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ELECTRONIC MAGNETORESISTIVE SENSOR BIASING -

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to magnetoresistive (MR)
sensor biasing. More particulariy, the present invention relates

to magnetoresistive sensor biasing methods and circuits.

2. Description of the Related Art

W
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For the purpose of this disclosufe, the terms
"magnetoresistive (MR) sensor" and "MR head" both encompass any
magnetoresistive element ﬁsed for detecting a vary}ng magnetic
field by detecting a change in resistance AR of_the element
resistance R; caused by variations in the magnetic field. Also
for purposes of this disclosure, the terms MR sensor and MR head
are bc;h not limited to magnetic recordihg elements only.
Examples of embodiments of MR sensors that are contemplated to be
within the scope of these two terms include, but are not limited
to, barber pole MRs, dual MRs, soft adjacent layer MRs,
differential MRs, spin valve MRs, tunnel junction MRs and giant
MRs. ' |

An MR sensor is an energetically passive sensor that uses a
sense current (or voltage) for detecting a change in sensor
resistance in the form of a signal voltage or signal current.

The sense current may also be used for providing all or part of a

magnetic bias for the sensor that is needed for proper MR sensor
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operation. This disclosure does not distinguish between sense
and bias current (or voltage). The terms - (MR sensor) bias
current and voltage are used interchangeably throughout this
disclosure. The biaéing'and readout electronics associated with
an MR sensor are generally'referfed to as an arm electronic (AE)
modulé.

The physical characteristics of an MR sensor are determined
by the properties of the materials used, the MR sensor sandwich
configuration, and the sensor dimensions, that is, the thickness,.-;e
height and length of the sensor. The dimension having the
greatest tolerance in externally exposed MR sensors used for
magnetic recording is the sensor heigh; hf The tolexrance on this
dimension is for compensating for head wear and l%pping for tape
heads, and for ABS lappipg for disk drive heads. |

Figure 1(a) shows the physical relatiqnships between the
different resistances forming the total MR head resistance Ry;.
Figure 1(b) shows a schematic diagram for an electrical model of
resistance R;. The total MR head iesiStance R, is measured at
terminals 10 and 11 of the AE module. The MR head and the AE
module are shown as part of a disk drive 12 in Figure 1(a). The
portionhbf the total MR head resistance that varies in accordance
with a varying magnetic field is the sensor resistance R, with
thé resulting changﬁwfﬁ“%esistance being indicated as AR;.
Resistance R; varies inversely prdportional to the sensor height
h. The total héad lead resistance R, is the résistance of the

wires to the pre-amplifier of the AE module and the resistance of
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the back-leads BL-inside the MR head. ULastly, the total front-
lead resistance of the MR head is indicated as R;. Resistance R,
also varies inversely proportional to the sensor height h.
However, R; shows no signal variations for varying magnétic

field. Equations (1)-(4) represent these principles in symbolic

notation.
Ry, =R, + R, + Ry (1)
Res Rg < 1/h, Q) ..
h= sensor'height, (3)
and
Rg = Rgy + ARy (signal induced). (4)

In Figures 1l(a) and 1(b) and throughout the following
disclosure, bias current I, egquals head bias current I,. The
voltage Vy is the bias voltage appearing across the total MR head
resistance Ry. Voltage V, is the bias voltage ap_pe‘aring across
sensor resistance R; and front lead resistance R,. Voltage Vg is
the bias voltage appearing across sensor resistance R;. Height h
is the bhysical height of the sensor.

There are three conventional approaches for providing MR
se'ﬁsor biasing: a constant bias current scheme; a constant bias
voltage scheme; and an adjusted bias current scheme for attaining
constant bias voltage. The term "constant® as used when

referring to biasing schemes indicates a biasing invariability



AW

-~y

4

from sensor to sensor in view of manufacturing tolerances. For a
conventional constant bias current scheme, the same bias/sense DC
current is applied to all MR heads by AE wmodules during
manufacturing of a product regardless of the respective head
/ registances,. sensor heights, etc., of the MR heads. Figures 2(a)
and 2(b) illustrate an example of biasing conditions for an MR
head for different éensor resistances R; for a conventional
constant bias current I, scheme. If I; in Figure 2(a) is 10 ma,
for example, Figure 2(b) shows that the head bias voltage Vy
varies accordingly between 200 mV and 500 mV as R; varies between
20 and 50 Ohms.

For a conventional constant bias voltage schene, the same
bias/sense DC voltage is applied to all MR heads iri1 a product by
an AE module. Figures 2{c) and 2(d) illustrate exemplary bias
conditions for an MR head for different sensor resistances R; for
a conventional constant bias voltage Vy; scheme. If the bias
voltage V, appearing across the sensor resistance Rg in
Figure 2(d) is 500 mV, for example, Figure 2(c) shows that the
bias current I, through the MR head varies inversely proportional
to the total head_resistance Ry.

U.S. 5,309,294 to Cahalan, issued May 3, 1994, discloses
voltage biasing circuit that provides a constant bias voltage for
an“MR head. According to Cahalan, voltage biasing circuit
includes a nulling circuit.that adjusts the output of the voltage
biasing circuit. The nulling circuit effectively increases the

output of the voltage biasing circuit by an amount that is
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approximately equal to a cable drop across any parasitic cable -

resistances that are present. The Cahalan circuit uses a -

resistive element having a resistance that is an estimate of the

parasitic cable resistance for generating the nulling voltage.

appearing across the back-leads inside an MR head.

In the conventional adjusted bias current scheme for

' This approach, however, does not compensate for any voltage drop

attaining a constant bias voltage, the bias current through the

MR head is adjusted during manufacturing to be inversely

proportional to the MR head resistance Ry, achieving an

essentially constant MR head bias voltage.

must be measured: during the manufacturing process.

The resistance Ry

None of these conventional MR head biasing scheme compensate

for variations in physical characteristics of the MR head that

occur during the manufacturing process, specifically, the sensor

dimension tolerances. Consequently, operation of an MR head

biased by a conventional biasing scheme is typically not at oxr

near the operational optimum for the head. Further,

uniform

magnetic performance from MR head to MR head of a product, that

is, less variability in wmagnetic performance from head to head

regardléss of manufacturing tolerances, is not typically

achieved.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an MR

head biasing scheme that generally allows for variations in the

This Sheet Has Been Re;
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physical characteristics of an MR sensor occurring during -
manufacturing, specifically for the physical tolerances of £he
head occurring during manufacturing. In this regard, the present
invention allows for operation of an MR head at or closer to the
operational optimum of the MR sensor, and achieves a more uniform
magnetic performance from sensor to sensor regardless of physical
variations within manufacturing tolerances than conventional
biasing schéaes.

It is another object of the present invention to provide a
sensor biasing scheme that does not rely on head resistance Ry

measurements. Consequently, it is an object of the present

‘invention tc make use of a "head model" that is based on the head

lead resist?nce R, and the bias voltage V, appearing across the
sensor resistance Rg; portion of the total head resistance Ry that
is proportional to the sensoxr height h and that is varying with
the magnetic data signal. Additionally, it is an object of the
present invention to use a controlled current source to achieve
constant.curréﬁt density Jg in an MR sensor and a constant
temperature rise of an MR sensor, regardless of sensor height h..
Consequently, maximum allowable bias is provided for all heads in
a produét with respect to limits set in accordance with

electromigration and interdiffusion. It is an object of the

~ present invention for the MR sensor biasing schemes of the

invention to be used in conjunction with a signal current sensing

{low input impedance) readback amplifier (|2;,,| <« Ry), as well as

This Sheet Has Been Rer
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with a signal voltage -sensing high input impedance readback
amplifier (|Z;,| » Ry . : -

To achieve these and other objects, one embodiment of the
present invention provides a bias circuit that generates a bias
current I, and a bias voltage V; for a magnetoresistive (MR)
transducer. The bias voltage V, is a voltage produced by the
bias current I, flowing through a .total resistance Ry of the MR
transducer, where the total resistance Ry is the sum of a sensor
resistance R;, a total head lead resistan'ce R,, and é total Ze X
front-lead resistance R,. This embodiment of the present
invention includes a multiplier, a comparator, a controller and a
current generator. The multiplier has first and second inputs‘in
which the first input receives a first signal that is related it;o
the bias current I; and the second input receives a second signal
that is related to thé bias voltage V,. The multiplier generates
a prc;duct signal that is proportional to a product of the first
and second signals. The comparator compares the product signal
to a reference signal that i_s proportionalf to a predetermined
bias power P, dissipated by the MR transducer, and generates a
control signal. The controller is responsive to the control
signal iﬁy controlling one of the bias current I, and the bias
voltage Vy or both I; and V,, and as a result controls the bias
po.t.ver P, dissipated -by the MR transducer to a predetermined
value. Preferably, the controller is 'responsiv-e to the control
signal by contrelling the current generator to generate the bias

curxrent I.

