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In a conventional magnetic

MOTOR BRAKE CIRCUIT FOR USE IN A
MAGNETIC DISK DRIVE SYSTEM \/

The present invention relates to a motor brake
circuit for use in a magnetic disk drive system for
braking a spindle motor of the system upon loss of
supplied power. -

Magnetic disk drive systems have become widely
acéepted in the computer industry as a cost effective
form of data storage. 1In a conventional magnetic disk
drive system, a magnetic disk rotates at high speed
while a magnetic read/write head "flies" slightly over
the surface of the rotating disk. The magnetic disk is
carried by a spindle drive motor. The magnetic read/
write head is suspended over the disk on a spring loaded
support arm. As the disk rotates at high speed, the
aero-dynamic properties of the magnetic head provide a
lifting force which allows the head to glide over the
disk surface on a cushion of air. The height of the
magnetic read/write head over the disk surface is
primarily a function of the rate of disk rotation, the
aero-dynamic properties of the magnetic head assembly
(or "slider") and the force provided by the spring
loaded support arm. |

Two of the most critical periods in determining
magnetic head life occur during "take off" and
"landing". Prior to operation, the head rests on an
inner track or "landing zoné" of the disk. As the disk
begins to rotate from an initial, stopped position, the
magnetic head is dragged along the surface of the disk.
Once the disk reaches sufficient speed, the aero-dynamic
1ift begins to force the magnetic head assembly away
from the disk sﬁrface, i.e. the head "takes off". The

i c disk drive systens have becone
accepted in the conputer |ngustry as a cost effective form of
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drive system a magnetic disk rotates at high speed while a nmagnetic
read/ wite head "flies" slightly over the surface of the rotatimgrdi.sk.. The |
magnetic disk is 15 carried by a spindle drive notor. The nhgpéﬂFq§??;1§

read/ wite head i s suspended over the disk on a spring | oaded support ‘arm =~

As the disk rotates at hi gh speed, the aefo-dynanic properties of the
magneti c head provide a |lifting force which allows the head to glide over

t he 20 di sk gééiac pn a cushion of _air. The,height of the magnetic
read/ wite heatP € HELEP SROLRF rRERVIAeH PREFLFICRLIVINtRFSR of the rate

of disk rotatiasceldwation so that the magnetic head flies after only
| a very few rotations of the magnéetic disk.
During shut down of the disk drive system, the

5 magnetic read/write head must "land" upon the surface of
the magnetic disk. This landing typically occurs in the
landing zone along the inner radius of the magnetic disk
surface. After power to the magnetic disk drive spindle

motor is shut off, momentum continues to carry the

10 magnetic disk through its rotation. Various friction
sources slowly reduce the speed of rotation of the
magnetic disk. As the disk rotation slows, the aero-

dynamic lifting force is reduced and the magnetic
read/write head assembly contacts the disk surface in

15 the landing zone area. Once the magnetic head contacts
the disk surface, the head is dragged across the
surface as momentum continues the magnetic disk

rotation. .
Magnetic read/write heads used in modern day'disk
20 drive systems are typically extremely small and delicate

thin film magnetic heads. The dragging associated with
take offs and particularly with landings as described
above is a primary source of magnetic head wear. The
landing process described above typically produces a

25 longer dragging period for the magnetic head. The prior
art has attempted to limit the length of the dragging
period by braking the rotation of the spindle motor.

One such design is shown in U. S. Patent No.

4,658,308 entitled "Method and Apparatus for Retracting

30" Head and Braking Motor of a Disk Drive Device". This
patent shows circuitry'for electrically shorting out the
windings in a magnetic disk drive spindle motor
following a pre-determined time delay after power loss
and retraction of the magnetic head onto the landing
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aero dynam c properties of the nagnetic head assenbly (or "slider") and the
forege provided by the spring 25 | oaded support arm Two of the:most”
critical periods in determning magnetic head |ife occur during “takée of f"
and "landing". Prior to operation, the head rests on an inner track or

"l andi ng zone" of the disk. As the disk 3 begins to rotate from an
initial, stopped position, the magnetic head is dragged al ong the surface
of the disk. Once the disk reaches sufficient speed, the aero-dynamc lift
begins to forc?@ﬂ%@l?ﬁigmimhmeiaxslhmﬁaqe-a\/\/eﬁ/leCtricalY shorting the

coils causes the spindle rapidly to stop rotating. Once
thé motor windings are shorted out; the disk drive
rapidly stops spinning and the magnetic head loses lift

5 and drops to the disk surface. '

Due to size constraints, however, the spindle
motor is designed to be as small as possible. This
limits the size of the motor windings. Small windings
cannot carry large electrical currents without heating

10 and eventually melting. The electrical shorting of the
windings of the disk spindle motor results in high surge
currents due to back EMF induced in the motor coils by
the momentum of the rotating disk. (Back EMF is an
effect in which an electric motor acts as an electric

15 generator. In the case of a disk drive, the spinning
disk causes electric current to flow in the motor
windings). These high surge currents can permanently
damage the spindle drive motor by causing one or more of
the windings to melt and form an electrical open

20 circuit. _

Other prior art approaches to disk drive braking
have used mechanical devices, such as normally closed
electric relays held in the open position by the power
supply in the magnetic storage system. Upon loss of

25 power, these relays return to their closed positions
and electrically short out the spindle motor windings.
This can also cause large surge currents, which can
damage the motor windings. Mechanical relays have a
number of additional design problems, including large

30 power draw dﬁring operation, large'size, high cost and
inherent reliability limitations problematic of electro-
mechanical components.

Upbn power-up of a storage system, it is desirable
to rapidly re-set the circuitry used electrically to
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fromthe disk surface, i.e. the head "takes off". The £>2 spindle-drive . - .
motor provides sufficiently large acceleration so thg the magnetic head

flies after only a very few rotations of the nagegtic di sk. During shut
down of the disk drive system the 5 4 magnet i€ read/wite hegdd nust
"l and" up@@ the surface of the magnetic disk. This landing typfcally occurs
in the _\

:E? short the windings of the spindle drive motoy. Failure

& to re-set quickly the brake circuitry caus€s either
- f?‘ severe loading of the power supply used fo drive the
? :g;?ﬁ spindle motor or an extended delay peypiod during which

3.. . -‘5 th b . . .
Py, j raking circuitry slowly releaseS the spindle motor.

~— '

“ffté) It is an object of the presept invention to provide
*ii.f an arrangement for braking the indle motor in a

- S s

\EQEE magnetic disk drive system, which avoids the disadvan-

tages mentioned above. 7
10 " In accordance with 9;& aspect of the presen (F}il&““\
invention, there is proyided/apparatus e—in,2
storage system for braking a storage disk dziV
spindle drive motor wiéh a coil & apparatus
cally shorting the coil for

. . /
comprising means for ele

15 braking the storage~disk, and being characterised by
5 fof/detecting the voltage across the coil
actuating the means for electrically shorting
thé€ coil when/the voltage across the coil is less than a

20 In accordance with another.aspect df the present .
invention; there is provided &-methoad—tOr USC ip>® (()Jlkyﬁ!
storage Aystem for braking a storage disk drfVen by a n hgﬁ)Wt:
. spindle¢ motor with a coil, the method comprising TQ$MW

electyically shorting the cgit " for braking the storage
25 disk/ and being charaeferised by the steps of detecting
voltage across € coil, and initiating the step of
electrics shorting the coil when the voltage across
D08 S =¥ e a pre-detern. ~le Ve
The invention thus provides an inexpensive and
30 reliable means of braking the spindle motor in a
magnetic drive system. _
As described below, the present invention
provides an electrical short across the windings of a

spindle motor, which causes the motor to stop quickly.
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| andi ng zone al ong the inner radius of the magnetic disk surface. ~After
.power to the magnetic disk drive spindle notor is shut off, norgntum -

eontinues to carry the 10 magneti c di sk through its rotation. Various

friction sources slowy reduce the speed_ of rotation of the magnetic disk.
As the disk rotation slows, the aero- dy%anic lifting force is reduced and
the magnetic read/wite head assenbly contacts the disk surface in 15

e hand 12 o Hnh 0 xlCab Lo PRRLELLGRE o008 2605 gl st e
di sk generated in the motor coils by the rotating drive
spindle during shut-down and triggers the coil shorting
means when the back EMF has reached a pre-determined
5 trigger level. This trigger level is selected to be
sufficiently low that the surge current through the
electrically shorted coil will not harm the coil. The
trigger level is further set high enough so that the
magnetic head of the storage system does not drag along
10 the surface of the disk. These two criteria set upper
and lower limits for the trigger level.

The invention as described thus minimises surge
current through the electrically shorted motor coil due
to the back EMF. It is, therefore, possible to brake

15 the spindle drive motor so that the motor coil is
subjected to reduced surge current without increasing
the time that the magnetic read/write head drags along
the landing zone area of the magnetic disk.

‘ Preferably, the apparatus comprises a charge

20 transfer circuit triggered by a trigger circuit to short
the spindle motor coil, a holding capacitor and a re-
set circuit. The transfer circuit may then be triggered
by the back EMF voltage level trigger to transfer charge
onto the holding capacitor. The holding capacitor may

25 hold a voltage on the gates of FETs used in a motor
drive circuit. This electrically shorts the spindle
motor coil. Upon power-up of the magnetic storage
system, the re-set circuit may be employed to draw
charge rapidly away from the holding capacitor, and

30 thereby electrically open the circuit through the
spindle motor coil. .

The invention may thus provide a more reliable and
predictable arrangement for quickly stopping the spindle
motor during a power loss interval and may eliminate the

QT
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rotation. Magnetic read/wite heads used in nodern day disk 20 “.drive
Ssystens are typically extrenely small and delicate thin f|In1nagnet|c
heads. The draggi ng associated with take offs and particularly with

| andi ngs as described above is a primary source of magnetic head wear. The
| andi ng process descri bed above typlcall§ produces a 25. | onger draggi ng
period for the magnetic head. The prior art has attenpted to limt the

| ength of the, dnagal pg et od by REAKbAY Lhe il Go larite SHiddye ot or-
used in the prior art.
The invention is described further, by way of
example, with reference to the accompanying drawings, in
5 which:- |
Figure 1 is a schematic diagram of a magnetic
storage system according to the present invention
showing a spindle motor and controller;

Figure 2 is a diagram of one embodiment of control

10 cifcuitry of the system of Figure 1 providing a motor
brake circuit in accordance with the present invention;
and

Figure 3 is a diagram of another embodiment of
control circuitry of the system of Figure 1 providing a
15 motor brake circuit in accordance with the present
invention.
Figure 1 is a diagram of a magnetic storage system
10. The magnetic storage system 10-includes a magnetic
disk 12 and a magnetic read/write assembly 14. The
20 magnetic disk 12 is connected to a spindle drive motor
16 through a spindle 18. The spindle drive motor 16
includes coils 20A, 20B and 20C. The coils 20A, 20B
and 20C are connected to control circuitry 22. The
control circuitry 22 is connected to a power supply
25 labelled V_ upply and to electrical ground 24. The
magnetic read/wrlte head assembly 14 1s connected to a
head posxtioner 26. _
In operation, the control circuitry 22 selectively
applies control voltatges to the coils 20A, 20B and 20C
30 in the spindle drive motor 16. _This causes the spindle
18 and the disk 12 to rotate. At sufficiently high
speeds, the rotation of the disk 12 causes the magnetic
head assembly 14 to lift off the disk surface due to the
_aero-dynamic properties of the head assembly 14. After

is Sheet Has Beenmepllaced




4,658,308 entitled "Method and Apparatus for Retracting 30 ead and
Braking Motor of a Disk Drive Device". This patent shows circyitry. for
electrically shorting out the windings in a magnetic di sk drive spindle
notor followng a pre-determined tine delay after power |oss and retraction
of the magnetic head onto the | anding 73" zone area of the disk surface.

