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The present invention relates to an integrated circuit for controlling an

information storage apparatus comprising a rotary disk, circuit managing on the basis of a
supply voltage and a reference voltage, a sequential central of the phases of a three-phase
brushless motor which provides the rotary drive for the disk, and managing the positioning
of an actuator for moving the read-write heads of the disk, the circuit comprising a plurality
of power switching elements arranged along the periphery of a semiconductor chip on which
said ciréuit is integrated, which elements are arranged so as to form:

three branches U, V, W, each comprising two switching eleménts in series,
which energize each of the phases of the drive motor via the intermediate nodes between said
elements of these branches, -

and two branches P and N, each comprising two switching elements in series,

- which energize the head actuator via the intermediate nodes between said elements of these

branches, .

which circuit further comprises at least one isolating device connected between
the supply voltage and one branch of switching elements to allow the heads to withdraw to a
safe position in the case of a cut in the supply voltage, the head actuator then being
energized by means of the electric energy generated by the disk drive motor. .

An integrated circuit intended for controlling the power supply of a hard
disk motor is known from the article by R.K. Williams et al. entitled "A Fully Integrated
HDD Power IC with Novel Head Retract Feature" published under IEEE catalog no.
94CH3377-9, which is a report of session no. 8, article 8.4, of the 6th International
Symposium on Power Semiconductor Devices and Integrated Circuits, held in Davos,
Switzerland, 31 May - 2 June 1994. -

This article describes more particularly a control circuit which opérates
with a supply voltage of 5 V. A control circuit taking the form of an integrated circuit
enables to simplify the construction of the storage apparatus, to improve its performance, and
to reduce its dimensions and cost. The technical evolution of information storage apparatuses

with rotary disks such as magnetic disks or optically scanned discs, is clearly directed -
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10 pads, which are connected to pins carried by the housing of the circuit, have an electrical

resistance which is not to be ignored and which should be reduced to 2 minimum. It is
therefore necessary to arrange the power switching elements in the direct proximity of the
contact pads and, as a consequence, at the periphery of the semiconductor chip.

It is an object of the invention to provide a control circuit in which all the

15 power switching elements can be arranged in an optimum manner in view of a reduction of
undesirable parasitic resistances. This circuit should, in particular, allow these elements to be
arranged in such a manner that none of the various power supply paths has a distinctly higher
resistance than any other one of these power supply paths.

The invention provides a special circuit layout which enables these
20 requirements to be met at least to a large extent.
According to the present invention an integrated circuit of the type defined
in the opening paragraph is characterized in that
an eleventh switching element functioning as an isoléting device is connected
between a first supply terminal and the coupled ends of the two branches U and V, .

25 a twelfth switching element functioning as an isolating device is connected
between a second supply terminal and an end of the branch W which has been coupled to an
end of the branch N, |

a third supply voltage terminal is ‘connected directly to one end of the remaining
branch P, , ?

30 the other end of the branch N and the other end of the branch P are connected together to a
reference terminal of the circuit, '

the other end of said branch U is connected to a first connection terminal of the

circuit, while the other end of the branch V and the other end of the branch W are connected

—\
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no coupling occurs to the supply voltage line, which is then at zero voltage. As already

mentioned, it is then desired to use the electromotive force developed at the windings of the
drive motor to energize the head actﬁator during the time required to withdraw the heads.

10 The invention advantageously utilizes the fact that no isolating device is
needed for one of the power supply branches of the head actuator: i.e. the one which should
supply the reference voltage during the withdrawal of the heads to the safe position. Thus,
there is a direct connection from the branch referenced P to a supply terminal referred to as
the third supply terminal. According to the invention, the second supply terminal is

15 connected both to the other supply branch of the actuator, referred to as the branch N, and to
one of the supply branches of the 'driy'e'm'otOr, i.e. the branch W. This arrangement enables
the power switching elements to be érraﬂged unin-terrupt'edly along the periphery of the
semiconductor chip, as will be described in more detail hereinafter.

In a preferred .embodiment of the invention the node coupling the eleventh

20 switching element to the branches U and V is connected to a third connection terminal of the
cii'cuit, and the node coupling the twelfth switching element to the branches W and N is
connected to a fourth conneétion terminal of the circuit, which terminal is to be connected to
the third éonnection terminal by a connection external to the integrated circuit.

In this way a parallel subply of current to the relevant branches is

25 obtained from the first and the second supply terminal via two parallel switching elements
which serve as isolating devices. Such a parallel supply reduces the required maximum
current ratings of the parallel elements. This makes it possible to reduce the dimensions of
these elements, if desired. -

To energize the head actuator during the withdrawal of the heads Yo the

30 safe position, the branch P should supply a voltage equal to the reference voltage via its
intermediate node, which is simply achieved by forcing into conduction the appropriate one
of the two switching elements of this branch. On the other hand, the branch N should then

supply a current obtained from the windings of the drive motor, which operates as a
Sihishinhetnatne
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via the current path of an additional switching element under the influence of a command

which causes its conduction only during the withdrawal of the heads until the disk has
10 stopped. '

Although the power switching elements may take different forms, they are
preferably formed by N-channel DMOS transistors. This is the best type of transistor to
satisfy the stringent requirements imposed by this kind of application, particularly as regards
the voltage stability in the non-conductive state- when apparatuses operating at 12 V are to be

15 controlled, and a low resistance in the conductive state.

' The transistor forming the additional switching element, called thirteehth
transistor, can be smaller than the other transistors already mentioned because the current
through this transistor is less important.

In an advantageous variant of the invention a braking functlon for the disk

20 dri\ie motor can be achieved, for which the conduction command for the third transistor is
modulated so as to obtain a first conduction with a controlled voltage during the time
necessary for the withdrawal of the heads to the safe position, after which this command is
changed to place the traﬂsistor in a highly conductive state.

Other special features, details and advantages of the invention will become

25 apparent from the following description with reference to the accompanying drawings, given
by way of non-limitative examples and in which.

Figure 1 is a functional diagram with the aid of which the principal
monitoring and power control circuits of a conventional information storage apparatus can be
described, : X

30 Figure 2 is an electrical diagram of the power control integrated circuit in
accordance with the invention,

Figure 3 is a diagram of a part of the circuit of Figure 2, showing a

variant of the invention, and
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end of t
10 the elements forming the branches U, V and W bear the references Un, Vn and Wn.

The power output stage formed by the branches U, V and W is controlled
by an analogic control circuit 4 for the drive motor, which circuit supplies suitable control
signals to the switching elements S1 to S6 via connections 21 to 26, so as to obtain a given
speed of rotation of the motor 2.

15 The phaseé are biassed to the reference voltage 10 via a resistor RS1
common to the three phases, which resistor of low resistance value serves for controlling the
value of the current flowing through the motor 2. After amplification by an amplifier 7 the
voltage produced across this resistor 10 is applied to an input 8 of the control circuit 4.

