L]

9606 P4 -0

MPLIFIER CTRCU T FOR A

MAGNETO- RESI STI VE HEAD: The presBRPHAGER SUEETS a u8Gpol
magnet o-resi stive preanplifier for use in

termT

|nvent|on utI|IS S a voItage regul ator to g
resistive el wing(s) i pmdf.e
m ni m

hcaakgehq..ﬁ..

=

i sti for S¥Eription : paged! LY G DAY i
magnef o-resi sti-ve—etefrent. Specifically, t WT? i PS geF' e' e:zg_'t
i‘ﬁ '51?:% a’ Ff%aetﬂagég 30 Paged : 3 |

I al DC ACPREAMPLIFIER: HEGFOR: &85 D L’%ﬁ .

of *the preanmplifier outpui_sigpal. and a se

feedback Ioop to maintain a cMAGNETORES IﬂﬂthHEﬁDt he preanplitrer
out put S|gnals

The present invention is a unipolar magneto-resistive preamplifier for use in a disc
drive having a magneto-resistive element. Specifically, the preamplifier of the present
invention utilises a voltage regulator to maintain a voltage at one terminal of a magneto-
resistive element, a first feedback loop to minimise a differential DC component and a
differential low frequency component of the preamplifier output signal, and a second
feedback loop to maintain a common mode component of ﬁe preamplifier output signals.

Magneto-resistive (MR) elements can read data from mag_netic surfaces having data
stored at high densities. In the disc drive art, MR elements are also referred to as MR
heads or MR sensors. In addition, the term "magneto-restrictive” is sometimes used in
place of the term "magneto-resistive."

The resistance of an MR element is, in part, a function of the strength of the
magnetic field to which it is exposed. A read signal is generated by positioning the MR
element i)mximate magnetic media, moving the magnetic media with respect to the
element, and measuring the change in resistance of the element.

Typically, an MR element is biased by either a constant current or a constant
voltage. As the magnetic flux passing through the element varies, a preamplifier detects
the resistance changes of the MR element. In the constant current configuration, the
change in voltage over the MR element is detected. In the constant voltage
configuration, the change in current passing through the element is detected. The output
of the preamplifier is then provided to other amplification and decoding circuitry for
further processing. -

Since the resistance of an MR element varies with magnetic field strength, the
signal provided by the MR element is based not only on the data written on the magnetic
media, but also on the distance between the element and the media. In addition,
temperature and process variations also affect the steady-state resistance of an MR-

element. Accordingly, it is desirable to produce a preamplifier output signal that varies
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a preanplifier detects the resi stance changes of the MR elenent. In
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et al. provided an improvement over the prior art because the output signal was not
sensitive to resistance variations in individual MR elements and was not sensitive to the
distance between the MR element and the surface of the magnetic media.

Another problem addressed in the prior art is protecting an MR element and a
magnetic media surface from damage caused by a voltage discharge. Such a discharge

- can occur if a large enough voltage exists between the media surface and the element,
and the two come sufficiently close to each other.

This problem is addressed by Jove et al., U.S. Patent No. 4,879,610. In this
patent, Jove et al. disclosed a protector circuit which maintains a fixed potential between
the centre of an MR element and an externally supplied reference voltage. A feedback
looﬁ employing a low pass filter is used to keep the voltage of the MR sensor at the same
voltage as the externally applied reference voltage. The externally applied reference
voltage is close to, if not the same as, the voltage at which the spindle and magnetic
media are biased. In one embodiinent, the spindle and media are connected to the disc
drive's electrical ground, and the reference voltage is derived from a connection to the
electrical ground. Accordingly, if the MR element should come into contact with the
magnetic media, the voltage difference between the element and the media will be
minimised and damage from a voltage discharge will be prevented.

One problem with the circuit disclosed by Jove et al., is that the circuit requires a
two-sided power supply. In the preferred embodiment disclosed by Jove et al., the
voltage of the MR element is maintained at the circuit ground potential (approximately
zero volts), and a bias current is maintained through the MR element. Accordingly, one

terminal of the MR element must be maintained above the ground voltage and the other
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Another technique used in the prior art to protect the magnetic surface and the MR
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element is to utilise a biased spindle configuration. In a biased spindle configuration, the
rotating magnetic media is DC biased to some voltage away from the circuit common.
Using this type of configuration, the protective circuit disclosed by Jove et al. can be
operated with a single-sided power supply, with the spindle biased at a voltage level
between the circuit common and the sﬁppl_y voltage provided by the single-sided power
supply. However, biasing the spindle at a voltage away from the circuit common is not
desirable because the spindle must be electrically insulated from the rest of the drive to
prevent a short-circuit.

Another problem whiqh has proved challenging in the prior art is coupling the
preamplifier output signal to other circuitry. Since the MR element must be DC biased,
there is typically a DC bias in the output signal. Of course, a common method of
removing a DC component from a signal is to use coupling capacitors. However,
coupling capacitors are large and require significant space on a circuit board. In
addition, disc drives often employ many MR elements and preamplifiers, and therefore
require many coupling capacitors.

This problem §vas addressed by Belk in U.S. Patent No. 4,833,559. Belk disclosed
multiplexing plural MR elements into a single off chiﬁ capacitor. By multiplexing the
MR elements, the number of capacitors required is minimised, and the component count
is reduced. In addition, all the multiplexing transistors can be included on a single

- integrated circuit.

Another patent to Jove et al., U.S. Patent No. 5,103,353, discloses an MR
amplifier circuit having a first feedback loop which provides short circuit protection and
a second feedback loop which minimises the differential DC component in the output
signal. The first feedback loop is similar to the feedback loop disclosed in U.S. Patent
No. 4,879,610. The second feedback loop equalises the DC and low frequency

components of two currents flowing through the collectors of two transistors. The
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having a biased spindle, the preferred embodiment of this circuit requires a two-sided

power supply to maintain the voltage of the MR element at the same voltage as the
magnetic media.

Accordingly, an object of the present invention is to provide a preamplifier circuit
for a magneto-resistive head in a disc drive system which obviates the aforementioned
problems.

The present invention is a unipolar magneto-resistive preamplifier circuit. The
circuit is comprised of a voltage regulator which maintains the voltage of the magneto-
resistive (MR) element with respect to a magnetic disc surface, a first feedback loop
which eliminates differential DC and low frequency components from the differential
output of the preamplifier, and a second feedback loop which causes a common mode
DC and low frequency compbnent of the output signal to equal an extefna]ly supplied
reference voltage.

In one embodiment of the present invention, each of two terminals of the MR
element are coupled to voltage clamps to ensure that the voltage difference between the
MR element and the magnetic media does not exceed a specified value.

Embodiments of the present invention will now be described with reference to the
accompanying drawings, of which:

Figure 1 is an exploded perspective view of a disc drive which utilises the unipolar
magneto-resistive (MR) preamplifier of the present invention;

Figure 2A is a block diagram showing the unipolar MR preamplifier that is utilised

in the disc drive of Figure 1;
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REPLACEMENT SH%IiEg-I;ue lisan explodéd perspective view showing a head/disk assembly (HDA) 10
which uses a preamplifier of the present invention. HDA 10 includes spindle 12,
magnetic media discs 14, and actuator 16. Mounted on actuator 16 are MR elements 18
(one of which is shown in this Figure). Also mounted on actuator 16 is circuit board 20,
which is connected by flexible circuit 22 to circuit board 24. |

The preamplifier of the present invention produces an output signal which is
provided to other circuitry for further processing. Ideally, the preamplifier should be
mounted as close as possible to the MR element so that the preamplifier can receive a
strong signal from the element. However for other reasons, such as cost, it may be
desirable to mount the preamplifier elsewhere. Generally, the preamplifier will be
mounted in one of three places. First, it may be bonded directly to actuator 16 in a
position similar to location 26. Second, it may be positioned on circuit board 20, which
is attached to actuator 16. Finally, it may be mounted to circuit 24, which is attached to
base casting 28 of HDA 10.

Figure 2A is a block diagram showing the magneto-resistive (MR) preamplifier
circuit 30 of the present invention. Circuit 30 is comprised of current-to-voltage sensor
blocks 32 and 34, differential low pass filter 36, differential error amplifiers 38 and 40,
controllable current source 42, controllable current sink 44, low pass filter 45, common
mode isolation block 46, voltage clamps 48 and 50, and voltage regulator 52. Also

- shown in Figure 2A is an MR element 18, which is also shown mounted on actuator 16
of Figure 1. MR element 18 has a first terminal labelled "A" and a second terminal
labelled "B." |

In the embodiment shown in Figure 1, spindle 12 and magnetic media discs 14 are

~ electrically coupled via a resistance to the disc drive's common ground. This ground is

represented by the ground symbols in Figure 2A.
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terminal B of MR element 18 by modulating the current Iggap,. In one embodiment,
voltage regulator 52 maintains terminal B of MR element 18 at a voltage of
approximately 0.21 volts. Since a current Ig;sg runs from terminal A, through MR
element 18 to terminal B, the voltage at terminal A will be higher than the voltage at
terminal B. However, voltage clamp 48 will ensure that the voltage at terminal A does
not exceed the clamp voltage.

The current through MR element 18 is Igias- Ipras is comprised of the currents
Ippr and Iggapi- IREF is controlled by a signal generated external to circuit 30 and
provides a DC component of Igjas tﬁat is required to operate MR element 18 in a region
where resistance changes can be detected. However, Ixgp does not provide the current
which is used to detect resistance changes.

The other component of the current IﬁlAS is IRgaD1- IREAD] 1S provided by
controllable current source 42 and is the current which is used to detect resistance
changes in MR element 18. Izgap; also passes through current-to-voltage sensor 32.
Sensor 32 produces a voltage signal which varies with the magnitude of Ixgapy. This
voltage signal is coupled to terminal Dy. Terminal Dy provides one-half of the
differential output signal of preamplifier 30. |

The other half of the outpﬁt signal is found at terminal Dy. The signal at terminal
Dy is provided by current-to-voltage sensor 34. The current Ixgap passes through

sensor 34 and voltage regulator 52, and sensor 34 produces a voltage signal which varies

with the magnitude of I .
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frequency conponents of two currents flow ng through the collectors’ of two
transi st or frequéney components of the signal found at terminals Dx and Dy. -

Diffefential error amplifier 38 receives the differential output signal of filter 36 and  §
produces a control signal which is provided to controllable current source 42. Amplifier -

38 controls current source 42 to minimise the DC and low frequency components of tlie
differential output signél found at terminals Dy and Dy.

The differential signal at terminals Dy and Dy is also supplied to common mode
isolation block 46. Common mode isolation block 46 produces a signal representing the /.5
common component of the signals found at terminals Dy and Dy with respect to ground.