El ectricaly shorting the '

lift off, the magnetic head assembly 14 flies over the
the surface of the disk 12 as the disk 12 rotates. The
head positioner assembly 26 is used to position the
magnetic head 14 radially over the disk 12. The

5 - magnetic head 14 is used to selectively magnetise the
surface of the magnetic disk 12 so that digital
information is recorded. The magnetic head 14 is also
used to read back recorded information from the surface
of the disk 12. As the disk 12 rotates below the

10 maénetic head 14, the magnetic flux through the
magnetic head 14 is changed. This changing flux is
sensed and converted into digital information. The
magnetic disk 12 includes a landing zone 28, typically
around the inner diameter of the magnetic disk 12. The

15 magnetic read/write head 14 is stored in the landing
zone 28 when the magnetic disk 12 is not rotating. A
specific area of the disk 12 is designated as the
landing zone because take offs and.landings of the
magnetic head 14 would damage any information stored in

20 such an area. '

During shut down of the magnetic storage system

10, or loss of power, the power supply voltage applied
to the Vsum”y drops to zero. At this time, the head
positioner 26 moves the magnetic head 14 to the landing

25 zone 28. Using the present invention, a back EMF
voltage generated in the coils 20A, 20B and 20C by the
continued rotation of the disk 12 is sensed by the
control circuitry 22. When this voltage level reaches a
pre-determined threshold, the coils 20A, 20B and 20C

30 - are electrically shorted. This shorts out the back EMF
voltage and causes the disk 12 rapidly to slow its
rotation. When the disk 12 slows its rotation, the
magnetic head 14 drops to the surface of the disk 12 at
the landing zone 28 because the aero-dynamic lift drops

This Sheet Has Been Reﬂlaced
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coils causes the spindle rapidly to stop rotating. Once the notor w ndings
are shorted out, the disk drive rapidly stops spinning and the magneti.c
héad |oses lift 5 and drops to the disk surface. Due to size'*+ -~ -
constraints, however, the spindle notor is designed to be as snall as

possi bl e. This linmts the size of the notd wi ndi ngs. Smal | w ndi ngs cannot

carry large electrical currents w thout heating 10 and eventual |y
melting. The Ie I cal ortln t, ngs of the di,sk spind]e nDtor
results in hi g% s%%éje currgln e%%&?%—eqﬁﬂtﬂﬁﬁf th ﬁﬁA

by trigger the motor braking sequence is determined by the

maximum surge current that the coils 20A, 20B and 20C
can carry without being damaged. This limit is
5 dependent on the electrical characteristics of the coil
and the energy of the back EMF voltage. A lower limit
on the trigger voltage is set according to the minimum
rate at which the magnetic read/write head 14 will fly
over the surface of the disk 12. If the trigger
10 voltage level is set too low, the head 14 will drop to
the surface of the disk 12 while the disk 12 continues
to rotate, which damages the delicate structure of the
magnetic head assembly. In accordance with the present
invention, these two design criteria set an optimal
15 voltage range for the back EMF trigger voltage level
which depends upon the characteristics of the magnetic
storage system. _
Figure 2 shows one embodiment of the control
circuitry 22 for braking the spindle drive motor 16 in
20 accordance with the present invention. A braking
circuit 30 is connected to a control circuit 32. The
control circuit 32 is connected to the spindle drive
. motor 16 for rotating the spindle 18 and the magnetic
disk 12. The braking circuit 30 includes a trigger
25 circuit 34, a re-set circuit 36 and a transfer circuit
38.
The control circuit 32 includes a controller 40;
field effect transistors (FETs) 42, 44, 46, 48, 50 and
52; resistors 54, 56, 58, 60, 62 and 64; resistors 74,
30 76, 78 and 80; and diodes 82, 84, 86, 88, 90 and 92.
The gates of the FETs 42, 44 and 46 are connected to the
controller 40 through the resistors 54, 56 and 58
respectively. The gates of the FETs 48, 50 and 52 are
connected to the controller 40 through the resistors 60,
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t he monmentum of the rotating disk. (Back EMF is an effect in which an
electric notor acts as an electric 15 generator. In the case-of a disk
drive, the spinning disk causes electric current to flowin the nptor

wi ndi ngs). These high surge currents can permanently damage the spindl e
drive notor by causing orie or nore of the w ndings to nmelt and form an

el ectrical open 20 circuit. OGther prior art approaches to disk drive

br aki ng have used mechani'cal devices, such as normally closed electric

rel ays hel d i % @adoddn p@gptemwiet he Thevgates of the FETs 42, 44

and 46 are connected to the power supply V supply through
a diode 72 and the resistors 74, 76 and 78, respec-
tively. :

5 - The drains of the FETs 42, 44 and 46 are connected
to the power supply voltage connection Vsupp1y through
the diode 72. The sources of the FETs 42, 44 and 46 are
connected to the coils 20B, 20C and 20A, respectively,
of the motor 16. The drains of the FETs 48, 50 and 52

10 are connected to the coils 20A, 20C and 20B, respec-
tively, of the spindle drive motor 16. The sources of
the FETs 48, 50 and 52 are connected to the electrical
ground 24 through a resistor 80. The diodes 82, 84, 86,
88, 90 and 92 are connected between the drain and the

15 source of the FETs 42, 44, 46, 48, 50 and 52, respec-
tively.

In operation, the controller 40 sends control
signals to the gates of the FETs 42; 44, 46, 48, 50 and
52 so that power is selectively applied to the coils

20 20A, 20B and 20C of the spindle drive motor 16. For
example, when the gates of the FETs 42 and 50 are at a
high voltage level from the-controileru40, an electrical
voltage is applied through the coils 20B and 20C, which
completes an electrical circuit between the power supply

25 and the electrical ground 24. By properly sequencing
the voltages applied to the gates of the FETs 42, 44,
46, 48, 50 and 52, the controller 40 causes the spindle
18 and the disk 12 to rotate. :

The braking circuit 30 is connected to the gates

30 of the FETs 48, 50 and 52 through diodes 94, 96 and 98,
respectively. The diodes 94, 96 and 98 isolate the
braking circuit 30 from the control circuit 32. The
trigger circuit 34 of the braking circuit 30 comprises
bipolar junction transistors (BJTs) 100 and 102, a
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supply in the magnetic storage system Upon |oss of 25 power, these
relays return to their closed positions and electrically short~out- the: -
spi ndl e notor w ndings. This can al so cause | arge surge currents, which can
damage t he notor w ndings. Mechani cal relays have a nunber of additional

desi gn problens, including | arge 30 p r draw during operation, |arge
size, high cost and inherent reliability limtations problenmatic of

el ectro- nechagy EOHBONER r 0 r 996 SYsgem it .is
desirable to rgﬁ?ﬁ# re- set the C|rcu Iy %ggﬂ 1pg c%é?ca??y aeq

pacitor 112. The collector of the BJT 100 is

connected to the cathode of the zener diode 104 through
the resistor 106. The base of the BJT 100 is connected

5 to the anode of the zener diode 104 through the resistor
108 and to the electrical ground 24 through the resistor
110 and the capacitor 112. The emitter of the BJT 100
is connected to the emitter of the BJT 102 and to the
electrical ground 24 through the resistor 114. The base

10 of the BJT 102 is connected to the collector of the BJT
100. -

The re-set circuit 36 includes a BJT 116 and
resistors 118 and 120. The base of the BJT 116 is
connected to the base of the BJT 100 through the

15 resistor 118. The emitter of the BJT 116 is connected
to the electrical ground 24 through a resistor 120.

The transfer circuit 38 includes a BJT 122, a
diode 124, a capacitor 126 and a resistor 128. The
emitter of the BJT 122 is connected to the cathode of

20 the diode 124. The anode of the diode 124 is connected
to the cathode of the zener diode 104. The emitter of
the BJT 122 is connected to the electrical ground 24
through the capacitor 126. The emitter of the BJT 122
is connected to the base of the BJT 122 through a
25 resistor 128. The base of the BJT 122 is connected to -

C——e

the collector of the BJT 102 th}otgh a resistor 130.-. .
The cathode of the zener diode 104 connects to the
power supply through the diode 72. The collector of the
BJT 122 and the collector of the BJT 116 connect to the -
gates of the FETs 48, 50 and 52 through the diodes 94, -
96 and 98, respectively. The control circuit 32 also\"“
1nclud§§"§ holding capacitor 132 The collector of ‘the

BJT 116, and the collector of the BJT 122 are connected
to the electrical ground 24 through the holding

30
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4 short the windings of the spindle drive notor. Failure to re-set quickly
the brake circuitry causes either severe | oading of the power supply used
t'o drive the spindle notor or an extended del ay period during which the - -
braking circuitry slowy rel eases the spindle notor. Patent Abstracts of
Japan, Vol. 5 No. 73 (p-061) (745) dated #3th May 1981 discl oses a braking
apparatus in which dynamc braking is divided into two stages; firstly
notor coils arqﬂ§$$£éed i?iough resi stances as the disk rotates and

secondl y mot or®
In operation, the trigger circuit 34 senses the

voltage across the coils 20A, 2B and 20C through the
circuit completed by the diodes 82, 84, 86, 88, 90 and

5 92. A trigger voltage level is set at the base of the
BJT 100 by the zener diode 104 and the resistors 108 and
110, The BJTs 100 and 102 are connected to form a
Schmitt trigger. The capacitor 112 is used as a filter
to smooth the signal from the motor windings 20A, 20B

10 and 20C. The capacitor 126 stores charge to be
transferred.

The BJT 122 in the charge transfer circuit 38 is
triggered by the trigger circuit 34 to transfer charge
from the capacitor 126 to the holding capacitor 132.

15 When the holding capacitor 132 is charged, a voltage is
applied to the gates of the FETs 48, S50 and 52 so that
the drain - source connections for the FETs 48, 50 and

o 52 are held.éﬁéﬁi_ This provides a -connection between

¢ the coils 20A, 20B and 20C and the electrical ground 24

20 through the resistor 80. The hplding cépacitor 132

' holds its charge for an extended period because there is
very little current drain through the controller 40 and
the FETs 48, 50 and 52 do not draw substantial current.

The trigger voltage level provided to the base of

25 the BJT 100 by the zener diode 104 and the resistors 108

and 110 should be set within certain limits. The

trigger voltage should be large enough to indicate that
the magnetic head is not dragging along the surface of
the disk 12 and low enough that electrical shorting of

the coils 20A, 20B and 20C does not damage the motor 16.

30
This trigger voltage will vary between disk systems and
can be found by observing the head while measuring the
back EMF voltage.
Upon power-up, the BJT 116 receives power from
This Sheet Has Bee;
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are shorted without resistances after the speed of rotation has fallen.

US-A-4 417 288 discloses a rotation control device for a magnetic disk., .. .

drive apparatus which provides electrical regenerative working of the
apparatus prior to and continuously with actuation of an el ectromechani cal
braki ng system once power is cut off to XZe apparatus. It is an object of
the present invention to provide an arrangenent for braking the spindle
notor in a nag&stic di sk drive system which avoi ds the_di sadvant ages

ment i oned aboVd® BPWEE SWRHde WENe FR-SehH T 6 (HearthtChardt i on,
there is proviatey @yen ahes HoldiAkddith i 560 2L, divikicH remdwefgensyst em

eSS A R B T e B %o "B, i By a0 e

braking circuit 30. As a result, the coils 20A, 20B

5 _  and 20C are powered by the controller 40 through the
FETs 42, 44, 46, 48, 50 and 52. The re~set circuit 36
quickly releases the short circuit of the coils 20A, 20B
and 20C, which allows the disk 12 quickly to reach
operating speed so that the magnetic head 14 flies over

10 the surface of the disk 12.

Figure 3 shows an alternative embodiment of the
control circuitry 22, which uses the same control
circuit 32 and spindle drive motor 16 as shown in Figure
2. In Figure 3, the circuitry 22 employs an alternative

15 braking circuit 134 in accordance with the present
invention. The braking circuit 134 includes a trigger
circuit 136, a re-set circuit 138, a charging circuit
140 and a holding capacitor 142.

The trigger circuit 136 includes a zener dicde

20 144, a resistor 146, a comparator 148 and resistors
152, 154 and 156. The zener diode 144 and the resistor
146 develop a trigger voltage level. This voltage level
is applied to the negati?e (-) inputs of the comparator
148 and a comparator 150 of the re-set circuit 138. The

25 comparators 148 and 150 include positive and negative
inputs, an output and a power connection. The positive
(+) inputs of the comparators 148 and 150 are connected
to the coils 20A, 20B and 20C of the spindle drive motor
16 through the resistors 152, 154 and 156 and the diodes

30 82, 84, 86, 88, 90 and 92 of the control circuit 32.

The resistors 152, 154 and 156 form a resistor network
to develop the trigger voltage level.

The re-set circuit 138 includes a BJT 158, a
resistor 160 and the comparator 150. The base of the

Been Reraced :
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drive neans coupled to the coil neans for selectively providing_power to
the coil means by periodically electrically connecting the coil; rmeans to a
power source to cause the spindle drive shaft to rotate, controtl er: ‘means
for selectively supplying a control sign to the coil drive means, which
energi ses the coil drive neans and selectively couples the coil drive neans
to the power source, and neans for applying a brake signal to the coi

drive neans topphfess f'é’né&ﬁ SE&K £ Q%ar 965 ngfetﬂé'c\ﬁmﬁgi‘yco?y%so

electrically nmeans rised In

orti c0|
si gnal applylrigh 3@ ?Eerﬁ%%bﬁ%?Velé% t iehepeellertes: @f i BASoPIThd38pi ndl e
drive notor faldidcenietosd atdrEsetiosId édpLebecd 1e3el which |s

predet erm ned 19, 0° REL VSR Suld " SLr S IFPLSSENAEL Mg Bomipgum ur ot
represéhtativereﬂlstors 164 and 166. The emitter and base of the BJT
162 are connected together by the resistor 164. The
emitter of the BJT 162 connects to the coils 20A, 20B
and 20C of the spindle drive motor 16 through the diodes
_ 82, 84, 86, 88, 90 and 92. The base of the BJT 162

10 is connected to the output of the comparator 148 through
the resistor 166. The collector of the BJT 162 is
connected to the gates of the FETs 48, 50 and 52 through
resistors 168, 170 and 172, respectively, and a blocking
diode 174.