The head actuator 3 is energized by another power output stage of the

*20 bridge type, comprising two branches N and P each having two switching elements S7, S8;
S9, S10, respectively, in series. The nodes between the elements forming the branches N and
P are referenced Nn and Pn, respectively.

In the present case, the actuator 3 is biassed, oppositively to the supply
voltage 1, directly to the reference voltage 10. This other dutput stage is controlled by

25 another analog circuit, referred to as the head actuator control circuit 5. Via connections 27
to 30 it supplies suitable command signals for moving the heads to the required positions for
reading or writing digital information from/on the disk.

Another sensing resistor RSZ is inserted in series in a connection of the
actuator 3, across which resistor a signal is produced which is indicative of the instaitaneous

30 value of the current through the actuator 3, which signal is amplified by another amplifier 15
and is subsequently applied to an input 16 of the control circuit 5.

During normal operation of the apparatus, i.e. when a nominal supply

voltage is present on the line 1, control signals are transferred to the control circuit 4 via a

This Sheet Has Been Replaced




‘PHF 95.538

10

15

20

25

30

athird supply voltage termnal is connected directly aeuEoHas BEBR
remai ni ng branch P, 30 the other end of the branc Ham,tpt,heam her end

‘of the branch P are connected together 590 r ef er epree tETT Ngg

fc! rcuit, t he ot her of said branch Uis connect ec} ?o a
I rst c t he

br anch 3*)? ﬁeng'? 'T'I'lﬁﬁ (56) h*et &ﬁltmbfgﬂg %ﬁa%%oﬂé\ég"n%ggf g&hd&ﬁ&’fs Rfrofil a

3 d1g1ta1 control c1rcu1t not shown in the Figure.

Since the invention relates more specifically to the power control of the

drive motor 2 and the head actuator 3, the normal operation of the apparatus will not be

described in detail, being known to those skilled in the art.

When the supply voltage is cut, this voltage decreases very rapidly to the
reference voltage owing to the high power consumption of the apparatus. Currently, it is
common practice to ensure that before the disk has stopped the heads are withdrawn to a safe
position, which corresponds to a disk area where no information is stored and which can
therefore not be damaged by contact of the heads with the disk surface when the disk slows
down. This requires a substantial current for a time which is long enough to guarantee the
complete withdrawal of the heads, even in the unfavorable case in which these heads would
be accelerated in an opposite direction at the instant at which the power supply is cut.

| The disk drive motor is then operated as a generator, utilizing its kinetic
energy. To realize this function it is usually necessary to provide one or more isolating
devices such as the diodes 11 and 12 in order to prevent the current supplied by the motor
from returning to the supply line 1, which is then at zero volt.

A power monitoring circuit 6 causes a change of the mode of operation of
the control circuits 4 and 5 as soon as a supply voltage drop below a fixed threshold is
detected. In practice, two mode-change signals are used: one signal related to a threshold
corresponding to the nominal voltage of +12 V and supplied via a connection 19, and the
other signal related to a threshold corresponding to a nominal voltage of +5 V and supplied
via a connection 20. A command to change the mode of operation is transmitted by the
monitoring circuit 6 via a connection 9 common to the control circuits 4 and 5.

In order to maintain this function while the voltage of the supply line 1
drops rapidly, the monitoring circuit 6 is energized in a special manner from a storage
capacitance 35, charged by the supply line 1 in the normal mode, via an anti-return diode 36.

The mode of operation which assures the withdrawal of the heads
basically consists in setting all the switching elements S1 to S10 to their open positior
except for one of them, for example the element S9. In this special mode of operation the
actuator 3 is then energized by suitable means, which will be described hereinafter with

reference to the foilowing Figures.

‘This Sheet Has Been Rep

.



tc?glgﬁgr-s ?o a second connection termnal of the circuit

whi ch second connection termnal are to be brought " AtiISaSKESTt BRear

the reference voltage. The invention g
devices in the formof active sem conductbr swi tching el enent év r?g
a lowresistance int ' . | . age
drops in such devi ceshﬁ§ﬁ%e®¥kg%giég@§§&%mhaqﬁé g&é%t?ﬂ]fég%r#aﬁsl Es’gﬁlgtllﬁtﬁg evi ces
are ciregit 3 atcvaddree iwitlothddnvéntiony Thebetdlathentsl velatedn tphﬁiomiarhld rthdvpbl wef the
heads to the safe position no, coupling occurs to the supply, voltage

line, whicentrpkof; the dlisk drive motns and dhe actuatar farapgving the heads; Bhgqg:,orqam é‘“&‘hen

desired t t _ ﬁgﬂ'ﬁ far Rl e
drive notfgg&égl’esﬁg?‘g]@gﬁ% e g{é?lag)t %{%ﬁﬁgﬁ%ﬁ g}d’[EI Sﬁg’é ?ée#qg??ee@{gc {g{&

wi t hdrsaw drive meteriswhith is not shown in this Figure. The inventi on advant ageously
utilizes the fact that_no isolating devi i eeded for one of the
power supply branches BRS¢ witg 28 egeé‘ﬂ%‘&"’tgf.m gﬁé’"’?ﬁ&“ﬁﬂ’f%ﬁ%@ﬁyﬂm
supply t RifankRioRd, SoRien 1P praRtie eatistifile HRembkI MHARLAYpdf ElRINGAR hig the safe
posi ti on. us, there is a direct connection’fromthe branch

r ef er enc eapphcationaFeupether switchimgpelementsrS7etd $10, atso formed by RMIQSItransisions,
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the bj@nGilestnt Biptiré.WUsing the same notation as in Figure 1, these switching elements have been

arranged in pairs forming three branches U, V, W for powering the drive motor and two

branches N and P for powering the head actuator. The isolation with respect to the +12 V

supply voltage is now provided by two DMOS transistors S11 and S12, which enable the

series voltage drop in the power supply to be minimized. A conduction command for these
15 transistors can be provided in a simple manner by the power monitoring circuit 6 shown in

Figure 1. '

The power transistor S11 placed between a first supply voltage terminal

A1l and the coupled ends of the branches U and V, which form a node 38 for the connection

of the power supply of the drive motor. '

- 20 The transistor S12, which operates as an isolating device, is connected
between a second supply terminal A2 and one end of the branch W, which is also connected
to the end of the branch N by a line 39. A third supply voltage terminal A3 is connected
directly to-one end of the branch P. The other end of the branch N and the other end of the -
branch P are both connected to a reference terminal CR of the circuit, which terminal is to

25 be connected to the reference voltage. The other end of the branch U is connected to a first
connection terminal CX1 of the circuit and the other end of the branch V, interconnected
with the other end of the branch W, is connected to a second connection terminal CX2,
which first and second connection terminals are to be brought at a voltage near the reference
voltage. Outside the integrated circuit, these terminals are indeed connected to the reference

30 voltage via a current sensing resistor RS1 for the current in the drive motor.

