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ELECTRONIC MAGNETORESISTIVE SENSOR BIASING

BACKGROUND OF THE INVENTION . -
1. Field of the Invegtion'
The present invention relates to magnetoresistive (MR)

sensor biasing. More particularly, the present invention relates

to magnetoresistive sensor biasing methods and circuits.

2. Descripﬁion of the Rglated Art

For the purxpose of.this disclosure, the terms
"magnetoresistive (MR) sensor" and "MR head" both encompass any.
magnetoresistive element used for detecting a varying magmetic
field by detecting a change in resistance AR; of the element
resistance Ry caused by variations in the magnetic field. Also
for purposeé of this disclosure, the terms MR sensor and MR head
are.both not limited to magnetic recofding 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, séft 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'uséd interchangeably throughout this

disclosure. The biasing and readout électronics associated with™~
an MR sensor are geﬁerally refgrred fo as an arm electronic (AE)
module.

The physical characteristics of an MR sensor are determined
by the properties of the materials used, the MR sensor sandwich
confiquration, and the sensor dimensions, that ié, the thickness,
height and length of the sensor. The dimension having the
greatest tolerance in externally exposed MR sensors used for
magnetic recording is the sensof height h. The tolerance on this -
dimension is for compensating for head wear and lapping for tape
heads, and for ARBRS lapping for disk drive heads.

Figure 1(a) shows the physical relationships between the
different resistances forming the total MR head resistance Ry.
Figure 1(b) shows a schematic aiagram for an electrical model of
resistance Ry. The total MR head resistance Ry 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
portioﬁ of the total MR head resistance that wvaries in accordance
with a varying magnetic field is the sensor resistance R, with
the resulting change in fesistance being indicatéd as AR;. |
Resistance R; varies inversely proportional to the sensor height
h. The total head lead resistance R, is the resistance of the

wires to the pre-amplifier of the AE module and the resistance of



the back-leads BL7inside the MR head. Lastly,—the total front-
lead resistance of the MR head is indicated as.Rf._ Resistance R;
also varies inversely ?foportional to the sensor height h. )
However, R, shows no signal variations for varying magnetic -

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

notation.
Ry =R, + R, + R, (1)
. R., Ry =1/h, | | , | _ (2)
~h = sensor height, (3)
and
Rg = Rgp = Aﬁs (signal induced) . (4)

In Figures 1{a) and 1(b) and throughout the f£ollowing
disclosﬁre, bias current I, equals head bias current.In. Thé
voltage V, is the bias voltage appearing across the total MR head
resistance R;. Voltage V; is.the bias voltage appearing across
sensor fesistanée Rs; and front lead resistance R,. Voltage Vg is
the bias voltage appearing across sensor resistance R;. Height h
is the physical height of the sensor.

There are three conventional approaches for providing MR
sensor biasing:_ a constanﬁ 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
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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 modules during -

manufacturing of a produét régardless of the respective head A

' resistances, sensor heights, etc., of the MR heads. Figures 2(a)

énd 2(b) illustrate an example of biasing conditidhs'fqr an MR
head for different sensor resistances Ry 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 V,
varies accordingly between 200 mV and 500 mV as Ry varies between
20 and 50 Ohms.

For a conventional constant bias voltage scheme, the same
bias/sense DC voltage is applied to all MR heads in 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 V; scheme. If the bias
voltage V, appearing écross the sensor resistance Rg in

Figure z(di is 500 mV, for example, Figure 2(c) shows that the
bias cur-rent:.IH through the MR head varies inversely proportional
to the total head resistance Ry.

U;S. 5,309,294 to Cahalaq, 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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- aipprokimaté]y equal to a cable drop across any parasitic cable resistance that
are presén't. The Céhalan circuit uses a.re_sistive'e]ement having a rgsistance that_ is an
estimate of the parasitic cable resistance for generating the nulling voltage. This
approach, however, does not compensate for any voltage drdp éppeé.-ﬂng across the back-

leads inside an MR head.