Differential error amplifier 40 receives the signal produced by common mode -
isolation block 46 and compares it with an externally supplied voltage reference signal
VRgr- In one embodiment, Vggp is equal to the DC reference point of the input stage
of the circuitry io which the differential output of circuit 30 is providéd. o [y

Differential error amplifier 40 compares the signal produced by common mode
isolation block 46 to the signal VRep. Differential error amplifier 40 then produces an
error signal which is fed to low pass filter 45. Low pass filter 45 removes the high
frequency component of the error signal produced by error amplifier 40, and produces-a
control signal which is provided to controlled-current sink 44. The current flowing )\ "0
through current sink 44 is the sum of Ipgap1, IREAD2, and IREF-

~ Figure 2B is a block diagram showing preamplifier circuit 31, which is an
alternative embodiment of circuit 30 shown in Figure 2A. Circuit 31 is comprised of
current-to-voltage sensor blocks 33 and 35, differential low pass filter 37, differential
error amplifiers 39 and 41, controllable current sources 43 and 47, low pass filter 49,
common mode isolation block 51, voltage clamps 53 and 55, and voltage regulator 57.
" Also shown in Figure 2B is an MR element 18.
Generally, the functional blocks in Figure 2B perform the same functions as

similarly named functional blocks in Figure 2A. However, in Figure 2B voltage
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at terminal B. Accordingly, voltage regulator 57 must maintain terminal A at higher
voltage than the voltage mamtamed at terminal B by voltage regulator 52 of Figure 2A.
In one embodiment, regulator 57 maintains terminal A at approximately 0.4 volts.

Since voltage regulator 57 is controlling the current IgAp1, controlled current
source 43 is controlling the current Ipgans. Source 43 is controlled by differenﬁal error
amplifier 39, which in turn is provided with the differential output signal of differential
low pass filter 37.

Each of the circuits shown in Figures 2A and 2B employ two feedback loops. In
circuit 30 of Figure 2A, the first loop controls Iggap; to cause the DC and low
frequency components of Iggap; to equal the DC and low frequency components of
IrRgaD2. The current Igpap, is controlled to maintain terminal B at a predetermined
voltage. The second feedback loop controls the sum of Igpapj and Ixgaps, so that the
common mode voltage at Dy and Dy equals the externally applied reference voltage
VgEer. Likewise, in circuit 31 of Figure 2B, the first loop controls Ixg Am-to cause the
DC and low frequency components of Ipgaps to equal the DC and low frequency
components of Igap;. The current Iggap; is controlled to maintain terminal A at a
predetermined voltage. The second feedback loop controls the sum of Iggap; and
IRgaD? so that the common mode voltage at Dy and Dy equals the externally applied
reference voltage VRgp.

These two feedback loops implement an electronic coupling capacitor. Since the
common mode DC component of the signals found at Dy and Dy is controlled to equal
the common mode DC component of the inputs of the circuit to which Dy and Dy are
coupled, and the differential DC and low fre?;uency components of the signals at Dy and
Dy are held at zero, no coupling capacitors are required to connect either circuit 30 or
circuit 31 to another circuit. The "capacitance” of the electronic coupling capacitor is

determined by the loop gains of the feedback loops and the locations of the poles of
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As previously discussed, the voltage clamps the voltage regulator protect MR
element 18 from a voltage discharge to magnetic media. In addition, both circuit 30 and
circuit 31 are designed to operate using a single-sided power supply in a non-biased
spindle configuration, as will become apparent when discussing Figures 3A, 3B, and 3C.

Figures 3A, 3B, and 3C together show a transistor level diagram of a preferred
embodiment of preamplifier circuit 30 of Figure 2A. To view the complete circuit,
Figure 3A should be positioned to the left of Figure 3B, and Figure 3C should be
positioned to the right of Figure 3B. Connections between the Figures are represented
by connector symbols having alphabetic identifiers. Connections which supply external
signals to circuit 30 are represented by connector symbols labelled "I_O."

In Figurés 3A-3C, components which comprise fhe blocks shown in Figure 2A are
identified by dotted line boundaries and identical reference numbers. Current-to-voltage
sensor blocks 32a-32b and 34a-34b, differential error amplifier 40, controllable current
sources 42a and 42b and controllable current sink 44, low pass filter 45, common mode
isolation block 46, voltage clamps 48a, 48b, and 50, voltage regulator 52, and MR
elements 18a and 18b are Shown in Figure 3B. Differential low pass filter 36 and
differential error amplifier 38 shown in Figure 3C.

Each MR element shown in Figure 3B has a first terminal labelled "A" and a
second terminal labelled "B." The embodiment of circuit 30 shown in Figures 3A-3C is
capable of supporting two MR elements. The first MR element is labelled 18a and the
second is labelled 18b. However, circuit 30 can be expanded to support any number of
MR elements. In the following discussion, the operation of circuit 30 will be explained
primarily with reference to MR element 18a.

In Figures 3A-3C, the term "phi" is defined as.being the voltage drop over a
forward biased base-to-emitter junction of a transistor. Typically, phi will be equal to
approximately 0.7 volts.
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voltage of 0.3 phi. Voltage regulator is comprised of transistors Q25, Q29, and Q30,
resistors R4, RS, R6, and R7, and current source I2. Resistors R7 and RS have a
resistance of R, resistor R6 has a resistance of 0.3R, and résistor R4 has a resistance of
0.1R.

The base-to-emitter jutlction of transistor Q30 is forward biased. Accordingly, the
base-to-emitter voltage drop is phi. Since the current through R7 is phi/R, and
approximately the same current flows through R6, the voltage at the base of transistor
Q25 is 1.3 phi. Transistor Q25 is also forward biased. Therefore, the voltage at the
emitter of Q25 is 0.3 phi, or about .21 volts. The emitter of transistor Q25 is coupled to
terminal B of MR element 18a, and during normal operation, maintains terminal B at a
voltage of 0.3 phi.

Voltage clamp 48 of Figure 2A is labelled 48a in Figure 3B ahd is implemented by
transistor Q17. The base and collector of Q17 are connected together and to terminal A
of MR element 48a to form a clamp diode between ground and terminal A. Transistor
Q19 implements voltage clatnp 48 for terminal A of MR element 18b. Transistor Q19 is
configured similarly to transistor Q17 and is labelled 48b. These two transistors prevent
the terminals to which they are coupled from exceeding a voltage of phi. _

Voltage clamp 50 is implemented by Q27. Q27 also has a common base-collector
connection, which in turn is connected to the B terminals of each MR element.
Transistor Q27 prevents the B terminals of each MR element from exceeding a voltage of
phi. Transistors Q17, Q19, and Q27 prevent any part of the MR elements from
exceeding a voltage of phi with respect to ground. Since spindle 12 and magnetic media
discs 14 of Figure 1 are electrically coupled to ground, transistors Q17, Q19, and Q27
prevent electrical discharge damage to the MR elements and the disc surfaces.

In Figure 2A, the current flowing through MR element 18 is Igyag. Ipyas is the
sum of the current Igg sy, Which comes from controllable current source 42, and the
current Ippy, which is controlled externally. In Figure 3A, the control current Ipg is

externally supplied to circuit 30. The circuit comprised of resistors R1 and R2,
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that the pdiaded by RRI can recel ve a

The current Ipgr is gated to MR element 18a by transistors Q7, then summed with
the current IpgAp1, Which flows from the emitter of transistor Q16. Transistor Q16
implements controllable current source 42 of Figure 2A for MR element 18a and is
labelled 42a. Transistor Q18 implements controllable current source 42 for MR element
18b and is labelled 42b.

The current flowing through the collector of Q16 is buffered by Q22. The base of
transistor Q22 is held at 2.4 phi through the action of transistor Q29 and resistors R4 and
RS. After the base-to-emitter drop of Q22, the voltage at the collector is Q16 is 1.4
phi. Transistor Q21 mirrors the current flowing through the collector of transistor Q22
into the current flowing out of collector Q15. Transistors Q22 and Q15 perform part of
the functions represented by current-to-voltage sensor 32 in Figure 2A and are labelled
32a.

By analogy, the emitter of transistor Q25 supplies the current labelled Ipgapo.
This current is buffered by Q24 and is mirrored by transistor Q23 into the collector of
transistor Q28. Transistors Q23 and Q28 perform part of the functions represented by
éurrent—to—voltage sensor 34 in Figure 2A and are labelled 34a.

The remainder of the functions provided by current-to-voltage sensors 32 and 34
are performed by the components within the dotted line boundary labelled 32b. This box
is also labelled 34b to correspond with Figure 2A. These components are resistor RS,
transistors Q31, Q32, Q33, and Q34, and current source 13.

The currents found at the collectors of transistors Q15 and Q28 are transformed
into voltages by the output impedances of transistors Q31 and Q32 in parallel with RS.
The currents flowing through the emitters of Q31 and Q32 equal the current sourced by
current source I3. The voltages found at the collectors of transistors Q31 and Q32 are
buffered by transistors Q34 and Q33, respectfully. The emitter of transistor Q34
supplies the output terminal Dy with one half of the differential output signal and the



strong signal fromthe el enent. However for other reasons, such as.cgst, it
may be desirabl e t dhivShest HasBeenReplanapl i fi er el sewhere. General Ly,;sthe [ 31 3
preanplifier will be ne of three places. First, it #day Yei ' ;’-1 L
bonded directly to a : la position simlar to |ocation 26.
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differenti al o, erential error anplifiers 38 and
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filter 45, common -~node. isolation block 46, voltage cl anps 48 and 50,

vol t age regeimingls 3¢ and\DsR
The differential output signal found at the terminals Dy and Dy is fed to

differential low pass filter 36. In Figure 3C, differential low pass filter 36 is
implemented by capacitor C2, resistors R12, R13, R14, and R15, and transistors Q39
and Q50. Transistors Q39 and Q50 are included to change the poles of differential filter
36 in certain situations, which will be described below.

The output of differential low pass filter 36 is provided to differential error
amplifier 38. In Figure 3C, differential error amplifier 38 is implemented by current
source I8, and transistors Q40, Q43, Q45, and Q48. Error amplifier 38 compares the
two differential components of the output of differential low pass filter 36 and produces a _
control signal at the collectors of Q40 and Q43, which are coupled together. The control
‘signal is fed through transistor Q9 and into the base of transistor Q16.

Resistors R10 and R11 of Figure 3B together form common mode isolation block
46. These resistors produce a common mode average signal of the two differential
output signals Dx and Dy. This common mode signal is applied to the base of Q35.

Differential error amplifier 40 compares the output of common mode isolation
block 46 with an externally supplied reference voltage Vpgg. In the preferred
embodiment shown in Figure 3B, differential error amplifier 40 is implémented by
current source 14 and transistors Q35, Q36, Q37, and Q38. The output of differential
error amplifier 40 is an error current and is found at the collectors of Q35 and Q36,
which are coupled together.

The error current produced by error amplifier 40 is applied to resistor R9. Resistor
R9 and capacitor C1 form low pass filter 45. The error current is integrated by capacitor
C1, forming a voltage which is applied to the .base of transistor Q26.

Transistor Q26 implements controllable current sink 44 and controls the common

mode component of the output signal at terminals Dy and Dy. Q26 receives the voltage



shown in Figure 2A Ts an MR element 18, which is al so shown nounted on
actuator 16 of Fi gmieshde: uMReE £ chtd 18 has a first termnal |abelled "A"
il

and a second term nal In the enbodi nent shown in Figure
1, spindle 12 and rraémmm scs 14 are electrically cdpdlefl Hid 8§ 3 j
resistance to the di ' :
by the ground synbols in Figure 2A

n groynd. This ground i s Uridpt ddehtigdi

from low pass filter 45 and regulat_es the current flowing through Q26. The current
flowing through Q26 is the sum of the currents Ixgapi, IREAD2, and IRgE-

Since the voltage at the collector of transistor Q26 is held to 0.3 phi, or about 0.21
volts, Q26 is operating in the boundary area between the saturation and active modes. In
this boundary area, Q26 is actually acting more like a field effect transistor, wherein the
voltage over capacitor C1 controls the current through transistor Q26.