It is to be noted that, in this arrangement of the power transistors Si to
S10, the transistors are cascaded to form a continuous transistor chain. As will become

apparent hereinafter, this advantageous arrangement enables these transistors to be arranged
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In the circuit arrangement shown in Fig. 2 it is to be noted that the
transistors S11 and S12 are respectively coupled to only one node between two other
transistors, i.e. the transistors S2 and S3 and the transistors S6 and S7. This feature of the

15 circuit in accordance with the invention is advantageous in that it allows the output
connections of the power transistors to be arranged so as to avoid any crossing and an
excessive length of these connections, which would give risé to an undesirable parasitic
resistance. |

_ With respect to the operation of the circuit in the phase corresponding to

20 the withdrawal of the heads to the safe position it is to be noted that the connections to the
three windings of the drive motor via the central nodes Un, Vn and Wn of the branches U,
V and W, respectively, include a conductive path in the direction of the nodes 38 and 39
owing to the intrinsic diodes of the DMOS transistors S2, S3 and S6. Conversely, the diodes
in parallel with the transistors S1, S4 and S5 are poled in the reverse direction and prevent

25 voltages produced by the drive motor in its generator mode from being drained to the
reference voltage.

The source electrodes of the transistors S11 and S12 are disposed at the
side of the supply terminals A1 and A2, respectively, in such a manner that the intrinsic
diodes in parallel with these transistors isolate the nodes 38 and 39 from the supply términals

30 Al and A2. As a result, a positive ripple voltage appears on the nodes 38 and 39, which as
stated hereinbefore are coupled by the connection 40. To the energiging of the head actuator
from the intermediate node Nn of the branch N can be achieved by turning on the transistor

S7, thereby allowing energy recovered in the form of a current on the node 39 to be
—
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withdrawal to the safe position requires dual control of the transistor S7, depending on
whether a normal phase of operation or a phase of withdrawal of the heads to the safe
S position occurs.

In order to avoid such a complication, a simpler configuration is possible
in accordance with the invention, in which an additional transistor S13, also of the N-channel
DMOS type but having a smaller area than the other power transistors owing to the smaller
currents prevailing in this transistor, has been provided in order to obtain a conduction path

10 between the node 39 and the intermediate node Nn of the branch N at the appropriate instant.
This configuration is shown in Figure 3, which showes that part of Figure 2 which includes
the transistors S5 to S10 and the transistor S12.

In this embodiment the command applied to the transistor S7 at the instant
of withdrawal of the heads is a turn-off command, whereas the command applied to the

15 additional transistor S13 from a connection 31 to the control circuit 4 for the drive motor
(Figure 1) is a command to obtain conduction only during the withdrawal of the heads until
the disk has stopped. In an advantageous variant the command for the transistor $13 is
modulated so as to first obtain conduction with a controlled voltage during a minimum time
necessary for the withdrawal of the heads to the safe position, after which this command is

20 changed to render the transistor highly conductive in order to brake the drive motor.

Figure 4 is a highly diagrammatic plan view of a semiconductor chip 50
on which the power transistors S1 to S10 are arranged, which transistors, as is shown, are
connected to one another in a regular manner, forming a continuous chain in which the
connections are of minimal lengths. In this chain the transistors S11 and S12 are included as

25 isolating elemenis, preferably disposed in a corner of the semiconductor chip so as to again
minimize the lengths of the connections used for the conditional access of the supply voltage
to the rest of the transistor chain.

As can be seen, the layout of the circuit in accordance with the invention
makes it possible to achieve an dptimum arrangement of the transistor at the periphefy of the

30 circuit, at which location these transistors are apt to produce the minimal parasitic resistance

in the various supply loops of the circuit in accordance with the invention.
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transistor to " satisfy the stringent requirenents inposed by this kind
of application, particularly as regards "the voltage stability in the

Cont 1ol 17, and a | owARIBICEIRLENR R SoTEane ArvaretPatigf sorded atparki
The trangjnsdrNing @ rotaR\ddisk Scirdst hhRipadg, O the basly of aaiBply. vatabe and iteferarst h

transi stor,” can be sialler than the other transistors already nentioned
because vdltagea sequential controk ofligh phases of raathrgesphase brushless motgyowhigh provides

Inan acant 0P0HS. YA h8MakO amd WarkBHEThe BBsoRAE'Sk 2R abHARYBP mloRing!the I Sk

5 read-write heads of the disk, the circuit comprising a plurality of power switching elements

arranged along the periphery of a semiconductor chip on which said circuit is integrated,
which elements are arranged so as to form:
three branches U, V, W, each comprising two switching elements in series,
which energize each of the phases of the drive motor via the intermediate nodes between said
10 elements of these branches,
| and two branches P and N, each comprising two switching elements in series,
which energize the head actuator via the intermediate nodes between said elements of these
branches,
which circuit further comprises at least one isolating device connected between
15 the supply voltage and one branch of switching elements to allow the heads to withdraw to a
safe position in the case of a cut in the supply voltage, the head actuator then being
energized by means of the electric energy generated by the disk drive motor,
characterized in that:
- an eleventh switching element functioning as an isolating device is connected
20 between a first supply terminal and the coupled ends of the two branches U and V,
- a twelfth switching element functioning as an isolating device is connected
between a second supply terminal and an end of the branch W which has been coupled to an
end of the branch N,

- a third supply voltage terminal is connected directly to one end of the?

25 remaining branch P,
- the other end of the branch N and the other end of the branch P are connected

together to a reference terminal of the circuit,

This Sheet Has Been Replaced
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20 drive nDtor can ich the conduction command for the

third transistor ﬁlm”mm“umumhs to obtain frgfssgﬂgmmgmon Wi th

a controlled vol tage durihg th& tfme* | necessary f{f or. tlagpm@}j E%;t
o]

the heads to the safe position, after v ich this co .
place the transislge dtﬁbr%n'ﬂ'd?hshﬁﬂ Branch Bt is Bnidctdcero %ﬁrst connection temflralbecorre

Q her special features, details and advantages of the invention w
25 appdhe mrctllt,dnhlﬂmélefqihercmmtd the branchtV end thiet dthercénedr efithe branchhW are

| di
o on - eonébtéd BEefEF o £'5Ra cppngsitn ity of e erehib wRiEE S Whickne a1 d
of whi chyeédifl donnB&idaAerminal ardRbieWrbicht AP d %Mfé n&eﬁ‘"d?\é ?éfefé'né& UblttzfgeOf a

conventional information storage apparatus can descri bed,” 30
Fi gur® 2.is an el ect rAnantema@agrqmuUfasmlmnpdmﬂmonﬂr dlaractcrezydanetuatcﬂlcmodt