AM9-96-032
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According to the "invention, the multiplier includes a _
current sink circuit and a differential amplifier. An input of
the current sink circuit receives the second signal and, in
response, the current sink circuit generates an output current
that is proportional to the bias voltage Vy. The differential
amplifier has an iﬁput and an output, and is biased by the output
current of the current sink circuit. The differential amplifier
input receives the first signal and the output of the .
differential amplifier output is therefore proportional to a 2
product of the 5ias current I, and the bias voltage V. More
specifically, the current sink circuit includes a first
transistor having first, second and third nodes; and a first
resistor. The second signal is coupled to the first node of the
first transistor. The first resistor is coupled between the
second node of the first transistor and a first power supply
node. The differential amplifier includes second and third .
transistors, and second andfthira-resistors. The second and
third transistors each have first, second énd third nodes, where
the first signal is coupled between the first node of each of the
second and third transistors. The second node of each of the

second and third transistors are coupled to the third node of the

first transistor. The second resistor is coupled between the

third node of the second transistor and the second power supply
node, while the third resistor is cqupled between the third node
of the third transistor and the second power supply node. The

output of the differential awplifier appears between the third

\

This Sheet

i



THIS SHEET HAS BEEN
REPLACED

node of the second transistor and the third node of the third
transistor. Preferably, the comparator is an adder circuit
coupled to the third node of.the second transistor and the third
node of the third transistor. The adder circuit adds to the
output of the differential amplifier a predetermined current
signal that is related to the reference signal.

Another embodiment of the present invention provides a
biasing circuit for a magnetoresistive (MR) transducer, whére the
transducer is defined as having a total resistance Ry.

Registance R, includes a sensor resistance R;, a lead resistance
R, and a front-lead resistance R;. The biasing circuit includes
a transducer equivalent circuit, a difference sensing circuit,
and first and second currePt sources. The transducer equivalent
circuit includes a voltage source and an input resistance. The
voltage source has a predetermined voltage and the input:
resistance has a resistance that is related to the lead
resistance R, of the MR transducer. The difference sensing
circuit has first and second inputs, with the first input being
coupled to the MR transducer and the second input being coupled
to the transducer equivalent circuit. The difference sensing
circuit senses a voltage difference between the first and second
inputs. The first current source is responsive to the difference
seﬁéing circuit by generating a bias current I, for the MR
transducer. Similarly, the second current source is responsive
to the difference sensing circuit by generating a control current

that is coupled to the transducer equivalent circuit. According
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to the invention, the contrxrol current is proportional to the MR
transducer bias current I, so that the predetermined voltage of
the voltage source equals a predetermined voltage V, appearing
écross the sensor resistance Rg in series with the front lead
resiétance Re.

Since both Rg; and R, are inversely proportional to the
sensor height h, the constant voltage appearing across Re and R,
also provides a constant (i.e. sensor height independent) voltage
acrosé Rg. , g

In one configuration of the second embodiment, the
differénce sensing circuit includes first and second transistors
each having first, second and third nodes. The first node of
first transistor is coupled to the first and third nodes of the
second transistor. The second node of the first transistor is
coupled to the MR transducer. The second node of the second
transistor is coupled to the transducer equivalent circuit. The
first current source includes a third transistor having first,
second and third nodes. Similarly, the second current source
includes a fourth transistor having first, second and third
nodes. The first and third nodes of the third transistor are
coupled to the first node of the fourth transistor to form a
current mirror. The third node of the third transistor is
coupled to the third node of the first tramsistor, and the third
node of the fourth transistor is coupled to the third node of the
second transistor...For power considerations, an area ratio of

the first transistor to the second transistor is preferably N:1

This Sheet Has Been Re,ilac
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and, similarly, an area ratio of the third transistor to the
fourth transistor is preferably N:1.

In another configuration of the second embodiment, the first

current source includes a first tramsistor having first, second
and third nodes, and, likewise, the second current source
includes a second transistor having first, second and third
nodes. The first node of the first transistor and the first node
of the second tramnsistor afe each coupled to an output of the
difference sensing circuit. ' The third node of the first
transistor is coupled to the MR transducer, and the third node of
the second transistor is coupled to the MR transducer equivalent
circuit. The biasing circuit of this embodiment also includes an
output circuit that has first and second input nodes and an
output node. The first input node of the output circuit is
coupled to the third node of the first transistor and the second
input node of the output circuit is coupled to the third node of
the second transistor.

In yet another configuration of the second embodiment of the
present invention, the difference sensing circuit includes first
agd second transistors each having first, second and third nodes.
The first node of first transistor is coupled to the first and
third nodes of the second transistor. The second node of the
first transistor is coupled to the MR transducer and the second
node of the second transistor is coupled to the transducer
equivalent'circuit. The first current source includes third and

fourth transistors each having first, second and third nodes.

—_ ]
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The second node of each of the third and féurth transistors are
coupled to the third node of the first transistor. The secgnd

- current source includes a fifth transistor having first, second
and third nodes. The first node of the third transistor is
coupled to the first and third node of the fifth transistor to
form a current mirror, while the second node of the fifth
transistor is coupled to the third node of the second transistor.
Preferably, an area ratio of the first transistor to the second
transistor is N:1, and a current ratio of current flowihg in the
second node of the fourth transistor to the current flowing in
the second node of the third transistor to the current flowing in
the second node of the fifth transistor K:L:1, where K + L equals
. | _

Still another configuration of the second embodiment
includes a current sensing circuit and a third current source.
The cur;ent sensing circuit senses the bias current I, generated
by the first current source  for the predeterﬁined bias voltage V
appearing across the éensor resistance R;. The third current.
source is responsive to the current sensing circuit by generating
an output.current when the bias current I, generated by the first
current source for the predetermined bias voltage Vg is less than
a predetermined sensor bias current. The output current
geﬁerated by the third current sourxce is coﬁpled to the
transducer equivalent circuit and combined with the control
current generated by the second current source to form a combined

control current. The combined control current is related to the

—
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MR transducer bias current I, such that a predetermined MR -
transducer bias current I, flows through the sensor resistance Rg
producing a predetermined effective magnetic bias of the sensor
resistance Rg.

Preferably for this configuration, the difference sensing
circuit includeé first and second transistors each having first,

second and third nodes. - The first node of first transistor is

- coupled to the first and third nodes of the second transistor.

The second node of the first transistor is coupled to the MR
transducer, and the second node of the second transistor is
coupled to the transducer equivalent circuit. The first current
source includes a third transistor having first, second and third
nodes, and theisecond current source includes a fourth transistor
having first, second and third nodes. The first and third nodes
of the third transistor is coupled to the first node of the
fourth transistor to form a current mirror. The third node of.
the third transisﬁor is coupled to the third ﬁode of the first
transistor, and the third node of the fourth transistor is
coupled to the third node of the second transistor.

The current sensing circuit includes a fifth transistor, a

fourth current source, and an amplifier circuit. The fifth

transistor has first, second and third nodes, with the first node

being coupled to the third node. The fourth current source is
coupled to the third node of the fifth transistor. The amplifier
circuit has a first input, a second input and an output. The

first input of the ampiifier is coupled to the third node of the

—
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third transistor. The second input is coupled to the thixd node
of the fifth transistor and the amplifier output is cqupled-to
the third current source.

A third embodiment of thé present invention provides a
circuit for magnetically biasing a magnetoresistive (MR)
transducer. The biasing circuit includes a transducer equivalent
circﬁit, a difference sensing circuit, and first and second
current sources. The @ifference'sensiné circuit has first and
second inputs, with the first input being coupled to the MR
transducer and the second input being coupled to the transducer.
equivalent circuit. The difference sensing circuit senses a
voltage :difference between the first and second inputs. The

Peeis first current source is responsive to the difference sensing
circuit-by generating a bias curreht I; for the MR transducer.
The second current source is responsive to the difference sensing
circuit by generating a control current that is coupled to the
transducer equivalent circuit. According to the invention, the
control current is proportional to the MR transducer bias current
I; so that the_bias current I, through the MR transducer produces
a predetermined effective magnetic bias of a sensor portion of
the MR transducer.

