts the threshold tenperature of the tenperature sensor when the

t enperature sensor output changes. The hysteresis circuit prevents the
system from osc{ ' apLd ' the threshold tenperature of the
tenperature se ) gﬂgm{i: e%%mﬁbgﬁJa-unnecessary wear of the system
conponents. A net hodthexefiore t imgneed rbas pnigenedorws teewechgthed r and

circuit in accosgerée PbE N1iRe:idy eilrr@Ati Sndlsordidivirded. headihgetehhed
conprises the sLeps og sl_gr‘isi ng a tenperature .at _ a ten cfr&g ire sensor

and autommti calTy° gener &Y iy’ =™ Gutpht 1EAGVATEAIHYI T | T HTECRSP  the
tenperature isofbdhe mriqgelagw-a threshold tenperature; receiving at a
voltage regulator RnsykPEH! fofi ARAktORGT BLEV¥EhY 1ASOTHRIBUrive! healihe
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temperature sensor for sensing a temperature of the disk
drive read/write head retract circuit. The temperature
sensor generates ah output signal indicating whether the
temperature is above or below a threshold temperature.
The system also includes a voltage regulaﬁor which applies
a voltage to an actuator motor. The voltage regulator
receives an input signal operatively associated with the
output signal of the temperature sensor, adjusts the
voltage applied to the actuator motor in response to the
input signal.

In one embodiment, the system includes a hysteresis
circuit which adjusts the threshold temperature of the

_ temperature sensor when the temperature sensor output
changes. The hysteresis circuit prevents the system from
oscillating rapidly around the threshold temperature of
the temperature sensor, and thereby avoids unnecessary
wear of the system components.

A method for limiting current in a read/write head
retract circuit in accordance with the invention is also
provided. The method comprises the steps of sensing a
temperature at a temperature sensor and automatically
generating an output signal indicating whether the
temperature is above or below .a threshold temperature;
receiving at a voltage regulator an input signal
operatively associated with the output signal of the
temperature sensor; and automatically adjusting a voltage

applied to the actuator motor in response to the input
signal.



applied to the actuator notor in response to the input signal.
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read/write head retract circuit 1is provided. Another
technical advantage is that the system provides
temperature regulation of the retract current in the
the
circuit. Another technical advantage is that the system
prevents overheating while still supplying some current to
the actuator motor, thus allowing a head retract to
continue. Another technical advantage is that the system
adjusts itself so as not to oscillate rapidly around a

threshold temperature, thereby avoiding unnecessary wear

actuator motor, thus preventing overheating of

of the system components.



connection wth the acconpanying drawings in which: FIGJRE 1 is an overal
*bl ock diagram of a hard disk drive system FIGURE 2 is a schematic di agram
of a systemfor limting current in a read/wite head retract circuit. 7
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The preferred enbodi nent of the
present invention and its advantages are best understood by referring to
FIGURES 1 and 2 of the drawi ngs, |ike nunerals being used for |ike.and
correspondi ng parts of the various drawings. Referring to FIGURE 1, an
overal I block diagramof an exenplary hard disk drive unit 10 in accordance
with the invention is shown. Hard disk drive unit 10 includes a plurality
of disks 11 mounted on a rotatable spindle 12. The spindle is rotated by a
spindl e notor (not shown). Each disk 11 has magnetic recordi ng surfaces on
bot h sides of the dISk F@adIWW|te heads 14 are nounted on actuator arns
16, which are MRBREEH R { NGShot or, al so known as a voice
coil motor or VCM (?8& SQO‘M&:e coxﬂﬁl%ﬂeeadﬁ&éfé@aﬂm%és oﬁ4tdﬁte§£e£@fgﬁe“ c
fl ux changes on the surfacg; of roduces a

signal which | STEREEY o risPEe ! and) saveREagPs. SHSFEPE o TRReRearR i o

the signal to risadnowanmefle to the following descriptions taken in
connection with the accompanying drawings in which:
FIGURE 1 is an overall block diagram of a hard disk .
drive system.
FIGURE 2 1is a schematic diagram of a system for
limiting current in a read/write head retract circuit.




20, which decodes and ot herw se processes the signal. An exanple of a
s function performed by read channel 20 is partial response, maxinmm

| i kel i hood detection using a Viterbi detector. The read channel 20 sends
t he decoded data to bl ock' 22, which'includes a phase-Iocked | oop 24. The
phase- | ocked | oop 24 communicates with the read channel 20 to ensure that
the data is read fromthe disk with proper synchronization. Bl ock 22 al so
includes an application- specific integrated circuit (ASIC) 26, which
processes the decoded data and connunlcages with the read channel 20,
dynam c RAM unit 28, static RAMunit 30, flash nenory unit 32, and digital
signal processing block 38. Read channel 20 sends the decoded data in
analog formto digital signal’ processing block 34. This bl ock
i ncl udes an analog to dlgltal converter 36 digital signal processing
circuitry 38, DETAILZ : RTEOMN 8F O [NVE 8 40. Digital signal
processi ng bl ock 34rh%eg§§fétgé@|énﬁoalﬁlehedbe eyégﬁré‘éuﬂtr AhvEheckn 4gn@nd
actuat or notor, control bl oc on contr ol | |cat|ng ﬁ@@ﬁ%ﬁgtlons
the spindl e anFSHAYIPERIRDL BFS %ﬂrﬁfulua*d%ﬁ&%%x‘?l’ re%d‘p‘d u bl ock
52 on control Thirg 46 gferther dsawimpor tlikenatimenals uediras usedi fori hike he
supply vol tagea.riaci]cul:orresponding parts of the various drawings.

- Referring to FIGURE 1, an overall block diagram of an
exemplary hard disk drive unit 10 in accordance with the
invention is shown. Hard disk drive unit 10 includes a
plurality of disks 11 mounted on a rotatable spindle 12.

The spindle is rotated by a spindle motor (not shown).

Each disk 11 has magnetic recording surfaces on both
sides of the disk. Read/write heads 14 are mounted on
actuator arms 16, which are moved in unison by an actuator
motor, also known as a voice coil motor oxr VCM (not
shown) . The read/write heads 14 detect magnetic flux
changes on the surfaces of the disks 11. Each flux change
produces a signal which is read by a pre-amplifier 18.
The pre-amplifier 18 transmits the signal to read channel
20, which decodes and otherwise processes the signal. &an
example of a function performed by read channel 20 is
partial response, maximum likelihood detection using a
Viterbi detector. _ .

The read channel 20 sends the decoded data to block
22, which includes a phase-locked loop 24. The phase-
ldcked loop 24 communicates with the read channel 20 to
ensure that the data-his read from the disk with proper
synchronization. Block 22 also includes an application-
specific integrated circuit (ASIC) 26, which processes the
decoded data and communicates with the read channel 20,
dynamic RAM unit 28, static RAM unit 30, flash memory unit
32, and digital signal processing block 38.