It is important that transistor Q26 function as a controlled current source with such
a small collector-to-emitter voltage. In order for circuit 30 to operate correctly using a
single-sided power supply in a disc drive having a non-biased spindle configuration, the
collector voltage of Q30 must be low enough so that electrical discharge damage will not
occur if the MR element comes in contaét with the magnetic media.

Two other signals which are supplied externally to circuit 30 are HS and -RG.
These signals and the functions activated by them are not shown in Figure 2A. The
signal HS is the MR element select signal and is an acronym for the term "head select.”
The signal -RG determines whether circuit 30 will read data and is an acronym for the
term "read _gate". When -RG is low, circuit 30 is reading. When -RG is high, circuit 30
is not reading data and disc drive 10 is performing some other operation.

The circuitry responsible for processing the signals HS and -RG is shown in
Figﬁres 3A and 3B and includes monostable multivibrators MONO1 and MONO2, OR
gate A1, NOR gates A3, A4, and AS, invertor A2, and transistors Q1, Q7, Q8, Q9,
Q10, Q11, Q12, Q13, and Q14. In addition, circuit 30 includes a comparator circuit
which provides a signal in the event of contact between an MR element and the surface
of magneticl disc 14 of Figure 1. The comparator circuit is shown in Figure 3C and
includes current sources 17, 19, and 110 and transistors Q41, Q44, Q47 and Q49.

Monostable multivibrators MONO1 and MONO?2 are activated by high-to-low
transitions at their respective CLK inputs. When a multivibrator is activated, its Q
output wﬂl become and remain high for a predetermined time period. The R input, |
which is only utilised by MONO?2 will force the Q output low before the preselected time
period has expired. |



Vol t age cl anps 48 angh.S ensure that the voltage at either terrri"’g’qal} of=MR:;
el ement 18 does not eXg e laged| t age with respect to groundiilipne 'a’ o
enbodi nent, the clanp H .volts. The clanp voltage of 0.7 vol té, L
in conbination with t Wil ting resistance in series wth the
spindl e notor, ensures that neither M eljgrent 18 nor nmagnetic nedia 14 of
Figure 1 will be damaged by vol tage di scharge should the two cone in
contact with eagdsufmelthdt-RG has bedhhigh for hcsufﬁcié}ﬁlgi 1ong Bgdbdﬁef ka2 Theaht age
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term nal Bhiglbvsignal HS/is prexeated fsom affecting the outputsof %&R gaies Adlandded. at
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similarly affected. Q11 and Q8 are off and Q12 is on.

The outputs of NOR gates A3 and A4 are also provided to NOR gate AS, driving

the output of NOR gate AS high. When the output of NOR gate AS is high, transistors
Q1 and Q13 are on and transistor Q14 is off. When transistor Q1 is on, the resistance
encountered by the current which otherwise would run through resisfor Rl is close to
zero. Since the current Iggr is equal to the externally supplied current Igp multiplied by
the ratio of R1 divided by R2, current Izgy is zero when transistor Q1 is on. In
addition, the current Iggap is routed through transistor Q13 and resistor R3. The
resistance of R3 is chosen such the current Iggap; Will produce a voltage drop over R3
that approximates the voltage drop across a typical MR element having a current flow
equal to Igjas. By routing Ippap; through R3 when circuit 30 is inactive, the critical
components stay active and can respond quickly when -RG becomes low.

Now assume that -RG becomes low. The output of OR gate Al will becomé low,
which will activate MONO1 and set its Q output high for a predetermined time period.
When the Q output of MONOI becomes high, transistors Q39 and Q50 of differential
low pass filter 36 are turned on and_v)ill remain on until the Q output goes low. This
will increase the bandwidth of filter 36 by increasing the frequency of the pole location
in the amplifier transfer function. .By increasing the bandwidth of filter 36, the recovery
time required by filter 36 after a high-to-low transition of the -RG sighal is reduced.

After the predetermined time period, the Q output of MONOI retumns to low and
circuit 30 is in read mode. In read mode, the HS signal determines which MR element
is active. If HS is high, the output of NOR gate A3 will be low, with transistors Q9 and



which is used to detect resistance changes. The ot her conponent of
the current I[err] iTgisb eﬁﬁ%&ﬁeplnﬁdis provi ded by controll,abl e current

source 42 and is the is used to detect resistande i‘:hféngeg ian
MR el énent 18. I[err]H hrough current-to-vol t agd dénkdl BJ§ - l
Sensor 32 produces a voltage signal whichsvaries with the magnitude of
I[err]. This voltage signal is coupled to termnal Derr]. Termnal Dferr]
provi des oQF-offlahd efansister (}10fon; and tiel outpiit R INGR gatel Adiwildbe digh, ivitter 30.

The other half of the output signal is found at term nal Dy. The signal at
term nal Dposistprs Q1 pand Q8coh dnd transistortQ¥2oeff.olAcgrdinglpsMR &émeilh8bcwill bet
I[err] passes through sensor 34 and voltage regulator 52, and sensor 34
produces aameta!@el\/& ¢JementBacvillvberinactivei tWheBSria dow ; the @utgiut bf NOR gate

A3 will be high, with transistors Q9 and Q7 on and transistor Q10 off, and the output of
NOR gate A4 will be low, with transistors Q11 and Q8 off and transistor Q12 on.

Accordingly, MR element 18a will be active and MR element 18b will be inactive.

In the event of contact between a surface of magnetic disc 14 and an MR element,
the currents through both Q16 and Q25 will increase as current flows from the MR
element through magnetic discs 14 to the ground of disc drive 10. When the currents
through both of these transistors increase, it will be reflected in current-to-voltage
sensors 32a-32b and 34a-34b. Accordingly, the common mode voltage of the output
signals found at terminals Dy and Dy will increase. When the common mode voltage
increases, additional current will flow through transistors Q42 and Q46, which will result
in an increase in voltage at the base of transistor Q41.

The voltage at the base of transistor Q41 is compared to the voltage at the base of
transistor Q49, which is the externally supplied reference voltage Vygg. If the voltage at
the base of Q41 is greater than Vygp, the signal -C will go low, indicating that the MR
element has come into contact with a surface of magnetic disc 14. When -C goes low, it
activates monostable multivibrator MONO2 and the Q output of MONO2 goes high.
This has the same effect on circuit 30 as changing the state of -RG from low to high.
Accordingly, circuit 30 enters a standby mode wherein the current Iz is turned off and
the current Igpap is routed through resistor R3.

After a predetermined period of time, the Q output of MONO2 will return low and
normal operation will resume if the MR element is no longer in contact with a surface of
disc 14. If the MR element is still in contact, then -C will go low again and activate
another standby cycle. | |

Another signal which is provided external to circuit 30 allows the reference voltage
provided by VGEN to be ﬁltered This signal is labelled FIL and would be coupled to
an external capacitor in an assembled disc drive 10.
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7 - Differential low pass filter 36 receives the voltage signals found
at termnals O err]TharsdeeTﬁsaaad: Replhde@r s out the high frequency’ conponent io

the differential sig ly, the differential output: i ghal jpfH |
- filter 36 contains o | ow frequency conponents of the signal
. found at term nal's err] an err]. 16 Differential error anplifier 38

receives the differential output signal of filter 36 and produces a control
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! e ‘DC and | ow frequency conponents
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- The differential signal at termnals Dierr] and Dlerr] is also supplied to
common noddor eapling capasitorsibetrgeendbenutputofitheipredmglifier and dukinp6t sugedofces a
signal representing the common conponent of the signals found at termnals
Derr] and%@ﬁﬂc“gm-h respect to ground. Differential error

amplifier 40 recejves the signal_produced by common node isolation block 46
and conpares i teln\’iﬁ‘ec W%f%)ﬁ@"l‘&ﬁeis Bieypated yoliage dischargereithen by using agwo-
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regulator maintains a minimal voltage difference between the MR element and the disc
surface. The difference is small enough to prevent voltage discharge without requiring a
biased spindle. In addition, since the preamplifier of the present invention uses a
transistor operating near saturation to control the common mode component of the
differential output signal, the preamplifier can be powered by a single-sided power
supply.

In the prior art, a first feedback loop was used to minimise the differential DC and
low frequency component of the preamplifier output signal while a second feedback loop
Was used to regulate the voltage of the MR element to prevent damage from voltage
discharge. The second loop also affected the DC common mode component of the
differential output signal. Accordingly, coupling capacitors were required to remove the
DC common mode component.

In the present invention, protection from voltage discharge is provided by a voltage
regulator. Therefore, a second feedback loop is available to control the common mode
DC and low frequency components of the output sigqal. By having a first feedback loop
eliminate the differential DC and low frequency components, while a second feedback
loop regulates the common mode DC and low frequency components, the output signal
of the preamplifier of the present invention implements an electronic coupling capacitor.
The capacitance of the electronic coupling capacitor is altered when the preamplifier of
the present invention is placed in read mode, thereby reducing the settling time of the
circuit.

Since the preamplifier of the present invention implements an electronic coupling

capacitor, there is no need to use physical capacitors to connect the preamplifier to other



of the circuitry to which the differential output of circuit 30 is

provi ded. Differential error anplifier 40 conpares t i I
produced by conmon node isol ation block 46 to the signal Vgrﬁ]vfﬁ I Fj A L
Differential error anplifier 40 then produces an error signal ichis-Tte

to low pass filter 45. Low pass filter 4%yrenoves the high frequency
conponent of the error signal produced by error anplifier 40, and
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- The current flowng through current sink 44 is“the sumof I[err], I[err],
~and 1] err] constructediittitie phBarhplifter of dhkpisa iavengibayi ng preanpl i fier circuit
- 31, which is an alternative enbodi nent of circuit 30 shown in Figure 2A

~ Grcuit 31 is edthougls dik présentiinvention as\beeh dgscribed with fefeverics 13 preferded S,
differential |ow pass filter 37, differential- error anplifiers 39 and 41,
cont r ol | ablembodiments, vearkersakilléd imthe at¥ will cecopaiss that changes!fiay be mmadle imfiokm
i solation block 51, voltage clanps 53 and 55, and voltage regul ator 57.

Al so shownané detai) withonpdeparting fremcthe iseope ofghe inventieneral |y, the functi onal
bl ocks in Figure 2B performthe sane functions as simlarly naned
functional blocks in Figure 2A. However, in Figure 2B voltage
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regul-ator 57 nodul ates the current I[err] as opposed to I[err], to maintain
a predetermned voltage at termnal A of MR elenent 18. Since the current
I[err] flows fromterm’ mal—Ato termnal B, the voltage at terminal A wll
. be higher than t m nal B. Accordingly, voltage regul ator
57 nmust mai nt ai n I@im Bj m her vektage than the voltage naintained
at termnal B by 52 of "Figure 2A 15 MAY 1935

LATM,

1. A preamplifier circuit for producing at first and second output terminals (D, Dy)
a differential output signal derived from a magneto-resistive element (18) that is coupled
to the preamplifier at first and second element terminals (A, B), protecting the magneto-
resistive element from voltage discharge between the magneto-resistive element and
magnetic media, and coupling the first and second output terminals to other circuitry
without physical coupling capacitors, wherein the preamplifier circuit is powered by a
single ended power supply (Vcc), the preamplifier circuit characterised by comprising:

means (42) for producing a first read signal (Ixgap)that is aﬁplied to the magneto-
resistive element;

means (44) for producing a second read signal (Irgap2);

means (32) for deriving a first output signal from the first read signal;

means (34) for deriving a second output signal from the second read signal,
wherein the first and second output signals together form the differential output signal;

a first feedback loop (36, 38) that adjﬁsts a magnitude of the first read signal to
cause differential DC and low frequency components of the first output signal to equal
differential DC and low frequency components of the second output signal; and

a second feedback loop (46, 40, 45, 44) that adjusts a magnitude of a sum of the
first and second read signals to cause common. mode DC and low frequency compdnents

of the differential output signal to equal a reference voltage.
2. A preamplifier as claimed in claim 1 and further comprising:
means (52) for maintaining the second element terminal at a predetermined voltage

with respect to a voltage of the magnetic media.