The biasing circuit also includes a current sensing circuit
and a third current source. The current sensing circuit senses
the bias current I; generated by the first current source for the
predetermined effective magnetic biaé'of the sensor portion of

the MR transducer. The third current source is responsive to the

This Sheet Has Been
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current sensing circuit by generating an output current wheq the
bias current I, generated by the first current source for the
predetermined effective magnetic'bias of the sensor portion of
the_MR transducer is less than a predetermined sensor bias
current. The output current generated by the third current
source is then coupled to the transducer equivalent circuit and
combined with the control current generated by the second current
source to form a combined control current. The combined control
current is related to the MR transducer bias current I, so that a
predetermined MR transducer bias current I, flows through the MR
transducer producing the predetermined effective magnetic bias of-
the sensor portion of the MR transducer.

: Preferably, the difference sensing c%rcuit includes first
and second transistors each having first, second and third nodes.

The first node of the first transistor is coupled to the first

mand third nodes of the second transistor. The second node of the.

first transistor is coupled to the MR transducer, and the second
node of the second transistor being coupled to the transducer
equivalent ciréuit. The .first current source includes a third
transistor having first, second and third nodes. Similarly, the
second cﬁrrent source includes a fourth transistor having first,
second and third nodes. The first and third nodes of ‘the third
transistor are coupled to.the first node of the fourth transistor
forming a current mirror. The third node of the third transistor

is coupled to the third node of the first transistor. The third

/
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node of the fourth transistér is coupled to the third node of the
second transistor. -

The current sensing circuit includes a fifth transistor, a
fourth current source and an amplifier circuit. The fifth
transistor has first, second and third nodes, with the first node
being coupled to the third node. The_fourth current source is
coupled to the third node of the fifth transistor. The amplifier
circuiq'has a first input, a second input and an output. The
first input is coupled to the third node of the third transistor.
The second input is coupled to the third node of the fifth
fransistor. The amplifier output is coupled to the third current
source.

The biasing circuits of the present.invention can be part .of

an MR/AE circuit which is part of a disk drive.

BRIEF DESCRIPTTION OF THE DRAWINGS

The present invention is illustrated by way of example and
not limitation in the accompanying figures in which like
reference numerals indicate similar elements and in which:

Figure 1(a) shows the physical relationship betwegn the
different resistances forming the total MR head resistance Ry;

Figure 1(b) shows a schematic diagram for an electrical
model of resistance Ry;

Figures 2(a) and 2(b) illustrate exemplary bias conditions
for different sensor resistances R; for an MR head for a

conventional constant bias current I; approach;

This Sheet Has Been Re
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Figures 2(c) and 2{(d) illustrate exemplary bias conditions -
for diffefent sensor resistances Ry for an MR head for a -
conventional constant bias voltage Vy apprpach;

Figures 3(a) and 3(b) show exemplary bias conditiomns for
varying sensor resistance R, for a constant bias power Py
approach aécording to the present invention;

Figure 4(a) shows a schematic block diagram of an MR head
connected to an arm electronics module; '

Figure 4(b) shows an equivalent circuit for an MR head e
according to the present invention; |

Figures 4 (c) and 4(d) show equivalent circuits according to
the present invéntion for a bias voltage source Vg having a
negative input r%sistance;

Figures 5(af—5(c) show schematic block diagrams of
equivalent circuits for the biasing circuit of Figure‘é<é);

Figures 6(a) and 6 (b) show exemplary biasing conditions for
an MR head for a constant sensor temperature rise biasing
approach according to the present invention;

Figure 7(a) shows theoretical biasing conditions for
achieving a constant effective magnetic bias;

Fiéures 7(b) and 7(c) show biasing conditions for a
practical approximation for achieving a constant effect magnetic
bias according to the present in#ention;

Figures 8(a) and 8(b) show schematic block diagrams for
illustrating the general concept of constant MR head power

biasing according to the present invention;
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Figure 9 shows a schematic block diagram of a bias circuit
providing a constant bias power circuit for an MR head éccérding
to the present invention.

Figure 10(a) shows a schematic block diagram of a circuit
providing a constant voltage bias for the sensor resistance of an
MR head according to the present inventibn;

Figure 10(b) shows a network equivalent circuit for the
schematic block diagram ;f Figure 9(a);

Figure 11 shows an alternative schematic block diagram of a
circuit providing a constant voltage across the sensor resistance
portion of an MR head according to the present invention;

Figure 12 shows a schematic block diagram of another circuit
providing a constant voltage across the sensor resistance portion
of an MR head according to the present invention; '

Figure 13 shows a schematic block diagram of an input stage
for a single-ended MR preamplifier circuit using sensor biasing
according to the present invention;

Figqure 14 shows another schematic block diagram of an input
stage of a single-ended MR preamplifier circuit using sensor
biasing according to the present invention;

Figure 15 shows a schematic block diagram of a circuit
providing a constant effective magnetic bias for an MR head
aééording to the present invention; and

Figures 16 (a) aﬁd 16 (b) show head biasing conditions for a
constant effective magnetic biasing according to the present

invention.
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DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides an MR head biasing scheﬁe
that compensates for physical variations from head to head within
manufacturing toleranées of the head using one of five related
approaches. The first approach is to electrically bias an MR
head so that the (electrical) power dissipation in the head is
kept constant from head to head, ragardless of variations in
total heaa resistance R; due to manufaéturing tolerances. This
is accomplished by keeping the product of the DC voltage across R
the head Vy and the DC current through the head I; constant.

That is,
V,Iy = Py = @ constant (5)

where, P, is the bias power.

Figures 3(a) and 3(b} show exenplary bias conditions for
varying total head resistance R, for a constant bias power Py
approach according to the invention. Figure 3(a) shows
variations in head current I, for variations in total head
resistance Ry for a constant bias P;. Figure 3(b) shows
corresponding variations in voltage across_the head Vv for
variations in total head resistance R, for the same coristant bias
P;. An advantage of a constant.bias powér scheme over a
conventional constant bias voltage approach is that increases in
head current I, caused by larger sensor heights are less dramatic
with a constant bias power scheme. Additionally, a constant
power biasing technique is useful for avoiding magnetic

underbiasing of low sensor height heads (high R;} due to a sensor
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demagnetization effect. This is because the head voltage V,; does
not remain constant for constant Py bias, but increases sliéhtly
for higher resisfance heads.

A second biasing approach of the present invention is a
constant MR sensor current density scheme. With this bias
technique, the current density J; in the MR sensor is held
constant. ‘This allows operation of all MR sensors in a product
as close as possible to the electro-migration'limits. The

electro-migration depends on current density,

1
Js = Vs;j =

I,-— = constant (6)

where

-sensor resistivity,

sensor length,
i i
sensor height,

t 5 =
I

= sensor thickness,

Vs = the voltage across the sensor, that is, the
portion of the MR head corresponding to resistance Ry and
responsive to the magnetic datg, and

I, = the current through the sensor (which equals the
current through the ehtire MR head I,).

The sensor resistance is given by

Rg = phit - (M

The (electrical) power dissipation in the sensor is

therefore

i
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P, = Jiplth . (8)
The temperature rise ATg; of the sensor due to the electrical

power dissipation is
ATg = Py X Repormas (9).

where Rye.m.s 18 the thermal resistance of the sensor to ambient.
The sensor cools by heat diffusing away from the sensor

through the two-side surfaces faéing the shields. The thermal
resistance resulting from this facial cooling is inversely .
proportional to the sensor height h. Another cooling mechanism
is by heat diffusion into the leads of the sensor. ‘The thermal
resistance associated with this cooling mechanism is also

i inversely proportional to the sensor height h. Hence, the total
thermal resistance Ripema 1N €quation (9) is inversely

proportional to the sensor héight h.

K
Rtherml = _h_ (10)
where K is an arbitrary constant. Therefore,

AT, = JZpltk : (11)
is no longer a function of the sensor height h. Consequently, if. -
the biasing circui;ry of an MR sensor is designed to bias at a
constant current density Jg, all MR sensors in a product will be
operating at the same temperature rise ATy above ambient.
A third biasing approach of the present'invention provides a
constant MR sensor bias voltage Vg;. For this scheme, the voltage

Vg across the sensor, that is the portion of the MR head
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corresponding to-resistance R; and responsive to the magnetic
data, is held constant for all MR heads in a product. -

Rewriting equation (12) with:

- 1 _ ,2th
Ps=Vegr = Vegg (12)
results in
t
AT, = vzﬁx (13)

It also follows that for constant sensor voltage biasing, a
the sensor temperature rise is the same for all sensors in a
product.