Read channel 20 sends the decoded data in analog form
to digital signal processing block 34. This block
includes an analog-to-digital converter 36, digital signal

processing circuitry 38, and a digital-to-analog converter



retracting actuator arns 16 when the supply voltage sags below a threshol d
val ue, or when a read/wite head retract is requested for sone other
reason. Driver chip 42 includes power transistors controlled by signals
fromcontrol chip 46. The power transistors on driver chip 42 supply power
to the spindle and actuator notors in a coordinated fashion to maintain a
desired rotation speed of disks 11 and to allow read/wite heads 14 to read"
data from sel ected tracks on disks 11. Referring to FIGURE 2, an actuator
nmotor control and power circuit 53 is shofn. Actuator notor 54 is operable
to nove actuator arns 16 toward or away fromthe spindle 12, thus causing
read/ wite heads 14 to travel across the respective surfaces of the disks
11. As is well known in the art, actuator notor 54 is responsive to a

vol tagg4app| i edioacr qs?jg;ida_tls éi%h@én@r%'cegéiﬁ@ddbﬁ&k 34:01éex@c§-s'2m€\j.1®al®tt‘:@t olr
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heads 14 varies.with th nityde of the voltage across podes 56 and 58.
Duri ng nor mal Ay }-'\hpflt gbg%% a%?or?nofcﬂ%'f?]di §sgari e BRATIHY ®HBRCTata is

to be witten tidngtdonsadsicom as skenlitorting bthavi suppdly acolsage nabdr 54
is controlled tbéﬁﬂ&@@inbr%@%hﬁ&@fsaﬁﬁstm@ouﬁgnGQh@nguﬁpYQ|b@9€a§9u£35568'
below a threshold value, or when a read/write head retract
is requested for some other reason.

Driver chip 42 includes power transistors controlled
by signals from control chip 46. The power transistors on
driver chip 42 supply power to the spindle and actuator
motors in a coordinated fashion to maintain a desired
rotation speed of disks 11 and to allow read/write heads
14 to read data from selected tracks on disks 11.

Referring to FIGURE 2, an actuator motor control and
power circuit 53 is shown. Actuator motor 54 is operable
to move actuator arms 16 toward or away from the spindle
12, thus causing read/write heads 14 to travel across the
respective surfaces of the disks 11. As is well known in
the art, actuator motor S4 is responsive to a voltage
applied across its terminals 56 and 58. For example,
actuator motor 54 may move read/write heads 14 toward the
spindle 12 when terminal 56 is at a greater potential than
terminal 58, and away from spindle 12 when terminal 56 1is
at a lower potential than terminal 658. In either case,
the speed with . which actuator motor 54 will move
read/write heads i4 varies with the magnitude of the
voltage across nodes 56 and S8.

During normal read/write operation of hard disk drive
unit 30, when data is to be written to and read from disks
11, the behavior of actuator motor 54 is controlled by
power transistors 60 through 66 and a voltage source 68.
Power transistors 50 through 66 are field-effect

transistors which reside on driver chip 42.



Power transi stors 60 through 66 are field-effect transistors

: which reside on driver chip 42. 9 The drains of power+<transistors 60 and
62 are electrically coupled to voltage source 68, while their sources are
electrically coupled to nodes 56 and 58, respectively. The sources of power
transistors 64 and 66 are grounded, while their drains are electrically

coupl ed to nodes 56 and 58, respectively. Power transistors 60 through 66
are controlled by signals received at their respective gates and supplied
by actuator nmotor control block 50. These control signals conprise four

separate "high" and "l ow' signals which turn power transistors 60 through
66 on and off. For exanple, when read/wite heads 14 are to be noved toward
the center of disks 11, transistors 60 and 66 are turned on, while

transistors 62 and repturned aoff. This causes, node to be af a high
potential deternined % v%ﬁtatla?gse é’guregw%’é, SHAN=EShGE8 5 gi sa'b‘$0 edre

Li kewi se, when B&ae¥¥ikaldvheaedpler ate tvolegrp\eahinaenab8l, t Maridet sﬁhdaé'rof

di sks 11, transksuptss 6Zrandebdeerfediiinedo@led\iche h6d$ S0 §nd0 sand 66
are turned off. reg%g&%ge nove rg of read/wite theads 14 443 esjred,
all  four transiSTors 6O thr ougl 66UAFESt FnRIWEF ¢ transistors and 66

are grounded, while their drains are electrically coupled
to nodes 56 and 58, respectively. Power transistors 60
through 66 are controlled 'by signals received at their
respective gates and supplied by actuator motor control
block 50. These control signals comprise four separate
*high” and “low” signals which turn power transistors 60
through 66 on and off.

" For example, when read/write heads 14 are to be moved
toward the center of disks 11, transistors 60 and 66 are
turned on, while transistors 62 and 64 are turned off.

~This causes node 56 to be at a high potential determined
by voltage source 68, while node 58 is grounded.
Likewise, when read/write heads 14 are to be moved toward
the outside of disks 11, transistors 62 and 64 are turned
on, while transistors 60 and 66 are turned off. When no
movement of read/write heads 14 is desired, all four
transistors 60 through 66 are turned off.

Although the foregoing describes the normal operation
of actuator motor 54 in read/write mode, there are some
circumstances in which read/write heads 14 must be
retracted. These circumstances, which have been
previously described, include the loss of power to hard
disk drive unit 10 or a user request to “park” the drive.

When a read/write head retract is desired, power
transistors 60, 62 and 64 are turned off, and power
transistor 66 is turned on. Node 58 is therefore
grounded. Because transistors 60 and 64 are off, node 56
is electrically isolated from voltage source 68 and
ground. Node ©S6 1is therefore free to float to any

potential supplied by the remainder of circuit 53,



Al t hough the foregoing describes the normal operation of actuator notor 54
‘“inread/wite node, there are sone circunstances in which read/wite heads
14 must be retracted. These ci rcunst ances, whi ch have been
previ ously described, include the |oss of power to hard disk drive unit 10
or a user request to "park"” the drive. Wien a read/wite head retract is
desired, power transistors 60, 62 and 64 are turned off, and power
transistor 66 is turned on. Node 58 1is therefore grounded.
Because transistors 60 and 64 are off, nd® 56 is electrically isolated
from vol tage source 68 and ground. Node 56 1is therefore free to
float to any potential supplied by the renmainder of circuit 53,
10 including voltage regulator- circuit 100, as wll be described
more fully bel b luRiagsi sbdtage 70regilatord cigequpdeto®ni tdeer willi pgkar

tran5|stor\Mtgbgbgﬁﬂyﬁagggrgu qg%%$} “turn-on" base- emtter voltage
(V[err]), as set forth I.n equatl (1) V[err] (turn-on) (KT/ Q)
In(I[err]/1[err]) TrARSIStRTand79 aris cormst amr9un¢eﬁsemhfetelewpm&ae of

the transi stortrajsistor switle eur E&ﬁﬁex@t&d‘échéﬂeﬁdeﬁ@e “LOL@ASHR4 Olbasad
I[err] is the r of_the. tr ransi st or . I n the anpl e
i |l ustrated |§ﬁi&E§§J%§1t%gg ?ﬂ%’iurn §$ 1 fjquatio (2

(1) V..(turn-on) = (kT/q) * 1n(I /I1,)

where k and g are constants, T is the temperature of the
transistor, I, is the current conducted by the transistor,
and I, is the saturation current of the transistor. 1In the

example illustrated in FIGURE 2, the turn-on Vv, of

transistor 70 has a temperature dependence of

approximately -2 mv/°C.