3. A preamplifier (30) for use with a magneto-resistive element (18), the preamplifier

comprising: Sheet Has Been Replaced
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. Source 43 is contro

I'n one enbodi ment, regulator 57 maintains termnal A at approxinatel y 0.4

vol ts. Sinc r 57 is controlling the c:ﬁ B’ui I

I[err],controlled mﬂgmimm' F is controlling the curre rt]] HAL
I erential error anplifier 39, whlchlnturn

I's provided with the dlfferentlal out put 16i gnal of differential |ow pass

filter 37. Each of the circuits shown in Figures 2A and 2B enpl oy

- two feedback Iqommmterﬁhfapwfo%%%léf Hg?e&@;hﬁe?@oﬁ'ﬂr&tte Bl &0k O S

. I[err] to cause the DC and nents of I[err] to equal the

- DC and | ow rhagagtieiesistiveodlBmenst(18); of I[err] The current I[err] is
controlled to maintain termnal B at a predeterm ned

a second MR terminal (B) for coupling the preamplifier to a second terminal of the

magneto-resistive element (18);

a first preamplifier output terminal (Dx);

a second preamplifier output terminal (Dy), wherein a differential output signal is
provided at the first and second preamplifier output terminals; characterised by

a controlled current source (42) having a current output (IREAb) coupled to the
first MR terminal and a first control input which controls a magnitude of current
provided at the current output;

first output means (32) for producing a first output signal that provides an
indication of the magnitude of current provided at the current output, the first output
signal coupled to the first prﬁmpliﬁer output terminal; |

a controlled current sink (44) having a current input coupled to the second MR
terminal, and a second control input which controls the magnitude of current consumed
at the current input;

second output means (34) for providing a conduction path from a voltage supply
(Vce) to the second MR terminal and for producing a second output signal that is
coupled to the second preamplifier output terminal, the second output signal providing an
indication of a magnitude of current flowing though the conduction path;

means (38) for producing a first error control signal based on differential DC and
low frequency components of the differential output signal, the first error control signal
coupled to the first control input of the controlled current source; and

means (40) for producing a second error control signal based on common mode DC_
and low frequency components of the differential output signal and a referen_ce voltage
signal (VREF), wherein the second error control signal is coupled to the controlled

current sink.
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vol tage. The seco1°rd~f—eedbaele—l—eep_r;ontrol s the sumof I[errf;and;l[efr].
that the como vol tage at Dferr] and Derr] equals t ke iéxtdjnal,lyyd
appl i ed reference mﬁm[uﬂ’[ml Lﬂl Likewise, in circuit 31 of Figure 2B,

the first loop co ause the DC and | ow frequency
conponents of I[err] to equal ihe DC andag ow frequency conponents of

I[err]. The current I[err] is controlled to maintain termnal A at a

predeterm ged x Mﬁ@ﬁ&@eﬁﬁ%%&ﬁﬁﬂ%ﬂﬁxﬁﬂ&mﬂﬂ the sumof I[err]

and I[err] so that the commn node voltage at Dierr] and Derr] equals the
external ly. appﬁw&ﬁagdleéﬂhm((ﬁ)vcduphﬂﬁo‘ﬂiﬁetdmdMRtermn“ﬂll.ese two feedback

| oops i npl enment an el ectronic coupling capacitor. Since the
5. A preamplifier as claimed in claim 3 or 4 and further comprising:
a reference current source having an independently controllable reference current

output (IREE) coupled to the first MR terminal.

6. A preamplifier as claimed in claim 3, 4 or 5 and further comprising:

first clamping means (48) coupled to the first MR terminal, for preventing the first
MR terminal from exceeding a predetermined voltage; and

second clamping means (50) coupled to the second MR terminal, for preventing the
second MR terminal from exceeding a predetermined voltage.

7. A preamplifier (31) for use with a magne_to-resistive element (18), the preamplifier
comprising:

a first MR terminal (A) for coupling the preamplifier to a first terminal of the
magneto-resistive element;

a second MR terminal (B) for coupling the preamplifier to a second terminal of the
magneto-resistive element; |

_a first preamplifier output terminal (Dy);

a second preamplifier output terminal (Dyx), wherein a differential output signal is
provided at the first and second preamplifier output terminals;

a controlled current source (43) having a current output coupled to the second MR
terminal and a first control input which controls a magnitude of current provided at the
current output; | _

first output means (35) for producing a first output signal that provides an
indication of the magnitude of current provided at the current output, the first output

signal coupled to the first preamplifier output terminal;
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common node DC corrpomm‘s*found at Derr] and Derr] is
controlled to equal corrpon'ent of the inputs of the
circuit to which Dfer rmﬂmnmw;"i&a coupl ed, and the differential DC
and | ow frequency conpdnerststofn

si'gnal s at D[err] and D& M hel d
at zero, no coupling capacitors are requzr ed to connect eith eg A@Eﬁs
or circuit 31 to another circuit. The "capacitance" of the electronic
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terminal, and a second control input which controls the magnitude of current consumed
at the current input;

second output means (33) for providing a conduction path from a voltage supply to
“the first MR terminal and for producing a second output signal that is coupled to the
second preamplifier output terminal, the second output signal providing an indication of
a magnitude of current flowing through the conduction path; |

means (39) for producing a first error control signal based on differential DC and
low frequency components of the differential outbut signal, the first error control signal
coupled to the first control input of the controlled current source; and

means (41) for producing a second error control signal based on common mode DC
and low frequency components of the differential output signal and a reference voltage
signal (VRgg), wherein the second error control signal is coupled to the controlled

current sink.

8. A preamplifier as claimed in claim 7 and further comprising:

a voltage regulator (57) coupled to the first MR terminal.

9. A preamplifier as claimed in claim 7 or 8 and further comprising:
a reference current source having an independently controllable reference current

output (Ixgg) coupled to the first MR terminal.

10. A preamplifier as claimed in claim 7, 8 or 9 and further comprising:

first clamping means (53) coupled to the first MR terminal, for preventing the first
MR terminal from exceeding a predetermined voltage; and

second clamping means (55) coupled to the second MR terminal, for preventing the

second MR terminal from exceeding a predetermined voltage.
I ——
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9 filters 36 and 45 in circuit 30, and filters 37 and 49 in circuit 31.

Accordingly, both circuits mnimses the nunber of capaci tors reqw red to
construct disc dri As previously di £} afd’!

vol t age cl anps theﬁ“ﬂﬂﬂlmﬁunﬁ “p protect MR el enment 18 fﬁ-b % [
di scharge to magnetit rfedita. "I n®addition22both circuit 30 and circuit

are designed to operate using a single-sided power supply in a non-biased

spi ndl e cobl.i gArdisc drive having af leist onedise [{P4)r maintshem a GpindlesdRyahEdmer es 3A,
3B, and 3C. Figures 3A, 3B, and 3C together show a transistor |evel

di agr am of havipg 8 feagnetic mediacuirfacethabis maintainediat a medid valtage; 30 of Fi gure 2A.
To view the conplete circuit,
at least one actuator arm (16) movably coupled with respect to the disc, said arm
having a respective magneto-resistive element (18) mounted thereon and proximate the
magnetic media surface of the disc; and

a preamplifier (30, 31) as claimed in any one of the precediﬂg claims.

This Sheet Has Be°n Re lacec




Fi gur-e 3A shoul d be positioned to the left of Figure 3B, and Figure 3C
should be ©positioned to the right of Figure 3B. Connections: between the
Figures are represented by connector synbols having al phab;@t Lc _
identifiers. Connections which supply external signals to c_iir_bjuifth@ ard !
represented by connector synbols |abellegg"l _O" I n -Fi gures 3AS3C |
conponents which conprise the blocks shown in Figure 2A are identified by
dotted |line boundaries and identical reference nunbers. Current-to-voltage
sensor bl ocks 32a-32b and 34a-34b, differential error anmplifier 40,

control |l able current sources 42a andABRYRAQT control | abl e current sink 44,
| ow pass filter 45, comon node isolation block 46, voltage clanps 48a,
48b, and 50, voltage regulator 52, and MR el enents 18a and 18b are shown in
Figure 3B. Differential |ow pass filter 36 and -

A PREAMPLIFIER CIRCUIT FOR A
MAGNETO-RESISTIVE HEAD

A preamplifier circuit (30, 31) amplifies signals from a magneto-resistive element
(18). The preamplifier circuit utilises a voltage regulator (52) to regulate one terminal of
a magneto-resistive element at a predetermined voltage. A first feedback loop (36, 38) is
used to minimise a differential DC component and a differential low frequency
component of the differential output signal. A second feedback loop (46, 40, 45) is
utilised to cause a common mode component of the differential output'signal to track an
externally supplied reference voltage (Vygp). The preamplifier of the present invention
protects the magneto-resistive elements from short circuits of the disc medium, is

powered by a single-ended power supply, and is capable of being coupled with other

circuitry without physical coupling capacitors.
- This Sheet Has Been Replac
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differential error anplifier 38 shown in Figure 3C Each MR el enent
shown in Figure 3B has a first termnal labelled "A" and a second term na

| abel l ed "B." The enbodi ment of circuit 30 shown in Figures 3A-3Cis

capabl e of supporting two MR el enents. The first MR el ement i$: [iabelhed #8
~and the second is |abelled 18b. Howé&er, circuit 30 can be expd@d%Q}tpig S l
- support any nunber of MR elenents. In the foll ow ng discussion, the ¥

operation of circuit 30 will be explained primarily with reference to MR

el enent 18a. In Figures 3A-3C, the term"phi" is defined as being the
vol tage drop over a forward bi ased base-to-emtter junction of a
transistor. Typically, phi will be equal to approximately 0.7 volts.
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10 . Vol tage regul ator 52 maintains the voltage of termnal B of MR

el ement 18a at a voltage of 0.3 phi. Voltage regulator is conprised of
transistors @5, @9, and B0, resistors R4, R5, R6, and R7, and: current“ A
sourcé 12. Resistors R7 and R5 have a resistance of R resistoF Rb thas @;: A
resi stance of 0.3R,. and resistor R4 h ég resi stance of 0.1R The T

base-to-emtter junction of transistor O is forward bi ased. -Accordingly,
t he '
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base-to-emtter voltage drop is phi. Since the current through R7 is phi/R
and approximately the sanme current flows through R6, the voltage at the

base of- transistor @5 is 1.3 phi. Transistor 25 is also forward bi ased.
Therefore, the voltage at the emtter of Q25 is 0.3 phi, or about. .21

-~

volts. The emtter of transistor Q@5 is3ébupled to termnal B of MR | P

el ement 18a, and during nornal operation, maintains termnal B at-a:

vol tage of 0.3 phi. Vol tage clanp 48 of Figure 2A is | abelled 48a in

Figure 3B and is inplenmented by transistor QL7. The base and col |l ector of
QL7 are connected together and to termnal A of MR elenent 48a to forma
clanp di ode between ground and termnal A Transistor QL9 inplenents
voltage clanp 48 for termnal A of MR elenent 18b. Transistor QL9 is
confi gured simlarly to transistor QL7 and is Iabelled 48b. These two

transistors prevent
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the termnals to which they are coupled from exceeding a voltage of phi

Vol tage clanp 50 is inplenmented by Q7. Q@7 also has a common :
base-col | ector connection, which in turn is connected to the B term nals of
each MR elenment. Transistor Q7 prevents the B termnals of § qh ﬂm% ) .
el ement from exceeding a voltage of pHi/é Transistors QL7, QLY -and £2 fif
prevent any part of the MR elenents from exceeding a voltage of phi™ Wﬁth
respect to ground. Since spindle 12 and magnetic nedia discs 14 of Figure 1
are electrically coupled to ground, transistors QL7, QL9, and Q@7 prevent
el ectrical discharge danage to the MR el enents and the disc surfaces.