;'indl agr amﬁgﬁﬁé par?‘)@nﬁlhﬁ]g%éﬂgpééglﬁ%ﬁt tp the BEﬁnghezs Uand,y %c%nnected t?/élrg‘?{gﬁt 30:‘ >

t he i nvesohhevtionaeahinal of the circuit, and the node coupling the twelfth switching element to the

branches W and N is connected to a fourth connection terminal of the circuit, which terminal
is to be connected to the third connection terminal by a connection external to the integrated
10 circuit.
3. An integrated circuit as claimed in Claim 2, characterized in that the node
couphng the twelfth switching element to the coupled ends of the branches W and N is
coupled to the intermediate node between the elements of the branch N via the current path
of an additional switching element under the influence of a command which causes its
15 conduction only during the withdrawal of the heads until the disk has stopped.
4. An integrated circuit as claimed in any one of the Claims 1 to 3,
_characterized in that the switching elements are transistors of the N-channel DMOS type.
5. An integrated circuit as claimed in Claim 4, characterized in that the
transistor forming the additional switching element, referred to as the thirteenth transistor,
20 receives a conduction command which has been modulated so as to obtain a conduction with
a controlled voltage during a given time necessary for the withdrawal of the heads to the safe
position, after which this command is changed to place the transistor in a highly conductive

state in order to brake the disk drive motor.

L4
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5. - Flgure4|saplanV|ewofa]
showi ng a practi cal exanpl e of the |ayout of the GWSW%M REEN
él enents corresponding to the di agram of Figure 2 REPLACED

The power control circuits of a conventidnal information st orage a‘;?p‘é?*é
5wll n cribed in brief with reference to Figure 1. A disk drive
not or an§ an actuator 3 for noving the read-wite heads are

ener gi Zeﬂniegmmhcimﬂi forwensolpipg \anlinfoematiod stofage disk* exanple, 12 V, by
push-pul | power output stages. The three phases of the three-phase

brushl ess typenotor 2 are powered by neans of three branches U, V and W
each incl udi ng

A circuit which energizes a disk drive motor via three branches U, V, W
each including 2 switching elements .(Sl-S6) in series and which energizes an actuator for the
displacement of the read-write heads via two branches (P, N) each including 2 switching
elements (S7-S10), which circuit comprises isolating devices (S11, S12) to allow energization

5 by the drive motor operating as a generator, for a withdrawal of the heads.to a safe position
during a supply voltage cut.

One of the isolating devices (S11) is connected between a first supply
terminal (A1) and the coupled ends of the branches U and V, the other isolating device (S12)
being connected between a second supply terminal (A2) and the coupled ends of the branches

10 W and N. The end of the branch P is connected directly to a third supply terminal (A3). The
connection of the other ends of said branches to a reference voltage (10) is achieved via
connection terminals (CX1, CX2, CX3) so as to connect the switching elements (S1 to S10)
in cascade with one another.

15 Reference: Figure 2

-

!
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two switching elenents S1, S2; S3, S4; S5, S6, respectively, in series. The:
nodes between 10 the elenents formng the branches U, V and”W bear 't he

ref erences Un, Vn and W. The power output stage
formed by the branches U, V and Wis controlled by +e—6ohnty ol
circuit 4 for the drive motor, whichqfc/Bcuit supplies JuiFiSpiHEEE gr‘%ﬁE\Ji
signals to the switching elenents S1 ¥o S6 via connectiions 2RE SQ_as
to obtain a given speed of rotation of the notor 2. 15

The phases are biassed to the reference voltage 10 via a resistor RS1
common to the three phases, which resistor of |ow resistance val ue serves

for control Ijg_g,tﬁls:f] value of the current flow ng through the notor 2.
After anplifficeati on® by an e 7 the vol tagk produced across this
resistor 10 is .am_m% nput | 2lofrgph82 cont §dl c|rcuit 4.
The head act uat pr is energlkged by p ry out put stage of the 20 |
bridge type, copprispnp t ranchg | h ha Btwo switchi ng
el ements S7, S8 3 5% 3101 es] ety ' nodes between
the el enents fo*liréng t he Banthes —F d Pn,
respectivel y. @T Sﬂnq(/,ﬂ, Dt he actjiator 3
i s biassed, oppps¥rilively tg the .su . t he
ref erence vol tagqgic. This other o
_—*[ﬂw 2
S
o 8 RS1
< - 10
12 11 57 4
B S0 s
W | 5| N 32
I I 79 98 p Pn 3
- jg_@
161 10 15
FIG. 1
-_
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25 another analog circuit, referred to as the head actuator control

circuit 5. Via connections 27 to 30 it supplies suitable conmand
signals for noving the heads to the required positions fef ~f-eadi-ng-or
witing digital information fronmfon the disk. THIS SHEET HAS BEEN
Anot her sensing resistor RS2 is inse /Z in series in a tannecREFSACEP t he
actuator 3, across which resistor a s¥gnal is produced which is indicative
of the instantaneous 30 value of the current through the actuator 3, which
-signal is anplified by another anmplifier 15 and is subsequently
applied to an input 16 of the control circuit 5.

During normal operation of the apparatus, i.e. when a nom nal supply

voltage is present on the line 1, control signals are transferred to the
control circuit 4 via a

(+12V)

3

X
fR FIG. 2

x
[ ]
o~ —_—
=7 I
o~d o~ o~
': m
- f‘ r44—1
g 18 F Y am B
YAl A \§
= 8 |4
::\ EE ]
1S F S8
3

en Replaced

TR

2-lI-PHF95-538




F

6.  set of connections 17 and to the control circuit 5 vi a,anot her set
of connections 18 froma digital control circuit, not shown in the

Fi gure. ‘Since the invention rel’ 01 1 - Spyp—
specifically to the power control of tgf drive no gﬁﬁii%%@fggiﬁﬁgél

actuator 3, the normal operation of t pparatus wil |’ ed
in detail, being known to those skilled Tn the art.