15 In operation, the circuit of Figure 3 works in a
manner similar to the circuit of Figure 2. The
comparator 148 of the trigger circuit 136 compares the
voltage from the coils 20A, 20B and -20C with a trigger
voltage level and activates the charging circuit 140

20 when the back EMF from the spindle drive motor 16 drops
below the trigger voltage level. The charging circuit
140 charges the holding capacitor 142, which applies a
voltage to the gates of the FETs 48, 50 and 52. This
electrically shorts the coils 20A, 20B and 20C to ground

25 24 through the resistor 80. The holding capacitor 142

: holds a voltage on the gates of the FETs 48, 50 and 52.
Upon re-set, the power supply voltage returns to
its value of Vsuppry, and power is applied to the
braking circuit 144 and the control circuit 32. The

30 comparator 150 compares a reference-voltage developed by
the zener diode 144 and the resistor 156 and triggers
the BJT 158 of the re-set circuit 138. When the
comparator 150 applies a current to the base of the BJT
158, current is drawn by the collector of the BJT 158,

heet Has Been Ri laced
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4a m ni mum di sk rotation speed at which the head will fly with respect to
the «di sk, and there is provided neans for holding the coil neans in an
Electrically shorted condition to maintain dynam c braking upon’|l 0oss of
power, and nmeans for re-setting the hol di means upon a recovery of system
power to renove application of the brake]gggnal to the coil drive nmeans and
all ow the energisation of the coil neans to rotate the spindle drive shaft.

oot oo o eechld b BAe P 0 g WA uAT, RS, ¢
i ncl udes a heZ@MOV@S, the holding voltage from the gates of the FETs
48, 50 and 52 and allows the controller 40 to apply
power to the coils 20A, 20B and 20C of the spindle drive
3 motor 16.

The present invention provides a reliable means of
braking the drive spindle motor in a magnetic disk drive
system. Voltage thresholds are compared to the back EMF
voltage developed by the coils in the spindle motor upon

10 loss of power to the disk drive 5ystem. The rotation of
the drive spindle motor is allowed to coast down to a
speed where an electrical short across the drive coils
will not cause a current spike to pass through the drive
coils which could damage them. The trigger voltage

15 level is selected so that the magnetic head does not
drag along the surface of the disk, but rather suddenly
drops from its "flying" position to the surface of the
disk when the braking circuit is applied. The invention
includes a re-set circuit for rapidly re~setting the

20 drive coils upon power-up. Because the present invention
limits the surge current through the drive coils,
smaller spindle drive motors are now possible without
dragging the magnetic head along the surface of the
magnetic disk upon loss of power.

25
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f"_-
spindle drive nmotor having coil neans and a spindle drive shaft coupled to
t-he di sk the nethod conprising electrically shorting the coil neans to,.
dynam cally brake the spindle drive shaft, characterised by detecting the
rotational speed of the shaft electricallyg and upon a power voltage
renoval , enabling a brake signal for dynam c braking when the speed of
rotation is below a predeterm ned threshold | evel which is predetermned to
be between a first |evel representgtsve DfRaan@xgnum surge current which
woul d not damage-the coil neans upon shorting, and a second |evel
representative of a mninumdisk rotation speed which woul d enabl e the head
to fly with respect to thMATOR BRAREIiCIRCUET FORUSEgIMNIAto nai ntain
dynam ¢ braki ng, and re-settibﬁg; &1% éilgb &fERvery of power to
renove the brake signal and Per#ﬁggie—égﬁaﬁ#££@§e£¥ﬁgr—The i nvention thus

providé% an inexpensive and reliable neans of braking the

The invention provides apparatus and a method for

use in a storage system for braking a storage disk (12)
driven by a spindle drive motor (16) with a coil (203,

10 zoé, 20C). The invention includes trigger means (34,
38) for detecting the back EMF generated in the coil
when there is a loss of power and for actuating means
(48 to 52, 94 to 98, 132) for electrically shorting the
coil when the back EMF falls below a pre-determined

15 level. This level is selected to be large enough so
that the rate of rotation of the magnetic disk is
sufficient for a magnetic head of the system to "fly"
over the surface of the disk, but small enough so that
surge currents in the drive spindle motor will not

20 damage the coil.
25 [Figure 2]
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spindle notor in a magnetic drive system As described below, the present
invention provides an electrical short across the wi ndings of a spindlp
not or, which causes the notor to stop quickly. 5 A back EMF vol tage :3
| evel trigger senses the back EMF generated in the notor coils by the
rotating drive spindle during shut-down and triggers the coil shorting
nmeans when the back EMF has reached a pre-determ ned
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5 trigger level. This trigger level is selected to be sufficiently

| ow,t hat the sur current trhreugh-t-he-etgctrically shorted coil will_pot
harm the coil . trigger Revel igbfurth¢r set high enough so that t 2
magneti ¢ head of §he storagd sygt eqd does hot drag along 10 t he surflate

of the disk. The two criter
| evel . The inventi as desgqri

el ectrically shorted nDt?T‘QOi
g P

ped and lower limts for the trigger
i hi mi ses surge current through the
{hé back EMF. It is, therefore,

possi ble to brake 15 v% notor so that the notor coil is
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subj ected to reduced surge current w thout increasing the tinme that the
magnetic read/ te head drags_alona the | anding zone area of the netHc
di sk. Preferablyy the appayatus gonpris a charge 20 transfernggrcu
triggered by a tb\g?er cirpuki short gthe spindle notor coil, a hol ding
capacitor and a re¥ set cikc

by the back EMF voltage e
capacitor. The hol di ng

FETs used in a notor drive c

he transfer circuit may then be tri‘ggered
i rjtd transfer charge onto the hol ding
25 | hol d a voltage on the gates of
hi% electrically shorts the spindle
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not om,s(ggée{ﬂaslggg,rke Wgr-up of the magnetic st e- set
circuf oyed to draw charge rapi d@ 5@0 dng
capac Bi thereby electrically op CIrCUIt through
spind The invention may thus provide a nore reliable and,
predi ctabl e arrangenent for quickly stopping the spindle notor during a
-power |oss interval and nay elimnate the )

This is the replasement 8h88l ° yrrop pRARE cIRCUIT FOR USE.IN A

18 0 ‘9% MAGNETIC DISR DRIVE SYSTEM

Date:

5 The present invention relates to a motor brake
circuit for use in a magnetic disk drive system for
braking a spindle motor of the system upon loss of
supplied power.

Magnetic disk drive systems have bacome widely

10 accepted in the computer industry as a cost aeffective
form of data storage. In a conventional magnetic disk
drive system, a magnetic disk rotates at high speed
while a magnetic read/write head "flies" slightly over
the surface of the rotating disk. The magnetic disk is

15 carried by a spindle drive motor. The magnetic read/
write head is suspended over the disk on a spring loaded
support arm. As the disk rotates at high speed, the
aero-dynamic broperties of the magnetic head provide a
lifting forcae which allows the head to glide over the

20 disk surface on a cushion of air. The height of the
magnetic read/write head over the disk surface is
primarily a function of the rate of disk rotation, the
aero-dynamic properties of the magnetic head assembly
(or "slider") and the force provided by the spring

28 loaded support arm.

Two of the most eritical periods in determining
magnetic head life occur during "take off" and
."landing". Prior to operation, the head rests on an
inner track or "landing zone" of the,disk. As the disk

30 begins tec rotate from an initial, stopped position, tha
magnetic head is dragged along the surface of the disk.
Once the disk reaches sufficient speed, the aero-dynamic
1ift begins to force the magnetic head assembly away
from the disk surface, i.e. the head "takes off". The

REPLACED SHEETS SG IELACEMENT SHEETS SG

A De
Description : paged......... 10 paged ...} " g Cl::;!:;lon :paged ... to paged .i¥.

@ Claim(s)  :paged b to :paged .18, to paged .-
........ paged Dra

] Drawing(s) : paged .| to paged 3 Strawuc]f(S) pag:g - to paged f

] Abstract  : paged --J.?.- to paged ...%. *Paged .. to paged

DATE OF RECEMPT ... 0. . DATE OFRE@EIPa‘;j"/"/Qb oo




6 .bul ky, high power consunption el ectro-nechanical relay used in the prior
art. The invention is described further, by way of exanple, with reference
to the acconpanying drawings, in 5 which:- Figure 1 is a schenmatic

di agram of a magnetic storage system accordgng to the present invention
showi ng a spindle notor and controller; Figure 2 is a diagran1of one

embodi ment of conQla1Q arsve Wil proPhabl it SRy g 1 Providing
acceleration so that the magnetic head flies after only

a very few rotations of the magnétic disk.
During shut dovm of the disk drive system, the

5 magnetic read/write head must "land" upon the surface of
the magnetic disk. This landing typically. occurs in the
landing zone aleng the inner radius of the magnetic disk
surface. After power to the magnetic disk drive 'spindle -

. motor is shut off, momentum continues to carry the

10 maénetic disk through its rotation. Various friction
sources slowly reduce the speed of rotation of the
magnetic disk. As the disk rotation slows, the aero-
gdynamic lifting force is reduced and the magnetic
read/write head assembly contacts the disk surface in

15 the landing zone area. Once the magnetic head contacts
the disk surface, the head is dragged across the
surface as momentum. continues the magnetic disk
‘rotation. . .

Magnetic read/wryite heads used in modern day disk

20 drive systems are typically extremely small and delicate
thin £ilm magnetic heads. The dragging associated with
take offs and particularly with landings as described
above is a primary source of magnetic head wear. The
landing process described above typically produces a

25 longer dragging pericd for the magnetic héead.’ The prior
art has attempted to limit the length of the dragging
period by braking the rotation of the spindle motor.

One such design is shown in U. 5. Patent No.

4,658,308 entitled "Method and Apparatus for Retracting

30 Head and Braking Motor of a Disk Drive Device". This
patent shows circuitry for electrically shorting out the
windings in a magnetic disk drive spindle motor
following a pra-determined time delay after power loss
and retraction of the magnetic head onto the landing
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brake circuit in accordance with the present invention; and Figure 3 is a
di-agr am of anot her enbodi nent of control circuitry of the system of Figure
1 providing a 15 - notor brake circuit in accordance with the present
invention. Figure 1 is a diagramof a magnelic storage system 10. The
magneti c storage system 10 includes a magnetic disk 12 and a magnetic
read/ wite assenbly 14. The 20 magnetic disk 12 is connected td a

spi ndl e drive not azoris drwacoghthe siiekisurface. Thiesprichly dstiorxting &hel6

coils causes the spindle rapidly to stop rotating. Once
thé motor windings are shorted out; the disk drive
. rapidly stops spinning and the magnatic haad loses lift
5 and drops to the disk surface.

Due to size constraints, however, the spindle
motor is designed to be as small as possible. This
limits the size of the motor windings. 8Small windings
cannot carry large electrical currents without heating

10 and eventually melting. The electrical shorting of the
windings of the disk spindle motor results in high surge
currents due to back EMF induced in.the motor coils by
the momentum of the rotating disk. (Back EMF is an
effect in which an electric motor acts as an electric

15 generator. In the case of a disk drive, the spinning
disk causes electric current to flow in the motor
windings).. These high surge currents can permanently
damage the spindle drive motor by causing one or more of
the windings to melt and form an electrical open

20 cireuit. _

Other prior art approaches to disk drive braking
have used mechanical devices, such as normally closed
electric relays held in the open position by the power
supply in the magnetic storage system. Upon loss of

25 power, these relays return to their closed positions
and electrically short out the spindle motor windings.
This can also cause large surge currents, which can
damage the motor windings. Mechanical relays have a
number of additional design problems, including large

10 ~ power draw during operation, large size, high cost and
inherent reliability limitations problematic of electro-
mechanical components.

Upon power-up of a storaga system, it is desirable
to rapidly re-set the circuitry used electrically to
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i ncl udes coils 20A, 20B and 20C. The coils 20A, 20B and 20C are connected
to control circuitry 22. The control circuitry 22 is connected to a power
supply 25 | abelled [err] and to electrical ground 24. The magnetic
read/ wite head assenbly 14 is connected to a head positioner 26. In
operationh, the control circuitry 22 selectiyely applies control voltatges
to the coils 20A, 20B and 20C 30 in the spindle drive notor 16. This
causes the spi adrtthesvindiogs ofaheispindld driveomotor.aFailuraito serietiquicklyt the bidkgh
speeds, the Otcx%ct:tll 8’9 @gésat 4 cxg Iseirlére12 ?nagugfeﬁsxe ;gvererrrs%gglgtulsed to drive the spindle motor

or an extended delay period during which the braking circuitry slowly releases the

spindle motor. . .

Patent Ahstracts of Japan, Vol. 5 No. 73 {p—OGl) (745) dated 15th May 1981
discloses a braking apparatus in which dynamic braking is divided into two stages; firstly
motar coils are shorted through resistances as the disk rotates and secondly motor coils
are shorted without resistances after the speed of rotation has fallen.