Transistor 70 is located on control chip 46, along
with all of the other elements of circuit 53 excluding
elements 54 through 68. The temperature of transistor 70
therefore reflects the temperature of control chip 46.
More specifically, the temperature of transistor 70 is
determined by the power dissipated by wvoltage regulator
circuit 100, as will be déscribed more fully below.

The base of transistor 70 is maintained at a constant
potential by a reference volté.ge source (not shown). In
this example, the reference voltage is set at 0.53 volts.

The reference voltage is set so that, at room
temperature, the turn-on V,, of transistor 70 is well above
the reference voltage. In this ' example, the room
temperature turn-on voltage of transistor 70 is
approximately 0.78 wvolts. However, when the temperature.
of transistor 70 increases, the turn-on V, decreases.

Thus, when the transistor temperature exceeds a critical

value, in this example approximately 150°C, the turn-on 'S

decreases to the reference voltage, and transistor 70
turns on.



transi stor 70 has a tenperature dependence of approximately -2
M/ [err]C. Transistor 70 is |ocated on control chip 46, along with all of
the other elenments of circuit 53 excluding elenments 54 through 68. The
tenperature of transistor 70 therefore reflects the tenperature of contro
chip 46. More specifically, the tenperature of transistor 70 is determ ned

by the power dissipated by voltage regulator circuit 100, as wll be
described nore fully bel ow. The base of tE?nS|stor 70 is maintained at a
constant potential by a reference voltage Source (not shown). In this

exanple, the reference voltage is set at 0.53 volts. The reference
voltage is set so that, at roomtenperature, the turn-on V[err] of
transistor 70 is well above the reference voltage. In this
exanpl e, the roomTrengésbeure2 isuanpenhanwel t fisld-edifectt tanssisoor 70
i s approxi mat el p¢pd 78 Vehks sour@eweffertrmrgeol}e FPIRer didigcebal ransd stor
70 i ncreases, t t ur n- on [err decreases Thu when t he transrstor
tenperat ure excCEede9s U5l Vaval HaL1S nthe érékﬁr’rpllse %\?IHH‘BE fat® ythe
150[ err] C, the caidectorV[«l r {ratecistrazes’a o t Mher efedreenc® vohhsipE,oran2

transistor 70 tiMweR a TIRBSLSHET HdsS dppe&liannel fipld; ef EaGles
t ransi st or (FEﬁz. .The squrce of transrstor 2 s connected to a
ransistor 72 to act as a constant current source. In

this example, transistor 72 conducts a constant current of
approx1mately 84 pA.

Transistor 70 is chosen so that, when its base
potential exceeds its turn-on potential, it will conduct

all of the current supplied by transistor 72. As a
result, when transistor 70 turns on, node -74 changes from
high to low potential. Thus, transistors 70 and 72

together form a temperature sensor 75 with a high/low
output sighal at node 74.

The output of temperature sensor 75 is supplied to
the input of an inverter 76 which comprises a p-channel
FET 78, an n-channel FET 80 and an output node 82. The
source of FET 78 is connected to V., while its drain is
connected to node 82. The source of FET 80 is connected
to ground, while its drain is connected to node 82. The
gate of FET 78 receives the potential at node 74 inverted,
and the gate of FET 80 receives the potential at node 74
non-inverted. Thus, when the potential at node 74 1is
high, transistor 78 turns off and transistor 80 turns on,
grounding node 82. When the potential at node 74 is low,
transistor 78 turns on and transistor 80 turns off,
bringing node 82 up to V_. -

The output of inverter 76 is supplied to the input of
a second inverter 84, which is identical in structure to
inverter 76. Thus, when node 74 is low and node 82 is
high, output node 86 of inverter 76 is low, and when node
74 is high and node 82 is low, node 86 is high.

The output of second inverter 84 is supplied to a

hysteresis circuit 88 comprising FETs 90 through 96. FET



vol tage source V[err], while the drain is connected to the collector. of

: transistor 70. The gate of transistor 72 receives a const ant bi~as
potential, whi ch causes transistor 72 to act as a constant current
sour ce. In this exanple, transistor 72 conducts a constant current of
approximately 84 [err]A. Transistor 70 is chosen so that, when its base
potential exceeds its turn-on potential, it will conduct all of the
current supplied by transistor 72. fs a result, when transistor 70
turns on, node -74 changes fromhigh to Ilow potential. Thus,

transistors 70 and 72 together forma tenperature sensor 75 with a

hi gh/ | ow out put signal at node 74. The output of tenperature sensor 75 is
supplied to the input of an inverter 76 which conprises a_p-channel FET 78,
an n-channel PETi802aRrdchaneet FIRT M8 B2sourqyeekRifideadd YrEnneced

connected to Meenr] andhid &idalisa élattricallgnretinedted nodeh82draiie ¢urce
of FET 80 is egted,. ;0581 ) I_le. i | Ny ect t e 82.
The gate of F 8%%%8%1\/2% %ﬁ‘g%ﬁ‘& r?tt?gl Egtpéng%erb%}ml%ﬁ\%gftegge gﬁgﬁﬂe gate

an
of FET 80 rec@f &ET 92 dat elecsriealhipRommectes itavarded74. whike thien the
potential at nafgcés ofsFATghe2 t rranshat 96 % igrowwdeit and transistor 80

s, o 97 0und oot 2 o MVER | F RRLETIed ca) UGB LinkEel@lbinn
V[err]. The olRqhantdpli agethergder iaf dmppsistior 072 heandgihergfore acts
as a constant current source. However, the
characteristics of FET 90 are chosen so that the current
conducted by FET 90 is much smaller, in this case
approximately 5 A, than the current conducted by
transistor 72.

FETs 92 and 94 act as a current mirror, with FET 94
as the programming transistor and FET 92 as the mirror
transistor. In this example, FETs 92 and 94 are chosen so
that FET. 92 conducts three times the current of FET 94.

FET 96 acts as a shunt for the current supplied by
FET 90. Thus, during a normal read/write head retract,
when the temperature stays below the turn-on temperature
of transistor 70, nodes 74 and 86 'stay at high potential,
and FET 96 is turned on, shunting all of the currént from
FET 90 to ground. The current mirror comprisiﬁg FETs 92
and 94 therefore remains inactive.