With

Vs

I.=dJdhat = =,
g S‘h Rs

the current density of the sensor Jg is
Jg = Ve/pl. (15)

Hence, if Vg is held constant for all heads within a
product, Js is also held éonstant for heads within the same
product. Thus, both the constant MR sensor current density bias
scheme 6f the invention and the constént MR sensor biaé voltage
scheme of the present invention are identical. It should be
unaerstood that constant voltage biasing of an MR sensor is not
the same as conventional constant voltage biasing of an entire MR
head, which does not produce the advéntages of constant

temperature rise and constant current density.
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- A fourth MR sensor biasing approach of the present invention
is a constant MR sensor temperature rise bias scheme. This-MR
sensor biasing technique leads to the same sensor temperature
rise (resulting from the electrical bias power dissipation in the
sensor) of all heads in a product. Naturally, this biasing
approach is the same as the two previous biasing approaches of
the present invention. Since constant sensor temperature rise
biasing, constant sensor current demsity biasing, and constant
sensor bias voltage biasing are all independent of sensor height
h, these three biasing approaches of the present invention can

all be treated as the same case. Since
Ry =R, + Ry + Rg (16)
and
Re, Rg = 1/h, an

a constant voltage bias across the front-lead resistance R, and
the sensor resistance Rg, that is across Ry + Rg;, will also
produce a constant current density in the sensor and provide a
constant temperature rise for all sensors in a product,
regardless of sensor height h. Therefore, a.constant sensdr
temperature rise can be obtained in principle as indicéted by the
schematic block diagrams of Figures 4(a)-4(d).

. Figure 4 (a) shows a schematic block diagram of an MR head,
an AE module and wires W connected between the MR head and AE
module. Figure 4(b) shows an equivalent circuit for an MR head

with leads and wires. According to the invention, the MR head
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"sees" a bias voltage source having a negative input resistance _

at the input terminals of the AE module. Figure 4(c) showé— -an
equivalent bias circuit where a voltage V; is developed across
the sensor resistance Ry of the MR sensor. Figure 4(d) shows an
equivalent bias circuit where a voltage V; is developed across
the sensor resistance Rg and the lead front-end resistance R;.
The equivalent circuit shown in Figure 4(c), where the input
resistance is -(R; + R,), is relatively difficult to realize
because R; « 1/h and is dependent on each individuwal head. R,,
on the other hand, is relatively constant. Consequently, the
equivalent circuit shown in Figure 4(d), having a bias voltage Vi
and an input resistance -R,, is the preferred implementation for
a.biasing circuit that provides biasing for the second, third and
fourth biasinlgi schemes of the present invention. The negative
resistance -R, of the equivalent circuit in Figure 4(d) cancels
R, of the MR head wiring and leads, and effectively applies the
bias voltage V; across Ry + R, of the MR head.

Figures 5(a)-5(c) are equivalent circuit models for the
circuit of Figure 4(d). In Figure 5(c),. the current source I and
the negative input impedance -R; result in a constant bias
voltage Vi -across (Rg + R;) of the MR head, shown in Figure 4(b),
when I = Vp/R;. Figures 6(a) and 6(b) show exemplary biasing
conditions for a constant sensor temperature rise biasing scheme
according to the present invention. In Figure 6(a), sensor
current I, is shown for varyir_lg total- MR head resistance R; for a

constant sensor temperature rise biasing. Figure 6(b) shows a

i
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graph of head bias voltage Vy for varying MR head resistance R,
for the same conditions. The curves of Figures 6(a) and 6(b) are

described by:
I, = Vp/{Rs + Ry, . (18)

and
Vy = Vg + IR;. (19)

The effective magnetic bias caused by a constant current
density Jg in a sensor becomes progressively less as the sensor
height decreases due to a demagnetization effect on the top and
bottom edges of the sensor. To obtain a constant effective
magnetic bias in sensors having a relative smaller height, a
fifth biasing approach according to the present invention
provides a progressively larger sensor current density Js and

which is given by the following polynomial approximation

Ts = ATy = J,) (11’22)'2. - (20)

Figure 7(a) shows a theoretical curve for Jg. Figufes 7(b)
and 7(c) show biasing conditions providing a practical
approximation for a constant current density Jg biasing_accgrding
to the fifth biasing scheme of the present invention. Below a
head resistance Ry, corresponding to a sensor height h,, a head
is Biased with a constant bias voltage yielding a constant
current density Jg;. Above resistance R,,, a head is biased with a

constant current I;, resulting in an increase in a sensor current
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density that is inversely proportional to Ehe sensor height h and
is proportional to the sensor resistance Rg.

Figures 8(a).and 8 (b) show schematic block diagrams for
illustrating the general concept of the constant MR head power
biasing scheme according to the present invention. Each
electronic circuit shown in Figures 8(a) and 8(b) includes a
multiplying device 81, for example, a well-known transconductance
multiplier having a first input signal that is proportional to I,
and a second input signal that is proportional to Vy. I, and V, |

are signals available at the input terminals of an AE module.

The product signal output 82 from multiplier 81 is compared by a

comparator 83 to a reference signal 84. Signal 84 is
proportional to the desired bias power P, dissipated by MR head
regsigstance Ry. Comparator 83 outputs a control signal 85 that is
proportional to the difference of the product signal 82 and
reference signal 84 and is uged for controlling the bias current

I, (Figure 8(a)) or for controlling the head voltage V, (Figure

- 8(b)) such that the product I,V is constant. In Figure 8(a),

the controlled variable is I, and variable V, is automatically
linked to I through the equation Vy = Ryl;. The head resistance
Ry need nbt be a known wvalue, that is, it may vary from head to
head. For Figure 8(b), the controlled variable is Vy and the
vafiable I, is linked to V.

Figure 9 shows a schematic block diagram of a bias circuit

" 900 that provides a constant bias power to an MR head. Bias

circuit 900 includes a current sink formed by amplifier 901,
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transistor 902 and resistor 203. The output current of the
current sink is proportional to head voltage Vy. As shown,-the
output of amplifier 901 is coupled to the base of transistor 902.
The emitter of transistor 902 is coupled to the inverting input
of amplifier 901 and to a first power source Vg through resistor
903. The non-inverting input of amplifier 901 is connected to
input terminal 804 of bias circuit 900. Input terminal 905 of
circuit 900 is coupled to power source Vs MR head (Ry) is

connected across input terminals 904 and 905. Thus, the

magnitude of the voltage V, appearing across R; is connected

across the current éink and controls the magnitude of the
collector current of transistor 902.

Transistors 906 and 907 are &onnected to form a first
differential amplifier. That is, the emitteis of transistors 906
and 907 are connected ﬁogether and coupled to the collector of
transistor 902. The bases of transistors 906 and 907 are coupled
to opposite sides of.a resistorxr 917. ‘Resistor 917 is connected
so that the current flowing through resistor 917 is the bias
current I, that flows through terminal 904 and through R;. The
collector of transistor 906 is connected to a second power source
V2 through resistor 908, while the collector of transistor 907
is connected to second power source Vg through resistor 909;
Thé.differential,collector current of transistors 906 and 907 ié
proportional to IgVy.

A second differential amplifier is formed by transistors 910

and 911, and current source 913. The emitters of transistors 910

g

]
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and 911 are connected together and coupled to one terminal of
current source 913.  The other terminal of current source-9i3 is.
connected to first power source Vg;. Current source 913 outputs
current I, that is used for biasing transistors 910 and 911. The
collector of transistor 910 is coupled to the collector of
transistor 906, and the collector of tramsistor 911 is coupled to
the collector of transistor 907. A reference voltage V., which

has a magnitude that is proportional to the desired bias power

P;, is applied between the bases of transistors 910 and 911

causing a constant diffefential current at the collectors of
transistors 910 and 911 to be subtracted from thg differential
current output of transistors 906 and 907. The constant amount
can be varied by varying V... While Figure 9 shows that V., is
externally applied to circuit 900, V. can alternatively be made
to have a constant magnitude, that is, internal to circuit 900,
and I, can be made to be varied extermally in proportion to the
desired bias power Py for Accommodating a wide range of products
having different P, requirements.