US-A-4 417 288 discloses a rotation control device for a magnetic disk drive
apparatus which provides electrical regenerative working of the apparatus prior to and.
continuously with actuation of an electmmeéhanical braking system, once power is cut
off to the apparatus,

-Tt is an object of the present invention to provide an arrangement for braking the
spindle motor in a magnetic disk drive system, which avoids the disadvantages
mentioned above.

In accordance with one aspect of the present invention, there is provided
apparatus for braking a storage disk of a storage system which includes a headand a
spindle drive motor having coil means and a spindle drive shaft coupled to the disk, coil
drive means coupled to the coil means for selectively providing power to the coil means
by periodically electrically connecting the coil means to a power source to cause the
spindle drive shaft to rotate, controller means for selectively supplying a control signal to
the coil drive means, which energises the coil drive means and selectively couples the
coil drive means to the power source, and means for applying a brake signal to the coil
drive means to effect dynamic braking of the spindle drive shaft by electrically shorting
the coil means, characterised in that the brake signal applying means is responsive to the

. speed of rotation of the spindle drive motor falling below a predetermined threshold level
which is predetermined to be between a first level representative of a maximum surge

current that will not damage the coil means and a second level representative of a
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head assenbly 14 to- lift off the disk surface due to the aero-dynam c
properties of the head assenbly 14. After 7 lift off, the magnetic head
assenbly 14 flies over the the surface of the disk 12 as the disk 12
rotates. The head positioner assenbly 26 is used to position the magnetic
head 14 radially over the disk 12. The 5 magnetic head 14 is used to
sel ectively magnetise the da ]

minimum disk rotation speed at which the head will fly with respect to the disk, and
there is provided means for holding the coil means in an electrically shorted condition to
maintain dynamic braking upon loss of power, and means for re-setting the holding

) means upon a recovery of system power to remove applxcanon of the brake szgnal to the ‘
coil drive means and allow the energisation of the coil means to rotate the spindle drive
shaft. .

In accordance with another aspect of the present invention, there is provided a
method of braking a storage disk of a storage system which includes a head anda
spindle drive motor having coil means and a spindle drive shaft coupled to the disk the
method comprising electrically shorting the coil means to dynamically brake the spindle
drive shaft, characterised by detecting the rotational speed of the shaft electrically, and
upon & power voltage removal, enabling a brake signal for dynamie braking when the
speed of rotation is below 2 predetermined threshold level which is predetermined to be
between a first level reprcsentan've‘of a maximum surge current which would not damage
the coil means upon shorting, and a second level representative of a minimum disk
rotation speed which would enable the head to fly with respect to the disk, holding the
brake signal to maintain dynamic braking, and re-setting the holding upon a recovery of
power to remove the brake signal and terminate dynamic braking.

The invention thus provides an inexpensive and reliable means of braking the
spindle motor in a magnetic drive system.

As described below, the present invention provides an electrical short across the
windings of a spindle motor, which causes the motor to stop quickly.
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surface of the magnetic disk 12 so that digital information is recorded.
The magnetic head 14 is also used to read back recorded information from
the surface of the disk 12. As the disk 12 rotates bel ow the 10
magneti c head 14, the magnetic flux througl® the magnetic head 14 is
changed. This changing flux is sensed and converted into digital

around the i nner df AL YSRESRRCERYTE Yoage, sedngs Ehe bagk MRl Y
read/ wite head 1489neratededn hhemtmcnqig\ametm wotatinge drigieeti c di sk
12 is not rotati ngpindie during shut-down and triggers the coil ‘shorting
- means when the back EMF has- reached a pre-determined
"3 trigger level. This trigger level is selected to be
' sufficiently low that the surge current through the
electrically shorted coil will not harm the coil. The
.trigger level is further set high enough so that the
magnetic head of the storage system does not drag along
10 the surface of the disk. These two criteria set upper
and lowar limits for the trigger level. '
The invention as described thus minimises surge
eurrent through the electrically. shorted motor coil due
to the back EMF. It is, therefore, possible to brake
15 - the spindle drive motor so that the motor coil is
subjected to reduced surge current without increasing
the time that.the magnetic read/write head drags along
_ the landing zone area of ‘the magnetic disk.
Preferably, the apparatus comprises a charge
20 transfer circuit triggered by a trigger circuit to short
the spindle motor coil, a holding capacitor and a re-
set circuit, The transfer circuit may then be triggered
by the back EMF voltage level trigger to transfer charge
onto the holding capacitor. The holding capacitor may
25 hold a voltage on the gates of FETS used in a motor
drive circuit. This electrically shorts the spindle
motor coil. Upon power-up of the magnetic storage
system, <the re-set circuit may be employed to draw
charge rapidly away from the holding capacitor, and
30 thereby electrically open the circuit through the
spindle motor coil.
The invention may thus provide a more reliable and
Predictable arrangement for quickly stopping the spindle
motor during a power loss interval and may eliminate the
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specific area of the disk 12 is designated as the | andi ng zone because take
okfs and | andi ngs of the nmagnetic head 14 woul d damage any information
stored in 20 - such an area. During shut down of the nagnetic storage
system 10, or |oss of power, the power suppgy voltage applied to the V.
drops to zero. At this tine, the head suppl vy positioner 26 noves the

magnetic head 14 to the | anding 2 zone 28. t he pr seﬁl
i nvention, a baclb“EW:vb#ﬂhWé%&PFW@ WQ%‘T%‘“%GR‘“QSB ak®+8¥C by

t he used in the prior art.

The invention is described’ further, by way of

example, with reference to the accompanying drawings, in
S  which:- -

Figure 1 is a schematic diagram of a magmetic
storage system according to the present invention
showing a spindle motor and controller;

Figure 2 is a diagram of one embodiment of control

10 cifcuitry of the system of Figure 1 providing a motor
brake c¢circuit in accordance with the present invention;
and

Pigure 3 is a diagram ¢f another embodiment of
control circuitry of the system of Figure 1 providing a
15 motor brake circuit in accordance with the present
invention. :
Figure 1 is a diagram of a magnetic storage system
10. The magnetic storage system 10.includes a magnetic
disk 12 and a magnetic read/write assembly 14. The
20 magnetic disk 12 is connected to a spzndle drive motor
16 through a spindle 18. The spindle drive motor 16
' includes coils 20A, 20B and 20C. The coils 20A, 20B
and 20C are connected to control circuitry 22. The
control circuitry 22 is connected to a power supply
25 labelled v - 4y, &0d to electrical ground 24. The |
magnetic read/writa head aszembly 14 is connected to a
head positioner 26.
In cperation, the contral circuitry 22 selectively
applies control voltatges to the coils 20A, 20B and 20C
30 in the spindle drive motor 16. This causes the spindle
18 and the disk 12 to rotate. A%t sufficiently high
speeds, the rotation of the disk 12 causes the magnetic
head assembly 14 to lift off the disk surface due to the
aero~-dynamic properties of thé head assembly 14. After
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continued rotation of the disk 12 is sensed by the control circuitry 22.
When this voltage | evel reaches a pre-determ ned threshold, the coils 20A
20B and 20C 30 are electrically shorted. This shorts out the back EMF
vol tage and causes the disk 12 rapidly to slowits rotation. Wen the disk
12 slows its rotation, the magnetic head 14 Hrops.to the surface of the
disk 12 at the |l anding zone 28 because the aero-dynamc |ift drops .

1ift off, the magnetic head assembly 14 flies over the .
the surface of the disk 12 as the disk 12 rotates. The
hedd positioner assembly 26 iz used to position the
- magnetic head 14 radially over the disk 12. The '
"5 ' magnetic head 14 is used to selectively magnetise the
surface of the magnetic disk 12 so that .digital
information is recorded. The magnetic head 14 is also
used to read back recorded information from the surface
cf.tha disk 12. As the disk 12 rotates below the
10 magnetic head 14, the magnetic flux through the
magnetic head 14 1s changed. This changing flux is
sensed and converted into digital:information. The
magnatic disk 12 includes a landing zone 28, typically
around the inner diameter of the magnetic disk 12. The
15 magnetic read/write head 14 is stored in the landing
zone 28 when the magnetic disk 12 is not rotating. A
specific area of the disk 12 is dasignated as the
landing zone because take offs and. landings of the
magnetic head 14 would damage any information stored in
20 such an area. . .
During shut down of the magnetic storage system
10, or loss of power, the power supply voltage applied
to the V'H’P1; drops to zero. At this time, the head
positioner 26 moves the magnetic head 14 to the landing
25 2one 28. Using the present invention, a back EMF
voltage generated in the coils 20A, 20B and 20C by the
continued rotation of the disk 12 is sensed by the
control circuitry 22. When this voltage level reaches a
pre-determined threshold, the coils 20A, 20B and 20C
30 are electrically shorted. This shorts out the back EMF
voltage and causes the disk 12 rapidly to slow its
rotation. When the disk 12 slows its rotation,. the
magnetic head 14 Qrops to the surface of the disk 12 at -
the landing zone 28 because the aero-dynamic lift drops

This Sheet Has Been Replaced

(T SR——

Date: 18 NOV 19%:




to zero. An upper limt on the trigger voltage used to trigger the notor
braki ng sequence is determ ned by the maxi num surge current that the coils
20A, 20B and 20C can carry w thout being damaged. This limt is 5

dependent on the electrical characteristics8of the coil and the energy of
the back EMF voltage. Alower |limt on the trigger voltage is set according
to the mninmumrate at which_the netic read/wite head ‘g\M|| over
the surface of theb®i%8&p, AR P?P?g Muifon the tn%?’fa‘bé’ a&Pel“’i

too |l ow, the headcdigger ther mpton bimking fsagmentet he débdemiihed ity tmlee

disk 12 continues maximum surge current that the codils 20A, 20B and 20C
can carry without being damaged. This limit is
5, dependent on the electrical characteristics of the.coil
and the energy of the back EMF voltage. A lower limit
on the trigger voltage is set according to the. minimum
rate at which the magnetic read/write head 14 will £ly
over the surface of the disk 12. If the trigger
10 voltage level is set too low, the head 14 will drop to
the surface of the disk 12 while the disk 12 continues
to rotate, which damages the delicate .structure of the
magnetic head assembly. In accordance.with the present
invention, these two design criteria set an optimal
15 voltage range for the back EMF trigger voltage level
which depends upon the characteristics of the magnatic
storage system. .
Figure 2 shows one embodiment of. the.control
circuitry 22 for braking the spindle drive motor 16 in
20 accordance with the present invention. A braking
circuit 30 is connected to a control circuit 32. The
control circuit 32 is connected to the spindle drive
, motor 16 for rotating the spindle 18 and the magmetic
disk 12. The braking ecircuit 30 includes a trigger
25 eircuit 34, a re-set circuit 36 and a transfer circuit
as.
The control eircuit 32 includes a controller 40;
£ield effect transistors (FETs) 42, 44, 45, 48, 50 -and
52; resistors 54, 56, 58, 60, 62 and 64; resistors 74,
30 76, 78 and 80; and diodes 82, 84, 86, 88, 90 and 92.
The gates of the FETs 42, 44 and 46 are connected to the
controller 40 through the resistors 54, 56 and 58
raspectively. The gatez of the FETs 48, 50 and 52 are
connected to the controller 40 through the resistors 60,
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to rotate, which danages the delicate structure of the magnetic head
assenbly. In accordance with the present invention, these two design
criteria set an optimal 15 vol tage range for the back EMF trigger
vol t age | evel which depends upon the characéeristics of the magnetic.
storage system Figure 2 shows one enbodi nent of the control circuitry 22
for braking the spindle drive notor 16 in 20 accordance with the
present inventi ong2 dndreékj MespectivelPl | The aumnl of theaFBUAt #2| 44rcuit

32. The control cLLhURE e ichrrReeed! &4 Eﬂetﬁgbéyﬂéyyﬁgyd@ive , through

suppl
a diode 72 and the resistors 74, 76 and 78, respec-
tively. : S '
5 - The drains of the FETs 42, 44 and 46 are connected

to the power supply voltage connection V;uwn,, through
the dicde 72. The sources of the FETs 42, 44 and 456 are
connected to the coils 20B, 20C and 20A, respectively,
of_the motor 16. The drains of the FETs 48, 50 and 52

10 are connectad to the coils 207, 20C and 20B, respec-
tively, of the spindle drive motor 16. The sources of
the FETs 48, 50 'and.52 are connected to the electrical
ground 24 through a resistor 80. The diodes 82, 84, 86,
88, 90 and 92 are connected between the drain and the

15 source of the FETs 42, 44, 46, 48, S50 and 52, respec-
tivaly.