When the supply voltage is cut, this voltage decreases very rapidly to the
reference voltage owing to the high power consunption of the apparatus.
Currently, it is conmmon practice nsure th fore the disk has
st opped the heads ar ¢Mramn to a positi On, which corresponds

to a disk area where{no infornmati on stored and which can 10 therefore

not be damaged by contact of the-
. lal cyrregt f
| ete mL}Hdragqi
d

r atine which is

sl ows down. Thi rquhres a sub
) f the heads, even in

L heunt avar abl e 6 ase Lyt —tego e
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“be dccelerated in an opposite direction at t%é/ior?s?gm’—%at whi ch the power

supply is cut. The di sk drive not og

operated as a generator, utilizing its kinetic 15 energy.
function it is usually necessary to provide one or nore is
devi ces such as the diodes 11 and 12 in order to prevent t
supplied by the notor fron1returning to the supply |

then at zero volt. A power nonitor

s .then

REPYAGEMIENT tSHEET

D| gt aye)
| 20 i 1o

ng-circuit 6

causes a gfigdisied efrciitfor EBsifolng APRIFGHaton Stbrage diskt he contr
5 as soon as a supply voltage drop below a fixed threshol d
In practice, two node-change signals are used: one signal

t hreshol d corresponding to the nom nal voltage of + 1
via a connection 19, and the ot her signal related to
corresponding to a nom nal voltage of +5 V and supplied
connection 20. A command to change the node of operation

t he monitoring circuit 6 via a connection 9 common to

o! circuits 4 and

related to a
2 V and supplied
a threshol d

via a
s transmtted by
t he contr ol

circuits 4-and 5. 25 The present invention relates td @n intspeated oiécnﬁﬂ fot abrrtrdclilliﬁgsan )

function ile the voltage of the,supply |i 1, . rops rapidly, .the

Toni tor | nEHEATASEN SopEr SPBATRIDY FUBRIISRE & e i, Cirayihmanag o e baTi4 gEa

capaci t an&ﬁ;@%@@ggﬂﬁd réﬁreh&evcﬂtdgéﬂa)’sehbé%ﬁaﬂce_k}ﬁalt&ﬁg@ PRAEY of P Hee-pHase an
. e

anti-return-di ode 36. ) e node of operation which
assur es t hmshlessHuetarwhichprevidesithe grtary drive for the disk, and managing the positioning

5 of an actuator for moving the read-write heads of the disk, the circuit comprising a plurality

of power switching elements arranged along the periphery of a semiconductor chip on which

said circuit is integrated, which elements are arranged so as to form:

[

three branches U, V, W, each comprising two switching elements in series,

which energize each of the phases of the drive motor via the intermediate

10 elements of these branches,

nodes between said

and two branches P and N, each comprising two switching elements in series,

which energize the head actuator via the intermediate nodes between said

bfanches,

elements of these

which circuit further comprises at least one isolating device connected between

15 the supply voltage and one branch of switching elements to allow the heads to withdraw to a

safe position in the case of a cut in the supply voltage, the head actuator then being

energized by means of the electric energy generated by the disk drive motor.

i An integrated circuit intended for controlling the power supply of a hard

disk motor is known from the article by R.K. Williams et al. entitled "A
20 HDD Power IC with Novel Head Retract Feature" published under IEEE

Fully Integrated

catalog no.

94CH3377-9, which is a report of session no. 8, article 8.4, of the 6th International

Symposium on Power Semiconductor Devices and Integrated Circuits, held in Davos,

Switzerland, 31 May - 2 June 1994,

This article describes more particularly a control circuit which operates

25 with a supply voltage of 5 V. A control circuit taking the form of an integrated circuit

enables to simplify the construction of the storage apparatus, to improve its performance, and

to reduce its dimensions and cost. The technical evolution of information

storage apparatuses

with rotary disks such as magnetic disks or optically scanned discs, is clearly directed -

e,




rbasically consists in setting all “the switchi ng el enents BA-EO FE

open position, 30 except for one of them for exanple the B-EH@MEQ? é@f
this special node of operation the actuator 3 is thep gnergi zed by

sui tabl e neans, which will be described hereinafter with 0 refiafpetany tio

the foll ow ng Figures. Flgure 2 is a
di'ag_ram showi ng the essential elenents 05 the integrated

L

towards an increase in the rotation speed of the disk, in order to raise the transfer rate of the
data to be stored or read, and towards a reduction of the time required by the heads to reach
their operating position. Consequently, the power control of the apparatus should be capable
of delivering increasingly larger peak currents, currently of the order of one ampere.

5 . In order to optimize the power dissipation, a control circuit should be
designed so as to minimize undesirable resistances in series with the power supply of the
motors of the épparatus. These undesirable resistances include the internal resistances of the
power transistors used and the resistance of the internal connections of the integrated circuit.

As a result of their length, the conductor tracks leading to the contact
10 pads, which are connected to pins carried by the housing of the circuit, have an electrical
resistance which is not to be ignored and which should be reduced to a minimum. It is
therefore necessary to arrange the power switching elements in the direct proximity of the
contact pads and, as a consequence, at the periphery of the semiconductor chip.
It is an object of the invention to provide a control circuit in which all the
15 power switching elements can be arranged fn an optimum manner in view of a reduction of
undesirable parasitic resistances. This circuit should, in particular, allow these elements to be
arranged in such a manner that none of the various power supply paths has a distinctly higher
resistance than any other one of these power supply paths.
The invention provides a special circuit layout which enables these
20 requirements to be met at least to a large extent.
According to the present invention an integrated circuit of the type defined
in the opening paragraph is characterized in that
an eleventh switching element functioning as an isolating device is connected
between a first supply terminal and the coupled ends of the two branches U and V, .
25 a twelfth switching element functioning as an isolating device is connected
between a second supply terminal and an end of the branch W which has been coupled to an
end of the branch N,
a third supply voltage terminal is connected directly to one end of the remaining
branch P,
30 the other end of the branch N and the other end of the branch P are connected together to a
reference terminal of the circuit,
the other end of said branch U is connected to a first connection terminal of the
circuit, while the other end of the branch V and the other end of the branch W are connected



rcircuit in accordance with the invention. These el enents rd'{lzﬁLﬁﬁEMENT SHEET

particular to the power control of the disk drive notlor[and tThe
actuator for noving the heads. In accordance with Fi gur %

switching elenments S1 to S6 formthe power output stage fdr |po M‘%Pﬁg 5
drive notor, which is not shown in this Figure,.

These switching elenments S1 to S6 are pr:gferably N- channel{ DMOS
transistors, which in practice constitute the nost suitabl e Typeof

transi st Oic}gfg br %&cmm&ioﬁ%m of BRUircRit h@/hlcﬁ‘ﬁr&%ﬂ Rehi&@ &b s S7 to

S10, al so transistors constitute the power output
st age whi cmmmmrmmd atneaajbeabnoumtatavnmgcmeasthqocfemmohaget he 10 present

Figure. Using the sa o.ta ts
have been arrange %‘é’gp é’géo ﬂ?tﬁléqtékr%gsli"bt?lgﬁ%ﬁ‘eéy%t&gs%&d%%p
powering fswitchhig slemems hﬁvmg“lai ldw\eesistance 1w the cb:eﬂxcﬁireaﬂate,ﬂhémby pmbehng mige t he

head act uat or. Thelsolalpn Wth respect to the_+12 sup vol t age
i's nowspr(‘lﬂ%é TORS 17 fpF €3 %?%T@P@ﬁsz@flm%mﬂ °§iaft l\?ﬂ“?t&g ? %‘}‘/"t

seri es volijfgendbleln bfiel BLaRAIMBat, TARRE Yhel WithiRawidl Hf TheZRidds & he @ﬂlrecaoslﬁan
command for these 15 transistors can be gﬁow ded in a sinple manner by the

power nonine @puplggmmtq the suppiyvoltage line, which g then at zero voltage. As already
The pover JfhaliriaS il tet dediled 36 Usfhb WtloRofive fofcetihRbYed R thé Hndirgs TF AR

drive motor to energize the head actuator during the time required to withdraw the heads.