In Figure 2A, the current flowing through MR elenent 18 is I[err]. I[err]
is the sumof the current I[err], which cones fromcontrollable current

-

: source 42, and the
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current I[err], which is controlled externally. In Figure 3A, the control

current I[err] is externally supplied to circuit 30. The CIrCUIt conprlsed

of resistors Rl and R2, e

11 transistors QL, @@, B, &, &, B, and current source Ilniqrn;a cyrﬁent
multiplier. The current I[err], therefore, is equal to the current I[err]

multiplied by the ratio of Rl d|V|ded by R2. The current I[err] is
gated to MR el ement 18a by transistor$/67, then summed with the current

~I[err], which flows fromthe emtter of transistor QL6. Transistor QL6
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I mpl ements controllable current source 42 of Figure 2A for MR el enent 18a
and is | abell ed 42a. Transistor Q18 i npl enents control |l able current source
42 for, MR el erent 18b and is 1abelled 42b. The currentpflkow Bg ,
through the collector of QL6 is buffered by Q2. The base of*tga SQF 051
Is held at 2.4 phi through the action éfé6transistor 9 and F edi 3
and R5. After the base-to-emtter drop of @2, the voltage at the
collector is QL6 is 1.4 phi. Transistor @1 mrrors the current flow ng
t hrough the collector of transistor 22 into the current flow ng out of
collector Q15. Transistors Q2 and QL5 performpart of the functions
represented by current-to-voltage sensor 32 in Figure 2A and are | abelled
32a. By anal ogy, the emtter of transistor 25 supplies the current
| abelled I[err]. This current is buffered by 24 and is mrrored by
transistor 23 into the collector of transistor 28. Transistors Q3 and
Q@8 performpart of the functions represented by current-to-voltage sensor
34 in Figure 2A and are | abelled 34a. The renmai nder of the functions
provi-ded by current-to-voltage sensors 32 and 34 are perfornmed by the
conponents within the dotted |ine boundary | abelled 32b. This box is al so
| abel l ed 34b to correspond with Figure 2A. These conponents are resistor
R8,
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transi stors 81, B2, @3, and QB4, and currept "m‘;‘&! figny: paged ""Ifﬂepaged\m:
currentg found at the collectors of transisto 8t QB & %ILPMF%-- g
into voltages by the output mpedances of trahsfsfBVingR 1 paged clgtojpagedel®
parallel with R38. The currents flow ng througp Hebstagt t erpaged ¥t resed QB2 |

equ p—t-ire—c pOy ced by current soarce |3. The voltages fou at thef
col eBEWQE@#—Nf%Ef fors @1 and B2 are buff eD;é\fl‘Eb@FtRE(TE[ISI‘Q...{.‘| ..........

@3} fespectfully. ffThp emt epRFAmFIm FORIAS he output
ter%ﬁ' alo PIAPR 999 th pne haPA the di;fferential output signal and the
12 ' MAGNETO-RESISTIVEHEAD

n

-

The present invention is a umporar magneto-resistive preamplifier for use in a disc
drive having a magneto-remsuve elément Specifically, the preamplifier of the present
invention utilises a voltage regplator to maintain a voltage at one terminal of a magneto-
resistive element, a first feedback loop to minimise a differential DC component and a
differential low frequency component of the preamplifier output signal, and a second
feedback loop to maintain a common mode component of the preamplifier output signals.

Magneto-resistive (MR) elements can read data from magnetic surfaces having data
stored at high densities. In the disc drive art, MR elements are also referred to as MR
heads or MR sensors. In addition, the term "magneto-restrictive” is sometimes used in
place of the term "magneto-resistive. "

The resistance of an MR element is, in part, a fﬁncﬁon of the strength of the
magnetic field to which it is exposed. A read signal is generated by positioning the MR
element proximate magnetic media, moving the magnetic media with respect to the

~ element, and measuring the change in resistance of the element.
Typically, an MR element is biased by either a constant current or a constant
( | voltage. As the magnetic flux passing through the element varies, a preamplifier detects

the resistance changes of the MR element. In the constant current configuration, the
change in voltage over the MR element is detected. In the constant voltage

= configuration, the change in current passing through the element is detected. The output
of the preamplifier is then provided to other amplification and decoding circuitry for
further processing. |

Since the resistance of an MR element varies with magnetic field strength, the

signal provided by the MR element is based not only on the data written on the magnetic
media, but also on the distance between the element and the media. In addition,
temperature and process variations also affect the steady-state resistance of an MR
element. Accordingly, it is desirable to produce a preamplifier output signal that varies
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the differential voltage output signal. Current sofir¢es |5 and |6 prpvide a
current sink for the currents at the enmitters of tfjahsiz1ARR @9 ahd] B4,

respectively, and help regulate the voltages at tefmjnals Dl err] ahd
Derr]. The differential output sigpnal foundjat € termnals
Derr]Jand Dierr] is fed to differential |low pass fiilter 36 .10 Figurk 3C
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Figure 3C,_differential error anplifier 38 is inplenented by current source
| 8, and t rBateatsNos 4,7Q6(138(Fove epab, disciosedascirdnitr whereinpthe famplified antpus sigeal t he
two differential conmponents of the output of differential |ow pass filter
36 and pr o@pesented ghentransient change inclament sesistanceslivided by)the stgadysfate whi ch
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into the p&sitagee of thegmagnstic element, or altergatively, AR/Rq oThe gireunt diselosgd by Joves

made i sol ation bl ock 46.. These, res ars produce a
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distance between the MR element and the surface of the magnetic media.

o~

Another problem addressed in the prior art is protecting an MR element and a
magnetic media surface from damage caused by a voltage discharge. Such a discharge
can occur if a large enough voltage exists between the media surface and the element,
and the two come sufficiently close to each other.

This problem is addressed by Jove et al., U.S. Patent No. 4,879,610. In this
patent, Jove et al. disclosed a protector circuit which maintains a fixed potential between
the centre of an MR element and an externally supplied reference voltage. A feedback
loop employing a low pass filter is used to keep the voltage of the MR sensor at the same
voltage as the externally applied reference voltage. The externally applied reference

( voltage is close to, if not the same as, the voltage at which the spindle and magnetic
media are biased. In one embodiment, the spindle and media are connected to the disc
drive's electrical ground, and the reference voltage is derived from a connection to the

= electrical ground. Accordingly, if the MR element should come into contact with the

| magnetic media, the voltage difference between the element and the media will be
minimised and damage from a voltage discharge will be prevented.

One problem with the circuit disclosed by Jove et al., is that the circuit requires a
two-sided power supply. In the preferred embodiment disclosed by Jove et al., the
voltage of the MR element is maintained at the circuit ground potential (approximately
zero volts), and a bias current is maintained through the MR element. Accordingly, one
terminal of the MR element must be maintained above the ground voltage and the other
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Di fferential error anplifier 40 conpares the outpu
I sol ation block 46 with an externally supplied ref
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the preferred enbodi nent shown in Figure 3B, diff 3
40 is inplenented by current source 14 and transisftors O35, 86, @37, and
@B8. The output of differential error a ifier 4 is an error curr nt and

is found at the coIIectors of B5 and @6, Wmch
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Derr] and D[err] 26 receives the voltage -

element is to utilise a biased spindle configuration. In a biased spindle configuration, the
rotating magnetic media is DC biased to some voltage away from the circuit common.

Using this type of configuration, the protective circuit disclosed by Jove et al. can be
operated with a single-sided power supply, with the spindle biased at a voltage level

between the circuit common and the supply voltage provided by the single-sided power
supply. However, biasing the spindle at a voltage away from the circuit common is not
desirable because the spindle must be electrically insulated from the rest of the drive to
prevent a short-circuit.

Another problem which has proved challenging in the prior art is coupling the
preamplifier output signal to other circuitry. Since the MR element must be DC biased,
there is typically a DC bias in the output signal. Of course, a common method of
removing a DC component from a signal is to use coupling capécitors. However,
coupling capacitors are large and require significant space on a circuit board. In
addition, disc drives often employ many MR elements and preamplifiers, and therefore
require many coupling capacitors.

( This problem was addressed by Belk in U.S. Patent No. 4,833,559. Belk disclosed

multiplexing plural MR elements into a single off chip capacitor. By multiplexing the
MR elements, the number of capacitors required is minimised, and the component count

- is reduced. In addition, all the multiplexing transistors can be included on a single

~ integrated circuit.
Another patent to Jove et al., U.S. Patent No. 5,103,353, discloses an MR

amplifier circuit having a first feedback loop which provides short circuit protection and
a second feedback loop which minimises the differential DC component in the output
signal. The first feedback loop is similar to the feedback loop disclosed in U.S. Patent
No. 4,879,610. The second feedback loop equalises the DC and low frequency
components of two currents flowing through the collectdrs of two transistors. The
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common mode DC and low frequency components of the output signal are affected by

the operation of the first feedback loop. Accordingly, coupling capacitors are still

required to couple the amplifier output to other amplification circuitry that has an input

stage with a different DC reference point. In addition, in a disc drive configuration not

- having a biased spindle, the preferred embodiment of this circuit requires a two-sided

{ power supply to maintain the voltage of the MR element at the same voltage as the
magnetic media.

A preamplifier according to the preamble of claim 1 is known from EP-A-
455472(US-A-5103353).

It is an object of the present invention to provide a preamplifier circuit for a
magneto-resistive head in a disc drive system which obviates the aforementioned
problems.

The preamplifier according to the invention is defined in claim 1.

In one embodiment of the present invention, each of two terminals of the MR

element are coupled to voltage clamps to ensure that the voltage difference between the
- MR element and the magnetic media does not exceed a specified value.
Embodiments of the present invention will now be described with reference to the

accompanying drawings, of which:

Figure 1 is an exploded perspective view of a disc drive which utilises the unipolar
magneto-resistive (MR) preamplifier of the present invention;

Figure 2A is a block diagram' showing the unipolar MR preamplifier that is utilised
in the disc drive of Figure 1;



occur if-the MR elenent conmes in contact with the 'E%.