In the conventional adjusted bias current scheme for attaining a constant bias
voltage, the bias current through the MR head-is adjusted duxing'm_anufactuxing tobe
inversely proportional to the MR head resistance Ry, achieving an essentially constant
MR head bias voltage. The resistance Ry must be measured during the manufactuﬁng

process.



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 or near the operational
optimum for the head. Further, imiform magnetic performance from MR head to MR
bead of a product, that is, less variability in magnetic performance from head to head-

regardless of manufacturing tolerances, is not typically achieved.



It is an object of the present invention to ameliorate one or more disadvantages of

the prior art.



According to one aspect of the.present'invention there is provided a biasing
circuit for a magnetoresistive (MR) transducer having a total resistance Ry, the total MR
transducer resistance Ry including a sensor resistance R;, a lead resistance R; and a front-
lead resistance Ry, the biasing circuit comprising: a transducer equivalent circuit.
including a voltage source and an input resistance, the voltage source having a
predetémlingd volta_ge'and 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
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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 transducer eqmvalent circuit, the control current being

: proportlonal to the MR transducer bias current Ig so that the predetermmed voltage of the

voltage source equals a predetermined vo_ltage Vp appearing across the sensor resistance

Rs.

This Sheet Has Been Replaced




According to another aspect of the present invention there is- provided a circuit for
magnetically biasing a magnetoresistive (MR) transducer, the MR transducer including a
sensor portion having a sensor resistance Rs, a lead pbrtion having a lead resistance R;
and a front-lead portion having a front-lead resistan_cﬁe Ry, the biasing circuit comprising:
a transducer equivalent circuit; a difference sehsing circuit having first, second and third
mputs the first input bemg coupled to the MR transducer and the second input being

coupled to the transducer equlva]ent c1rcu1t the difference sensing circuit sensing a

This Sheet Has Been Replaced

R .
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voltage dijfference between the first and second inputs; a first chrrent source responsive to
the difference sénsing circuit by generatirig'a bias current Ig for the MR transducer; and a
second current source responsive to the differcnce sensing circuit by genérating a control
current that is coupled to the transducer equivalent circuit, the control current being
proportional to the MR transducer bias current Ig so that the bias current Ip through the
MR transducer produces a predetermined effective magnetic bias of the sensor portion of

the MR transducer. -

—_—

This Sheet Has Been R
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According to yet aspect of the present invention there is provided a -
magnetoresistive (MR) head/arm electronics_ (AE) circuit cbmpﬁsing: a magnetoresistive
transducer, the magnetoresistive transducer having a total resistance Ry, the total MR
transducer resistance Ry including a sensor resistance Rs, a lead resistance R; and a front-
lead resistance Ry; a transducer equivalent circuit including a vdltage source and an input
resistance, the voltage source having a predetermined voltage an the ihput resi'stance
having a resistance that is related to the_ lead resistance R; of the MR transducer; a -

difference sensing circuit héving first and second inputs, the first input being coupled to
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the MR transducer and the second input being Coﬁpled to the transducer.equivalent
circuit, the difference sensing circuit sensing a voltage difference be_t-weer-ithe first and
second inputs; a first current source responsive to the difference sensing circuit by
generating a bias current Ip 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 Ip so that the pr_edétermined voltage of the voltage source equals a

predetermined voltage Vg appearing across the sensor resistance Rs.



4.

According to still aspect of the present invention there is provided a magnetoresistive

(MR) head/arm electronics (AE) circuit comprising: a magnetoresistive transducer, the

‘magnetoresistive transducer having' a total resistance Ry, the total MR transducer

resistance Ry including a sensor resistance Rg, a lead resistance R; and a front-lead

resistance Ry; 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 equivalent circuit, the difference sensing circuit sensing a
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'voltage difference between the first and second inputs; a first current source responsive to

the difference sensing ¢ircuit by generating a bias current Iy 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 Ip so that the bias current Ig through the
MR transducer produces a predetermined effective magnetic bias_of the sensor portion of

the MR transducer. .