10 The invention advantageously utilizes the fact that no isolating device is
needed for one of the power supply branches of the head actuator: i.e. the one which should
supply the reference voltage during the withdrawal of the heads to the safe position. Thus,
there is a direct connection from the branch referenced P to a supply terminal referred to as
the third supply terminal. According to the invention, the second supply terminal is

15 connected both to the other supply branch of the actuator, referred to as the branch N, and to
one of the supply branches of the drive motor, i.e. the branch W. This arrangement enables
the power switching elements to be arranged uninterruptedly along the periphery of the
semiconductor chip, as will be described in more detail hereinafter.

In a preferred embodiment of the invention the node coupling the eleventh

20 switching element to the branches U and V is connected to a third connection terminal of the
circuit, and the node coupling the twelfth switching element to the branches W and N is
connected to a fourth connection terminal of the circuit, which terminal is to be connected to
the third connection terminal by a connection external to the integrated circuit.

In this way a parallel subply- of current to the relevant branches is

25 obtained from the first and the second supply terminal via two parallel switching elements
which serve as isolating devices. Such a parallel supply reduces the required maximum
current ratings of the parallel elements. This makes it possible to reduce the dimensions of
these elements, if desired.

To energize the head actuator during the withdrawal of the heads to the

30 safe position, the branch P should supply a voltage equal to the reference voltage via its
intermediate node, which is simply achieved by forcing into conduction the appropriate one
of the two switching elements of this branch. On the other hand, the branch N should then

supply a current obtained from the windings of the drive motor, which operates as a



: Al and the coupl ed ends of the branches U and V, which for!rﬁf«a,'-‘f{_r,ﬁ@&é}i[%f SOH-ET
t he connecti on of the power supply of the drive notor| 20

The transistor S 12, which operates as an isolating deviceg, | (;iome,ckﬁg
bet ween a second supply term nal A2 and one end of the branch W' Wich=s

al so connect ed to the end of the branch N by a line 39.LA.third supplly
vol tage termnal A3 is connected di r4ectly to one end jof the branch P.
The ot her end of the branch N and the other end of the —branch—Pare

bot h_conneghngiddrOrar B HRAESs bHATIA ool dieocdgoid to tthivhlning'onial | S

to 25 Dbe Connected to the reference voltage. The ofher end of thé branch U
i s connect@fcthe branch Nrwhich is adjacerirthe eacoaf the brangla W Gtowevery this solutionirequinesl t he

other end gf \(N6r QIcARFeN: confthiilas &lefhnents, def¥nliffe’ ?rthee&g fus e
g&rcﬁ F%épm Ra evé% : \7\% ch

branch W TS Connecte 0 a secon onnecti on
first and meamomal speratien bt isnintthe heéadabithdaaveal phaseefter thegiotvern supply/ldstbegre cutear

the reference vol e. Quiside . the,inteqgrated citcujt, these terninals
are i ndged connect ed tﬁw@%wrmt 3@&198?"85%‘5‘ W“ﬁi'éf dYF‘?%gﬁou%E‘??éﬁ‘%?d’f
resi stor R simplicity) heChtide @Bipling thdEvelifit ¥iitdRRiglement to the coupled ends of the It
is to be noted that, in this arrangenment of the power transistors Sl to

S10, the tbranehes Poard Nris couplediadhe intermediateanode hetweem the elemants afithe braneh N As
w1 becongy the curRRRPHYf Of alf]gﬁcﬁié&fgjr g\gi?]céﬁery&én&ﬂ i A€ ifde e aLoH R nd

enabl es these transistors
which causes its conduction only during the withdrawal of the heads until the disk has

10 stopped.

Although the power switching elements may take different forms, they are
preferably formed by N-channel DMOS transistors. This is the best type of transistor to
satisfy the stringent requirements imposed by this kind of application, particularly as regards
the voltage stability in the non-conductive state when apparatuses operating at 12 V are to be

15 controlled, and a low resistance in the conductive state.

The transistor forming the additional switching element, called thirteenth
transistor, can be smaller than the other transistors already mentioned because the current
through this transistor is less important.

In an advantageous variant of the invention a braking function for the disk

20 drive motor can be achieved, for which the conduction command for the third transistor is |
modulated so as to obtain a first conduction with a controlled voltage during the time
necessary for the withdrawal of the heads to the safe position, after which this command is
changed to place the transistor in a highly conductive state.

Other special features, details and advantages of the invention will become

25 apparent from the following description with reference to the accompanying drawings, given
by way of non-limitative examples and in which

Figure 1 is a functional diagram with the aid of which the principal
monitoring and power control circuits of a conventional information storage apparatus can be
described,

30 Figure 2 is an electrical diagram of the power control integrated circuit in
accordance with the invention, '

Figure 3 is a diagram of a part of the circuit of Figure 2, showing a

variant of the invention, and



»8 wi thout interruption along the periphery of the seni Cﬂw}%ﬁﬁ—m

on which the circuit is I ntegrated. The transistors Sl11
serve as isolating devices with respect to the

_ supply vpl e
the branch U, V and the branch W N, respectively. ﬁfﬂ ?997
In a preferred enbodi nent the node 38 between the transistorjS L and Lthe
transistors S2 and S3 is connected to a &hird connection terjnal CX3,

whil e the node 39 bet ween the transistor S12 and t he brbrehes—AaRe—N

A

o)

i's connected to a four Figueod e planiview of a semiconductor chip, showing a practical

10

15

20

25

30

example of the layout of the power switching elements corresponding to the diagram of
Figure 2.

The power control circuits of a conventional information storage apparatus
will now be described in brief with reference to Figure 1. A disk drive motor 2 and an
actuator 3 for moving the read-write heads are energized from a positive supply line 1 at, for
example, 12 V, by push-pull power output stages. The three phases of the three-phase
brushless typemotor 2 are powered by means of three branches U, V and W each including
two switching elements S1, $2; $3, S4; S5, S6, respectively, in series. The nodes between
the elements forming the branches U, V and W bear the references Un, Vn and Wn.

The power output stage formed by the branches U, V and W is controlled
by an analogic control circuit 4 for the drive motor, which circuit supplies suitable control
signals to the switching elements S1 to S6 via connections 21 to 26, so as to obtain a given
speed of rotation of the motor 2.

| The phases are biassed to the reference voltage 10 via a resistor RS1
common o the thrée phases, which resistor of low resistance value serves for controlling the
value of the current flowing through the motor 2. After amplification by an amplifier 7 the
voltage produced across this resistor 10 is applied to an input 8 of the control circuit 4.