However, when the temperature of transistor 70
reaches its turn-on température, nodes 74 and 86 become
effectively grounded, and FET 96 is turned off. This
causes all of the current conducted by FET 90 to be forced
through programmiﬁg'FET 94. As a result, FET 92 conducts
three times the programming current, or in this example
approximately 15 pA.

‘Because transistors 70 and 92 are connected in
parallel between node 74 and ground, the current conducted
by mirror transistor 92 reduces the amount of current
conducted by transistor 70. In this example, the 84 uA
current conducted by FET 72 is now divided between FET 92,



a second inverter 84, which is identical in structure to inverter 76.
Thus, when node 74 is |ow and ndde 82 is high, output node 86 of inverter
76 is low, and when node 74 is high and node 82 is |ow, node 86 is high.
The out put of second inverter 84 is supplied to a hysteresis circuit 88
conprising FETs 90 through 96. FET 12 90 is a p-channel FET with a
source electrically connected to V[err], and a drain electrically connected
to the drains of FETs 94 and 96 and thg gates of FETs 92 and 94. The drain
of FET 92 is electrically connected to node 74, while the sources of FETs
92, 94 and 96 are grounded. The gate of FET 90 receives the sane constant
bi as potential as the gate of transistor 72, and therefore acts as a
const ant current sour ce. However, the characteristics of
FET 90 are whashncopdupbs flhe véur rangt eearficted P Femeh | condrdtssmal | er,

in this casenapperXindielap pa. [err]A  than the current conducted by
transistor 72. FETs 92.and_94 _act_as a,currgn ] . W as the
progr anm ng trangﬁg?ﬁfnﬁﬁdtﬁE§q©§Cﬁ§lth )hig?%rg%ééééﬁ%gtégl%??%%ﬁ%

exanpl e, FEFon@2ciad ¥ awenshesen 30 A3t WERIFE déhduclewerinse 2§ nes t he

current of RRE YhrnFBR 92?:, aGhd S Rn3RYQknf OloWwbLifdlr 6ENthE UpPLhesh by
temperature of transistor 70 by approximately 8°C. Thus,

as a result of the operation of hysteresis circuit 88,
once the temperature of transistor 70 rises. above its

turn-on temperature, the temperature must fall
approximately 8°C, to 142°C, before transistor 70 will turn

off. When transistor 70 does turn off, EET 96 turns on
again, de-activating the current mirror comprising FETs 92

and 94, and causing the turn-on temperature of transistor
70 to rise by approximately 8°C to its original value of
150°C.

The output of inverter 76 is supplied to the base of
a shunt transistor 98 in a voltage regulator circuit 100.
The source of transistor 98 is grounded, while its drain
is electrically connected to a node 102 in voltage
regulator circuit 100. A diode 104 and a transistor 106
are connected in series between node 102 and ground. A
bipolar transistor 108 has an emitter electrically
connected to node 102, a collector electrically connected
to a current source 110, and a base electrically connected
to node 56. A FET 112 has a gate electrically connected
to the collector of transistor 108 and a drain coupled to
a voltage source (not shown). A resistor 114 is connected
between the source of FET 112 and node 56. A bipolar
transistor 116 has a collector electrically connected to
the cbllector of transistor 108 and the gate of FET 112,
an emitter electrically connected to node 56, and a base
electrically connected to the source of FET 112.
During normal operation of voltage regulator circuit
100, FET 98 and transistor 116 are turned off. Current



FET 90. Thus, during a normal read/wite head retract, when the
" tenperature stays below the turn-on tenperature of transistor 70, nodes 74 -
and 86 stay at high potential, and FET 96 is turned on, shunting all of the
current fromFET 90 to ground. The current mrror conprising FETs 92 and
94 therefore remains inactive. However, when the tenperature of transistor
70 reaches its turn-on tenperature, nodes 74 and 86 becone effectively
grounded, and FET 96 is turned off. Thi;s causes all of the current
conducted by FET 90 to be forced through progranm ng FET 94. As a result,
FET 92 conducts three tines the programmng current, or in this exanple
approximately 15 [err] AL Because transistors 70 and 92 are connected
in parallel between node 74 and ground, the current conducted by mrror
transi stor 92 $¥HFCeslthe segbanttof being evhecosrirct € HET r 4h3i $oraryQ.

In this exanpl equilier84m| @otkAt €41 80EhCORAUCedndystid Y@8 i simew diyi ded
bet ween FET 9

3 | conduct s [err]A., and transjstor 70, which
conducts the rz%frraf%%nﬁwgt& ter?]’&? JF?eq‘ étr%Fi ﬁ‘dr %mEqﬁ% Ton fjl‘? t BEF83%ct i on

in current contfitt 88 by tekhsi 31br of0 Yhe erviyentesanprliad abyowsrragtof the
turn-on V[ err]sowfte F1e0esequghbuhdVairdignoibhe 104 Nad resistor 106.

As a result, the equilibrium potential of node 102
relative to ground is approximately one diode drop (0.55
V) plus the IR voltage drop across resistor 106. In the
example illustrated in FIGURE 2, the equilibrium potential
of node 102 is approximately 1.1 V.

Those skilled in the art will recognize that the
equilibrium potential of node 56 is approximately one
diode drop (0.55 V) above the equilibrium potential of
node 102. This is so because, if node 56 rises to a
higher level, the transistor 108 becomes more conductive,
lowering the potential at the gate of FET 112, thus
reducing both the current conducted by FET 112 and the
potential "at node 56. Likewise, if the potential falls
below the equilibrium value, transistor 108 becomes less
conductive, increasing the potential at the gate of FET
112. This increases both the current conducted by FET 112
and the potential at node 56. In the example illustrated
in FIGURE 2, the equilibrium potential of node 56 is
approximately 1.64 V

Transistor 116 acts as a current limiter in voltage
regulator circuit 100. If the current conducted by FET
112 rises above a certain value, in this example
approximately 200 mA, then the IR voltage drop across
resistor 114 rises above the turn-on V,, of transistor 116.