The collector of transistor 906 is coupled to the inverting
input to a control amplifier 914, and the collector of tramnsistor
907 is coupled to the non-inverting input of control amplifier
914. The output of amplifier 914 controls a current source
formed by transistor 916 and resistor 915. Transistor 916 and
resistor 915 generate bias current I, that flows through resistor
917 and through head resistance Ry. With resistor 917 <« kT/qi,

and V., « kT/q, it follows that



29

Rl
ef?5 .

Py = VuIp = I,V, " (21)
where R, and R; are the resistance of resistors 903 and 917,
respectively.

For a constant MR sensor bias voltage approach according to
the present invention, only the resistance R; of the total MR
head resistance R; is biased with a constant voltage. .. As
demonstratéd above, this biasing scheme also achieves a constant
current density Jg; in the sensor in addition to a constant
temperature rise of the sensor above ambient temperature. As
indicated by Figures 4(a)-4(d), a constant sensor biasing can be
implemented by compensating for the non-sensor resistance part of
thé head resistance, that is, ﬁhe lead resistance R; and the
front-lead resistance R,, or more easily by compensating only for
the lead resistance R, (see Figure 4(d)). A simple and elegant -
way.to achieve this is shown by Figures 10(a) and 10(b). Figure
10(a) shows a schematic block diagram of a circuit 1000 providing
a constant sensor voltage bias according to the present invention
and Figure 10(b) shows a network equivalent circuit 1010 for the
schematic block diagram of Figure 10(a).

In Figure 10(a), the network equivalent circuit 1010 of
Figure 10(b) having a negative input resistance -R; with a
voltage source V, is created by a bridge-like circuit 1000.
Circuit 1000 includes an amplifier 1002 that senses a véltage
difference between the total head resistance R; and the model or
equivalent circuit 1001 for the MR. transducer, that is, a circuit

AM9-96-032
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having a NR; in series. Amplifier 1002 adjusts two current
sources 1003 and 1004 until the voltage difference sensed at the
input to amplifier 1002 equals zero. Preferably, current source
1003 supplies current I; and current source 1004 supplies current
I,/N, where N is chosen to be greater than 1 for power savings
considerations. HBowever, N may be chosen other considerations in
mind. Practical values for N are in the range from 5-20.

Figure 11 shows a scheﬁaéic block diagram of a circuit 1100
providing a constant voltage V, across the sensor resistance Rg
portion of an MR head. Circuit 1100 includes a transistor 1101
connected as an emitter follower. The base-emitter voltage of
transistor 1001 is cancelled: by the base-emitter voltage of
transis;or 1002, which has an area preferably N times smaller
than T, transistor 1101 for ﬁower-saving considerations. The
resistance NR, of equivalent circuit 1001 is scaled accordingly
by N. Transistor 1101 is preferably the input transistor of the
readback amplifier of an AE module. Although not shown in
Figure 11, the readback signal is detected at the collector
tranéistor 1101. Cépacitor 1105 is connected between the bases
of transistors 110; and 1102 and power source Vg, for p;oviding
filtering. NR, and V, can be provided off-chip for greater
flexibility. A current mirror is formed by transistors 1103 and
1164, and is connected in any well-known current mirror
configuration (double FET mirror, etc.), and is also scaled by a

factor N. This current mirror forces the currents through

T
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transistors 1101 and 1102, and also through R, and model 1001 to
be scaled by N. .
Figure 12 shows a schematic block diagram of another circuit
1200 providing a constant voltage Vs across the sensor resistance
R; portion of an MR headf Circuit 1200 is configured for
detecting an MR head readback signal directly from the MR head

signal voltage. Circuit 1200 includes MR equivalent circuit

1001. Amplifier 1201 is connected to detect a voltage difference

'
¥

between the voltage V, appearing across the MR head and the
voltage appearing across equivalent circuit 1001. In that
regard, the non-inverting input of amp;ifier 1201 is coupled to
the MR head, while the invertirg input of amplifier 1201 is
coupled to the equivalent circgit 1001. The output of amplifier
1201 is connected to the bases of transistors 1202 and 1204,
which are both configured as controllable current sources. The

area ratio of transistor 1202 to transistor 1204 is preferably

N:1 for power savings considerations, but may also be chosen for

other considerations. Capacitor 1206 is coupled between the
output of amplifier 1201 and a power supply voltage Vg, for
providing filtering of the control signal output from amplifier
1201.

. The emitter of transistor 1202 is coupled to power supply
voltage Vg, through fesistor 1203. Similarly, the emitter of
transistor 1204 is coupled to supply voltage Vg, through resistor
1205. The collector of transistor 1202 is coupled to the MR

head, while the collector of transistor 1204 is coupled to
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equivalent circuit 19001 through diodes 1208 and 1209. Capacitor
1207 is connected to the coilector of transistor 1204 for
filtering purposes. |

Circuit 1200 includes an output stage formed by transistors
1211 and 1212. The base of transistor 1212 is coupled to the
collector of transistor 1202. Similarly, the base of transistor
1211 is coupled to the collector of transistor 1204. The
collector of transistor 1211 is coupled to power supply Vg,
through resistor 1210. The detected readback signal from the MR =
head is generated across resistor.1210 between terminals 1213 and
1214.

Figure 13 shows a schematic block diagram of an ‘input stage
circuit 1300 for a single-ended MR preamplifier usinq sensor
biasing according to the present invention. Circuit 1300
includes circuit 1100 that is shown in Figure 11. Additionally,
a current source 1304 having a current 1., equal to 2I;/8, where
B is the current gain of transistor 1103, is connected between a
voltage source Vg, (+5 V for example) and the bases of
transistors 1103 and 1104. The MR head signal Vg, is available
between terminals 1310 and 1311, and is described by the
followihg equation:

v - AR, Re ' (22)
our Rh ? (re1+re2)

A current source containing an amplifier 1305, a capacitor
1306, a compensation diode 1307, a resistor 1308 and a transistor

1309 is used for "bleeding off" part of the bias current I
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around resistor 1303, so that resistor 1363 can have a larger
resistive value, for example, 450 Ohms, for providing moré gain
without causing transistor head-room problems. For a resistive
value of 450 Ohms for resistor 1303, resistor 1308 should
preferably have a resistive value of 194 Ohms so that 70% of I,
is sourced through transistor 1309. Preferably, capacitor 1306
is 470 pF. To mirror the current through resistor 1303,'which
is, for'example, 30%_of the bias current I;, a series diode 1301
(self-biased transistor) is used with transistor 1302. This
circuit configuration, however, can result in signal distortion,
offset, etc., despite compensation diode 1307 in the bleed-off
current source.

The problems of circuit 1300 associated with signal
distortion are avoided by circuit 1400, shown in Figure 14.
Circuit 1400 is an input stage of a single-ended MR preamplifier
using sensor biasing, and includes circuit 1100 (Figure 11), and
the bleed-off current source (circuit 1300). For circuit 1400,
though, diodes 1301 and 1307 of circuit 1300 have been
eliminated. Resistors 1303 and 1308 are chosen to be equal, for
example, 450 Ohms, so that 50% of I; flows through transistor
1103 ané 50% flows through transistor 1309. An amplifier 1401 is
coupled to the emitters of the current mirror formed by
transistors 1103 and 1104. The output of amplifier 1401 is
coupled to the gate of a transistor 1304. The source of
transistor 1404 is coupled to power source Vg, through resistor

1403. The drain of transistor 1404 is coupled to the collector

"

]
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of tramsistor 1104. -Capacitor 1402 is used for filtering
purposes.

In circuit 1400, the magnitude of the compensation current
in the right-most vertical branch containing head equivalent
circuit 1001 is derived from the base-emitter of the cascode
transistor 1103 above input transistor 1101. Amplifiexr 1401
controls the FET current source, that is, transistor 1404, so
that the compensation current in the right-most branch is 1/10
times, for example, the input bias curxrent I, through the MR
head.

In the constant effective wmagnetic bias scheme of the
present invention, an MR sensor having a relatively lower seénsor
height is biased at a higher current density than would be i
provided by the second, third or fourth biasing schemes of the
present  invention. The ideal curve for increasing current
density is difficult to realize (Figure 7(a)), therefore the
approximation of Figqure 7(b) is provided By the present
invention. The approximation realizes constant voltage bias for
low resistance heads (Figure 7{(b)) and constant current bias for
higher resistance heads (Figure 7(c)). The cross-over point
between constant Vy, and constant I, is between the minimum head
resistance Ry ., and the maximum head resistance Ry y.. as
enééuntered in a prqduct, and corresponds to a given sensor
height h,.