The head actuator 3 is energized by another power output stage of the
bridge type, comprising two branches N and P each having two switching elements S7, S8;
$9, S10, respectively, in series. The nodes between the elements forming the branches N and
P are referenced Nn and Pn, respectively.

In the present case, the actuator 3 is biassed, oppositively to the supply
voltage 1, directly to the reference voltage 10. This other output stage is controlled by
another analog circuit, referred to as the head actuator control circuit 5. Via connections 27
to 30 it supplies suitable command signals for moving the heads to the required positions for
reading or writing digital information from/on the disk.

Another sensing resistor RS2 is inserted in series in a connection of the
actuator 3, across which resistor a signal is produced which is indicative of the instantaneous
value of the current through the actuator 3, which signal is amplified by another amplifier 15
and is subsequently applied to an input 16 of the control circuit 5.

During normal operation of the apparatus, i.e. when a nominal supply

voltage is present on the line 1, control signals are transferred to the control circuit 4 via a




“termnal CX4, which termnals CX3 and CX4 are intended to be connected to
one anot her by a connection 40 external to the int egratqu.-@r h}_,xﬁ Q;.KFT
this way, the positive voltage supply to t he branches U, ’\E_ﬁfz@g{{*\ PELL
brought about via two connections and two switching 10 trangi qtors S11 and
S12 in parallel, which reduces the required maxi mum current ratli fg$ BBR 150
thése switching transistors. In the qircuit

arrangenent shown in Fig. 2it is to be 6not ed that the tir ansT ST ors™ SIT
and S12 agg of esmeeidng 7)ang @ Meabnirsl @Y SONE anaRke ssesf@Anedions 8 fema .. ]
transistors, i.e. the fransistors S2 and S3 and the transistors S6 and S7.

This feat Qigé"'].cﬂf’nifﬂéiff.sits BotrshowR in hedigWedance with the invention is
advant ageous in that igp 3h9¥i®eﬁt'ﬂﬁl l‘aﬁieg%dore sg/eci f'%?fhbgﬁg'epf:oxﬁﬁ?opﬂl\é’er
d an nd an

transistors to be arranged so as to avoi Crossi ng ]
excessi vedtiengbtor 3fand s head aotuator 3o the, nowhaladperation of ¢ievapparatie will nahbe

undesi rabl,e rasiti . resi stance, ..o .. Wth respect
to the%p%ﬁﬁ?ﬁ&%‘hﬁhg‘“ﬁ FE%VH &1 ﬁ‘of%%qllfﬁégéhecﬁ‘respondi ng to 20 the

wi t hdrawal of the headWhémthehappsipiveltipeds tutpthis voliage tecrémenvdrg dagidigito thee
connections to th three wi ndings of the drive notor éip;art e.central

nodes Un, TRTeRedOW eo?‘"if‘ﬁé? gﬁghggwqg,consumpugn 8f the\gpparatise Yy 18| ude
a conduct tyfmeRpRictice tolasith HRE beRfe Mk didkthad odpsediBe A4ls 38 withdrawn to a safe

position, which corresponds to a disk area where no information is stored and which can

10 therefore not be damaged by contact of the heads with the disk surface when the disk slows
down. This requires a substantial current for a time which is long enough to guarantee the
complete withdrawal of the heads, even in the unfavorable case in which these heads would
be accelerated in an opposite direction at the instant at which the power supply is cut.

The disk drive motor is then operated as a generator, utilizing its kinetic

15 energy. To realize this function it is usually necessary to provide one or more isolating

| devices such as the diodes 11 and 12 in order to prevent the current supplied by the motor
from returning to the supply line 1, which is then at zero volt.
A power monitoring circuit 6 causes a change of the mode of operation of
the control circuits 4 and 5 as soon as a supply voltage drop below a fixed threshold is

20 detected. In practice, two mode-change signals are used: one signal related to a threshold
corresponding to the nominal voltage of +12 V and supplied via a connection 19, and the
other signal related to a threshold corresponding to a nominal voltage of +5 V and supplied
via a connection 20. A command to change the mode of operation is transmitted by the
monitoring circuit 6 via a connection 9 common to the control circuits 4 and 5.

25 In order to maintain this function while the voltage of the supply line 1
drops rapidly, the monitoring circuit 6 is energized in a special manner from a storage
capacitance 35, charged by the supply line 1 in the normal mode, via an anti-return diode 36.

The mode of operation which assures the withdrawal of the heads
basically consists in setting all the switching elements S1 to S10 to their open position,

30 except for one of them, for example the element S9. In this special mode of operation the
actuator 3 is then energized by suitable means, which will be described hereinafter with

reference to the following Figures.
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These switching elements S1 to S6 are preferably N-channel DMOS

- transistors, which in practice constitute the most suitable type of transistor for this
application. Four other switching elements S7 to S10, also formed by DMOS transistors,
constitute the power output stage which powers the head actuator, which is not shown in the

10 present Figure. Using the same notation as in Figure 1, these switching elements have been
arranged in pairs forming three branches U, V, W for powering the drive motor and two
branches N and P for powering the head actuator. The isolation with respect to the +12 V
supply voltage is now provided by two DMOS transistors S11 and S12, which enable the
series voltage drop in the power supply to be minimized. A conduction command for these

15 transistors can be provided in a simple manner by the power monitoring circuit 6 shown in
Figure 1. |

The power transistor S11 placed between a first supply voltage terminal
Al and the coupled ends of the branches U and V, which form a node 38 for the connection
of the power supply of the drive motor. .

20 The transistor S12, which operates as an isolating device, is connected
between a second supply terminal A2 and one end of the branch W, which is also connected
to the end of the branch N by a line 39. A third supply voltage terminal A3 is connected
directly to-one end of the branch P. The other end of the branch N and the other end of the -
branch P are both connected to a reference terminal CR of the circuit, which terminal is to

25 be connected to the reference voltage. The other end of the branch U is connected to a first
connection terminal CX1 of the circuit and the other end of the branch V, interconnected
with the other end of the branch W, is_connected to a second connection terminal CX2,
which first and second connection terminals are to be brought at a voltage near the reference
voltage. Outside the integrated circuit, these terminals are indeed connected to the reference

30 wvoltage via a current sensing resistor RS1 for the current in the drive motor.

It is to be noted that, in this arrangement of the power transistors S1 to
S10, the transistors are cascaded to form a continuous transistor chain. As will become

apparent hereinafter, this advantageous arrangement enables these transistors to be arranged
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the inter rate node Nn of the branch N at the appropriate instant.
In a preferred embodiment the node 38 between the transistor S11 and the

5 transistors S2 and S3 is connected to a third connection terminal CX3, while the node 39
between the transistor S12 and the branches W and N is connected to a fourth connection
- terminal CX4, which terminals CX3 and CX4 are intended to be connected to one another by
a connection 40 external to the integrated circuit. In this way, the positive voltage supply to
the branches U, V, W and N is brought about via two connections and two switching
10 transistors S11 and S12 in parallel, which reduces the required maximum current ratings of
these switching transistors.