As a result, transistor 116 conducts current away from
the éate of FET 112, reducing both the gate potential of
FET 112 and the current conducted by FET 112. Because the
current conducted by transistor 116 rises rapidly with V_

above the turn-on value, the current conducted by FET 112
is effectively capped at 200 mA. '



tenperature of transistor 70 by approximately 8[err]C. Thus, as a result
:of the operation of hysteresis circuit 88, once the tenperature of
transistor 70 rises above its turn-on t enper at ur e, t he t enperature
nmust fall approximately 8[err]C, to 142[err]C, before transistor 70 wll
turn off. Wien transistor 70 does turn off, FET 96 turns on again,

de-activating the current mrror conprising FETs 92 and 94, and causing the
turn-on tenperature of transistor 70 to rise by approximtely 8 err]Cto
its original value of 150[err]C. The output of inverter 76 is supplied to
the.base of a shunt transistor 98 in a voltage regulator circuit 100. The
source of transistor 98 is grounded, while its drainis electrically
connected to a node 102 in voltage regulator circuit 100. A diode

104 and a transi st ghek06 @& CQQE%&E&QJH@ Sefi eagkweesr node 102iseil
gr ound. A bi pal ar . transi stor 08

gas an_.em trer eg;fcgri cal I%

connected to 1pdently 5P| EBFBr OBl EBEr FEAPFLS W Uneti Bd” T o- A ¥ hr Pt

source 110, amxhumthiage @bmehti chidy tlenenitter ooffioderaBEistaArFEP811%o has a

gate el ectri calloufPNngRf ed %ctc*ﬂ@%ff' ')gef&ﬁfdiﬁtg t k@ASi ShEtdP8 andrgedrain .
own

coupled to a voltage source (not s . Aresistor 114 is connected
bet ween t he scRfftictiyippr pofenkigl ngde nosle S0 HRGRFLATS « St 4% has a
col I ector el ecdiodsl |draponnepipedxinatdéley cal sact o) ofabliovensiggbondl108oamnd t he

gate of FET 11,0 GMdeh6 o%e%ﬂ&a&#y' NpaG! bt Yk en®iadndignbase
electrically corﬁ\ectg%to-the source_o IEE% %%%
FET 98 off. Thus, when transistor 70 turns on, the
potential at node 56 drops significantly, thereby
decreasing the retract current supplied to actuator motor
54.

The operation of circuit 53 will now be described.
When disk drive unit 10 is in a read/write mode, current
source 110 and the rest of voltage regulator circuj.t 100
are deactivated, and actuator motor 54 is driven by power
transistors 60 through 66 in a manner previously
described. Although circuits 75 and 88 and inverters 76
and 84 are operational in this mode, the deactivation of
voltage regulator circuit 100 renders their operation
irrelevant to the functioning of actuator motor 54.

When disk drive unit 10 is in a retract mode, current
source 110 and the rest of voltage regulator circuit 100
are activated by other elements (not shown) on control
chip 46. In this mode, current is supplied to actuator
motor 54 by FET 112 through node 656. So 1long as
transistor 70 is not triggered by overheating of circuit
53, the amount of cp..frent supplied to actuator motor 54 is
determined primarily by the resistance of resistor 106,
and by the current supplied by current source 110.

In a retract mode, voltage regulator circuit 100
dissipates a significant amount of power, which causes
control chip 46 to heat up. As was previously described,
temperature sensor 75 senses the temperature of control

chip 46, and generates an altered output signal when the

temperature reaches approximately 150°C. This altered



During nornal operation of voltage regulator circuit 100, FET 98 and

-transistor 116 are turned off. Current 14 source 110 seeks to bring
the gate of FET 112 to an equilibriumpotential such that transistor 108
sinks all of the current supplied by current source 110. Because FET 98

Is off, all of the current supplied by current source flows to ground
t hrough di ode 104 and resistor 106. As a result, the equilibriumpotenti al
of node 102 relative to ground is approxi mately one di ode drop (0.55 V)

plus the IR voltage drop across resistorl&06. In the exanple illustrated
in FIGURE 2, the equilibriumpotential of node 102 is approximtely 1.1 V.
Those skilled in the art wll recognize that the equilibriumpotential of

node 56 i s approxi mtely one diode drop (0.55 V) above the equilibrium
potential of raGeUt02signahi al§e§0 NMREAUSEransistiIdeoB6 ¢d s@urhO &y hi gher

| evel, the tr | r 8 becones nore conductive, | owering the potentia
at the gate o?ﬂét%%%lf%gFﬁﬁ%gr c??EfQﬁﬁﬁi e 79 réﬁtaegngﬁﬁtﬁﬂgﬁ?“FET 112
and the potent§4Pldedndie Setuatay keekewe, 54i fint heheomennenl piravieudky ow t he
equi | i bri um vaddigiribeansi Stte 108 cBeEQTESLIRRS %Qgﬁaﬁt |y, dehpkeashpy the

potenti % e ©18" Iilo MRuodlid TRICRREL Ot Al O Sl gt o

lowers the threshold temperature of temperature sensor 75
by approximately 8°C in the manner previously described.

The reduction of the current supplied by voltage
regulator circuit 100 decreases the power dissipation of
the circuit, allowing control chip 46 to cool down. If
the temperature of control <chip 46 falls below

approximately 142°C, then temperature sensor 75 alters its

output signal once more, turning off shunt transistor 98
and increasing the current supplied by voltage regulator _
circuit 100. The altered output signal of temperature
sensor 75 also triggers hysteresis circuit 88, which

raises the threshold temperature of temperature sensor 75

by approximately 8°C to its original value of approximately
150°C.

From the foregoing description, it will be recognized
that circuit 53 provides thermostatic regulation of the
retract current in actuator motor 54. Moreover, the
action of hysteresis circuit 88 prevents the temperature

~of transistor 70 from oscillating rapidly around a
threshold value, sincé the turn-on temperature of

transistor 70 drops 8°C when transistor 70 heats .up and

turns on, and rises 8°C when transistor 70 cools off and
turns off.

While the invention has been particularly shown and
described by the foregoing detailed description, it will
be understood by those skilled in the art that various
other changes in form and detail may be made without

. departing from the spirit and scope of the invention.



and the potential at node 56. |In the exanple illustrated in FIGURE 2, the
-equi l i brium potential of node 56 is approximately 1.64 -V Transistor 116
acts as a current limter in voltage regulator circuit 100. If the
current conducted by FET 112 rises above a certain value, in this
exanpl e approxi mately 200 MA, then the IR voltage drop across resistor
114 rises above the turn-on V[err] of transistor 116. As a result,
transi.stor 11 away fromthe gate of FET 112, reducing
both the gat ejpl“t“ﬁm!“lﬂm'mm 112 and thé7current conducted by FET 112.
Because the currertt ¢on8ucted* by transistor 116 rises rapidly with Verr]
above the turn-on value, the current conducted by FET 112 is effectively
capped at 200 mA. 15 When t he tenperature of transi stor 70
rises suffici erMHAr tus waaMmap tde transi stor, FET 98 turns on, shunting
current fromthe em{ter ,of i st.or . [ nd _ef.fectivel
grounding the em t]i'er. A még&%?heorgqhﬁlﬁﬁ%‘%ugn%u%gﬁt ?151 ol dﬁ%@edgévg
t her ef ore dr opsF$¥ 01 t@ bgaddrepracpFissiiht epnpissmay/Ehghsvergyrafind, or
approxi mately one thderbigly iat semfietrdtiddid ah ROt&Rdedtudd zehEdr; 98 of f.
e i coet A% Gerkink " AR OQuephf® BEGEN ' e Hne "Epetdeudl P
sensor, the output signal indicating whether the

temperature is above a threshold temperature;

' receiving at a voltage regulator an input signal
operatively associated with the output signal of the
temperature sensor; and

adjusting a voltage applied to an actuator motor by
the voltage regulator in response to the input signal of
.the voltage regulator.