Figure 15 shows a schematic block diagram of a circuit 1500

providing a constant effective magnetic bias according to the
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present invention. Circuit 1500 includes circuit 1100 of Figure
11. Circuit 1500 provides a constant sensor voltage for
relatively low values of R; for which the head bias current
through Ry and transistor 1101 is sufficiently large to turn off
a controllable current source formed by transistor 1502 and

resistor 1503. PFor a relatively higher value of head resistance

"Ry, the bias current I, becomes sufficiently small that amplifier

1501, which compares the voltage drop acroés transistor 1504 with
the voltage drop across transistor 1103 (both shown connected as <
diodes), applies a forward voltage to the base of tfansistor

1502. Transistor turns on accordingly and circuit 1500 supplies

a constant current bias to the MR head. Figures 16(a) and 16 (b)
show exemplary MR head biasing conditions for constant effectiye
magnetic biasing circuit 1500. The cross-over point is

determined by the value of the (reference) current I, and the

transistor area ratio N.

So, for head resistance R; sufficiently large that
IB > VB/ (RH - Rl) 1] (23)

the head bias current I, is kept constant at the value, Iz = NI,.
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For lower values of head resistance Ry, the bias current I,

is determined by
_ 1_'1', = Vu/(Ry - R;) . (24)

The cross-over point occurs at the value of R, given by e

v,
Ry, = N-;o + R, (25)

and can be located anywhere within the product head resistance

intexrval e

Ry min < Ruo € Ry pax- o (26)

All of the disclosed embodiments and configurations of the
bi;s circuit of the present invention can be made part of
circuitry in an MR/AE module which is part of a disk drive.

While the present invention has been described in connection
with the illustrated embodiments, it will be appreciated and |
understood that modifications may-be made without departing from

the true spirit and scope of the invention.
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CLAIMS - -
What is claimed is:
1. A circuit generating a bias current I; and a bias

voltage V; for a magnetoresistive (MR) transducer, the circuit
comprising:

a multiplier having first and second inputs, the first
input receiving a first signal that is related to the bias

current I, and the second input receiving a second signal that is

%
4

related to the bias voltage V,, the multiplier generating a
product signal that_is proportional to a product of the first and
second signals;

a comparator comparing the product signal to a
ref?rence signal and genefating a control sigmnal, the reference
signal being proportional to a predetermined bias powér Py that
is dissipated by the MR transducer; and

a controller regsponsive to the control signal by
controllihg one of the bias current Iy and the bias voltage V,,
and by generating the predetermined bias power P, that is ‘

digssipated by the MR transducer.

2. The circuit according to claim 1, wherein the bias
voltage Vy is a voltage produced by the bias current I, flowing
th;ough a total resistance Ry of the MR transducer, the total
resistance Ry being the sum of a sensor resistance Rg, a total

head lead resistance R,, and a total front-lead resistance R,.
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3. The circuit according to claim 2, wherein the
controller controls both the bias current I, and the bias voltage

VH.

4. The circuit according to claim 2, further comprising a
current generator, and wherein the controller is responsive to
the control signal by controlling the current generator to

generate the bias. current I;.

5. The circuit according to claim 4, wherein the circuit

is part of an MR head/arm electronics (AE) circuit.

6. The circuit according to claim 5, wherein the MR

head/AE circuit is part of a disk drive.

7. The circuit according to claim 4, wherein the
multiplier includes,

a current sink circuit having an input and an output,
the input of the current sink circuit ieceiving'the second signal
and generating an output current that is proportional to the bias
voltage Vy; and

a differential amplifier having an inpﬁt and an output,
the differential amplifier-being biased by the output current of
the current sink circuit, the input of the differential amplifier

receiving the first signal and the output of the differential
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amplifier being proportional to a product of the bias current I,

and the bias voltage Vy.

8. The circuit according to claim 7, further cowmprising a
first power supply node and a second power supply node,
wherein the current sink circuit includes,

a first transistor having.first, second and third
nodes, the second signal being coupled to the first node of the
first transistor, and X

a first resistor coupled between the second node
of the first transistor and the first power supply node;

wherein the differential amplifier includes,

second and third transisté;s each having first,
second and third nodes, the first signal béing coupled between
the first node of each of the second and third transistors, the
second node of each of the second and third transistors being
coupled to the third node of the first transistor,

a second resistor coupled between the third node
of the second transistor and the second power supply node, and

a third resistor coupled between the third node of
the third transistor and the second power supply node,

the output of the differential amplifier appearing
be£ween the third ndde of the second transistor and the third
node of the third transistor; and ,

wherein the comparator is an adder circuit, the adder

circuit being coupled to the third node of the second transistor
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and the third node of the third transistor, the adder circuit
adding a predetermined current signal to the output of the
differential amplifier, the predetermined current signal being

related to the reference signal.

9. A biasing circuit for a magnetoresistive (MR)
transducer having a total resistance Ry, the total MR transducer
resistance R; including a sensor resistance R;, a lead resistance

R, and a front-lead resistance R, the biasing circuit

o

comprising:

a transducer equivaient circuit including a voltgge
source and an input resistance, the voltage source having a
predetermined voltage and the input resistance having a j
resistance that is related to the lead resistance R, of the MR
transducer;

a difference sensing circuit having first and seéond
inputs, the first input being coupled to the MR transducer and
the second input being coupled to the transducer equivalent
circuit, the différence sensing circuit sensing a voltage
difference between the first and second inputs;

a first current source responsive to the.difference
sénsing circuit-by‘generating a bias current I; for the MR
transducer; and

a second current source responsive to the difference
sensing circuit by generating a gontrol current that is coupled

to the transducer equiﬁalent circuit, the control current being

This Sheet Has Been Re'placed
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proportional to the MR transducer bias current Ig so that the
predetermined voltage of the voltage source equals a

predetermined voltage V, appearing across the sensor resistance

Rg.

10. The biasing circuit according to claim 9, wherein the
biasing circuit is part of an MR head/arm electronics (AE)

circuit.

e =

11. The biasing circuit according to claim 10, wherein the

MR head/AE circuit is part of a disk drive.

12. The biasing circuit according tg claim 92, wherein the
difference sensing circuit includes first and second transistors
each having first, sedond and third nodes, the first node of
first ﬁransistor being coupled to the first and third nodes of
the second transistor, the second node of the first transistor
being coupled to the MR transducer, and the second node of the
second transistor being coupled to the transducer equivalent
circgit, and

wherein the first current source includes a third
Efansistor having first, second and third nodes, and the second
curyrent sourcé includes a fourth transistor having first,'second
and third nodes, the first and third nodes of the third
transistor being coupled to the first node of the fourth

transistor to form a current mirror, the third node of the third

Thls Sheet Has Been Re{i
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transistor being coupled to the third node of the first
transistor, and the third node of the fourth transistor: being

coupled to the third node of the second transistor.

13. The biasing circuit according to claim 12, wherein an
area ratio of the first transistor to the second tramsistor is
N:1, and an area ratio of the third transistor to the fourth

transgistor is N:1.

- &=
S =

14. The biasing circuit according to claim 9, wherein the

difference sensing circuit further including an output,

wherein the first current sdurce includes a first
transistor having first, second and tHird nodes, and the second
current source includes a second transistor having first, second
and third nodes,

the first node of the first transistor and the first
node of the second transistor each being coupled to the output of
the difference sensing circuit, the third node of the first
transistor being coupled to the MR transducer, and the third node
of the second transistor being coupled to the MR transducer
equi§alent circuit,

the biasing circuit further comprising:

an output circuit having first and second input nodes
and an output node, the first input node of the output circuit

being coupled to the third node of the first transistor, the

'I'hls Sheet Has Been Re ﬂ
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second input node of the output circuit being coupled to the

third node of:  the sécond transistor.

15. The biasing circuit according to claim 9, wherein the

difference sensing circuit includes first and second transistors

each having first, second and third nodes, the first node of

first transistor being coupled to the first and third nodes of

the second transistor, the second node of the first transistor

being coupled to the MR transducer, and the second node of the

second transistor being coupled to the transducer equivalent

circuit,

wherein the first current source includes third'and

fourth transistors each having first, second and third nodes, the

second node of each of the third and fourth transistors being

coupled to the third node of the first transistor, and

wherein the second current source includes a fifth

transistor having first, second and third nodes,

the first node of the third transistor being coupled to

the first and third node of the fifth tramnsistor to form a

current mirror, and the second node of the fifth transistor being

coupled to the third node of the second transistor.