In the circuit arrangement shown in Fig. 2 it is to be noted that the
transistors S11 and S12 are respectively coupled to only one node between two other
transistors, i.e. the transistors S2 and $3 and the transistors S6 and S7. This feature of the

15 circuit in accordance with the invention is advantageous in that it allows the output
connections of the power transistors to be arranged so as to avoid any crossing and an
excessive length of these connections, which would give risé to an undesirable parasitic
resistance.

With respect to the operation of the circuit in the phase corresponding to

20 the withdrawal of the heads to the safe position it is to be noted that the connections to the
three windings of the drive motor via the central nodes Un, Vn and Wn of the branches U,
V and W, respectively, include a conductive path in the direction of the nodes 38 and 39
owing to the intrinsic diodes of the DMOS transistors S2, S3 and S6. Conversely, the diodes
in parallel with the transistors S1, S4 and S5 are poled in the reverse direction and prevent

25 voltages produced by the drive motor in its generator mode from being drained to the
reference voltage. |

The source electrodes of the transistors S11 and S12 are disposed at the
side of the supply terminals Al and A2, respectively, in such a manner that the intrinsic
diodes in parallel with these transistors isolate the nodes 38 and 39 from the supply terminals

30 Al and A2. As a result, a positive ripple voltage appears on the nodes 38 and 39, which as
stated hereinbefore are coupled by the connection 40. To the energiging of the head actuator
from the intermediate node Nn of the branch N can be achieved by turning on the transistor

S7, thereby allowing energy recovered in the form of a current on the node 39 to be
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10 between the node 39 and the intermediate node Nn of the branch N at the appropriate instant.
This configuration is shown in Figure 3, which showes that part of Figure 2 which includes
the transistors S5 to $10 and the transistor $12.
In this embodiment the command applied to the transistor S7 at the instant
of withdrawal of the heads is a turn-off command, whereas the command applied to the
15 additional transistor S13 from a connection 31 to the control circuit 4 for the drive motor
(Figure 1) is a command to obtain conduction only during the withdrawal of the heads until
the disk has stopped. In an advantageous variant the command for the transistor S13 is
modulated so as to first obtain conduction with a controlled voltage during a minimum time
necessary for the withdrawal of the heads to the safe position, after which this command is
20 changed to render the transistor highly conductive in order to brake the drive motor.
~ Figure 4 is a highly diagrammatic plan view of a semiconductor chip 50
on which the power transistors S1 to S10 are arranged, which transistors, as is shown, are
connected to one another in a regular manner, forming a continuous chain in which the
connections are of minimal lengths. In this chain the transistors S11 and S12 are included as
25 isolating elements, preferably disposed in a corner of the semiconductor chip so as to again
minimize the lengths of the connections used for the conditional access of the supply voltage
to the rest of the transistor chain.
As can be seen, the layout of the circuit in accordance with the invention
makes it possible to achieve an optimum arrangement of the transistor at the periphery of the
30 circuit, at which location these transistors are apt to produce the minimal parasitic resistance

in the various supply loops of the circuit in accordance with the invention.
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CLAIMS

1. An integrated circuit for controlling an information storage apparatus

comprising a rotary disk, circuit managing, on the basis of a supply voltage and a reference
voltage, a sequential control of the phases of a three-phase brushless motor which provides
the rotary drive for the disk, and managing the positioning of an actuator for moving the
5 read-write heads of the disk, the circuit comprising a plurality of power switching elements
arranged along the periphery of a semiconductor chip on which said circuit is integrated,
which elements are arranged so as to form:
three branches U, V, W, each comprising two switching elements in series,
which energize each of the phases of the drive motor via the intermediate nodes between said
10 elements of these branches,
and two branches P and N, each comprising two switching elements in series,
which energize the head actuator via the intermediate nodes between said elements of these
branches,
which circuit further comprises at least one isolating device connected between
15 the supply voltage and one branch of switching elements to allow the heads to withdraw to a
safe position in the case of a cut in the supply voltage, the head actuator then being
energized by means of the electric energy generated by the disk drive motor,
characterized in that:
- an eleventh switching element functioning as an isolating device is connected
20 between a first supply terminal and the coupled ends of the two branches U and V,
- a twelfth switching element functioning as an isolating device is connected
between a second supply terminal and an end of the branch W which has been coupled to an
end of the branch N,
- a third supply voltage terminal is connected directly to one end of the
25 remaining branch P, '
- the other end of the branch N and the other end of the branch P are connected

" together to a reference terminal of the circuit,
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5 2. An integrated circuit as claimed in Claim 1, characterized in that the node
coupling the eleventh switching element to the branches U and V is connected to a third
connection terminal of the circuit, and the node coﬁpling the twelfth switching element to the
branches W and N is connected to a fourth connection terminal of the circuit, which terminal
is to be connected to the third connection terminal by a connection external to the integrated

10 circuit.
3. An integrated circuit as claimed in Claim 2, characterized in that the node
coupling the twelfth switching element to the coupled ends of the branches W and N is
coupled to the intermediate node between the elements of the branch N via the current path
of an additional switching element under the influence of a command which causes its

15 conduction only during the withdrawal of the heads until the disk has stopped.
4. An integrated circuit as claimed in any one of the Claims 1 to 3,
characterized in that the switching elements are transistors of the N-channel DMOS type.
S. An integrated circuit as claimed in Claim 4, characterized in that the
transistor forming the additional switching element, referred to as the thirteenth transistor,

20 receives a conduction command which has been modulated so as to obtain a conduction with
a controlled voltage during a given time necessary for the withdrawal of the heads to the safe
position, after which this command is changed to place the transistor in a highly conductive

state in order to brake the disk drive motor.
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each including 2 switching elements (S1-S6) in series and which energizes an actuator for the
displacement of the read-write heads via two branches (P, N) each including 2 switching
elements (87-810), which circuit comprises isolating devices (S11, S12) to allow energization
5 by the drive motor operating as a generator, for a withdrawal of the heads.to a safe position
during a supply voltage cut.

One of the isolating devices (S11) is connected between a first supply
terminal (A1) and the coupled ends of the branches U and V, the other isolating device (S12)
being connected between a second supply terminal (A2) and the coupled ends of the branches

10 W and N. The end of the branch P is connected directly to a third supply terminal (A3). The
connection of the other ends of said branches to a reference voltage (10) is achieved via
connection terminals (CX1, CX2, CX3) so as to connect the switching elements (S1 to S10)
in cascade with one another.

15 Reference: Figure 2
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