Two ot her signals which are supplied externallyjte circuit 30 afe[HS and
~-RG These signals and the functions activated by|tZ2hARR 198% Ehpwn in

- Figure 2A. The signal HSis the MR elenent sel ¢c{ signal and ip hn acronym
| for the term"head select." The signal - 5 detefm nes whether Cirguit 30
wWill read data and is an acronymfor the “termtread gate". Wen jRGis

. low, circuit 3fd ' - ' ' b Gl | '

data and di sc Ay 2H3¢ ok Hiitam Tioking uf HeiShlid Linpllnich 6P tnd GipoR?
circuitry M pRAIpHRer SRywPlOFasd 24 hAe Signals HS and -RG is shown in

Fi gures 3A and 3B and i ncludes nonostable nmultivibrators MONOL and MONC2,
OR gate Al, NEfgugss!Is-38%re iransistod IVl diagysiis Sliowidg the @nipoRn MRipreamplifier’,
@B, @, «QOo, Ql1, Q2, Qt3, and Ql4. In addition, circurt 30 includes a
conpar at oroftFigare 2A. '

Figure 1 is an exploded perspective view showing a head/disk assembly (HDA) 10
whic}_l uses a preamplifier of the present invention. HDA 10 includes spindle 12,
magnetic media discs 14, and actuator 16. Mounted on actuator 16 are MR elements 18
(one of which is shown in this Figure). Also mounted on actuator 16 is circuit board 20,
which is connected by flexible circuit 22 to circuit board 24.

The preamplifier of the present invention produces an output signal which is
provided to other circuitry for further processing. Ideally, the preampiiﬁer should be
mounted as close as possible to the MR element so that the preamplifier can receive a
strong signal from the element. However for other reasons, such as cost, it may be
desirable to mount the preamplifier elsewhere. Generally, the preamplifier will be
mounted in one of three places. First, it may be bonded directly to actuator 16in a
position similar to location 26. Second, it may be positioned on circuit board 20, which
is attached to actuator 16. Finally, it may be mounted to circuit 24, which is attached to
base casting 28 of HDA 10.

( Figure 2A is a block diagram showing the magneto-resistive (MR) preamplifier
circuit 30 of the present invention. Circuit 30 is comprised of current-to-voltage sensor
blocks 32 and 34, differential low pass filter 36, differential error amplifiers 38 and 40,
= - controllable current source 42, controllable current sink 44, low pass filter 45, common
mode isolation block 46, voltage clamps 48 and 50, and voltage regulator 52. Also
shown in Figure 2A is an MR element 18, which is also shown mounted on actuator 16
of Figure 1. MR element 18 has a first terminal labelled "A" and a second terminal
labelled "B."
In the embodiment shown in Figure 1, spindle 12 and magnetic media discs 14 are
electrically coupled via a resistance to the disc drive's common ground. This ground is

represented by the ground symbols in Figure 2A.



whi ch provides a signal in the event of contact Qe WEM{ENI@RS%&EJ nt and
the surface of magnetic disc 14 of Figure 1. The fcdnparator circyiff is
tshown in Figure 3C and includes current sources 1j7,] 121 APR 1999 an
transistors Q41, 44, 47 and Q49. Monost aljl ¢ nul ti vi brat of s { MONOL

- and MONO2 are activated by high-to-low tgansitidns at tnerr respe¢tive CLK
[inputs. Wien a multivibrator is activated, its QLoutput wll becoge and
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- period has1®yses ®st-exceed a clamp voltage with respect to ground. In one embodiment, the
clamp #oltage is 0.7 volts. The clamp voltage of 0.7 volts, in combination with the
current liﬁliting resistance in-series with the spindle motor, ensures that neither MR
element 18 nor magnetic media 14 of Figure 1 will be damaged by voltage discharge
should the two come in contact with each other. '

While circuit 30 is reading data, voltage regulator 52 regulates the voltage of
terminal B of MR element 18 by modulating the current Igans. In one embodiment,
voltage regulator 52 maintains terminal B of MR element 18 at a voltage of
approximately 0.21 volts. Since a current Ig;as runs from terminal A, through MR
element 18 to terminal B, the voltage at terminal A will be higher than the voltage at
terminal B. However, voltage clamp 48 will ensure that the voltage at terminal A does
not exceed the clamp voltage.

The current through MR element 18 is Igras. Ippas is comprised of the currents
Irgr and Ipgap;. Irgr is controlled by a signal generated external to circuit 30 and
provides a DC component of Igpsg that is required to operate MR element 18 in a region
where resistance changes can be detected. However, Ipgp does not provide the current
which is used to detect resistance changes.

{ The other component of the current Igyas is IRgap:- IREAD] iS provided by
controllable current source 42 and is the current which is used to detect resistance
changes in MR element 18. Iggap; also passes through current-to-voltage sensor 32.
= Sensor 32 produces a voltage signal which varies with the magnitude of Ippap;. This
voltage signal is coupled to terminal Dy. Terminal Dy provides one-half of the
differential output signal of preamplifier 30.

The other half of the output signal is found at terminal Dy. The signal at terminal
Dy is provided by current-to-voltage sensor 34. The current Ireap, passes through
sensor 34 and voltage regulator 52, and sensor 34 produces a voltage signal which varies

with the magnitude of Iggap2.
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Since. 1 he. out poireroiow 7854 Bt SRR W slitals oyl of BB |2

affected. dgliiDgnmd Hiteds Sutthé higl freliericy cofponent of the differential signal.
Accordingly, the differential output signal of filter 36 contains only the DC and low
frequency components of the signal found at terminals Dy and Dy.

Differential error amplifier 38 receives the differential output signal of filter 36 and

produces a control signal which is provided to controllable current source 42. Amplifiet
38 controls current source 42 to minimise the DC and low frequency components of tlie
differential output signal found at terminals Dy and Dy.

The differential signal at terminals Dy and Dy is also supplied to common mode
isolation block 46. Common mode isolation block 46 produces a signal representing the
common component of the signals found at terminals Dy and Dy with respect to ground.

Differential error amplifier 40 receives the signal produced by common mode -
isolation block 46 and compares it with an externally supplied voltage reference signal
Vrer- In one embodiment, Vygy is equal to the DC reference point of the input stage
of the circuitry to which the differential output of circuit 30 is provided.

Differential error amplifier 40 compares the signal produced by common mode
isolation block 46 to the signal VRgp. Differential error amplifier 40 then produces an
error signal which is fed to low pass filter 45. Low pass filter 45 removes the high
( frequency component of the error signal produced by error amplifier 40, and produces-a

control signal which is provided to controlled current sink 44 The current flowing
through current sink 44 is the sum of Igap1, IReAD2, and IRgg.

Figure 2B is a block diagram showing preamplifier circuit 31, which is an
alternative embodiment of circuit 30 shown in Figure 2A. Circuit 31 is comprised of
current-to-voltage sensor blbcls 33 and 35, differential low pass filter 37, differential
error amplifiers 39 and 41, controllable current sources 43 and 47, low pass filter 49,
common mode isolation block 51, voltage clamps 53 and 55, and voltage regulator 57.
Also shown in Figure 2B is an MR element 18.

Generally, the functional blocks in Figure 2B perform the same functions as
similarly named functional blocks in Figure 2A. However, in Figure 2B voltage
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critical at terminal B. Accordingly, voltage regulator 57 must maintain terminal A at higher

Zer o.

voltage than the voltage maintained at terminal B by voltage regulator 52 of Figure 2A.
In one émbodiment, regulator 57 maintains terminal A at approximately 0.4 volts.

Since voltage regulator 57 is controlling the current Ingap;, controlled current
source 43 is controlling the current Iggapy. Source 43 is controlled by differential error
amplifier 39, which in turn is provided with the differential output signal of differential
low pass filter 37.

Each of the circuits shown in Figures 2A and 2B employ two feedback loops. In
circuit 30 of Figure 2A, the first loop controls IReaD: to cause the DC and low
frequency components of Iggap; to equal the DC and low frequency components of
Ireap2- The current Ippap, is controlled to maintain terminal B at a predetermined
voltage. The second feedback loop controls the sum of Iggap; and Iggapo so that the
common mode voitage at D and Dy equals the externally applied reference voltage
Vrer. Likewise, in circuit 31 of Figure 2B, the first loop controls Irgapy to cause the
DC and low frequency components of Im to equal the DC and low frequency

i components of Igpap;. The current Igpap; is controlled to maintain terminal A é.t a
predetermined voltage. The second feedback loop controls the sum of Iggapy and.
IRgAD? So that the common mode voltage at Dy and Dy equals the externally applied
reference voltage VRgp.

These two feedback loops implement an electronic coupling capacitor. Since the
common mode DC component of the signals found at Dy and Dy is controlled to equal
the common mode DC component of the inputs of the circuit to which Dy and Dy are
coupled, and the differential DC and low frequency components of the signals at Dy and
Dy are held at zero, no coupling capacitors are required to connect either circﬁit 30 or
circuit 31 to another circuit. The "capacitance” of the electronic coupling capacitor is

determined by the loop gains of the feedback loops and the locations of the poles of
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As previously discussed, the voltage clamps the voltage regulator protect MR

element 18 from a voltage discharge to magnetic media. In addition, both circuit 30 and
circuit 31 are designed to operate using a single-sided power supply in a non-biased
spindle configuration, as will become apparent when discussing Figures 3A, 3B, and 3C.

Figures 3A, 3B, and 3C together show a transistor level diégram of a preferred
embodiment of preamplifier circuit 30 of Figure 2A. To view the complete circuit,
Figure 3A should be positioned to the left of Figure 3B, and Figure 3C should be
positioned to the right of Figure 3B. Connections between the Figures are represented
by connector symbols having alphabetic identifiers. Connections which supply exiemal
signals to circuit 30 are represented by connector symbols labelled "I_O."

In Figures 3A-3C, components which comprise the blocks shown in Figure 2A are
identified by dotted line boundaries and identical reference numbers. Current-to-voltage
sensor blocks 32a-32b and 34a-34b, differential error amplifier 40, controllable current
sources 42a and 42b and controllable current sink 44, low pass filter 45, common mode
isolation block 46, voltage clamps 48a, 48b, and 50, voltage regulator 52, and MR

{ elements 18a and 18b are shown in Figure 3B. Differential low pass filter 36 and
differential error amplifier 38 shown in Figure 3C.

Each MR element shown in Figure 3B has a first terminal labelled "A" and a

- second terminal labelled "B." The embodiment of circuit 30 shown in Figures 3A-3C is
capable of supporting two MR elements. The first MR element is-labelled 18a and the
second is labelled 18b. However, circuit 30 can be expanded to support any number of
MR elements. In the following discussion, the operation of circuit 30 will be explained
primarily with reference to MR element 18a.

In Figures 3A-3C, the term "phi" is defined as.being the voltage drop over a
forward biased base-to-emitter junction of a transistor. Typically, phi will be equalto

approximately 0.7 volts.
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‘| ow, the output of NOR gate A3 will be high, [with transistors [0 and Q7 on
and transi st orygitibeNebulafft 52 MgintihOthe voltage of terminal B of MR element 18a at a

voltage of 0.3 phi. Voltage regulator is comprised of transistors Q25, Q29, and Q30,
resistors R4, RS, R6, and R7, and current source I2. Resistors R7 and RS havea
resistanc¢ of R, resistor R6 has a resistance of 0.3R, and resistor R4 has a resistance of
0.1R.

