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TRIM CIRCUITRY AND METHOD FOR ACCURACY IMPROVEMENT IN CUR-
RENT SENSING FOR A VOICE COIL DRIVER OF THE TYPE USED TO
MOVE READ/WRITE HEADS IN A HARD DISK DRIVE, OR THE LIKE

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

This invention relates to improvements in driver cir-
cuits and methods for voice coils of the type used to move
read/write heads in a disk drive of the type used in com-
puter systems, or the like, and more particularly to im-
provements in circuitry and methods for sensing currents in
power driver transistors for a voice coils in a disk drive
system, and still more particularly to improvements in cir-
cuits and methods for improving the accuracy of current
sensing for voice coils in a disk drive systems and for
positioning the heads controlled thereby.

2. RELEVANT BACKGROUND '

Typical disk drives, such as those used in floppy, hard
and CD-ROM disk drives used personal computers, or the like,
have one or more rotating disks onto which data can be se-
lectively recorded and read. Typically, CD-ROMs have one or
more rotating disks onto which data has been optically pre-
recorcded, which can only be read; however, recently, CD~ROM

system have been introduced in which data can be written co
an optical disk, which is nevertheless referrxed to as a “CD-
ROM”. In all such disk drives, however, one or more heads
that record and read data, in the case of a magnetic disk
drive, or merely detect data, in the case of a CD-ROM drive,
are provided. In either case, the heads are typically caz-
ried on an arm assembly that is selectively positionable =z

any one of a number of circular data paths arranged at diZ-
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ferent radii of the disk from the spindle on which the disk
is carried.

The arms on which the heads are carried, and, therefore
the heads themselves, are moved along a’ line extending
across the disk radii by a so-called “voice coil”. By apply-
ing a current of known magnitude and polarity to the voice
coil, the heads can be selectively positioned anywhere on
the line relative to the disk.

In a typical system, the currents to the voice coil are
controlled by a current driver circuit that includes four
driver transistors. The driver transistors may be, for exam-
ple, FET devices, connected to form an “H” bridge between a
supply voltage, or Ve, and ground, with the voice coil
being connected between the legs of the “H” and with each
driver transistor connected in a respective upright of the
“H”. The FET devices connected to the supply voltage and the
respective sides of the voice coil are generally referred to
as the “high side drivers,” and the FET device connected
between the respective sides of the voice coil and ground
are generally referred to as the “low side drivers.” The
respective high and low side drivers of each leg of the
driver are generally controlled by *the outputs of two oppo-
sitely driven power amplifiers.

The most common approach for controlling the movement
of the heads is to use a sense resistor in series with the
voice coil to sense the current flowing in the voice coil.
The sensed currents are fed back to the driver amplifiers to
enable the currents in the voice coil to be precisely con-
trolled. Using sensa FETs to sense the current in the coil
reduces the resistive drop in the voice coil, which allows
the customer to supply more current to the coil.

Thus, to detect the currents flowing in the power tran-
sistors in the current flow paths of the motor, FET devicas



3

may be connected as current mirrors to mirror the current in
the power transistors. The mirror transistors are typically
made small compared to the size of the power transistors,
ratios of 153/1 being typical. It is, however, desirable to
make the mirror transistors very small in comparison to the
power transistors, but design tolerances result in greater

imprecision amongst various mirroring transistors as
size ratio increases.

the

Nevertheless, the use of such FET mirror devices often
produces poor accuracy because of the large size difference
between the power devices and the mirror devices. Normally
current flowing through one transistor can bé mirrored to
another transistor with relatively good accuracy if the
devices are of similar size. In voice coil applications,
however, in poweér FET devices, amps of current flow in the
primary devices, and 1t 1is desirable to use a large ratio
{on the order, for example, of 1500:1) between the power FET
and the mirror device. If a smaller ratic were to be used, a
large amount of power would be wasted in the control cir-~
cuitry because of the large current in the mirror device.
However, with a mirror ratioc at the order of 1500:1, the
mirror accuracy will not be very good, and can be expectad
z¢ vary on lot and device basis.