In operation, the controller 40 sends control

signals to the gates of the FETs 42; 44, 46, 48, 50 and
52 so that power is selectively applied to the coils

20 20A, 20B and 20C of the spindle drive motor 1€. For
example, when the gates of the FETs 42 and 50 are at a
high voltage level from the controller 40, an electrical
voltage is applied through the coils 20B and 20C, which
completes an electrical circuit between the power supply

25 and the electrical ground 24. By properly seguencing
the voltages applied to the gates of the FETs 42, 44,
46, 48, 50 and 52, the controller 40 causes the spindle
18 and the disk 12 to rotate. ‘

The braking circuit 30 is connected to the gates

30 of the FETs 48, 50 and 52 through diodes 94, 96 and 98,
respectively. The diodes 94, 96 and 98 isolate the
braking circuit 30 from the control circuit 32. The
trigger circuit 34 of the braking cirxcuit 30 comprises
bipolar junction transistors (BJTs) 100 and 102, a

B
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nmotor 16 for rotating the spindle 18 -and the magnetic disk 12. The braking
circuit 30 includes a trigger 25 circuit 34, are-set circuit 36 and a
transfer circuit 38. The control circuit 32 includes a controller 40; field
effect transistors (FETs) 42, 44, 46, 48, 50 and 52; resistors 54, 56, 58,
60, 62 and 64; resistors 74, 30 76, 78 dhd 80; and diodes 82, 84, 86,
88, 90 and 92. The gates of the FETs 42, 44 and 46 are connected to the

controller 40 thr Hﬂbrtﬁgodae%.oit or seefstofs 2k 08 08eaRaChL YS! ¥nd TRe gates
of the FETs 48, 5 and
capacitor 112. The collector of the BJT 100 is
connacted to the cathode of the zener diode 104 through
the resistor 106. The base of the BJT 100 is connected
5 to the anode of the zener diode 104 through the resistor
108 and to the electrical ground 24 through the resistor
110 and tha capacitor 112. The emitter of the BJT 100
is connected to the emitter of the BJT 102 and to the
electrical ground 24 through the resistor 114. The base
10 of the BJT 102 is connected to the collector of the BJT -
100.

The re-set circuit 36 includes a BJT 116 and
resistors 118 and 120. The base of the BJT 116 is
connected to the base of the BJT 100 through the

15 resistor 118. The emitter of the BJT 116 is connected
to the electrical ground 24 through a resistor 120.

The transfer circuit 38 includes a2 BJT 122, a
dicde 124, a capacitor 126 and a resistor 128. The
emitter of the BJT 122 is connected to the cathode of

20 the diocde 124, The anode of the diode 124 is connected
to the cathode of the zener diode 104. The emitter of
the BJT 122 is connected to the electrical ground 24
through the capacitor 126. The emitter of the BJT 122
is connected to the base of the BJT 122 through a

23 resistor 128. The base of the BJT 122 is connhected to
the collector of the BJT 102 through a resistcf 130,

The cathode of the zener diode 104 conmects to the
power supply through tha diode 72. The collector of the
BJT 122 and the collector of the BJT 116 connect to the

10 gates of the FETs 48, 50 and 52 through the diodes 94,
96 and 98, respectively. The control circuit 32 also
includes a holding capacitor 132. The collector bf the
BJT 115 and the collector of the BJT 122 are connected
to the electrical ground 24 through the holding
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connected to the controller 40 through the resistors 60, 9 62 and 64,
respectively. The gates of the FETs 42, 44 and 46 are connected to the
power supply [err] through a diode 72 and the resistors 74, 76 and 78,
respec- tively. 5 The drains of tR& FETs 42, 44 and 46 are

connected to the 'power supply voltage connection [err] through
' capacitor 132.

In operation, the trigger circuit 34 senses the
voltage across the coils 20aA, 2B and 20C through the
circuit completed by the diodes 82, 84, 86, 88, 90 and

5 92. - A trigger voltage level is set at the base.of the
BJT 100 by the zener diode 104 and the .resistors 108 and
110. The BJTs 100 and 102 are connected to form a
Schmitt trigger. The capacitor 112 is used as a filter
-£to smdoth the signal from the motor windings 20A, 20B

10 and 20C. The capacitor 126 stores charge to be
transferred.

The-BJT 122.in the charge .transfer .circuit 38 is
triggered by the trigger ecircuit 34 ‘to.transfer charge
from the capacitor 126 to the holding.capacitor 132.

.15 When the holding capacitor 132 is charged, a voltage is
applied to the gates of the FETs 48, 50 and 52 so that
/7 the drain - source connections for the FETs 48 S0 and.
52 are held- open?‘ This provides a .connection between
. the coils 20a, '20B and 20¢ and the electrlcal ground 24
"0 through the resistor 80. The hplding capacitor 132
holds its charge for an extended period because there is
very little current drain through the controller 40 and
the FETs 48, 50 and 52 do not draw substantial current.
_ The trigger voltage level provided to the base of
25 the BJT 100 by the zener diode 104 and the resistors 108
and 110 should be set within certain limits. The
trigger voltage should be large enough to indicate that
the magnetic head is not. dragging along the surface of
the disk 12 and low enough that electrical shorting of
30 the coils 20A, 20B and 20C does not damage the motor 16.
This trigger voltage will vary between disk systems and
can be found by observing the head while measuring the
back EMF voltage.
Upon power-up, the BJT 116 receives power from
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the diode 72. The sources of the FETs 42, 44 and 46 are connected to the
coils 20B, 20C and 20A, respectively, of the notor 16. The drains of the
FETs 48, 50 and 52 10 are connected to the coils 20A, 20C and 20B, .
respec- tively, of the spindle drive notor The sources of the FETs 48,
50 and 52 are connected to the electrical ground 24 through a resistor 80.
The di odes 82, 84, 86, 88, 90 and 92 are connected between the drarn and
the 15 sour ce tie (HOWeRERUPHRY. 4/ThelGe-4@t SAraniit 5¥§ drawsgeshazigeel y. In
operation, the cordwa} fiom*ehacREtatedidPacitor 132, which removes the
voltage applied to the FETs 48, 50 and 52 from the
braking circuit 30. As a result, the coils 20A, 20B
5. and 20C are powared by the controller 40 through the
FETs 42, 44, 46, 48, 50 and 52. The re-set circuit 36
quickly releases the short circuit of the coils 20A, 20B
and 20C, which allows the disk 12 -quickly to .reach
operating speed 0 that the magrietic head 14 flies over
10 the surface of the disk 12.

Figure 3 shows an alternative embodiment of the
cantrol circuitry 22, which uses the' same control
circuit 32 and spindle drive motor 16 as shown in Figure
2. In Figure 3, the circuitry 22. employs an alternative

15 braking circuit 134 in accordance with the present
invention. The braking circuit 134 .includes a trigger
-elrcuit 136, a re-set circuit 138, a charging circuit
140 ‘and a holding capacitor 142. '

The trigger circuit 136 includes & zener dicde

20 144, =2 resistor 146, a comparator 148 and resistors
152, 154 and 156. The zener diode 144 and the resistor
146 develop a trigger voltage level. This voltage level
is applied to the negative (-) inputs of the comparator
148 and a comparator 150 of the re-set circuit 138. The

25 - comparators 148 and 150 include positive and negative
inputs, an output and a power conmection. The positive
(+) inputs of the comparators 148 and 150 are connected
to the coils 20A, 20B and 20C of the spindle drive motor
16 through the raesistors 152, 154 and 156 and the diodes

30 82, B4, 86, 88, 90 and 92 of the control eircuit 32.

The resistors 152, .154 and 156 form a resistor network
to develop the trigger voltage level.

The re-set circuit 138 includes a2 BIT 158, a
resistor 160 and the comparator 150. The base of the
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signals to the gates of the FETs 42, 44, 46, 48, 50 and 52 so that power is
selectively applied to the coils 20 20A, 20B and 20C of the spindle
.drive nmotor 16. For exanple, when the gates of the FETs 42 and 50 are at a
hi gh voltage | evel fromthe controller 40, &% electrical voltage is applied -
t hrough the coils 20B and 20C, which conpletes an electrical circuit

bet ween the power o, h 0 . ly
sequenci ng the vol??gisyaa?{ﬂ icggn?%qteﬁeegjgétgé;t%ﬂft%ﬂt BgOURd ddmpaSitdl AXY

p FETs 42, 44, , 8, 50
and 52, the controFRERUER @%ﬁiﬁﬁers Al é"hPB%geFﬁgrd?éktlﬁ q"‘éprjt;‘[ at e.
is ‘connected to the holding capa¢itor 142.

The charging circuit 140 includes a BJT 162 and

5 resistors 164 and 166. The emitter .and base of the BJT
162 are connected together by the resistor 164. The
enitter of the BJT 162 connects to the coils 20A, 208
and 20C of the spindle drive motor 15 through tha diodes
82, 84, 86, 88, 90 and 92. The base of thg BJT 162

10 is connected to the output of the comparator 148 through
the resistor 166. The collector of the BJT 162 is
.connected to the gates of the FETs 48, 50 and 52 through
resistors 168, 170 and 172, respectivaly, and a blocking
diode 174. '

15 In operation, the circuit of Figure 3 works in a
manner similar to the circuit of Figure 2. The
comparator 148 of the trigger circuit 136 compares the
voltage from the coils 202, 20B and -20C with-a.trigger
voltage level and éctivates the charging_circuit_i4o'

20 when the back EMF from the spindle drive motor 16 drops
below the trigger voltage level. The charging circuit
140 charges the holding capacitor 142, which applies a
voltage to the gates of the FETs 48, 50 and 52. This
electrically shorts the coils 20A, 20B and 20C to ground

25 24 through the resistor 80. The holding capacitor 142
holds a voltage on the gates of the FETs 48, 50 and 52.

Upon re-set, the power supply voltage returns to
ite value of V;upp‘y, and power is applied to the
braking circuit 144 and the control circuit 32. The

30 comparator 150 compares a reference voltage developed by
the zener diode 144 and the resistor 156 and triggers
the BJT 158 of the re-set circuit 138. When the
comparator 150 applies a current to the base of the BJT
158, current is drawn by the collector of the BJT 158,
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The braking circuit 30 is connected to the gates 30 of the FETs 48, 50
and 52 through diodes 94, 96 and 98, respectively. The diodes 94, 96 and 98
:isolate the braking circuit 30 fromthe control circuit 32. The trigger
circuit 34 of the braking circuit 30 conpriggs bipolar junction transistors
(BJTs). 100 and 102, a 10 zener diode 104, resistors-106, 108 and 110,

and a
and the capacitor 142 is rapidly discharged.- This

removes the holding voltage from the gates of the FETs
48, 50 and 52 and allows the controller 40 to apply
power to the coils 20A, 20B and 20C of the spindle drive

5 motor 16. ' : ' : )

The present invention provides.a reliable. means of
braking the drive spindle motor in a magnetic disk drive
system. Voltage thresholds are compared to -the back EMF
vo%tage developed by the coils in .the spindle motor upen

10 loss of power to the disk drive system. The rotation of
the drive spindle motor is allowed to coast down to a
speed where an-electrical short across the.drive-coils
will not cause a current spike to pass through the drive
‘golls which could damage them. The trigger .voltage

15 level is selected so that the magnetic head does not
drag along the surface of the disk, 'but rather suddenly
drops from its “"£lying" pésition to the 'surface of the
disk when the braking circuit is applied. The ‘invention
inclndas a re-sat eirouit for rapidly re-setting the

20 érive coils upon power-up. Because the present invention
limits-the surge current through the drive coils,
smaller spindle drive motors are now possible without

. dragging the magnetic head along the surface of the

magnetic disk upon loss of power.