—_—
This Sheet Has Been

T
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BRIEF DESCRIPTION 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 elements and in which:

Figure 1(a) shows 'the physical relationship between 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 Ry for an MR head for a conventional constant bias current I approach;
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Figures 2(c) and 2(d) illustrate exemplary bias conditions

for different sensor resistances R; for an MR head for a

conventional constant bias voltage V; approach; : -

Figures 3(a) and 3 (b). show exemplary bias conditiéns for
varying sensor.resistance Ry for a constant bias power Py
approach accordiné to the present invenﬁion;

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
accoxrding to the present invention;

Figures 4(c) and 4(d).show equivalent circuits according to
the present invention for a bias voltage source Vg having a
negative input resistance;

Figures 5(a)-5(c) show schematic block diagrams of
equivalent circuits for the biasing circuit of Figqre 2(4);

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(af shows theoretical biasing conditions for
achieving a constant effective magnetic bias;

Figures 7(b) and 7(c) show biasing conditions for a
practical approximation for achieving a constant effect magnetic
bias according to the present invention;

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 inventicn;
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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 according

to the presént invention.

Figure 10(a) shows a schematic block diagram of a circuit
providing a constant voltage bias for the sensor resistanqe of an
MR head acbording to the present invention;.
| Figure 10(b) shows a network equivalent circuit for the
schematic block'diagram_ﬁf Figure 9(a);

Figure 11 shows an alternative schematic block diagram of a
circuit providing a constant voltage across the sensof 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 s;hematic biock diagram of an input stage
for a single-ended MR preamplifier circuit using sensor.biasing
according to the present invention;

Figure 14 shows anothér schematic block -diagram of an input
stage of a single-ended MR preamplifier circuit using sensor
biasiné éccordiné to the present invention;

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

Figures 16(a) and 16(b) show head biasing conditions for a

constant effective magnetic biasing according to the present

iavention.



- TR

19

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
' The present invention provides an MR head biasing scheme
that compensates for physical'variations from head to head within

manufacturing tolerances of the head using one of five related

approaches. The.first approach is to electrically bias an MR .

head so that Ehe (electrical) bower dissipation in'the head is
kept constant from head to head,'regardiess of variations in
total head resistance Ry due to ﬁanﬁfacturing tolerances. This
is accomplished by keeping the product of the DC voltage across
the head V; and the DC current through the head I, constant.

That is,

Vy Iy, = Py = @ constant _ (S)
where, P, is the bias power.

Figures 3(a) and 3(b) show exemplary bias conditions for
varying total head resistance Ry for a constant bias power P,
approach'accbrding to the invention. Figure_3(a) shows
variations in head current I, for variations in total head
resistance R, for a constant bias P;. Figure 3(b) shows

corresponding variations in voltage across the head V, for

variations in total head resistance R; for the same constant bias

Py. - An advantage of a constant bias power scheme over a
conventional constant bias voltage approach is that increases in
head current I, caused by larger sensor heigh;s are less dramatic
with a constant bias power scheme. Additiocnally, a constant
power biasing technique is useful for avoiding magnetic

underbiasing of low senscr height heads (hig!
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demagnetization effect. This is because the head véltage V, does
not remain constant for constant P, bias, but increases slightly
for higher resistance 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 )
Jg = Vs—pj = ISE = constant (6)

where = sensor resistivity,

sensor length,

5 +H o
"

= sensor height,

t = sensor thickness,

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

T Ig = the current through the sensor (which equals the
current through the eﬁtire MR head I,).