In addition, the problem is complicated in that voice
coil driving circuits may require multiple gain ranges, Eor
example, three or more ranges, debending upon the particular
system. These gain ranges allow the DAC that controls the
voice coil loop to operate with equal accuracy over several
ranges of coil current. Thus, if sense FET technology is
used, as the feedback current becomes increasingly smaller,
and potentially less accurate as the coil current.approaches
zero, many volce coil circuits increase the gain of the

feadback current. In this manner, the current mirrors in the



feedback block are not forced to handle currents from a few
microamps to a few hﬁndred microamps. This helps the match-
ing of the current mirrors and, consequently the accuracy of
the current control. Thus, in the past, the mirroring of the
current in the driving transistors has been inaccurate,
particularly at the low current levels that may be experi~
enced in variable gain voice coil driving circuits.

What is needed, therefore, is a circuit and method that
provide sensing current accuracy through mirror transistors
of relatively small size, which may be used in conjunction,
if desired, with circuitry to provide multiple gain ranges
in which the feedback circuitry operates.

SUMMARY OF THE INVENTION

In light of the above, therefore, it is an object of
the invention to provide a circuit and method to provide a
circuit having, and method for, sensing current accuracy in

a voice coil driving circuit through mirror transistors of
relatively small size.

It is another object of the invention to provide a cir-

cuit and method of the type described, which may be used in

conjunction, if desired, with circuitry to provide multiple
gain ranges in which the feedback circuitry operates.

These and other objects, features and advantages of the
invention will be apparent to those skilled in the art from
the following detailed description of the invention, when
read in conjunction with the accompanying drawings and ap-
pended claims.

According to a broad aspect of the invention, a method
is presented for providing a drive current to a voice coil
to position a head of a disk drive. The method .:.ncludes
measuring a first current that is applied to the voice coir-
and mirroring the first current to provide a sense curran:

that is proportional to the first current. The method alsc
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inc;udes using the sense curreant to modify a magnitude of
the first current in a feedback circuit to position the head
closely to a desired position and adjusting the sense cur-
rent to more closely equal a desired magnitude, to position
the head more closely to the desired position. The current,
for examplé, may be adjusted to force the current in the
voice coil as close as zero as possible when the heads are
located in the desired position.

The step of adjusting the sense current may be per-
formed by selectively connecting at least one active device
having a current path in parallel with an active device
connected to mirror a current in a power transistor. This
may be done, for example, by sélectivelf connecting a trim
FET having a first channel width to length ratio in parallel
with a current mirror FET having a second channel width to
length ratio. The step of adjusting the sense current may be
performed by programmable means, if desired, to select or
deselect the trim FET to force the current as closely as
possible to the desired current. The method may be used i

an environment in which a gain of the driver circuit may be
changeable.

o

According to another broad aspect of the invention,
circuit is provided that is connectable to operate a vwvoice
coil to position a head of a disk drive system. The circuit
includes a driver circuit for controlling currents flowing
in the voice coil and at least one sense current circuiz;
which may include FET devices, for sensing and controllinag
the currents in respective current paths of the driver ciz-
cuit. Programmable circuitry is connected to adjust at leasct
one of the sense current circuits to control a current flow-

ing through the voice coil to position the head to a desizzd
location.

This Sheet Has Been Replaced
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A trim capability is implemented by providing one or
more trim FETs that are selectively connectable in parallel
with the a current sensing FET, which may be, for example,
an FET connected to mirror a current in one of the current

flow paths of the drive circuit. By such selective connec-

tion, an effective channel width provided by the FET devices
can be selectively provided, thereby enabling the current in
the voice coil, and therefore the position of the head con-
trolled by the voice coil to be adjustable.