25
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capaci tor ﬂuﬂm m f the BJT 100 is connected to the cathode of
t he zener di i ﬁd!!ﬁe resi stor 106. The base of the BJT 100 is
connected 5 * Stol'tht aho of the zener diode 104 through the resistor
108 and to the electrical ground 24 through the resistor 110 and the

capacitor 112. The emtter of the BJT 100 |s connected to the emtter of
the BJT 102 and to the electrical ground 24 Qhrough the resistor 114. The

e e et o' KBRS Sl 20508 o il
includes means (38, 140) for dumping charge into the holding capacitor (132, 142).
7. Apparatus according to Claim § or 6 wherexn the holding means re-semng means
includes means (116, 158) for dmwmg charge from the holding capacitor (132 142).
8. Apparatus according to Claim 7, wherein the charge drawing means includes a
‘transistor (116, 158). :
9. Apparatus according to any preceding claim, wherein the brake signal applying
means (30; 34) is responsive to the voltage across the coil means (20A, 20B, 20C), the
voltage representative of the speed of rotation of the spindle drive motor (16).
10. A method of braking a storage disk (12) of a storage system which includes a
head (14) and a spindle drive motor (16) having coil means (20A, 20B, 20C) and a
spindle drive shaft coupled to the disk (12), the method comprising electrically shorting
the coil means to dynamically brake the spindle drive shaft, characterised by detecting
the mtatic;nal speed of the shaft eiecuicany, and upon a power voltage removal, enabling
2 brake signal for dynamic braking when the speed of rotation is below a predetermined
threshold level which is predetermined to be between z first level representative of a
maximum surge current which would not damage the coil means upon shorting, and a
second level representative of a minimum disk rotation speed which would enable the
head to fly with respect to the disk, holding the brake signal to maintain dynamic
braking, and re-setting the holding upon a recovery of power to remove the brake signal
and terminate dynamic braking.
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resistors 118 and 120. The base of the BJT 116 is connected to the base of
the BJT 100 through the 15 resistor 118. The emtter of the BJT 116
is connected to the electrical ground 24 through a resistor 120. The
transfer circuit 38 includes . a BJT 122, a diede 124, a capacitor 126 and a
resistor 128. The emtter of the BJT 122 is connected to the cathode of 20
the diode 124. The. anode of the di ode 1%4 IS coancted to the cat hode of
t he zener di ode 104. The emtter of connected'to the

el ectrical ground 24 t hrough the capacitor 126. The emtter of the BJT 122

MOTOR BRAKE CIRCUIT FOR USE IN A

 MAGNETIC DISK DRIVE SYSTEM

The invention provides apparatus and a wmethod for

use in a2 storage system for braking a storage disk (12)
driven by a spindle drive motor (16) with a coil (20a,

10 20B, 20C). The invention includes trigger means (34,
38) for detecting the back EMF generated in the coil
when there is a loss of power and for actuating.means
(48 to 52, 94 to 98, 132) for electrically shorting the
coil when the back EMF falls below a pre-determined

15 level. This level is selected to be large enough so
that the rate of rotation of the magnetic disk is
sufficient for a magnetic head of the system to "£iy"
over the surface of the disk, but small enough 80 that
surge currents in the drive spindle motor will not

i
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I's connected to the base of the BJT 122 through a 25 resistor 128. The
base of the BJT 122 is connected to the collector of the BJT 102 through a
resistor 130. The cathode of the zener diode 104 connects to the power
supply through the diode 72. The collector of the BJT 122 and the coll ector
of the BJT 116 connect to the 30 - gates of the FETs 48, 50 and 52

t hrough the di odes 94, 96 and 98, respegtively. The control circuit 32 also
i ncludes a hol di ng capacitor 132. The collector of the BJT 116, and the '
collector of the BJT 122 are connected to the electrical ground 24 through

t he hol di ng
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capacitor 132. In operation, the trigger circuit 34 senses the voltage
across the coils 20A, 2B and 20C through the circuit conpleted by the

di odes 82, 84, 86, 88, 90 and 5 92. A trigger voltage level is set
at the base of the BJT 100 by the zenek diode 104 and the resistors 108 and
110. The BJTs 100 and 102 are connected to forma Schmtt trigger. The
capacitor 112 is used as a filter
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t0 snooth the signal fromthe notor w ndings 20A, 20B 10 and 20C. The
capacitor 126 stores charge to be transferred. The BJT 122 in the charge
transfer circuit 38 is triggered by the trigger circuit 34 to transfer
charge fromthe capacitor 126 to the hal ding capacitor 132. 15 When t he
hol di ng capacitor 132 is charged, a voltage is applied to the gates of the
FETs 48, 50 and 52 so that the drain - source connections for the FETs 48,
50 and 52 are held open. This provides a connection between the coils 20A
20B and 20C and the electrical ground 24
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v through the, resistor 80. The hol di ng capacitor 132 holds its

charge f d begguse there is very little current drain

t hr ough 9&6 6 Elég d-th FETs 48, 50 and 52 do not draw
substantial current trigger oltage | evel provided to the base of 25
the BJT 100 by the zener diode 104 and the Tesistors 108 and 110 shoul d be
set wwthin certain limts. The trigger vol tage shoul d be | arge enough to

i ndi cate-that the nagnetlc t surface of the
di sk 12 and | ow enough tha At‘ah g%\ gﬁ%i%ﬁ% A he coils 20A,

20B and 20C does not damage

5 The present invention relates to a motor brake
circuit for use in a magnetic disk drive system for
braking a spindle motor of the system upon loss of
supplied power.

Magnetic disk drive systems have become widely

10 aceepted in the computer industry as a cost effective
form of data storage. In a conventional magnetic disk
drive system, a magnetic disk rotates at high speed
while a magnetic read/write head "flies" slightly over
the surface of the rotating disk. The magnetic disk is

15 carried by a spindle drive motor. The magnetic read/
write head is suspended over the disk on a spring loaded
support arm. As the disk rotates at high speed, the
aero-dynamic properties of the magnetic head provide a
lifting force which allows the head to'glide over the

20 disk surface on a cushion of air. The height of the
magnetic read/write head over the disk surface is
primarily a function of the rate of disk rotation, the
aero-dynamic properties of the magnetic head assembly
(or "slider") and the force provided by the spring

25 loaded support arm. _

Two of the most critical periods in determining
magnetic head life occur during "take off" and
"lahding". Prior to operation, the head rests on an
inner track or "landing zone" of the disk. As the disk
begins to rotate from an initial, stopped position, the
magnetic head is dragged along the surface of the disk.
Once the disk reaches sufficient speed, the aero-dynamic
lift begins to force the magnetic head assembly away
from the disk surface, i.e. the head "takes off". The

30
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Thi s~xtrigger voltage wll vary between di sk systens and can be found by
observing the head while neasuring the back EMF vol tage. Upon power-up, the
BJT 116 receives power from 12 the power supply. The re-set circuit 36
draws charge away fromthe hol ding capacitqi 132, which renoves the voltage
applied to the FETs 48, 50 and 52 fromthe :

spindle drive motor provides sufficiently large
acceleration so that the magnetic head flies after only
a very few rotations of the magnetic disk.
During shut down of the disk drive system, the

5 magnetic read/write head must "land" upon the surface of
the magnetic disk. This landing typically occurs in the
landing zone along the inner radius of the magnetic disk
surface. After power to the magnetic disk drive spindle
motor is shut off, momentum continues to carry the

10 maénetic disk through its rotation. Various friction
sources slowly reduce the speed of rotation of the
magnetic disk. As the disk rotation slows, the aero-
dynamic lifting force is reduced and the magnetic
read/write head assembly contacts the disk surface in

15 the landing zone area. Once the magnetic head contacts
the disk surface, the head is dragged across the
surface as momentum continues the magnetic disk

rotation. _
Magnetic read/write heads used in modern day disk
20 drive systems are typically extremely small and delicate

thin film magnetic heads. The dragging associated with
take offs and particularly with landings as described
above is a primary source of magnetic head wear. The
landing process described above typically produces a

25 longer dragging period for the magnetic head. The prior
art has attempted to limit the length of the dragging
period by braking the rotation of the spindle motor.

One such design is shown in U. S. Patent No.

4,658,308 entitled "Method and Apparatus for Retracting

30 Head and Braking Motor of a Disk Drive Device". This
patent shows circuitry for electrically shorting out the
windings in a magnetic disk drive spindle motor
following a pre—determinéd time delay after power loss
and retraction of the magnetic head onto the landing
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braking circuit 30., As a result, the coils 20A, 20B 5 and 20C are
powered by the controller 40 through the FETs 42, 44, 46, 48, 50 and 52.
The re-set circuit 36 quickly releases the short circuit of the coils 20A,
20B and 20C, which allows the disk 12 quickly to reach operating speed so
that the magnetic head 14 flies over 10 3 the surface of the disk 12.
Figure 3 shows an alternative enbodi nent of the control circuitry 22, which

Lo S ST R e [ dng Y SRS bR 8RR pBB - RY <1
coils causes the spindle rapidly to stop rotating. Once
the motor windings are shorted out, the disk drive
rapidly stops spinning and the magnetic head loses lift

5 and drops to the disk surface. '

Due to size constraints, however, the spindle
motor is designed to be as small as possible. This
limits the size of the motor windings. Small windings
cannot carry large electrical currents without heatin§

10 and eventually melting. The electrical shorting of the
windings of the disk spindle motor results in high surge
currents due to back EMF induced in the motor coils by
the momentum of the rotating disk. (Back EMF is an
effect in which an electric motor acts as an electric

15 generator. 1In the case of a disk drive, the spinning
disk causes electric current to flow in the motor
windings). These high surge currents can permanently
damage the spindle drive motor by causing one or more of
the windings to melt and form an electrical open

20 circuit. :

Other prior art approaches-td disk drive braking
have used mechanical devices, such as normally closed
electric relays held in the open position by the power
supply in the magnetic storage system. . Upon loss of

25 power, these relays return to their closed positions

and electrically short out the spindle motor windings.

This can also cause large surge currents, which can

damage the motor windings. Mechanical relays have a

number of additional design problems, including large

power draw during operation, large size, high cost and
inherent reliability limitations problematic of electro-
mechanical components.

Upon power-up of a storage system, it is desirable
to rapidly re-set the circuitry used electrically to

30
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15 « braking circuit 134 in accordance with the present invention. The
braking circuit 134 includes a trigger circuit 136, a re-set circuit 138, a
charging circuit 140 and a hol ding capacitor 142. The trigger circuit 136

i ncl udes a zener di ode 20 144, a resistor 146, a conparator 148 and
resistors 152, 154 and 156. The zener di ode 144 and the resistor 146
develop a trigger voltage level. This vol#age level is applied to the
negative .(-) inputs of the conparator 148 and a conparataqr 150 of the

re-sqt ci r shot theswindings afshe spindlgrdsiveamaios. Fadureria raset quiekdiidee peketi ve and
negaive circuitry causes either severe loading of the power supply used to drive the spindle motor
or an extended delay period duringl which the braking circuitry slowly releases the
spindle motor.

Patent Abstracts of Japan, Vol. 5 No. 73 (p-061) (745) dated 15th May 1981
discloses a braking apparatus in which dynamic braking is divided into two stages; firstly
‘motor coils are shorted through resistances as the disk rotates and secondly motor coils
are shorted without resistances after the speed of ro@ﬁon has fallen.

US-A-4 417 288 discloses a rotation control device for a magnetic disk drive
apparatus which provides electrical regenerative working of the apparatus prior to and
continuously with actuation of an electromechanical braking sysfem, once power is cut
off to the apparatus.

It is an object of the present invention to provide an arrangement for braking the
spindle motor in a magnetic disk drive system, which avoids the disadvantages
mentioned above.

In accordance with one aspect of the present invention, there is provided
apparatus for braking a storage disk of a storage system which includes a head and a
spindle drive motor having coil means and a spindle drive shaft coupled to the disk, coil
drive means coupled to the coil means for selectively providing power to the coil means
by periodically electrically connecting the coil means to a power source to cause the
spindle drive shaft to rotate, controller means for selectively supplying a control signal to
the coil drive means, which energises the coil drive means and selectively couples the
coil drive means to the power source, and means for applying a brake signal to the coil
drive means to effect dynamic braking of the spindle drive shaft by electrically shorting
the coil means, characterised in that the brake signal applying means is responsive to the
speed of rotation of the spindle drive motor falling below a predetermined threshold level

which is predetermined to be between a first level representative of a maximum surge

current that will not damage the coil means and a second level representative of a
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Pnputs, an output and a power connection. The positive (+) inputs of the
conparators 148 and 150 are connected to the coils 20A, 20B and 20C of the
spindle drive notor 16 through the resistors 152, 154 and 156 and the

di odes 30 82, 84, 86, 88, 90 and 92 of the control circuit 32. The
resistors 152, 154 and 156 forma resistor network to develop the trigger
voltage level. The re-set circuit. 138 indhudes a BJT 158, a resistor 160
and the corrpar ator 150. The base of the

minimum disk rotation speed at which the head will ﬂy with respect to the disk, and

there is provided means for holding the coil means in an electrically shorted condition to
maintain dynamic braking upon loss of power, and means for re-setting the holding
means upon a recovery of system power to remove application of the brake signal to the
coil drive means and allow the energisatibn of the coil means to rotate the spindle drive
shaft.

In accordance with another aspect of the present invention, there is provided a
method of braking a storage disk of a storage system which includes a head and a
spindle drive motor having coil means and a spindle drive shaft coupled to the disk the
method comprising eleétrically shorting the coil means to dynamically brake the spindle
drive shaft, characterised by detecting the rotational speed of the shaft electrically, and
upon a power voltage removal, enabling a brake signal for dynamic braking when the
speed of rotation is below a predetermined threshold level which is predetermined to be
between a first level representative of a maximum surge current which would not damage
the coil means upon shorting, and a second level representative of a minimum disk
rotation speed which would enable the head to fly with respect to the disk, holding the
brake signal to maintain dynamic braking, and re-setting the holding upon a recovery of
power to remove the brake signal and terminate dynamic braking.

The invention thus provides an inexpensive and reliable means of braking the
spindle motor in a magnetic drive system.

As described below, the present invention provides an electrical short across the

windings of a spindle motor, which causes the motor to stop quickly.
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13 BJT 158 is conngcted to the output of the conparator 150 through the
resistor 160. The collector of the BJT 158 is connected to the hol ding
capacitor 142. The charging circuit 140 includes a BJT 162 and 5

resistors 164 and 166. The emtter and base of the BJT 162 are connected
together by the resistor 164. The emdtter of the BJT 162 connects to the
coils 20A, 20B and 20C of the spindle drive notor 16 through the di odes 82,

84, 86, 88, 90 ankba¥k EMFIRRIASfe deddF t¥ilgdéP senses the back EMF
generated in the motor coils by the rotating drive
spindle during shut-down and triggers the coil shorting
means when the back EMF has reached a pre-determined

5 trigger level. This trigger level is selected to be
sufficiently low that the surge current through the
electrically shorted coil will not harm the coil. The
trigger level is further set high enough so that the
magnetic head of the storage system does not drag along

10 thé surface of the disk. These two criteria set upper
and lower limits for the trigger level.