The sensor resistance is given by
1 _
R. = —
s pht (7)

The (electrical) power dissipation in the sensor is

therefore
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. B = Jiplth (8)

The temperature rise AT;'of the sensor due to the electrical

power dissipation is

AT, = By X Ry, | (9)

where Ry..m is the thermal resistance 6f the sensor to ambient.
The sensor cocls by heat diffusing away from the sensor

through the two-side surfaces facing the shields. The thermal
resistance resulting from.this facial cooling is inversely
proportiohal 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
inversely proportional to the sensor height h. Hence, the total
thermal resistance R.yem.; in equation (9) is inversely

proportional to the sensor height h.

_ K

Rchermal = 3 (10)
where K is an arbitrary constant. Therefore,

AT, = J2pltK ‘ (11)

is no longer a function of the sensor height h. Consequently, if
the biasing circuitry 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 tempera;ure rise ATg; above ambient.

A third biasing approach of the present invention provides a
constant MR sensor biaé voltage V. For this scheme, the voltage

;5 @Cross the sensor, that is the porticn of the MR head
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corrééponding to resist:ance.R.s and responsive to the magnetic
data, is held constant for all MR heads in a'product.
Rewriting equation (12) with:

P, =L - y2th
.ps-Vs‘Rs Vszpl | ; (12)

results in
= st—

It also follows that for constant sensor voltage biasing,

the sensor temperature rise is the same for all sensors in a

- product.

With

Vs

I, = Jht = ==,
s = Jsh R,

the current density of the sensor Jg is

Jg = Ve/pl. (15)
Henée, if V¢ is held coﬁstant for all heads within a

product,. Jd; is also held constant for heads within the same
product. Thus, both the constant MR sensor current density bias
scheme of the invention and the constant MR sensor bias voltage
scheme of the present invention are identical. It should be
understood that constant voltage biasing of an MR sensor is not
the same as conventional constant voltage biasing of an entire MR
- head, which dces not produce the advantages 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 electricél 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
biaéing, constant sensor current density 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 + Ry - (16)

and

Rer Rg = 1/h, : (17)

a constant voltage bias across the front-lead resistance R, and
the sensor resistance R;, that is across R, ; Rs, 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 sensor
temperature rise can be obtained in principle as indicated by the
schematic block diagrams'of Figures 4(&)-4(d).

Figure 4(a) shows a schematic block diagram of an MR head,
an AE module and wireé W connected between the MR head and AE
module.. Figure 4(b) shows an equi%alent 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 negaﬁiVe' input resistance
at the input terminals of the AE. module. Figure 4(c) shows .an
equivalent bias circuit where a voltage V; is developed across
the sensor resistance R; of the MR sensor. Figure 4(d) shows an
‘equivalent bias circuit where a voltage V.; is developed across
the sensor resistance Rs and the lead front-end resistance R,.
The equivalent ci-rcﬁit shown in f‘igure 4(c), where the input
resistance is -(R; + R;)}, is relatively difficult to realize
because R; « 1/h and is dependent on each individual head. R,,
on the other hand, is relatively constant. Cdnsequentiy, the
equivalent circuit shown_in Figure 4(d), having a bias voltage V,
and an input resistance -R,, is the preferred implementation for
a biasing circuit that provides biasing for the second, third and
fourth biasing 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 Rg + R, of the MR head.
Figures 5(a)-5(c) are equivalent circuit models for the
circuit of Figure 4(d). 1In Figure 5(c), the current source I and
. the negative input impedance -R;, result in a constant bias
" voltage V, across (R; + R;) of the MR head, shown in f‘igure 4 (b),
.——when I = V3/R,. Figures 6(a) and 6(b) show exemplary biasing
*Conditiéns for a constant sensor temperature rise biasing scheme
accordihg to the present invention. In Figure 6(a), sensor
current I, is shown for varying totél MR head resistance R, for a

constant sensor temperature rise biasing. Figure 6(b) shows a
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-graph of head bias voltage V,; for varying MR head resistance Ry
for the same conditions. The curves of Figures 6(a) and 6(b) are

described by:

Iy=Vy/(Rg+R), (18)

and

Vg = Vg + IR;. - €19)