The base-to-emitter junction of transistor Q30 is forward biased. Accordingly, the
base-to-emitter voltage drop is phi. Since the current through R7 is phi/R, and
approximately the same current flows through R6, the voltage at the base of transistor
Q25 is 1.3 phi. Transistor Q25 is also forward blased Therefore, the voltage at the
emitter of Q25 is 0.3 phi, or about .21 volts. The emitter of transistor Q25 is coupled to
terminal B of MR element 18a, and during normal operation, maintains terminal B at a
voltage of 0.3 phi.

Voltage clamp 48 of Figure 2A is labelled 48a in Figure 3B and is implemented by
transistor Q17. The base and collector of Q17 are connected together and to termmal A
of MR élement 48a to form a clamp diode between ground and terminal A. Transistor
Q19 implements voltage élamp 48 for terminal A of MR element 18b. Transistor Q19 is
configured similarly to transistor Q17 and is labelled 48b. These two transistors prevent
the terminals to which they are coupled from excwding a voltage of phi.

Voltage clamp 50 is implemented by Q27. Q27 also has a common base-collector
connection, which in turn is connected to the B terminals of each MR element.
Transistor Q27 prevents the B terminals of each MR element from exceeding a voltage of
phi. Transistors Q17, Q19, and Q27 prevent any part of the MR elements from
exceeding a voltage of phi with respect to ground. Since spindle 12 and magnetic media
discs 14 of Figure 1 are electrically coupled to ground, transistors Q17, Q19, and Q27
prevent electrical discharge damage to the MR elements and the disc surfaées.

In Figure 2A, the current flowing through MR element 18 is Igas. Ipyas is the
sum of the current Iggap;, Which comes from controllable current source 42, and the
current Ipgp, which is controlled externally. In Figure 3A, the control current Igpis
externally supplied to circuit 30. The circuit comprised of resistors R1 and R2,



NCRgéte-A4 will be low, with transistors Q]

Tt ansi stor QL2

on. "Accordingly, MR elenent 18a will be actijvg and MR el eneft |18b will be

i nactive. In the event of contact betwedn{a 2JrARR 4999 netic disc
14 and an MR elenent, the currents through Hotth QL6 and Q@5iwjl | increase
as current flows fromthe MR el enent thr1 ughl magnetic discs 14 to the

ground of di sc drive 10. Wen the culrrent tQrough both of these
LLAnSt SUO" SadsGASTOE: Qb o ol B8, G B e sl A U e
Tode vl t ap pREel TRHE) e fs kgl he birker i mARpfEd By Y i LR gD T

transi st or

onaeﬂ curren h transistors

QA2 and OldividedibyRr2Y | | result in an increase in voltage at the base of
transi stor 41. The voltage at the base of transistor 41 is conpared

to the vol t ageThé cifentIges i%aétgﬁ MR elefifenfd8a byvransdistors QP ctheli semnidd With

supplied reference voltage

c——

If the voltage at
the current Ipgap;, Which flows from the emitter of transistor Q16. Transistor Q16

implements controllable current source 42 of Figure 2A for MR element 18a and is
labelled 42a. Transistor Q18 implements controllable current source 42 for MR element
18b and is labelled 42b.

- The current flowing through the collector of Q16 is buffered by Q22. The base of
transistor Q22 is held at 2.4 phi through the action of transistor Q29 and resistors R4 and
RS. After the base-to-emitter drop of Q22, the voltage at the collector is Q16 is 1.4
phi. Transistor Q21 mirrors the current flowing through the collector of transistor Q22
into the current flowing out of collector Q15. Transistors Q22 and Q15 perform part of
the functions represented by current-to-voltage sensor 32 in Figure 2A and are labelled
32a. | |

By analogy, the emitter of transistor Q25 supplies the current labelled Ipgap).
This current is buffered by Q24 and is mirrored by transistor Q23 into the collector of
transistor Q28. Transistors Q23 and Q28 perform part of the functions represented by
current-to-voltage sensor 34 in Figure 2A and are labelled 34a.

The remainder of the functions provided by current-to-voltage sensors 32 and 34
are performed by the components within the dotted line boundary labelled 32b. This box
is also labelled 34b to correspond with Figure 2A. These components are resistor R8,
transistors Q31, Q32, Q33, and Q34, and current source I3.

The currenfs found at the collectors of transistors Q15 and Q28 are transformed
into voltages by the output impedances of transistors Q31 and Q32 in paralle]l with R8.
The currqntS flowing through the emitters of Q31 and Q32 equal the current sourced by
current source I3. The voltages found at the collectors of transistors Q31 and Q32 are
buffered by transistors Q34 and Q33, respectfully. The emitter of transistor Q34
suppliés the output terminal Dy with one half of the differential output signal and the
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The differential output signal found at the terminals Dy and Dy is fed to

differential low pass filter 36. In Figure 3C, differential low pass filter 36 is

implemented by capacitor C2, resistors R12, R13, R14, and R15, and transistors Q39

and Q50. Transistors Q39 and Q50 are included to change the poles of differential filter

36 in certain situations, which will be described below.

The output of differential low pass filter 36 is provided to differential error
amplifier 38. In Figure 3C, differential error amplifier 38 is implemented by current
Source I8, and transistors Q40, Q43, Q45, and Q48. Error amplifier 38 compares the
two differential components of the output of differential low pass filter 36 and produces a
control signal at the collectors of Q40 and Q43, which are coupled together. The control
signal is fed through transistor Q9 and into the base of transistor Q16.

Resistors R10 and R11 of Figure 3B together form common mode isolation block
46. These resistors produce a common mode average signal of the two differential
output signals Dy and Dy. This common mode signal is applied to the base of Q35.

{ Differential error amplifier 40 compares the output of common mode isolation
block 46 with an externally supplied reference voltage Vrgp. In the preferred
embodiment shown in Figure 3B, differential error amplifier 40 is implémented by
current source 14 and transistors Q35, Q36, Q37, and Q38. The output of differential
error amplifier 40 is an error current and is found at the collectors of Q35 and Q36,
which are coupled together.

The' error current produced by error amplifier 40 is applied to resistor R9. Resistor
R9 and capacitor C1 form low pass filter 45. The error current is integrated by capacitor
Cl1, forming a voltage which is applied to the base of transistor Q26.

Transistor Q26 implements controllable current sink 44 and controls the common

mode component of the output signal at terminals Dy and Dy. Q26 receives the voltage
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flowing through Q26 is the sum of the currents Ixgap1, IREAD2, and IRgp-

Since the voltage at the collector of transistor Q26 is held to 0.3 phi, or about 0.21
volts, Q26 is operating in the boundary area between the saturation and active modes. In
this boundary area, Q26 is actually actfng more like a field effect transistor, wherein the
voltage over capacitor C1 controls the current through transistor Q26.

It is important that transistor Q26 function as a controlled current source with such
asnmﬂcd&w&x¢oemﬁhtvoﬁup.Inonkxﬁmuﬁumﬁ30ﬂ:qpuﬂzodmuﬂWuﬂnga
single-sided power supply in a d1sc drive having a non-biased spindle configuration, the
collector voltage of Q30 must be low enough so that electrical discharge damage will not
occur if the MR element comes in contact with the magnetic media.

Two other signals which are supplied externally to circuit 30 are HS and -RG.
These signals and the functions activated by them are not shown in Figure 2A. The
signal HS is the MR element sgl‘ect signal and is an acronym for the term "head select."
The signal -RG determines whether circuit 30 will read data and is an acronym for the
term "read gate". When -RG is low, circuit 30 is reading. When -RG is high, circuit 30
is not reading data and disc drive 10 is performing some other operation.

The circuitry responsible for processing the signals HS and -RG is shown in
Figures 3A and 3B and includes monostable multivibrators MONQO1 and MONO2, OR
gate A1, NOR gates A3, A4, and AS, invertor A2, and transistors Q1, Q7, Q8, Q9,
Q10, Q11, Q12, Q13, and Q14. In addition, circuit 30 includes a oompai'ator circuit
which provideS a signal in the event of contact between an MR element and the surface
of magnetic disc 14 of Figure 1. The comparator circuit is shown in Figure 3C and
includes current sources 17, I9, and I10 and transistors Q41, Q44, Q47 and Q49.

‘Monostable multivibrators MONO1 and MONO?2 are activated by high-to-low
transitions at their respective CLK inputs. When a multivibrator is activated, its Q
output will becbme and remain high for a predetermined time period. The R input,
which is only utilised by MONO2 will force the Q output low before the preselected time
period has expired.
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The outputs of NOR gates A3 and A4 are also provided to NOR gate AS, driving

the output of NOR gate AS high.' When the output of NOR gate AS is high, transistors

Q1 and Q13 are on and transistor Q14 is off. When transistor Q1 is on, the resistance
encountered by the current which otherwise would run through resistor R1 is close to
zero. Since the current Irgy is equal to tﬁe externally supplied current Igg multiplied by
the ratio of R1 divided by R2, current Ipgp is zero when transistor Ql ison. In
addition, the current Iggap; is routed through transistor Q13 and resistor R3. The
resistance of R3 is chosen such the current Iggap; Will produce a voltage drop over R3
that approximates the voltage drop across a typical MR element having a current flow
equal to Igjas. By routing Igpap; through R3 when circuit 30 is inactive, the critical
{ components stay active and can respond quickly when -RG becomes low.
Now assume that -RG becomes low. The output of OR gate Al will become low,
which will activate MONOI1 and set its Q output high for a predetermined time period.
= When the Q output of MONOI1 becomes high, transistors Q39 and Q50 of differential
low pass filter 36 are turned on and will remain on until the Q output goes low. This
will inc_:rease the bandwidth of filter 36 by increasing the frequency of the pole location
in the amplifier transfer function. By increasing the bandwidth of filter 36, the recovery
time required by filter 36 after a high-tb—low transition of the -RG signal is reduced.
After the predetermined time period, the Q output of MONOI returns to low and
circuit 30 is in read mode. In read modé, the HS signal determines which MR element
is active. If HS is high, the output of NOR gate A3 will be low, with transistors Q9 and
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active and MR element 18a will be inactive. When HS is low, the output of NOR gate-
A3 will be high, with transistors Q9 and Q7 on and transistor Q10 off, and the output of
NOR gate A4 will be low, with transistors Q11 and Q8 off and transistor Q12 on.

- Accordingly, MR element 18a will be active and MR element 18b will be inactive. -

In the event of contact between a surface of magnetic disc 14 and an MR element,
the currents through both Q16 and Q25 will increase as current flows from' the MR
element through magnetic discs 14 to the ground of disc drive 10. When the currents
through both of these transistors increase, it will be reflected in current-to-voltage
sensors 32a-32b and 34a-34b. Accordingly, the common mode voltage of the output
signals found at terminals Dy and Dy will increase. When the common mode voltage
increases, additional current will flow through transistors Q42 and Q46, which will result
in an increase in voltage at the base of transistor Q41.

The voltage at the base of transistor Q41 is compared to the voltage at the base of
transistor Q49, which is the externally supplied reference voltage Vygp. If the voltage at
the base of Q41 is greater than Vggp, the signal -C will go low, indicating that the MR
element has come into contact with a surface of magnetic disc 14. When -C goes low, it

( activates monostable multivibrator MONO2 and the Q output of MONO2 goes high.
This has the same effect on circuit 30 as changing the state of -RG from low to high.
Accordingly, circuit 30 enters a standby mode wherein the current Irgp is turned off and

~ the current Iggap; is routed through resistor R3.