2. The method of Claim 1 wherein the generating
step comprises the steps of :

generating the output signal of the temperature
sensor at a first logic level when the temperature is
below the threshold temperature; and

generating the output signal of the temperature

sensor at a second logic level when the temperature is
above the threshold temperature. '

3. The method of Claim 2 wherein the adjusting step
comprises the steps of:

decreasing the voltage applied to the actuator motor
by the voltage regulator in response to the output signal
of the temperatureNSensor being at the second logic level; .
and '

increasing the voltage applied to the actuator motor
by the voltage regulator in response to the output signal
of the temperature sensor being at the first logic level.

4. The method of Claim 2 wherein the adjusting step
comprises the steps of:



decreasing the retract current supplied to actuator notor 54. The operation

-of circuit 53 wll now be described. Wen disk drive unit 10 is in a

read/ wite node, current source 110 and the rest of voltage regul ator

circuit 100 are_deactivated, and actuator notor 54 is driven by power

transistors 60 through 66 in a mnanner previously described.

Al t hough ci rcui tﬂlﬂﬂmeﬂlﬂEm nverters 76 and 84 are operational in this

node, the deactil u.regulaa r circuit 100 renders their

operation irrelevant®to tHe Buneétioning of actuator notor 54. Wen disk

drive unit 10 is in a retract node, current source 110 and the rest of

vol tage regulator circuit 100 are activated by other elenents (not shown)

on control chip 46. In this node, current is supplied to actuator notor

54 by FET 112 tdganegisingodbe $6ltage Swpplimdy taasthe @vdiustor ®MOtdEs not

triggered by omer Brat kraqwéecn;égwéto‘ié;iﬁheew o5 gurheRkisupp! kgd to

act uator notor é—lé dq}enn1n$d Prlnarll b he resistance of resistor

106, and by the& curtent SHEBRted bglh%utr?’%’r‘ﬁr%b}ﬁ?cée‘ﬁ‘br. oM Yhe FAEEtnode,

vol t age regul alegici¥euslt to0Ohei serqut dogacsiegveli cat anount of power,

whi ch causes controf el h ' cri ,
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t enperat ure sepsor 756,ls?<linses the tenperature

generates an aP¥erB§ pRPesrgaulatPeniR nESERPRES atQr &8 Hr@RshEion in
approxi mat el y thé0[artpu€. sigridl sofal tiss edemperature sensor from the

second logic level to the first logic level.

5. The method of Claim 2 further comprising the
steps of: '

. receiving at a hysteresis circuit an input signal
operatively associated with the output signal of the
temperature sensor; and

adjusting the threshold  temperature of" the
temperature sensor by the hysteresis circuit in response
to the input signal of the hysteresis circuit.

6. The method of Claim 5 wherein the step of
adjusting the threshold temperature of the temperature
sensor comprises the steps of:

decréasing the threshold temperature of the
temperature sensor in response to a transition in the
output signal of the temperature sensor from the first
logic level to the second logic level; and

increasing the threshold temperature of the
temperature sensor in response to a transition in the
output signal of the temperature sensor from the second
logic level to the first logic level.

9. The method of Claim 1 further comprising the
step of retracting a disk drive read/write head by the
actuator motor in response to the voltage applied to the
actuator motor by the voltage regulator.



16 out put signal causes shunt transistor 98 to turn on, thereby reducing
“the potential at node 56 and the current” supplied to actuator notor 54 i*f

t he manner previously descri bed. The altered output signal of
tenperature sensor 75 also triggeérs hysteresis circuit 88, which [owers the
t hreshol d terrpﬂmm" Im at ure sensor 75 by approximately 8[err]Cin
t he manner pre m uuﬂmﬂ" The reduction of the current supplied by
vol tage regul at &r Eirtui® B00*decreases the power dissipation of the
circuit, allowing control chip 46 to copd down. If the tenperature

of . control chip 46 falls bel ow approximately 142[err]C, then
tenperature sensor 75 alters its output signal once nore, turning off shunt
transi stor 98 and increasing the current supplied by voltage regul ator
circuit 100. The_al t ey ed,.out put, signal _of tenperature sensor .75 also
triggers hysteresi 8 ci r%u%ls 8 & Vlechr??;t‘i'lg"érsltt%egﬁﬁiaesﬁfotlr&c enpdrdtifre of
tenperature sERBRriFEndy approxi mately 8[err]C to its original value of
approxi mat el y 150[ &r kkfpeFsQiRd e djeRdpiesesi BELSS, al Eeh‘!ﬂfzéfa@.ﬁre
recogni zed th%tf Cl:'[hrgcud‘t 53, provi dea t her m)staél c reqgul atjon .of the retract
current in alfudtr 94w SF1vesread/ywpiteRrad FREFERY i GHFBE ki s
circuit 88 praeagrstehe arenpentpuk e sfighahnsiistdicai@ngr omhesbek| atthyy
rapidly aroun@efperature is above a threshold temperature; and

a voltage regulator operable to receive an input
signal operatively associated with the output signal of
the temperature sensor, and operable to adjust a voltage

applied to an actuator motor in response to the input
signal.

9. The system of Claim 8 further comprising a
hysteresis circuit operable to receive a hysteresis input
signal operatively aséogiated with the output signal of
the temperature sensor, and operable to adjust the
threshold temperature of the temperature sensor in
response to the hysteresis input signal.

10. The system of Claim 8 wherein the temperature
sensor comprises:

a transistor having a temperature-sensitive turn-on
voltage, the transistor comprising a base terminal and
first and second terminals, the second terminal being
operable to generate the output signal of the temperature
sensor;

a first constant voltage source electrically
connected to the first terminal of the transistor; and

a second constant voltage source electrically
connected to the base terminal of the transistor.

11. The system of Claim 10 wherein the temperature
sensor further comprises a current source electrically
connected to the second terminal of the transistor.



threshol d val ue, si nce the turn-on tenperature of transistor 70
- drops 8[err]C when transistor 70 heats up and turns on, and rises 8[err]C
when transistor 70 cools off and turns off. While the invention has been
particularly shown and descri bed by the foregoing detail ed description, it
will be UHMi Iled in the art that various other changes

in form and e wi t hout departing fromthe spirit and scope
of the i nven} H‘ CLAI MED IS: 1. A neth ' :rent
in a disk dr |t5e Mead retract ggrcuit cofp'FmSlSltEEtTHMSSBEm_ of :

sensing a terrperature at a tenperature sensor; genqratl nBEEMGEn put
at the tenperature sensor, t he out put si gnal

the tenperature is above a threshold tenperature; receiving at a voltage
regul ator an i nput operativel sQci at e h the out ut si gnal of
the tenperature sef‘igo %léﬁd X&Jtﬁg‘tl‘?% gié‘ﬂﬂ“t ggﬁﬁ#’?’éd OGP é’i’:?uaﬁg‘b

not or by the \mlvﬁagerre?gmrabée it r espeitee thet hentipysut ssgmpial obf thwe

vol tage regul %Teﬁtberatuﬂ_@e JBished odndd dbBrdbbens) NihGer9eneLal b ep
conprises the st eg

of the temperature sensor to generate the input
signal of the voltage generator.