According to yet another broad aspect of the invention,
a driver circuit is presented for providing drive signals to
a voice coil for positioning a head of a disk drive system.
The driver circuit includes first and second current paths,
each connected between a supply voltage and a reference
potential. Each of the current paths has two driver transis-
tors, the voice coil being connecﬁable between the driver
transistors in respective current flow paths. At least one
sensing transistor is connected to produce a mirror current
which mirrors a current in an associated driver transistor.
Circuitry is provided that is responsive to the mirror cur-
rents of the sensing transistors to control the amplitudes
of the currents in the associated driver transistor in the
respective current flow péth. At least one trim transistor
is cornected in parallel with a respective one of the sens-
ing transistors, and a programmable circuit is provided thac
is connected to selectively activate the at least one trim
transistor to adjust the amplitudes of the mirrored currents
in the current flow path with which the sensing transistcr
with which the at least one trim transistor is associated.

According to another broad aspect of the invention, a
disk drive system is presented. The hard disk drive system
includes a spinning data media, which may be a magnec:.c

floppy disk, a magnetic hard disk, a CD-ROM, or the like. A:
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least one head is selectively positionable for at 1least
reading data from the spinning data media, and a voice coil
is arranged for positioning the head in response to currents
in the voice coil. First and second current paths are each
connected between a supply voltage and a reference poten-
tial. Each current path includes two driver transistors,
with a node between each of the driver transistors in each
of the current paths being connected to a respective end of
the voice coil. A plurality of sensing transistors are each
connected to produce a mirror current which mirrors a mir-
rored current in an associated driver transistor in a re-~
spective current flow path, and circuitry responsive to the
mirror currents of the sensing transistors controls the
amplitudes of the currents in the associated driver transis-
tor in a respective current flow path. At least one trim
transistor is connected in parallel with a respective one of
the sensing transistors, and a programmable circuit is con-
nected to selectively activate the at least one trim tran-
sistor to adjust the amplitudes of the mirrored currents in
the current flow path with which the sensing transistor with
which the at least one trim transistor is associatead.

BRIEF DESCRIPTION OF THE DRAWING

The invention is shown in the accompanying drawing,
which:

=

Figure 1 is an electrical schematic diagram of a por-
tion of a disk drive system incorporating trimable currentc
sensing circuitry for controlling the head positioning cur-
rents in a voice coil in the disk drive system, in accor-
dance with a preferred embodiment of the invention.

Figure 2 is an electrical schematic diagram of a typi-
cal arrangement of trim circuitry of the type used in the

disk drive system of Figure 1, in accordance with a pr=s-
ferred embodiment of the invention.
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Figure 3 is an electrical schematic diagram of a typi-
cal FET mirror circuit arrangement together with trim cir-
cuitry of the type used in the disk drive system of Figure
2, in accordance with a preferred embodiment of the inven-
tion. _

And Figure 4 is an electrical schematic diagram of trim
circuitry used in conjunction with the FET mirror circuit of
Figure 3, in accordance with a preferred embodiment of the
invention.

In the various fiqures of the drawing, like reference
numbers are used to denote like or similar parts.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

With reference now to Figqure 1, an electrical schematic
diagram 10 of a portion of a voice coil driver circuit 12
for positioning the read/write heads 13 of a disk drive
'system 14 are shown. Although the disk drive system 14 shown
is of the type typically found in use in conjunction with a
hard disk drive, it should be understood that the invention
has equal applicability for use in conjunction with disk

drive systems of other types, such as floppy disk drive
systems, CD-ROM systems, and the like.