The invention as described thus minimises surge
current through the electrically shorted motor coil due
to the back EMF. It is, therefore, possible to brake

15 . the spindle drive motor so that the motor coil is
subjected to reduced surge current without increasing
the time that the magnetic read/write head drags along
the landing zone area of the magnetic disk.

Preferably, the apparatus comprises a charge

20 transfer circuit triggered by a trigger circuit to short
the spindle motor coil, a holding capacitor and a re-
set circuit. The transfer circuit may then be triggered
by the back EMF voltage level trigger to transfer. charge
onto the holding capacitor. The holding capacitor may

25 hold a voltage on the gates of FETs used in a motor

drive circuit. This electrically shorts the spindle
motor coil. Upon power-up of the magnetic storage
system, the re-set circuit may be employed to draw
charge rapidly away from the holding capacitor, and
thereby electrically open the circuit through the
spindle motor coil.

The invention may thus provide a more reliable and

‘predictable arrangement for quickly stopping the spindle

motor during a power loss interval and may eliminate the
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10 * is connected to the output of the conparator 148 through the
resistor 166. The collector of the BJT 162 is connected to the gates of the
FETs 48, 50 and 52 through resistors 168, 170 and 172, respectively, and a
bl ocki ng di ode 174. 15 In operatbon, the circuit of Figure 3
works in a manner simlar to the circuit of Figure 2. The conparator 148 of

the trigger circuit 136 conpares the voltage fromthe coils 20A, 20B and
20C with a tri ekl high PART coRSWRRtiaRcglertrenBerghagicadc&rlarso 20

when the back Eded rainthe sPidll£r€rive notor 16 drops
' : The invention is described further, by way of
example, with reference to the accompanying drawings, in
5 which:- ' '
Figure 1 is a schematic diagram of a magnetic
storage system according to the present invention

showing a spindle motor and controller;
Figure 2 is a diagram of one embodiment of control

10 cifcuitry of the system of Figure 1 providing a motor
brake circuit in accordance with the present invention;
and

Figure 3 is a diagram of another embodiment of

control circuitry of the system of Figure 1 providing a
15 motor brake circuit in accordance with the present

invention. :

Figure 1 is a diagram of a magnetic storage system

10. The magnetic storage system 10 -includes a magnetic

disk 12 and a magnetic read/write assembly 14. The
20 magnetic disk 12 is connected to a spindle drive motor

16 through a spindle 18. The spindle drive motor 16

includes coils 20A, 20B and 20C. The coils 20A, 20B

and 20C are connected to control circuitry 22. The
control circuitry 22 is connected to a power supply
25 labelled Vsupp1y and to electrical ground 24. The
magnetic read/write head assembly 14 is connected to a
head positioner 26.

In operation, the control circuitry 22 selectively
applies control voltatges to the coils 20A, 20B and 20C '
in the spindle drive motor 16. This causes the spindle
.18 and the disk 12 to rotate. At sufficiently high
speeds, the rotation of the disk 12 causes the magnetic
head assembly 14 to lift off the disk surface due to the
aero-dynamic properties of the head assembly 14. After
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bel ow the trigger wvoltage | evel. The charging circuit 140 charges the
hol di ng capacitor 142, which applies a voltage to the gates of the FETs 48,
50 and 52. This electrically shorts the coils 20A, 20B and 20C to ground 25
24 through the resistor 80. The holding cagpacitor 142 holds a voltage on
the gates of the FETs 48, 50 and 52. Upon re-set, the power supply voltage

returns to its value of [err] and power is applied to the braking circuit
144 and the contrql cigcuit  32. The 30 0 0] a a

ref erence vol ta-g‘é‘%&e?&fdpe&hﬁy Wez%%rh%ﬁ%ﬁﬁ%df?hfefgggl étggf Egg and
tri-ggers the surface of the disk 12 as the disk 12 rotates. The

head positioner assembly 26 is used to position the
magnetic head 14 radially over the disk 12. The
5 magnetic head 14 is used to selectively magnetise the
surface of the magnetic disk 12 so that digital
information is recorded. The magnetic head 14 is also
used to read back recorded information from the surface
of the disk 12. As the disk 12 rotates below the
10 maénetic head 14, the magnetic flux through the
magnetic head 14 is changed. This changing flux-is
sensed and converted into digital information. The
magnetic disk 12 includes a landing zone 28, typically
around the inner diameter of the magnetic disk 12. The
15 magnetic read/write head 14 is stored in the landing
zone 28 when the magnetic disk 12 is not rotating.- A
specific area of the disk 12 is designated as the
landing zone because take offs and landings of the
magnetic head 14 would damage any information stored in
20 such an area. '
During shut down of the magnetic storage system
10, or loss of power, the power supply voltage applied
to the Vsupp‘y drops to zero. At this time, the head
positioner 26 moves the magnetic head 14 to the landing
25 zone 28. Using the present invention, a back EMF
voltage generated in the coils 20A, 20B and 20C by the
continﬁed rotation of the disk 12 is sensed by the
control circuitry 22. When this voltage level reaches a
pre-determined threshold, the coils 20A, 20B and 20C
are electrically shorted. This shorts out the back EMF
voltage and causes the disk 12 rapidly to slow its
rotation. When the disk 12 slows its rotation, the
magnetic head 14 drops to the surface of the disk 12 at
the landing zone 28 because the aero-dynamic lift drops
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the BJT 158 of the re-set circuit 138. Wen the conparator 150 applies a
current to the base of the BJT 158, current is drawn by the collector of
the BJT 158, 14 and the capacitor 142 is rapidly discharged. This

removes the holding voltage fromthe gatesgof the FETs 48, 50 and 52 and
allows the controller 40 to apply power to the coils 20A, 20B and 20C of

the spindle drive
to zero. An upper limit on the trigger voltage used t.o

trigger the motor braking sequence is determined by the
maximum surge current that the coils 20A, 20B and 20C
can carry without being damaged. This limit is

5 dependeht on the electrical characteristics of the coil
and the energy of the back EMF voltage. A lower limit
on the trigger voltage is set according to the minimum
‘rate at which the magnetic read/write head 14 will fly
over the surface of the disk 12. If the trigger

10 voitage level is set too low, the head 14 will drop to
the surface of the disk 12 while the disk 12 continues
to rotate, which damages the delicate structure of the
magnetic head assembly. 1In accordance with the present
invention, these two design criteria set an optimal

15 voltage range for the back EMF trigger voltage level
which depends upon the characteristics of the magnetic
storage system.

Figure 2 shows one embodiment of the contrgl

cir;uitry 22 for braking the spindle drive motor 16 in

20 accordance with the present invention. A braking
circuit 30 is connected to a control circuit 32. The
control circuit 32 is connected to the spindle drive
motor 16 for rotating the spindle 18 and the magnetic
disk 12. The braking circuit 30 includes a trigger

25 circuit 34, a re-set circuit 36 and a transfer circuit
38.

The control circuit 32 includes a controller 40;
field effect transistors (FETs) 42, 44, 46, 48, 50 and
52; resistors 54, 56, 58, 60, 62 and 64; resistors 74,
76, 78 and 80; and diodes 82, 84, 86, 88, 90 and 92.
The gates of the FETs 42, 44 and 46 are connected to the
controller 40 through the resistors 54, 56 and 58
respectively. The gates of the FETs 48, 50 and 52 are
connected to the controller 40 through the resistors 60,
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5 " nmotor 16. The present invention provides a reliable neans of braking
the drive spindle notor in a nagnetic disk drive system Voltage threshol ds
are conpared to the back EMF voltage devel oped by the coils in the spindle

mot or upon 10 | oss of power to the disl drive system The rotation of
the drive spindle notor is allowed to coast” down to a speed where .an
el ectrical short across the drive coils will not cause a current spike to

pass through thezdghueeqol kaspieivaeyl.d dagaddiene The FEmoef2 yold age

15 level is Sglggtaresgoknected to %%tb%we%a%u%%Fi'nOt through
supply
a diocde 72 and the resistors 74, 76 and 78, respec-
tively.
5 The drains of the FETs 42, 44 and 46 are connected
to the power supply voltage connection Vsupp1y through

the diode 72. The sources of the FETs 42, 44 and 46 are
connected to the coils 20B, 20C and 20A, respectively,
of_the motor 16. The drains of the FETs 48, 50 and 52
10 are connected to the coils 20A, 20C and 20B, respec-
tively, of the spindle drive motor 16. The sources of
the FETs 48, 50 and 52 are connected to the electrical
ground 24 through a resistor 80. The diodes 82, 84, 86,
88, 90 and 92 are connected between the drain and the
15 source of the FETs 42, 44, 46, 48, 50 and 52, respec-
tively.
In operation, the controller 40 sends control
signals to the gates of the FETs 42, 44, 46, 48, 50 and
52 so that power is Selectively applied to the coils
20 20A, 20B and 20C of the spindle drive motor 16. For
example, when the gates of the FETs 42 and 50 are at a
high voltage level from the controller 40, an electrical
. Vvoltage is applied through the coils 20B and 20C, which
completes an electrical circuit between the power supply
25 and the electrical ground 24. By properly sequencing
the voltages applied to the gates of fhe FETs 42, 44,
46, 48, 50 and 52, the controller 40 causes the spindle
18 and the disk 12 to rotate.
The braking circuit 30 is connected tc the gates
30 of the FETs 48, 50 and 52 through diodes 94, 96 and 98,
respectively. The diodes 94, 96 and 98 isolate the
braking circuit 30 from the control circuit 32. The
trigger circuit 34 of the braking circuit 30 comprises
bipolar junction transistors (BJTs). 100 and 102, a
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drag-along the surface of the disk, but rather suddenly drops fromits
"flying" position to the surface of the disk when the braking circuit is
applied. The invention includes a re-set circuit for rapidly re-setting the
20 drive coils upon power-up. Because ibe present invention limts the
surge current through the drive coils, smaller spindle drive notors are now
possi bl e wi thout draggi ng the magnetic head al ong the surface of the
magneti ¢ di sk wpamer akiodd Jbler .reébiSfors 106, 108 and 110, and a

capacitor 112. The collector of the BJT 100 is
connected to the cathode of the zener dicde 104 through
the resistor 106. The base of the BJT 100 is connected

5 to the anode of the zener diode 104 through the resistor
108 and to the electrical ground 24 through the resistor
110 and the capacitor 112. The emitter of the BJT 100
is connected to the emitter of the BJT 102 and to the
electrical ground 24 through the resistor 114. The base

10 . of the BJT 102 is connected to the collector of the BJT
100.. :

The re-set circuit 36 includes a BJT 116 and
resistors 118 and 120. The base of the BJT 116 is
connected to the base of the BJT 100 through the

15 resistor 118. The emitter of the BJT 116 is connected
to the electrical ground 24 through a resistor 120.

The transfer circuit 38 includes a BJT 122, a
diode 124, a capacitor 126 and a resistor 128. The
emitter of the BJT 122 is connected to the cathode of

20 the diode 124. The anode of the diode 124 is connected
to the cathode of the zener diode 104. The emitter of
the BJT 122 is connected to the electrical ground 24
through the capacitor 126. The emitter of the BJT 122
is connected to the base of the BJT 122 through a

25 resistor 128. The base of the BJT 122 is connected to

the collector of the BJT 102 through a resistor 130.

The cathode of the zener diode 104 connects to the
power supply through the diode 72. The collector of the
BJT 122 and the collector of the BJT 116 connect to the
gates of the FETs 48, 50 and 52 through the diodes 94,
96 and 98, respectively. The control circuit 32 also
includes a holding capacitor 132. The collector of the
BJT 116, and the collector of the BJT 122 are connected
to the electrical ground 24 through the holding
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15 CLAI M5 1. Apparatus for braking a storage disk (12) of a storage
system whi ch includes a head (14) and a spindle drive notor (16) having
coil nmeans (20A, 20B, 20C) and a spindle drive shaft (18) coupled to the
di sk (12), coil drive neans (42 to 78) coupled to the-coil neans (20A, 20B
20C) for selectively providing power.to the coil neans by periodically
electrically connecting the coil neans to a power source to cause the

spindle drive sbabhcggagoggue, controller nmeans (40) for selectively

supplying a control S&gnoperation, the trigger circuit 34 senses the
voltage across the coils 20A, 2B and 20C through the
circuit completed by the diodes 82, 84, 86, 88, 90 and

5 92. A trigger voltage level is set at the base of the
BJT 100 by the zener diode 104 and the resistors 108 and
110. The BJTs 100 and 102 are connected to form a
Schmitt trigger. The capacitor 112 is used as a filter
to smooth the signal from the motor windings 20A, 20B

10 and 20cC. The capacitor 126 stores charge to be
transferred.