13. The system of Claim 8 wherein the voltage
regulator comprises:
a current source operable to generate a current;

_ an impedance having first and second terminals, the
first terminal being electrically connected to a first
constant voltage source, the second terminal having a
voltage operatively associated with the voltage applied to
the actuator motor, the impedance being operable to
conduct the current; and

a shunt transistor having a first terminal
electrically connected to the second terminal of the

impedance, a second terminal electrically connected to a
second constant voltage source, and a gate terminal
operable to receive the input signal of the voltage
regulator, the shunt transistor being operable to conduct

the current in response to the input signal of the voltage
regulator.
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geherati ng the output signal of the tenperature sensor at a first logic
s level when the tenperature is below the threshold tenperature; and
generating the output signal of the tenperature sensor at a second |ogic

| evel when the tenper bove the threshold tenperature. 3. The
met hod of O aj ' adj usting step conprises the steps of:

decr easi ng thummmﬂmmaﬂgjnm to the actuator notor by the voltage

regul ator in résponge tmo exout put signal of the tenperature sensor being

at the second logic |evel; and increasi ngthe voltage applied to the
actuator notor by the voltage regulator in response to the output signal of
the tenperature sensor being at the first logic |level. 4. The net hod of
Claim 2 wherein the adjusting step conprises the steps of: decr easi ng
the vol tage appliedido theliak deioe &dipgridingthe vol tage regul ator in

response to a tranjscjit(?fgk i V&gg Qug but S}Iﬂ%‘ !e %di ',_terrpe_rature sensor
fromthe first logic I'evel t0 Thé Secon ogic Tevel; and increasing the

vol tage applied to ®heeadfiwrditer hepdoprenahlee tooineage drEgufaemrtheh dadaponse
to a transiti oBtbbagdamediivalliorSkgaaligd; t he tenperature sensor fromthe

an actuator motor operable to move the read/write
head across a surface of the disk:

a tempefature sensor operable to sense a control
circuit temperature and to generate an output signal; and

a voltage regulator operable to apply a voltage to
the actuator motor, and operable to receive an input
signal operatively associated with the output signal of
the temperature sensor, and operable to adjust the voltage

applied to the actuator motor in response to the input
signal.

15. The syétem of Claim 14 further comprising a
hysteresis circuit operable to receive a hysteresis input
signal operatively associated with the output signal of
the temperature sensor, and operable to adjust the
threshold temperature of the temperature sensor in
response to the hysteresis input signal.

16. The system of Claim 15 wherein the temperature
sensor comprises:

a transistor having a temperature-sensitive turn-on
voltage, the transistor comprising a base terminal and
first and second terminals, the second terminal being
operable to generaEé the output signal of the temperature
sensor;

a first constant voltage source electrically
connetted to the first terminal of the transistor; and -

a second constant voltage source electrically

connected to the base terminal of the transistor.



second logic level to the first logic level. 5. The nethod of Claim?2
*further conprising the steps of: receiving at a hysteresis <circuit an

i nput  si gnaJ——QD%Ve'ydﬁﬁlq%at ed with the output signal of the
tenperature sensor; and a the threshold tenperature  of

t he terrperatumuumﬂ“"ﬂﬂ ”u hystere5| s circuit in_response to fhe input
signal of the m ﬂ . The method | ¢fjis SHEET'HAS BEEN i n
the step of adj ust'rnd'trfe t*hreshol d teperature of ﬁe HEPIREEM! Ur e ensor
conprises the steps of: decreasing t he t hr eShol eet-Oiiiatdimth-@eamdf
the tenperature sensor in response to a transition in the output signal of
the tenperature sensor fromthe first logic level to the second Ioglc
| evel ; and increas t he thre old. tenperature
t enper at ur e sensor rTéts ot #t#garﬂs‘?t]r%ﬁw{‘ﬁr?% Bkﬂﬁ pﬁ?m%‘?rgfﬁé[‘lreof t he
t enperature séﬁ%@rfrfomthhe sepund slesgi € |leawelento sdwerde r stedtogiaalllgvel . 7.
The nethod of c6habSted UM MY &R | SbARind1NCo Bt @ReOf e rhBishidebl Qg di sk
drive read/wite heg{aj ﬁt.)cy t he actuator notor in response to the voltage

o)

applied to t h8PEERR fEFaE§  ne i ttage regul at or .

18. The system of Claim 16 wherein the hysteresis
circuit comprises a current sink electrically connected to
the second terminal of the transistor and operable to sink

a portion of the current generated by the current source.

19. The system of Claim 14 further comp;ising an
inverter operable to receive the output. signal of the
temperature sensor, and operable to invert the output

signal of the temperature sensor to generate the input
signal of the voltage generator.

20. The system of Claim 14 wherein the voltage
regulator comprises:

a current source operable to generate a current;

an impedance having first and second terminals, the
first terminal being electrically connected to a first
constant voltage source, the second terminal having a
voltage operatively associated with the voltage applied to
the actuator motor, the impedance being operable to
conduct the current; and

a shunt transistor having a first terminal
electrically connected to the second terminal of the
impedance, a second terminal electricélly connected to a
second constant voltage source, and a gate terminal
operable to receive the input signal of the voltage
regulator, the shunt transistor being operable to conduct

the current in response to the input signal of the voltage
regulator.

This Sheet Has Been Replaced




19 8. A disk drive read/wite head retract <circuit conprising: a
tenperature sensor operable to sense a tenperature of the disk drive

read/ wite head retract circuit and to generate an _out put si gnal

i ndi cating whet her the tenperature is above a threshold tenperature; and
operatively

a voltage regul ator operable to receive an input signal

associated with the output signal of the tenperature sensor, and operable
to adjust a voltage applied to an actuator notor in response to the input
The system of Caim 8 ZHurther conprising a hysteresis
circuit operable to receive a hysteresis input signal operatively
associated with the output signal of the tenperature sensor, and operable

si gnal .

to adjust the threshold tenperature of the tenperature sensor in
response to the hysteresis input signal.