After a predetermined period of time, the Q output of MONO2 will return low and
normal operation will resume if the MR element is no longer in contact with a surface of
disc 14. If the MR element is still in contact, then -C will go low again and activate
another standby cycle. .

Another signal which is provided external to circuit 30 allows the reference voltage
provided by VGEN to be filtered. This signal is labelled FIL and would be coupled to
an external capacitor in an assembled disc drive 10.
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The unipolar MR preamplifier of the present'invention operates with a single-ended
power supply, eliminates damage caused by voltage discharge, and eliminates the need
for coupling capacitors between the output of the preamplifier and the input stage of
other circuitry.

In the prior art, preamplifiers preventéd voltage discharge either by using a two-
sided power supply or by biasing the spindlé. In the present invention, a voltage
regulator maintains a minimal voltage difference between the MR element and the disc
surface. The difference is small enough to prevent voltage discharge without requiring a
biased spindle. In addition, since the preamplifier of the present invention uses a
transistor operating near saturation to control the common mode component of the
differential output signal, the preamplifier can be powered by a single-sided power
supply.

In the prior art, a first feedback loop was used to minimise the differential DC and
low frequency component of the preamplifier output signal while a second feedback loop
was used to regulate the voltage of the MR element to prevent damage from voitage
discharge. The second loop also affected the DC common mode component of the
differential output signal. Accordingly, coupling capacitors were required to remove the

DC common mode component.

In the present invention, protection from voltage discharge is provided by a voltage
regulator. Therefore, a second feedback loop is available to control the common mode
DC and low frequency components of the output signal. By having a first feedback loop
eliminate the differential DC and low frequency components, while a second feedback
loop regulates the common mode DC and low frequency components, the output signal
of the preamplifier of the present invention implements an electronic coupling capacitor.
The capacitance of the electronic coupling capacitor is altered when the preamplifier of
the present invention is placed in read mode, thereby reducing the settling time of the
circuit.

Since the preamplifier of the present invention implements an electronic coupling

capacitor, there is no need to use physical capacitors to connect the preamplifier to other
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nmeans {44) for producing a second read current signal (l[err]);
means (32) for deriving a first voltage output signal fromthe first read
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CLAIMS

1. A preampliﬁer circuit for producing at first and second output terminals (Dx,
Dy) a differential output signal derived from a magneto-resistive element (18) that is
{ coupled to the preamplifier at first and second element terminals (A, B), the circuit

comprising

means for protecting the magneto-resistive element from voltage discharge
between the magneto-resistive element and magnetic media, means for powering the
preamplifier circuit by a single ended power supply (Vcc),

means (42) for producing a first read current signal (Irgap;) that is applied to
the magneto-resistive element;

numns(44)ﬁn;noduchmui&xmndrmmimnnaﬁsh;ud(humpﬂ;

means (32) for deriving a first voltage output signal from the first read current
signal;

means (34) for deriving a second voltage output signal from the second read

~ current signal, wherein the first and second output signals together form the

differential voltage output signal;

a first feedback loop (36, 38) that adjusts a magnitude of the first read current
signal to cause differential DC and low frequency components of the first voltage
output signal to equal differential DC and low frequency éomponents of the second

voltage output signal; and characterised by

requency



voltage out put signal; and characterised by

a second feedback | oop (46, 40, neﬂmcr:mﬁ‘f ‘,E%CEE[[IS%S a

magmtude of a sumef—the first and second reaq GuUrrent—stgmat3 o cause

conmon node DC and | ow 2 1 APR 1999

| ARE O I

a second feedback loop (46, 40, 45, 44) that adjusts a magnitude of a sum of
the first and second read current signals to cause common mode DC and low
frequency components of the differential output voltage signal to equal a reference
voltage (Vgrer) and

means for coupling the first and second output terminals to other circuitry

without physical coupling capacitors.

2. A preamplifier circuit as claimed in claim 1 and further comprising:
means (52) for maintaining the second element terminal at a predetermined

voltage with respect to a voltage of the magnetic media.

3. A preamplifier (30; 31) as claimed in claim 1, the preamplifier comprising:

a first MR terminal (A) for coupling the preamplifier to a first terminal of the
magneto-resistive element (18); '

a second MR terminal (B) or coupling the preamplifier to a second terminal of
the magneto-resistive element (18);

a controlled current source (42; 43) having a current output (Ireap) coupled to
one of the first or second MR terminals and a first control input which controls a

magnitude of current provided at the current output;
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said first voltage output means (32; 35) producing a first output signal that
provides an indication of the magnitude of current provided at the current output, the
first output signal coupled to the first preamplifier output terminal;

a controlled current sink (44; 47) having a current input coupled to the second
MR terminal, and a second control input which controls the magnitude of current
consumed at the current input;

said second voltage output méans (34; 33) providing a conduction path from a
voltage supply to the other of the first or second MR terminals and for producing a
second voltage output signal that is coupled to the second preamplifier output
terminal, the second output signal providing an indication of a magnitude of current
flowing through the conduction path;

the output of said means (38; 39) for producing a first error control signal
based on differential DC and low frequency components of the differential output
signal being coupled to the first control input of the controlled current source; and

the output of said means (40; 41) for producing a second error control signal
based on common mode DC and low frequency components of the differential output
signal and a reference voltage signai (Vrer) being coupled to the controlled cuueﬂt |

sink.

4. A preamplifier as claimed in claim 3, wherein the controlled current source
(42) is coupled to the first MR terminal and the second output means (34) is connected

to the second MR terminal (Fig. 2A).



3. *Apreanplifier (30; 31) as clained in claim1l1, the preanplifier
conpri si ng: a first MRtermnal (A SR ~nreanplifier
to a first term -resistivp BERLABEMENTLSHEET a
second MR term nal mﬁi or coupling the preanpl [TTer—to—=a—segord term nal of
. t he magnet o-resi stji Mt opt e urjrgnt source

- (42; 43) having a, cljm "t"lm,ml [g‘err]g copup] e ‘{glpko%g of| tthe first or
'second MR terminals and a fi rst control~3npuy ' _

5. A preamplifier as claimed in claim 4 and further comprising:

a voltage regulator (52) coupled to the second MR terminal (Fig. 2A).

6. A preamplifier as claimed in claim 3, wherein the controlled current source
(43) is coupled to the second MR terminal and the second output means (33) is

connected to the first MR terminal (Fig 2B).

7. A preamplifier as claimed in claim 6 and further comprising:

a voltage regulator (57) coupled to the first MR terminal (Fig 2B).

8. A preamplifier as claimed in any of claims 3 to 7 and further comprising:
an externally controllable reference current source having an independently

controllable reference current output (Irer) coupled to the first MR terminal.

9. A preamplifier as claimed in any of claims 3 to 8 and further comprising:
first clamping means (48) coupled to the first MR terminal, for preventing the

first MR terminal from exceeding a predetermined voltage; and



magni.t ude of current provided at the current aoutput:

- 20- . said first voltage output nea SREQZ\CEQENT pm-tE«ﬂl]c ng a first
out put signal that—provides an indication o pf | current
g

’ * [ L M S * : 2 i

second clamping means (50) coupled to the second MR terminal, for

preventing the second MR terminal from exceeding agredetermined voltage.

10. A disc drive having at least one disc (14) mounted on a spindle (12), the disc
having a magnetic media surface that is maintained at a media voltage:

at least one actuator arm (16) movably coupled with respect to the disc, said
arm having a respective magneto-resistive element (18) mounted thereon and
proximate the magnetic media surface of the disc; and.

a preamplifier (30, 31) as claimed in any one of the preceding claims.



first. output signal coupled to the first preanplifier output terndnal
a controlled current sink (44; 47) having a CurreREPHﬂHNEN¢Q9EE¢d to the
~second MR termnal, and a second control input G- he

magni t ude of current ~consuned at the current inpdt sdi d second
"voltage output means (34; 33) providing ascondu tionZﬂaABprgﬂ1a vol t age
- supply to the other of the first or second MR tgrninals and for Ipjoducing a
. second voltage output signal that is coupled to the second preanpliifier
output termnal, the second output signal providi ek oA of a
. magni tude of current flow ng througlABSTRAQUCtI on pat h;

|
I

A PREAMPLIFIER CIRCUIT FOR A
MAGNETO-RESISTIVE HEAD

A preamplifier circuit (30, 31) amplifies signals from a magneto-resistive element
(18). The preamplifier circuit utilises a voltage regulator (52) to regulate one terminal of
a magneto-resistive element at a predetermined voltage. A first feedback loop (36, 38) is
used to minimise a differential DC component and a differential low frequency
component of the differential output signal. A second feedback loop (46, 40, 45) is
utilised to cause a common mode component of the differential output signal to track an
externally supplied reference voltage (Vrgp). The preamplifier of the present invention
protects the magneto-resistive elements from short circuits of the disc medium, is
powered by a single-ended power supply, and is capable of being coupled with other
circuitry without physical coupling capacitors.

Fig. 2A



the out.put of said nmeans (38; 39) for producing a first error control

si gnal +based on differential DC and“l'ow"firequenc onpanent-s—&f the
differential output signal being coupled to [hg ﬁthEMEWDISHEBT i nput of the
controlled current source; and t he ouf pyi—et—satd—means| (40; 41)
for producing a second error contridb signal based gl)n hofle DC and

‘I ow frequency conponents of the differential @ut pLZ %Wmd a reference
voltage signal (V[err]) being coupled to the qontrolled cur t1 sink.

—




4 A preanplifier as clained in claim3, wherein the controlled current

saurce- (42) is coupled to the first MR terrg ohd out put
~neans (34) is connected to the second MR té*rREMCEMENB.S J.
-21 - : .
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5..° Awpreanplifier as clained in claim4 and further conprising:
a voltage regul ator (52) coupled to the second MR termnal (Fig. 2A).

. 6. A preanplifier as clained in claim rer-ei- e gonjrol l ed current
source (43) is coupled to the second MR tleREPRA{ER t'He_sécond out put
means (33) is connected to the first3/BR tlerfmnal (Fig ZB)'!. 7. A
“preanplifier as claimed in claim6 and furjt r\;ZOPRPRi‘Png‘ : _
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a voltage regulator (57) coupled to the first MRtermnal (Fig 2B). 8.

A preanplifier as clained in any of clains 3 to 7 and further conprising:

.an externally controllable reference current source having an i ndependently

controll abl e reference current output (l[erg]) coupled to the first MR

term nal . 9. . A preanplifier asifl ai npdqgppy of sake 3 to 8 and

“further - conprising: first clanping e : edk to the first
2 1 APR 1999

MR termnal, for preventing the




first MR termnal from exceeding a predeternined vol tage; and

-220 - second cl anpi ng neans (50) coupled to the second MR term nal,
.for preventing the second MR term nal from exceeding a predeterm ned
vol t age.
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10.. A disc drive having at | east one disc (14) nounted on a spindle (12),
the disc having a magnetic nedia surface that is naintained at a nedia
.vol t age: at | east one actuator arm (16) novably coupled with
respect to the disc, said armhaving a respective nagneto-resistive

el ement (18) nounted thereon and pr@femate the magnetic nedia surface of

t he disc; and a preanplifier (30, 3™ assc, 1 amy one of the

2 1 APR 1999
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