16. The biasihg circuit according to claim 15, wherein an

area ratio of the first transistor to the second transistor is

N:1, and a current ratio of current flowing in the second node of

the fourth transistor to the current flowing in the second node

This Sheet Has Been Re aced
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of the third transistor to the current flowing in the s&&

of the fifth transistor K:L:1, where K + L equals N.

17. The biasing circuit accorxding to claim 9, further
comprising:

a current sensing circuit sensing the bias current I,
generated by the first current source for the predetermined bias
voltage V; appearing across the sensor resistance Rg; and

a third current source responsive to the current =
sensing circuit by generating an output current when the bias
current I, generated by the first current source for the
predetermiﬁed bias voltage Vg is less than a predetermined sensor
bias current, the output'qurrent generated by the third current
source being coupled to the transducer equivalent circuit and
combining with the control current generated by the second
current source to form a combined control current, the combined
control current being related to the MR transducer bias current
I, so that a predetermined MR transducer bias current I flows
through the sensor resistange Rs; producing a predetermined

effective magnetic bias of the sensor resistance Rg.

18. The biasing circuit according té claim 17, wherein the
difference sensing c¢ircuit includes first and second transistors
each having first, second and third nodes, the first node of
first transistor being coupled to the first and third nodes of

the second transistor, the second node of the first transistor

/
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being coupled to the MR transducer, and-the second node of the
second transistor being coupled to the transducer equivélent
circuit, and

wherein the first current source includes a third -
transistor having first, second and third nodes, and the second
current source includes a fourth transistor haﬁing first, second
and third nodes, the first and third nodes of the third
transistor being coupled to the first node of the fourth
transistor to form a current mirror, the third node of the thirds -
transistor being coupled to the third node of the first
transistor, and the third node of the fourth transistor being

coupled to the third node of the second transistor.

19. The biasing circuit according to claim 18, wherein the

current sensing circuit includes, |

a fifth transistor having first, second and third
nodes, the first node being coupled to the third node;

a fourth current source coupled to the third node of
the fifth transistor; and

an amplifier circuit having a first input; a second
input and an output, the first input being coupled to the third —
néae of the third transistor, the second input being coupled to
the third node of the fifth transistor and the output being

coupled to the third current source.
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20. A circuit for magnetically biasing a magneto;esistive

{MR) tfansducer, the MR transducer including a sensor pdrtion
having a sensor resistance Rg, a lead portion having a lead
resistance R, and-a front-lead portion having a front-lead
resistance R;, the biasing circuit compfising:

a transducer equivalent circuit;

a difference sensing circuit having first and second
inputs, the first input béing coupled to the MR transducer and

the second input being coupled to the transducer equivalent

L]

o

circuit, the difference sensing circuit sensing a voltage
difference bgtween the first and second inputs;

a first current source responsive to the difference
sensing circuit by generating a bias current I; for the MR
transducer; and

a second current source responsive to the difference
sensing circuit by generating a control current that is coupled
to the transducer equivalent circuit, the control current being
proportional to the MR transducer bias current I; so that the
bias current I; through the MR transducer produces a
predetermined effective magnetic bias of the sensor. portion of

the MR transducer.

21. The circuit according to claim 20, wherein the circuit

is part of an MR head/arm electronics (AE) circuit.

ThIS Sheet Has Been Replaced
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22. The circuit according to claim 21, wherein the MR

head/AE circuit is part of a disk drive.

23. The circuit according to claim 20, further comprising:

a current sensing circuit sensing the bias current I;
generated by the first current source for the predetermined
effective magnetic bias of the sensor'portion of the MR |
tranéducer; and '

a third current source responsive to the current
sensing circuit by generating an output current when the bias
current I, generated by the first current source for the
predetermined effective magnetic bias of the sensor portion of
the MR gransducer is less than a predetermined sensor bias
current; the output current generated by the third current source
being coupled to the transducer equivalent circuit and combining
with the control current generated by the second current source
to form a combined control current, éhe combined control current
being related to the MR transducer bias current I; so that a
predetermined MR transducer bias current I, flows through the MR
transducer producing the predetermined effective magnetic bias of

the sensor portion of the MR transducer.

24. The circuit according to claim 23, wherein the
difference sensing circuit includes first and second transistors
each having first, second and third nodes, the first node of

first transistor being coupled to the first and third nodes of
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the second transistor, the second node of the first transistor
being coupled to the MR transducer, and the second node of the
second transistor being coupled to the transducer equivalent
circuit, and

wheréin the first current source includes a third
transistor having first, second and third nodes, and the second
current source includes a fourth transistor having first, second
and third nodes, the first and third nodes of the third

-transistor being coupled to the first node of the fourth -

‘transistor to form a current mirror, the third node of the third
transistor being coupled to the third node of the first
transistor, and the third node of the fourth transistor being

coupled to the third node of the second transistor.

25. The circuit according to claim 24, wherein the current
sensing circuit includes,
a fifth transistor having first, second and third
nodes, the first node being coupled to the third node;
a fourth current source coupled to the third node of
the fifth transistor; and |
| an amplifier circuit having a first input, a second
iﬁput and an output, the first input being coupled to the third
node of the third transistor, the second input being coupled to
the third node of the fifth transistor and the output being

coupled to the third current source.
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26. A magnetoresistive (MR) head/arm electronics (AE)

circuit comprising: |

a magnetoresistive transducer, the magnetoresistive
transducer having a bias current I, flowing' through the
transducer and a bias voltage V, appearing across the transducer;

a multiplier having first and second inputs, the first
'input receiving a first signal that is related to the bias
current is and the seco_néi input receiving a -second signal that is
related to the bias voltage V,, the multiplier generating a e
product signal that is proportional to a product of the first and
second signals; _ |

a comparator comparing the product sigmal to a
reference signal ar_1d generating a control signal, the reference
signal being proportional to a predetermined bias power Py i:hat
is dissipated by the MR transducer; and

a controller responsive to the control signal by
controlling one of the bias current I; and the bias voltage Vy,
ahd by generating the predetermined bias power P, that is

dissipated by the MR transducer.

27. The circuit according to claim 26, wherein the bias
voltage V, is a voltage produced by the bias current I, flowing
th]l::ough a total resistance Ry of the MR transducer, t_:hé total
resistance R; being the sum of a sensor resistance Rg;, a total

head lead resistance R,, and a total front-lead resistance R,.
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28. The circuit according to claim 27, wherein the
controller controls both the bias current I; and the bias voltage

VH-

29. The circuit according to claim 27, further comprising a
current generator, and wherein the controller is responsive to
the control signal by controlling the current generator to

generate the bias current I,.

é
In

30. The circuit according to claim 29, wherein the MR

head/AE circuit is part of a disk drive.

31. The circuit according to claim 29, wherein Ehe
multiplier includes,

a current sink circuit having an input and an output,
the input of the current sink circuit receiving the second signal
and generating an output current t@at is proportional to the bias
voltage Vy; and

a differential émplifier having an input and an output,
the differential amplifigr being biased by the output qurrent of
the current sink circuit, the input of the differential amplifier
receiving the first signal and the output of the differential
amﬁlifier being proportional to a product of the bias current I,

and the bias voltage V.
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32. The circuit according to claim 31, Ffurther compriging a
first power supply node and a secdnd power supply node,
| wherein the current sink circuit includes,

a first transistor having first, second and third
nodes, the second signal being coupled to the first node of the
first transistor, and

a first resistor coupled between the second node
of the first transistor and the first power supply node;

wherein the differential amplifier includes,

second and third transistors each having first,
second and third nodes, the first signal being coupled between
the first node of each of the second and third transistors, the
R second node of each of the second and tpird transistors beingi

coupled to the third node of the first transistor, |

a second resistor coupled between the third node
of the second transistor and the second power supply node, and

a third resiétor coupled between the third node of
the third transistor and the second power supply node,

the output of the differential amplifier appearing
between the third node of the second transistor and the ﬁhird
node of the third transistor; and

wherein the comparator is an adder circuit,  the adder

ciécuit being coupléd to the third node of the second transistor
and the third node of the third transistor, the adder éircuit

adding a predetermined current signal to the output of the

N
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differential amplifier, the predetermined current signa} being

related to the reference signal.