The disk drive system 14 illustrated irncludes a rotaz-
ing medium 1€, which may be a rotating platter having a
magnetic medium fo;med thereon, for example. The rotating
medium 16 may be spun by a three-phase polyphase dc moter
system, not shown, which may be controlled by a disk contrcl
Circuitry 18,

The head 13 is moved to a selective position along a
radii of the rotating medium 16 by a contrecl arm 18, which
is similarly laterally moved by currents applied to a voice
coil 20. Data that is to be written to or read from thne
rotating medium 16 by the heads 13 is controlled by daca
circuitry 22 under the control of an associated computer,
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not shown. It should be noted that the disk drive assembly,
and in particular the voice coil 20 may be provided sepa-
rately from the driver circuitry 12 to which it is con-

nected.

The driver circuitry 12 shown is of the type generally

known as an “H” bridge, and includes two current paths 2§

and 28 on respective sides of the “H” bridge, denoted as
side “A” and side “B.” 1In the embodiment shown, each side
has a respective high side driver transistor 30 and 32, and
a respective low side driver transistor 34 and 36 connected
between V¢ and ground. The gates of the driver transistors
30-36 are connected to drive amplifiers 40 and 42 to be
controlled by signals from the voice control signal source
44. The voilce control signals from the voice coil contrcl
signal source 44 are connected in opposite fashion to the
amplifiers 40 and 42 so that the respective driver transis-
tors 30-36 are oppositely driven., Thus, the difference in
the currents in each of the current paths 26 and 28 on oppo-
site sides of the nodes 46 and 48 to which the wvoice coil 20
is connected represents the current that is applied to the
voice coil 20 for positioning the heads 13.

A trimable feedback control circuit S0 is connected be-
tween the current flow path 26 and the signals from the
voice coil control signal source 44 to control the signals
that are applied to the driver amplifiers 40 and 42. The
trimable feedback control circuit 350 serves to produce a
feedback current that is proportional to the drive current
in the current flow path 26 on side A of the driver cixr-
cuitry 12. The feedback current generated by the trimable
feedback control- circuit 350 serves to cancel the voice con-
trol signals when the head 13 is in its desired position,

ideally, driving the current in the voice coil 20 to zero
{or other desired quiescent current value).
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With reference now additionally to Figure 2, a typical
circujt 60 utilizing the trimable feedback control circuit
50, described above, is illustrated. The circuit 60 provides
drive signals to the voice coil 20, according to the digital
drive signals 62 at an input to the circuit.

More particularly, the digital input signals 62 are

converted by a digital-to-analog converter 64 to analog

signals that are filtered by a notch filter 66. The output

rom the notch filter 66 is modified by the output from the
feedback control circuit S0 (a part of which that has been

separated from the general circuitry being shown in con-

tained in a dotted line portion of box 50}, and is applied

to the inputs of the driver amplifiers 40 and 42. The out-
puts of the driver amplifiers 40 and 42 are applied to re-

spective driver transistor circuits 68 and 70, respectively

on sides A and B of the “H” bridge driver circuitry, in a
fashion similar to that shown in Figure 1, described above.
The output from the driver transistor circuit 68 is de-

rived from a mirror circuit, below described, for applica-

tion to the trimable feedback control circuit 50, which
produces an output that is subtracted from the control sig-
nal at the output of the notch filter 66. As mentioned, an

object of the feedback circuitry is tc generate a signal
that will foxrce the current in the voice coil to zero

quiescent state.

in =z

Also shown in the circuit 60 of Fiqure 2 are an op-
tional digital offset control input signal 74 and an op-
tional gain range control signal 76. The digital offse:
control input signal 74 are converted to an analog signal ¢
a digital-to-analog converter 75 to provide a controllab.s
voltage offset value to the drive signals that are appliz:

to the voice coil 20, and the gain range control circu.-

varies the gain range of the feedback control circuit 50, =z:
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described in greater detail below. If the digital offset

control input signal 74 and gain range control signal 76
signals are used, the output from the DAC 75 may be may be

appropriately attenuated by an attenuator 80, in accordance

with the range specified by the range control signal 76. The
appropriately attenuated offset signal is added to the out-
put from the digital VCM control DAC 64 in an adder 82,
prior to being input into the notch filter 66.