" The effective magnetic bias_caused by a constant curreht
dénsity:Jg in é sensor becomes progressively less as the sensor
height decreases due to a demégnetization effect on the top and
bottom edges of the Sensor.' To obtain a constant effective
magnetic bias in sensors having .a re;ative smaller height, a
fifth biasing approach according to the present invention
provides a progressively larger sensor current density Jg and

which is given by the following polynomial approximation

Ty = (Tpo = T (2. (20)

Figure 7(a) shows a theoretical curvelfor Jds. Figures 7(b)
and 7(c) show biasing conditions providing a practical
-épproximation for a constant current density Jg biasipg according
"“to thé: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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dgnsity that is‘inversely proportional to.the sensor height h and

| is prbportiona; to the sensor reéistance Rs;

| h ?igures's(a) and 8(b) show schematic bléck;diagrams for
illustrating the éeneral concept of the consnant-MR;head power

~ biasing scheme accb;ding to the pfesent invention. Each
‘electronic circuit shown.in Pigurés 8(a) and 8(b) includes a
multiplying'device 81, for example, a well-known transconductance
_multiplieﬁ having a first input signal that is proportional to I,
and a second input signal that is proportional to Va- Iz and V,
are signals available at the input terminals of an AE module.
The product signal outéut 82 from multiplier 81 is compared by a
compérator 83 to a reference signal 84. Signal 84 is
proportional to the desired bias power P, dissipated by MR head
resistance R,;. Comparator 83 outputs a control signal 85 that is
proportional to the difference of the product signal 82 and
referenée signal 84 and is.used for controlling the bias current
I; (Figure 8(a)) or fof controlling the head voltage V, (Figure
8(b)) such that the product I,Vy is constant. In Figure 8(a),
the'controlled variable is I, and variable V, is automatically

_J}inked to I, through the equation V; = R,I,. The head resistance
%,need.not be a known value, that is, it may vary from head to
%ead. For Figure 8(b), the controlled variable is V, and the
variable 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 903@ Thé'output currept_of'the

" ‘current sink is pfoportiopal ﬁd-head voitage Vy- As shown,'phe
output of amplifier'Sbl is coupled to the base of transistor 902.
The emitter of ﬁransistor.Soz is'coﬁpléd to the inverting input
6f amplifier 901 aﬁd tO'a.first power.source Vg_through resistor
903. The non-inveiting.input of amplifier 901 is connected to

~ input terminal 804 of bias circuit 900. Input terminal 905 of
circuit 900 is coupled td power;source Vg MR head (Ry) is
connected across input terminals 904 and 905. Thus; the
magnitude of the voltage V; appearing across Rn.is connected
across the current sink and controis the magnitude of the
collector current of transistor 902.

Transistors 906 and 907 are comnected to form a first
differential amplifier. That is, the emitters of transistors 906
and 907 are connected together and coupled to the collector of
transistor 902. The bases of transistors 906 and 907 are coupled
to opposite sides of a resistor 917. Resistor 917 is connected
so thaﬁ 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

- Y

Vsa thfough resistor 908, while the collector of transistor 907
“is connected to second power source V;, through resistor 909.
:The differential collector current of transistors 906 and 907 is
proportional to IpVy.

A second differential amplifier is formed by transistors 910

and 911, and current source 913. The emitters of transistors 910
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and 911 are connected together and coupled to one terminal of

current source 913. The other terminal of current source 913 is-

connected to first power source V;. 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
tr#nsistor 906, and the collecto: of transistor 911 is coupled to
the collector of transistor 907. A reference voltage V.., which
has a magnitude that is proportiohal to the desired bias p&wer
Py, is applied between the bases of transistors 910 and 911
causing a constant differential current at the collectors of
transistors 910 and 911 to'be-subtractedlfrom'the differential
current output of transistors 9206 and 907. The constant amount
can be varied by varying V... While Figure 9 shows that V., is
externally applied to circﬁit 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 P; 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 transistor
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/ql,

and V.. « kT/q, it follows that
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Py = VFB = Iavzef‘ﬁ? (21)
_ | R, _ .
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
demonstrated 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 noﬂ-sensor resistance part of
the head resistance, that is, the 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 équivalent 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 voltage
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