33. A magnetoresistive (MR) head/arm electronics (AE)
circuit comprising:

a magnetoresistive transducer, the magnetéresistive
ﬂransducér having a total resistance R;, the total MR transducer
resistance R, including a sensor resistance R;, a lead resistance
R, and a front-lead resistance Rg;

a transducer equivalent circuit including a voltage
source and an input resistance, the voltage source having a
predetermined voltage ahd the input resistance having a
resistance that is related to the lead resistance R, of the MR
transducer;

a difference sensing circuit having first and second
inputs, the first input being coupled to the MR transducer and
the second input being coupled to the transducer equivalent
circuit, the difference sensing circuit sensing a voltage
difference between the first and second inputs;

a first current source responsive to the difference
sensing circuit by generatiﬁg a bias current I; for the MR
transducer; and

a second current source responsive to the difference
sensing circuit by generating a control current that is coupled
to the transducer equivalent circuit, the control current being

proportional to the MR transducer bias current I; so that the

-
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predetermined-§oltage of the voltage source equals a
predetermined voltage V, appearing across the sensor resistance

Rs.

34. The circuit aécording to claim 33, wherein the MR

head/AE circuit is part of a disk drive.

35. The biasing circuit according to claim 33, wherein the
difference sensing circuit includes first and second transistors.
each having first, second and third nodes, the first node of
first transistor being coupled to the first and third nodes of
the second transistor, the second node of the first transistor
being coupled to thé MR transducer, and the second node of the
second transistor being coupled to the transducer equivalent
circuit, and

wherein the first current source includes a third
transistor having first, second and third nodes, and the second
current source includes a fourth transistor having first, second
and third nodes, the first and third nodes of the third
transistor being coupled to the firét node of the fourth
transistor to form a current mirror, the third node of the third —
téansistor being coupled to the third node of the first
transistor, and the third node of the fourth transistor being

coupled to the third node of the second transistor.
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) 36. The biasing circuit according to claim 35,—wherein an
area ratio of the first transistor to the second transistor is
N:1, and an area ratio of the third transistor to the fourth

transistor is N:1.

37. The biasing circuit according to claim 33, wherein the
difference sensing circuit further including an output,
wherein the first current source includes a first
transistor having first, second and third nodes, and the second
current source includes a second transistor having first, second
and third nodes,

. the first node of the first transistor and the first
node of the second transistor each being coupled to the output of
the difference sensing circuit, the third node of the first
transistor being coupled to the MR transduéér, and the third node
of the second transistor being coupled to the MR transducer
equivalent circuit,

the biasing circuit further comprising:

an output circuit having first and second input nodes
and an output node, the first input node of the output circuit
beiné.coupled to the third node of the first transistor, the
second input node of the output circuit being coupled to the

third node of the second transistor.

38. The biasing circuit according to claim 33, wherein the

difference sensing circuit includes first and second transistors
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each having first, second and third nodes, the first node of
first transistor being coupled to the first and third nodes of
the second transistor, the secohd node of the first transistor
being coupled to the MR transducer, and the second node of the
second transistor being coupled to the transducer equivalent
circuit,

wherein the first current source includes third and

fourth transistors each having first, second and third nodes, the

second node of each of the third and fourth transistors being S
coupled to the third node of the first transistor, and

wherein the second current source includes a fifth
transistor having first, second and third nodes, l

the first node of the third transistor being coupled to
the first and third node of the fifth transistor to form a
current mirror, and the second node of the fifth transistor being

coupled to the third node of the second transistor.

39, The biasing circuit accotding to claim 38, wherein an
area ratio of the first transistor to the second transistor is
N:1, and a current ratio of current flowing in the second node of
the fourth transistor to the current flowing in the second node
of the third transistor to the current flowing in the second node

of the fifth transistor K:L:1, where K + L equals N.

40. The biasing circuit according to claim 33, further

comprising:

—~__”__”__________#___
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- a current sensing circuit sensing the bias current I,
generated by the first current source for the predetermined.bias
voltage Vg appearing across the sensor resistance Rg; and

a third current source responsive to the current
sensing circuit by generating an output current when the bias
current I; generated by the first current source for the
predetermined bias voltage V; is less than a predeterminéd sensor
bias current, the output current ggnerated by the third current
source being coupled to the transducer equivalent circuit and
combining with the control current generated by the second
current source to form aicoﬁbined control current, the combined
control current being related to the MR transducer bias current
Iz so that a predetermined MR transducer bias current I, flows
through the sensor r'esistance R; producing a predetermined

effective magnetic bias of the sensor resistance Rs.

41. The biasing circuit according to claim 40, wherein the
‘difference sensing circuit includes first and second transistors
each having first, secoﬁd and third nodes, the first node of
first transistor being coupled to the first and third nodes of
the second transistor, thé second node of the first transistor
being coupled to the MR transducer, and the second node of the
seéond transistor béing coupled to the transducer equivalent
circuit, and

wherein the first current source includes a third

transistor having first, second and third nodes, and the second

i
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current source includes a fourth transistor having firsp, second
and third nodes, the first and third nodes of the third’
transistor being coupled to the first node of the fourth
transistor to form a current mirror, the third node of the thirq‘
transistor being coupled to the third node of the first
transistor, and the third node of the fourth transistor being

coupled to the third node of the second transistor.

42. The biasing circuit according to claim 41, wherein thgE

current sensing circuit includes,

a fifth transistor having first, second and third
nodes, the first node being coupled to the.third node;

a fourth current sourcé coupled éo the third node of
the fifth transistor; and

an amplifier circuit having a first input, a second
input and an output, the first input being coupled to the third
node of the third transistor, the second input being coupled to
the third node of the fifth transistor and the output being

coupled to the third current source.

43. A magnetoresistive (MR) head/arm electronics (AE)
circuit comprising:
a magnetoresistive transducer, the magnetoresistive
transducer having a total resistance Ry, ﬁhe total MR transducer
resistance R; including a sensor resistance Rg, a lead resistance

R, and a front-lead resistance R¢;

R
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a transducer equivalent circuit;

a difference sensing circuit having first and second
inputs, the first input being coupled to the MR transducer and
the second input being coupled to the transducer équivalent
circuit, the difference sensing circuit sensing a voltage
difference between the first and second inputs;

a first current source responsive to.the difference
sensing circuit by generating a bias current I; for the MR
transducer; and

a second current source responsive to the difference
sensing circuit'by generating a control current that is coupled
to the transducér equivalenﬁ circuit, the control current being
proportional to' the MR transducer bias current I, so that the
‘bias current I, through the MR transducer produces a
predetermined effective magnetic bias of the sensor portion of

the MR transducer.

44. The circuit according to claim 43, wherein the MR

head/AE circuit is part of a disk Qdrive.

-45. The circuit accbrding to claim 43, further comprising:
a current sensing circuit sensing the bias current I,
generated by the first current source for the predetermined
effective magnetic bias of the sensor portion of the MR

transducer; and
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a third current source responsive to the current iy
sensing circuit by generating an output current when the bias
current I; generated by the first current source for the
predetermined effective magnetic bias of the sensor portion of
the MR transducer is less than a predetermined sensor bias

current, the output current gene;ated by the third current source

being coupled to the transducer equivalent circuit and combining

with the control current generated by the second current source
to form a combined control current, the combined control current
being related to the MR transducer bias current I, so that a
predetermined MR transducer bias current Iy flows through the MR
transducer producing the predetermined effective magnetic bias of

the sensor portion of the MR transducer.

46. The circuit according to claim 45, wherxrein the

difference sensing circuit includes first and second transistors

each having first, second and third nodes, the first node of
first transistor being ceﬁpled to the first and third nodes of
the second transistor, the second node of the first transistor
being coupled to the MR transducer, and the second node of the
second tfansistor being coupled to the transducer equivalent.
cireuit, and

wherein the first current source includes a third
transistor having first, second end third nodes, and the second
current source includes a fourth transistor having first, second

and third nodes, the first and third nodes of the third
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transistor being coupled to the first node of the fourth
transistor to form a current mirror, the third node of the third
transistor being coupled to the.third node of the first
transistoxr, and the third node of the fourth transistor being

coupled to the third node of the second transistor.

47. The circuit according to claim 46, wherein the current

sensing circuit includes,

a fifth transistor haéing first, second and third
nodes, the first node being coupled to the third node;

a fourth current source coupled to the third node of
the fifth transistor; and

an amplifier circuit having a first input, a second
input and an oﬁtput, the first input being coupled to the third
node of the third transistor, the second input being coupled to
the third node of the fifth transistor and the output being

coupled to the third current source.
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