Details of the current sensing circuitry is shown with
additional reference now to the current sensing circuitry 90
of Figure 3. The portion of the driver circuit shown in
Figure 3 corresponds to the portion on side A in Figure 1,
and illustrates a current mirroring circuit’ 92 that mirrors
the current in the current flow path 26 above and below the

node 46. More specifically, the mirror circuitry 92 includes

mirror transistors 96 and 98, having drains and gates con-

nected to the respective drains and gates of high and low
side driver transistors 30 and 34. The source of the high
side driver transistor 30 is connected to the source of the

mirror transistor 96 by an amplifier 100. Similarly, the

source of the low side driver transistor 34 is connected to
the source of the mirror transistor 98 by an amplifier 102.

The width to length ratios of the driver transistors 30 and

32 are about 20,000:0.8, and the width to length ratios of

the mirror transistors 96 and 98 are about 10:0.8.

As shown, optional gain range control circuits 104 anc
108 are connected in between the gates of the high and low
side driver transistors 30 and 34 and the gates of their
respective current mirror transistors 96 and 98. The ga:in
range control circuits 104 And 108 receive the gain range
control signal 76, described above, and may be,
include a series of FET devices {not shown) selective:y

connectable in parallel with the respective mirzox

for example,

cransis-
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tors 96 and 98, in accordance with the value of the gain
range contrsl signal 76.
The currents, labeled igssa and Ipssa, respectively flow-

ing in the high and low side mirror transistors 96 and 98

are further mirrored in mirror circuit 110. More particy-

larly, two transistors 112 and 114 are connected in series
between V¢c and the low side mirror transistor 98, wherein
the same current, Iussa, flows therethrough. The drains and
gates of transistors 112 and 114 are each interconnected.
Likewise, two transistors 116 and 118 are connected in se-~
ries between ground and the high side mirror transistor 96,
wherein the same current, Iyssa, £lows therethrough. The
drains and gates of transistors 116 and 118 also are each
interconnected.

Mirror transistors 120 and 122 are connected to mirror
the currents in respective transistors 112 and 114, and,
similarly, mirror transistors 124 and 126 are connected to
mirror the currents in respective transistors 116 and 118.
It can be seen that the current that flows in the current
flow path 130 comprising transistors 120, 122, 124, and 126
is a ratioed value approximating the current difference on
each side of node 46 connected to the voice coil 20. The
value of the current in the flow path 130 can be made to be
approximately equal to the current flowing in the voice
coil, ico/2000, with appropriate transistor sizing. The
current on output line 134 provides the feedback current
that is fed back to control the current in the voice coils
20, as described'above with reference to Figure 2.

To further control the value of the feedback currenc,
which may otherwise vary because of the large size differ-
ences between the mirror transistors and the driver transis-
tors, manufacturing tolerances, and other factors, tz:im

networks 140 and 142 are provided to controllably vary the
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current that flows through respective mirror transistors 120
and 126. The trim networks 140 and 142 are described in
greater detail in Figure 4, to which reference is now made.

More specifically, the trim networks 140 and 142,
cording to a preferred embodiment of the invention,

ac-—

include
a number of FET transistors that are selectively connectable

in parallel with the respective low side wmirror transistor
120 and high side mirror transistor 126.
140, for example,

The trim network
includes four transistors 145-148, each
connected with its source connected to the source of the
mirror transistor 120 and its drain connected to the drain
of the mirror transistor 120. The gates of the tramsistors
145-148-‘may be ‘selectively' connected to the gate of the
mirror transistor 120 by a respective switch 150-153, which
may be controlled by a programmable device, such as the
EEPROM 170 shown. '

The trim network 142 includes four transistors 155-158,
each connected with its source connected to the source of
the mirror transistor 126 and its drain connected to the
drain of the mirror transistor 126. The gates of the tran-
sistors 155-158 may be selectively connected to the gate of
the mirror transistor 126 by a respective switch 160-~1863,
whichk may be also controlled by the EEPROM 170.