The BJT 122 in the charge transfer circuit 38 is
triggered by the trigger circuit 34 to transfer charge
from the capacitor 126 to the holding capacitor 132.

15 When the holding capacitor 132 is charged, a voltage is
applied to the gates of the FETs 48, 50 and 52 so that
the drain - source connections for the FETs 48, 50 and
52 are held open. This provides a -connection between
the coils 20aA, 20B and 20C and the electrical ground 24

20 through the resistor 80. The hoplding cépacitor 132
holds its charge for an extended period because there is
very little current drain through the controller 40 and
the FETs 48, 50 and 52 do not draw substantial current.

The trigger voltage level provided to the base of

25 the BJT 100 by the zener diode 104 and the resistors 108
and 110 should be set within certain limits. The
trigger voltage should be large enough to indicate that
the magnetic head is not dragging along the surface of
the disk 12 and low enough that electrical shorting of
the coils 20a, 20B and 20C does not damage the motor 16.
This trigger voltage will vary between disk systems and
can be found by observing the head while measuring the
back EMF voltage.

Upon power-up, the BJT 116 receives power from
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the coil drive neans, which energises the coil drive neans and sel ectively
couples-the coil drive neans to the power source, and neans (30; 134) for
applying a brake signal to the coil drive nmeans to effect dynam c braking
of the spindle drive shaft by electrically ghorting the coil neans,
characterised in that the brake signal applying neans (30; 134) is
responsive to the speed of rotation of the spindle drive notor falling

bel ow a pr edet eréRbdd eliobrl | cvphe whéchst Scoeedstensi aedwsocharhet een

a first level sentatiyve nmum su rren a I
danage the coil 4&%&§p &5§%ﬂm§w%ﬁp?§b§a§eﬁggfivggéFg Eﬁﬁh&ﬁﬁnﬁélsk
rotation speedzﬂoangﬂlappﬂiﬁﬁutomtmengTmﬁ4& ré@pend 53 frmomdkbe, and

there is providegJieas ity d47d foxiw'f?é g1the gﬁé'cmesm B0

electrically sh 1'Oh” t0 hai'nt ai n raking upon I'oss of
power, aml nean®nBR0C 3e fwemidwlt@etmnhbﬂbllﬁg ﬁ@ahbremgb theo) upon

a recovery FETs 42, 44, 46, 48, 50 and 52. The re-set circuit 36
quickly releases the short circuit of the coils 204, 20B
and 20C, which allows the disk 12 quickly to reach
operating speed so that the magnetic head 14 flies over

10 the surface of the disk 12.

Figure 3 shows an alternative embodiment of the
control circuitry 22, which uses the same control
circuit 32 and spindle drive motor 16 as shown in Figure
2. 1In Figure 3, the circuitry 22 employs an alternative

15 braking circuit 134 in accordance with the present
invention. The braking circuit 134 includes a trigger
circuit 136, a re-set circuit 138, a charging circuit
140 and a holding capacitor 142.

The trigger circuit 136 includes a zener diode

20 144, a resistor 146, a comparator 148 and resistors
152, 154 and 156. The zener diode 144 and the resistor
146 develop a trigger voltage level. This voltage level
is applied to the negative (-) inputs of the comparator
148 and a comparator 150 of the re-set circuit 138. The

25 comparators 148 and 150 include positive and negative
inputs, an output and a power connection. The positive
(+) inputs of the comparators 148 and 150 are connected
to the coils 20A, 20B and 20C of the spindle drive motor
16 through.the resistors 152, 154 and 156 and the diodes

30 82, 84, 86, 88, 90 and 92 of the control circuit 32.

The resistors 152, 154 and 156 form a resistor network
to develop the trigger voltage level.

The re-set circuit 138 includes a BJT 158, a
resistor 160 and the comparator 150. The base of the
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of system power to renove application of the brake signal to the coil drive
means and all ow the energisation of the coil neans to rotate the spindle
drive shaft. 2. Appar atus according to Clain11 wherein the coil drive
means i ncludes transistor neans (42 to 52) Appar atus according to
Claim1 or 2, wherein the brake signal appﬁylng means (134) includes a

vol tage conparator (148). 4. Apparatus according to CGaim1l or 2,
wherein the br 9é<.ﬁr51§ﬂ‘ais %Hé&e&%‘&%ﬁé%uh?ﬁ'tuéﬁs tﬁeSQBmpEtratﬁdxggfﬂo
circuit (100, 102 Appar at us accor 4,

3
wherein the hol'h 9&%&E§|¥E§%§E@ra @%pac?bgrceigECtQIZ?f the JT 158

is connected to the holding capacitor 142.
The charging circuit 140 includes a BJT 162 and

5 resistors 164 and 166. The emitter and base of the BJT
162 are connected together by the resistor 164. The
emitter of the BJT 162 connects to the coils 20A, 20B
and 20C of the. spindle drive motor 16 through the diodes
82, 84, 86, 88, 90 and 92. The base of the BJT 162

10 is connected to the output of the comparator 148 through
the resistor 166. The collector of the BJT 162 is
connected to the gates of the FETs 48, 50 and 52 through
resistors 168, 170 and 172, respectively, and a blocking
diode 174.

15 In operation, the circuit of Figure 3 works in a
manner similar to the circuit of Figure 2. The
comparator 148 of the trigger circuit 136 compares the
voltage from the coils 20A, 20B and-20C with a trigger
voltage level and activates the charging circuit 140

20 when the back EMF from the spindle drive motor 16 drops
below the trigger voltage level. The charging circuit
140 charges the holding capacitor 142, which applies a
voltage to the gates of the FETs 48, 50 and 52. This
electrically shorts the coils 20a, 20B and 20C to ground

25 24 through the resistor 80. The holding capacitor 142

holds a voltage on the gates of the éETs 48, 50 and 52.
Upon re-set, the power supply voltage returns to
its value of Vsupp\y' and power is applied to the
braking circuit 144 and the control circuit 32. The
comparator 150 compares a reference voltage developed by
the zener diode 144 and the resistor 156 and triggers
the BJT 158 of the re-set circuit 138. When the
comparator 150 applies a current to the base of the BJT
. 158, current is drawn by the collector of the BJT 158,
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16 6. Apparatds acbording to Caimb5, wherein the brake signal applying
means i ncl udes neans (38, 140) for dunping charge into the hol ding

capacitor (132, 142). 7. Apparatus according to Claimb5 or 6, wher ei n
t he hol ding neans re-setting neans includesreans (116, 158) for draw ng
charge fromthe hol ding capacitor (132, 142). 8. Appar atus according to

Caim?7, wherein the charge drawi ng neans includes a transistor (116, 158).
9. Appar at us ang whdl r@pacidtr 4ecdd mapldliynd vdehetged he Phake signal
appl ying means %ﬁ?v%@ e HOIARY Vo1tade oo A AT Sof "En&OFETHRANS
(20A, 20B, 20Q), the
: 48, 50 and 52 and allows the controller 40 to apply
power to the coils 20A, 20B and 20C of the spindle drive
5 motor 16.

The present invention provides a reliable means of
braking the drive spindle motor in a magnetic disk drive
system. Voltage thresholds are compared to the back EMF
vo;tage developed by the coils in the spindle motor upon

10 loss of power to the disk drive system. The rotation of
the drive spindle motor is allowed to coast down to a
speed where an electrical short across the drive coils
will not cause a current spike to pass through the drive
coils which could damage them. The trigger voltage

15 level is selected so that the magnetic head does not
drag along the surface of the disk, but rather suddenly
drops from its "flying" position to the surface of the
disk when the braking circuit is applied. The invention
includes a re-set circuit for rapidly re-setting the

20 drive coils upon power-up. Because the present invention

' limits the sﬁrge current through the drive coils,
smaller spindle drive motors are now possible without
dragging the magnetic head along the surface of the
magnetic disk upon loss of power.

25
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voltage+ep+LesenI‘aiivie af the speed of rotation of the spindle drive notor

net hod of braking a storage disk (12) of a storage system
Whl ch | ," H umﬂ” 4) and a spindle drive notor (16) having coil neans
(20A, indle drive shaft coupled to the disk (12), the

met hod corrprl si ng efectrical l y shorting the coil nmeans to dynam cally brake
t he spindle drive shaft, characterised bylSdet ecting the rotational speed of
t he shaft E&m‘écal |y, and upon a power voltage renoval, enabling a brake
signal for o braki ng when the speed of rotation is below a

redé¢term ped t esh V\/mchls term ned to be hetwee first
Fevel r epr ésent %ﬁ% &ﬁeg%‘glﬁgﬁi @gﬁs%ﬂpdvbmsﬁe%cg“%d@ t he
coi | neansy
di skjrotat | on ngg'ga Qﬂlﬁleam%egméﬁogg?@ *ﬁéﬁ%‘é‘é‘gﬂ{%ﬁf y Wi ssgect ryt o the
di sk hol dyfifdreRRiveshER (£8)%dRbleli %o The BisRI(12)J16A Brive means (42 to 78) coupled to
the coil means (20A, 20B, 20C) for selectively providing power to the coil means by

periodically electrically connecting the coil means to a power source to cause the spindle
drive shaft to rotate, controller means (40) for selectively supplying a control signal to
the coil drive means, which energises the coil drive means and selectively couples the
coil drive means to the power source, and means (30;134) for applying a brake signal to
the coil drive means to effect dynamic braking of the spindfe drive shaft by electrically
shorting the coil means, characterised in that the brake signal applying means (30; 134)
is responsive to the speed of rotation of the spindle drive motor falling below a
predetermined threshold level which is predetermined to be between a first level
representative of a maximum surge current that will not damage the coil means and a
second level representative of a minimum disk rotation speed at which the head will fly
with respect to the disk, and there is provided means (132, 142) for holding the coil
means in an electrically shorted condition to maintain dynamic braking upon loss of
power, and means (36; 138) for re-setting the holding means (132; 142) upon a recovery -
of system power to remove application of the brake signal to the coil drive means and
allow the energisation of the coil means to rotate the spindle drive shaft.

2. Apparatus according to Claim 1, wherein the coil drive means includes transistor-
means (42 to 52).

3. Apparatus according to Claim 1 or 2, wherein the brake signal applying means
(134) includes a voltage comparator (148).

4, Apparatus according to Claim 1 or 2, wherein the brake signal applying means
(30) includes a schmitt trigger circuit (100, 102).

5. Apparatus according to Claim 1, 2, 3 or 4, wherein the holding means includes a

capacitor (132, 142).
? This is the replacement sheet
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braki'ng,"‘and--f—e-s'et--t..i.hg 't h__e_dhol di ngbuplc()_n a recovery of power to renove the
brake sig T‘ imﬂ ii'rm nat e .ynamc r aki ng.
1] [

16
6. Apparatus accordihg to Claim 5, wherein the brake signal applying means
includes means (38, 140) for dumping charge into the holding capacitor (132, 142).
7. Apparatus according to Claim 5 or 6, wherein the holding means re-setting means
includes means (116, 158) for drawing charge from the holding capacitor (132, 142).
8. Apparatus according to Claim 7, wherein the charge drawing means includes a
transistor (116, 158). .
9, Apparatus according to any preceding claim, wherein the brake signal applying
means (30; 34) is responsive to the voltage across the coil means (20A, 20B, 20C), the
voltage representative of the speed of rotation of the spindle drive motor (16).
10. A method of braking a storage disk (12) of a storage system which includes a
head (14) and a si)indle drive motor (16) having coil means (20A, 20B, 20C) and a
spindle drive shaft coupled to the disk (12), the method comprising electxically shorting
the coil means to dynamically brake the spindle drive shaft, characterised by detecting
the rotational speed of the shaft electrically, and upon a power voltage removal, enabling
a brake signal for dynamic braking when the speed of rotation is below a predetermined
threshold level which is predetermined to be between a first level representative of a
maximum surge current which would not damage the coil means upon shorting, and a
second level representative of a minimum disk rotation speed which would enable the
head to fly with respect to the disk, holding the brake signal to maintain dynamic

braking, and re-setting the holding upon a recovery of power to remove the brake signal

and terminate dynamic braking.
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ABSTRACT

MOTOR BRAKE CIRCUIT FOR USE IN A
MAGNETIC DISK DRIVE SYSTEM

The invention provides apparatus and a method for
use in a storage system for braking a storage disk (12)
driven by a spindle drive motor (16) with a coil (20A,
zoé, 20C). The invention includes trigger means (34,
38) for detecting the back EMF generated in the coil
when there is a loss of power and for actuating means
(48 to 52, 94 to 98, 132) for electrically shorting the
coil when the back EMF falls below a pre-~determined
level. This level is selected to be large enough so
that the rate of rotation of the magnetic disk is
sufficient for a magnetic head of the system to "£fly"
over the surface of the disk, but small enough so that
surge currents in the drive spindle motor will not
damage the coil.

[Figure 2]
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