9.

the tenperature sensor comprises: a transistor having a

t enperat ure-sensitive turn-on vol tage,

t ef m nal

to generate the output signal of the tenperature sensor; a first

const ant

of the transistor; and

METHOD AND SYSTEM FOR LIMITING
CURRENT IN A HEAD RETRACT CIRCUIT

ABSTRACT OF THE DISCLOSURE
‘A method and system for limiting current in a
read/write head retract circuit is disclosed. The - system

includes a . temperature sensor (75) for sensing a
temperature of the disk drive read/write head retract
circuit (53). The temperature sensor (75) generates an
output signal indicating whether the temperature is above
or below ‘a threshold temperature. The system also
includes a voltage regulator (100) which applies a voltage
to an actuator motor (54). The wvoltage regulator (100)
receives an input signal operatively associated with the
output signal of the temperature sensor (75), and adjusts
the voltage applied to the actuator motor (54) in response
to the input signal. In one embodiment, the system
includes a hysteresis circuit (88) which adjusts the
threshold temperature of the temperature sensor (75) when
the temperature sensor output changes. The hysteresis
circuit (88) prevents the system from oscillating rapidly
around the threshold temperature of the temperature sensor

(75), and thereby "avoids unnecessary wear of the system
components.

FIGURE 2

the transistor conprising a base
and first and second term nals, the second term nal being operable

10. The system of C aim8 wherein

vol t age source electrically connected to the first term na



a second constant vol tage: source electrically connected to the
base term nal of the transistor. 14 The system of C aim 10 wherein the
tenperature sensor further conprises a current source electrically
connected to the second term nal of the transistor. 20 12. The system of
Claim8 further conprising an inverter operable to receive the output
signal of the tenperature sensor, and operable to invert the output signal
of the tenperature sensor to generate the input signal of the voltage

. regulator. 13. The system of Claim8 wherein the voltage regul ator '

- conprises: a current source operable to generate a current; an inpedance
having first and second termnals, the first termnal being electrically

- connected to a first constant voltage source, the second termi nal having a
- vol tage operatively associated with the vollY2ge applied to the actuator
notor, the inpedance being operable to conduct the current; and a  shunt

t ransi st or havi ng a first termnal electrically connected to the
second term nal of the inpedance, a second termnal electrically connected
to a second constant voltage source, and a gate term na
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operable to receive the input signal of the voltage regulator, the
shunt transistor being operable to conduct the current in response to the

i nput signal of the voltage regul ator. 21 14. A disk drive conprising: a
di sk having a data storage nedium a read/wite head operable to read data
fromthe data storage nmediumof the disk; an actuator notor operable to
nove the read/ wite head across a surface of the disk; a tenperature sensor
operable to sense a control circuit tenperature and to generate an out put
signal; and a voltage regul ator operable to apply a voltage to the actuator
notor, and operable to receive an input signal operatively associated with
the output signal of the tenperature sen23p2, and operable to adjust the
voltage applied to the actuates notor in respongg to the input signal. 15.
The system of O aim 14 furthefQ onpri siggg a hysteresis circuit operable to
receive a hysteresis input sig | sociated with the output
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response to the hysteresis input signal. 16. The system of C aim 15 wherein
t he .t enper at ' : a transistor having a _

t enper at ur e- sepsitd o ol tage, the transistor conprisf\r?éogsﬁsé
tersri nal and f[inmmﬁiiﬂﬁmﬁ;lmerm nal s, the second term nal bei ngppBerabl e
to generate th x0f the tenperature sensor; a- first

const ant vol t age source - electrically connected to the first term nal
of the transistor; and a second constagnt vol t age source

electrically connected to the base term nal of the transistor. 22 17.
The system of Cl aim 16 wherein the tenperature sensor further conprises a
current source electrically connected to the second term nal of the

transi stor and opeyable,to generate_a current. 18. . The system of C aim 16
wherei n the hyst er%é; ser&er cg}’?t%n&fi s‘g]sa’éf‘ chr r%ﬁtrﬁrnkc%¥%%%%n8al 75
connected to theeskgondpreeridaakoofreded ver atisd spukpand ségordblaf t bhei nk a
portion of theefpériirede8ehddLd BYat Npdiap1eNt t§OURRrt19%hd heuspatem of
Claim 14 further i sing an inverter operable to receive the _outgut

si gnal of thesf’%?r%]gr %ur%’%eﬁ%’ﬁ?‘?m&%eopﬁr’ém‘e £ PRURFItS hEhYuLpRY

signal of the voltage regulator.

*

13. The system of Claim 8 wherein the voltage
regulator comprises:
a current source operable to generate a current;

' an impedance having first and second terminals, the
first terminal being electrically connected to a first
constant voltage source, Ehé second terminal having a
voltage operatively associated with the voltage applied to
the actuator motor, Ehe impedance being operable to
conduct the current; and

a shunt transistor  having a first terminal
electrically connected to the second terminal of ‘the
impedance, a second terminal electrically connected to a
second constant voltage source, and ‘a gate terminal
operable to receive the input signal of the voltage
regulator, the shunt transistor being operable to conduct

the current in response to the input signal of the voltage
regulator.
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signal of the tenperature sensor to generate the input signal of the

vol tage regul ataor. 20. The system of ‘Cl-ai m 14 wherein the voltage regul ator
conprises: a current source operablie to generate a current; an inpedance
havisfig Tirst and ,mumjﬂ lmjr"[m'mn the first terminal being electrically
connected to a fi age source, the second termnal having a
voltage operatlvely dssbciited Vith the vl tage applied to the actuator
notor, the inpedance being operable to conduct the current; and a  shunt
transi st or havi ng a first term nal el ectrlcally connected to the
second termnal of the irrpedance a second term nal el ectr| cally connected
to a second constan{_ vol,l; urce, term nal operable to

recei ve the input stTghal Qﬁg ¥FToI9ta g‘g t"g? ret"l’i’e untte“\pfﬁﬁEPE‘For

bei ng oper abl esepsepndugthene cumprésesi i r egpoase tsourhe islmetricghdy of
the voltage reguhAé®fed to the second terminal of the transistor and

operable to generate a current.

18. The system of Claim 16 whereih the hysteresis
circuit comprises a current sink electrically connected to
the second terminal of the transistor and operable to sink

a portion of the current generated by the current source.

19. The system of Claim 14 further comprising an
inverter operable to receive the output signal of the
temperature sensor, and operable to invert the output

signal of the temperature sensor to generate the input
signal of the voltage regulator.

20. The system of Claim 14 wherein the voltage
regulator comprises:

a current source operable to generate a current;

an impedance having first and second terminals, the
first terminal being electrically connected to a first
constant voltage source, the second terminal having a
voltage operatively associated with the voltage applied to
the actuator motor, the impedance being operable to
conduct the current; and

a sﬁunt transistor having a first terminal
electrically connected to the second terminal of the
impedance, a second terminal electrically connected to a
second constant voltage source, and a gate terminal
operable to receive the input signal of the voltage
regulator, the. shunt transistor being operable to conduct

the current in response to the-~input signal of the voltage
regulator.
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