As mentioned, the FET devices 120 and 126 are con-
trolled by the programmed outputs of an EEPROM circuit 170.
The effective channel width of the mirror devices 120 and

126 are thus controlled by the EEPROM 170, which may tce

constructed on the same chip -as the remainder of the sense
and trim circuitry. Ordinarily, the EEPROM 170 would te

configured at a factory or manufacturing site;

however, .=

may be user programmable, if desired. It will be appreciacs<

that the function performed by the EEPROM 170 may also =

(3

b
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performed by other programmable circuitry, such as program-

mable fuse devices, programmable gate devices, or the like.
The adjustable FET devices 120 and 126 may provide a
plurality of differently sized FET devices,

which may be
individually,

selectively connected in parallel. It should
be noted that any number of devices may be employed, depend-
ing upon the application and reésolution of sense current

adjustment that is necessary or desired. It should also be

noted that although the invention is desirably aimed at

forcing the current in the voice coil 20 to zero,
predetermined value, the

or other
discreet trimming by selective
switching into the parallel circuits 140 and 142 of one ot
more transistors necessarfly results in qu;ntized steps in
trimming the circuitry. Consequently, the number of transis-
tors that are switchably connected controls the resolution

by which the currents can be made equal. In the embodiment

illustrated, for example, the FET devices 145-148 and 155-

158 may have respective sizes of 1/1, 1/2, 1/4, and 1/8.
(The ratio expressed represents the width-to-length ratio of
the gate of the FET devices.) This gives a trim range of
+10% with a sFep size of 1%.

Thus, depending upon the programmable states appeariag

on the output terminals of the EEPROM 170. selected ones ci
the FET devices 145-148 and 155-158 arxe turned on together
with the FET devices 120 and 126, which are not selectively
controlled by the EEPROM 170. It should be noted that in &,
normal or default state, one or more of the FET devices 145-
148 and 155-158 may normally be turned on to enable the
flexibility to have a reduced current carrying éééabilicy
from the nominal state, Thus, for example, FEET devices 1493
and 158 may normally be in a default or initial on state =2
be essentially in parallel with the mirror transistors 1

and 126. Thus, if a smaller feedback current 134 is desirec,

~

M
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the FETs 148 and 158 may be turned off, leaving only the FET
mirror transistors 120 and 126 to be turned on. Alterna-
tively, if a higher feedback current 134 is desired, one or
more of the remaining FET transistors 145-147 and 155-157
may be turned on, as needed. '

Although the invention has been described and illus-
trated with a certain degree of particularity, it is under-
stood that the present disclosure has been made only by way
of example, and that numerous changes in the combination and
arrangement of parts can be resorted to by those skilled in

the art without departing from the spirit and scope of the
invention, as hereinafter claimed.
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CLAIMS: A\

1. A method for providing a drive current to a voice coil to
position a head of a disk drive, comprising:

measuring a first current that is applied to the voice
coil;
mirroring said first current to provide a sense current
that is proportional to said first current;

using said sense current to modify a magnitude of said
first current in a feedback circuit to position said head
closely to a desired position;

and adjusting said sense current to more closely equal

a desired magnitude to position said head more closely to
said desired position.

2. The method of claim 1 wherein said step of adjusting said
sense current comprises selectively connecting at least one
active device having a current path in parallel with an

active device connected to mirror a current in a power tran-
sistor.

3. The method of <laim 2 wherein said step of selectively

connecting at least one active device having a currzent patn

in parallel with an active device connected to mirrecr a

current in a power transistor comprises selectively connecz-
ing a trim FET having a first channel width to length ratio
in parallel with a current mirror FET having a second chan-

nel width to length ratio.