N

input to amplifier 1002 equals zero. Preferably, current source
1003 supplies current I, and current source 1004 supplies curreﬁt
I,/N, where N is chosen to be greater than.1 for power savings
considerations.” However, N may be chosen other considerations in
mind. Practical values for N are in.the range from 5-20.

Figure 11 shows a schematic block diagram of a circuit.lloo
providing a constant voltage V; across the sensor resistance Rg
portion of an MR head. Circuit 1100 includes a transistor 1101
connected aé an emitter follower. The base-emitter voltage of
transistor 1001 is cancelled by the base-emitter voltage of
transistor 1002, whiéh has an area preferably N times smaller
than T;Itransistor 1101 for power 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

transistor 1101. Capacitor 1105 is connected between the bases

'of transistors 1101 and 1102 and power source Vg for providing

filtefing. NR, and V, can be provided off-chip for greater

_flexibility. A current mirror is formed by transistors 1103 and

1104, and is connectéd 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
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transistors 1101 and 1102, énd.also through.Rﬂ_and mddel 1001 to
be scaled by N.

Figure 12 shows a schematic block diagram of another circuit
1200 providing a 6onstant voltage V aéross the sensor resistance
R portion of an MR head. 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 §oltage difference
betweenn the voltage V, appearing across the MR head and the
voltage appearing across equivalent circuit 1001. In that
regard, the non-inverting input of amplifier 1201 is coupled to
the MR head, while the inverting input of ‘amplifier 1201 is
coupled to the equivalent circuit 1001. The output of amplifier
1201 is connected to the bases of transistors 1202 and 1204,
which are both cénfigured 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
ocutput 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 resistor 1203. Similarly, the emitter of

transistor 1204 is coupled to supply voltage Va'through resistor
1205. The collector of transistor 1202 is coupled to the MR

head, while the collector of transistor 1204 is coupled to



32

equivalent circuit 1001 £hrough diodes 1208 and 1209. Capacitor
1207 is connected to the collectar'of transistor-1204 fqr
filtering purposes. | |

| Cifcuit'lzoo includes an output stage formed by transistors

1211 and 1212. The base of'tiansistor 1212 is coupled to the
collector of transistor 1202. Similarly, the base of transistor
l1211 is coupled to the collector of transistor 1204. The
collectorlof 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 using 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 I, 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 Vu,, is available
.between terminals 1310 and 1311, and is described by the

~"following equation:

. AR |
Vopr = —od Yy C (22)
R, T lrerr,)

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 thaf resistor 1303 can7héve a larger
. resistive value, for example,.450 Ohms, for prbvidingimore_gain
without causing transistor head-room-problems. For a reéistive_
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 currént through resistor 1303, which
is, for example, 30% of the bias current I, a series diode 1301
(self-biased transistor) is used Qith transistor 1302. This
circuit configuration, however, cah result in signal distortion,
offset, etc., despite compensation diode 1307 in ;he bleed-off
current source. _ i
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-endéd 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 équal, for
.éxample, 450 Ohms, so that 50% of I, flows through transistor
~™1103 and 50% flows through transistor 1309. An émplifier 1401 is
Téoupled 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 transistor 1104. Capaci%or 1402 is used for filtgriﬁg
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 ihput transistor 1101. Amplifier ;401-
controls ﬁhe FET current source, that is, transistor 1404, so
that the compensation currentlin the right-most branch is 1/10
times, for example, the input bias current I, through the MR
head.