4. The method of claim 1 wherein said step of adjusting said
sense current comprises programmably connecting at least one
active device having a -current path in parallel with

an

active device connected to mirror a current in a power trar-
sistor.

i
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5. The method of claim 4 wherein said step of programmably
connecting at least one active device having a current path
in parallel with .an active device connected to mirror a
current in a power transistor comprises programmably con-
necting at least one trim FET having a first channel width

to length ratio in parallel with a current mirror FET having
a second channel width to length ratio.

6. The method of claim 1 wherein further comprising varying
a gain of said feedback circuit.

7. A circuit connectable to operate a voice coil to position
2 head of a disk drive system, comprising:

a driver circuit for controlling currents flowing in
said voice coil;

a plurality of sense current circults for sensing and

céncrolling the currents in respective ones of said current
paths;

programmable circuitry connected to adjust at least one
of the sense current circuits to control a current flowing

through said voice coil to position said head to a desired
location.

8. The circuit of claim 7 wherein said sense current cir-
cuits comprise FET devices.

9. The circuit of claim 8 wherein said FET devices are con-

nected in parallel, and said programmable circuit programma-
bly selects said FET devices to control an effective channe:
width provided by said FET devices.

10. The circuit of claim 8 wherein said FET devices ar=

connected in parallel, and said programmable circuit pro-

This Sheet Has Been Rep

i



\

0 Mt

L]

*

18
grammably selects said FET devices to control an effective
channel width provided by said FET devices by selectively

connecting a trim FET having a first channel width to length

ratio in parallel with a current mirror FET. having a second
channel width to length ratio.

11, A driver circuit for providing drive signals to a voice

coil for positioning a head of a disk drive system, compris-
ing:

first and second current paths, each connected between

a supply voltage and a reference potential, each comprising

two driver transistors, said voice coil being cennectable

between said driver transistors in respective current flow
paths:

a plurality of sensing transistors, each connected to
produce a mirror current which mirrors a mirrored curxent in
an associated driver transistor in a respective current flow
path;

circuitry responsive to the mirror currents of said
sensing transistors to control the amplitudes of said cur-
rents in sald associated driver transistor in a respectiwve
current flow path;

at least one trim transistor, each connected in paral-

lel with a respective one of said sensing transistors; and

a programmable circuit connected to selectively acti-
vate said at least one trim transistor to adjust the ampli-
tudes of the mirrored currents in the current flow path with

which the sensing transistor with which the at least oae
trim transistor is associated.

12. The driver circuit of claim 11 wherein said sensing anc
trim transistors are FET devices.

This Sheet Has Been Replaced

RO




A

19

13. The driver circuit of claim 11 wherein said first and

second current paths are connected with said voice coil in
an “H” bridge configuration.

14. A hard disk drive system, comprising:

4 spinning data media;

at least one head that is selectively positionable for
at least reading data from said spinning data media:

a voice coil for positioning said head in respeonse to
currents in said voice coil;

first and second current paths, each connected between
a supply voltage and a reference potential, each current
path comprising ﬁwo driver transistors; a node between each
of said driver transistors in each of said current paths
being connected to a respective end of said voice coil;

a plurality of sensing transistors, each connected to
produce a mirror current which mirrors a mirrored current in
an associated driver transistor in a respective current flow
path; _ '

circuitry responsive to the mirror currents of said
sensing transistors to control the amplitudes of said cur-
rents in said associated driver transistor in a respective
curxent flow path;

at least one trim transistor, connected in parallel
with a respective one of said sensing transistors; and

a programmable circuit connected to selectively acti-
vate said at least one trim transistor to adjust the ampli-
tudes of the mirrored currents in the current flow path wicth

which the sensing transistor with which the at least one
trim transistor is assoclated.

15. The hard disk drive of claim 14 wherein said sensing arc
trim transistors are FET devices.

This Sheet Has Been Replaced
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16. The hard disk drive system of claim 14 wherein said
plurality of current paths are connected with said voice
coil in an “H” configuration.

This Sheet Has Been Rep.
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