In the constant effective magnetic bias scheme of the
present invention, an MR sensor having a relatively lower sensor
height is biased at a higher current density than would be
pro?ided by the second, third or fourth biasing schemes of the
present invention. The ideal curve for increasing current
density is difficult to realize (Figqure 7(a)), therefore the
approximation of Figure 7(b) is proﬁided 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 Vs and constant I; is between the minimum head
_resistance Ry g and'the maximum head resistance R, .., as
~encountered in_a product, 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



35

.bresent invention. ‘Cirouit 1500 includes circuit 1100 of.Figure
11. Circuit 1500 provides a constant sensor volﬁage for
relatively low values of Ry for which the:head'bias‘current
' through R; and transistor 1101 is suff1c1ently large to turn off
a controllable current source formed by tran81stor 1502 and
resistor 1503. For a relatlvely higher value of head resistance
"Ry, the bias current I; becomes sufficiently small that amplifier
1501, which compares the voltage drop across transistor 1504 with
the voltage drop across trans;stor 1103 (both shown connected as
diodes), applles a forward voltage to the base of transistor
1502. Transistor turns on accordingly and circuit 1500 supplieé
a constant current bias to the MR head. Figures 16 (a) and 16 (b)
shon exemplary MR head biasing conditions for constant effective
magneﬁic 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 Ry sufficiently large that
IB > VB/ (RH - R_l) I': (23)
the head bias current I, is kept constant at the value, I, = NI,.

Y
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For lower values of head resistance Ry, the bias current I,

is determined by
I, = Vs/(Ry - Ry) . (24) .
The cross-over point occurs at the value of Ry given by

v |
Ry, = -ﬁ% + R, (25)

and can be located anywhere within the product head resistance

interval

Ry min < Ruo € Ry pax- (26)
All of the disclosed embodiments and configurations of the
bias 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 iﬁvention 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 biasin g circuit for a magnetoresxstlve (MR) transducer having a total

res1stancc RH, the total MR transducer resistance Ry 1nc1ud1ng a sensor resistance R, a

lead resistance R; and a front-lead resistance Ry, the biasing circuit comprising:

a transducer equivalent circuit including a voltage source and an input
resistance, the voltage source having a predetermined voltage and 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

generating a bias current Iy 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 transduéer equivalent circuit, the
control current being proportional to the MR transducer bias current Ig so that the
predetermined voltage of the voltage source equals a predetermined voltage Vg appearing

across the sensor resistance Rs.

This Sheet Has Been Rep
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2. The biasing circuit according to claim 1, whetein the biasing circuit is part

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

3. The biasing circuit according to claim 2, wherein the MR head/AE circuit

"is part of a disk drive.
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4. The biasing circuit according to claim 1, wherein the difference sensing
circuit includes first and second transistors each Baving 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 secbnd 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 soﬁrce includes a fourth transistor having
first, second and third nodes, the first and third nddes 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 ﬂxird,no_de of the second transistor.

U
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5. The biasing circuit according to claim 4, wherein an area ratio of the first
transistor to the second t_ransistbr is'N;1, and an area ration of the third transistor to the

fourth transistor.is N:1.

6. The biasing circuit according to claim 1, wherein the difference sensing

circuit further including an output, -

wherein the first current source includes a first transistor having first,
second and third nodés, 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 equivalent circuit;
the biasing circuit further comprising:

an output 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

second input of the output circuit being coupled to the third node of the second transistor.

O
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7 The biasing c;iréuit according to claim 1, wherein the difference sensing
'circ_:u_it includes first arid'se.co-nd _trdnsistor_s each having first, second and thi;d nodes, the |
first _nodé of first transistor being coupled to the first and third nodes of the second
 transistor, the second nc;de of the first transistor being coupled to the MR transducer, and
the second node of the second transistor being coupled to the transducer equivalent

c¢ircuit,

wherein the first current source includes third and fourth transistors each
having first, second and third no_des, 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 transistor to form a current mirror, and the second node of the fifth

transistor being coupled to the third node of the second transistor.

_—
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8. The biasing circuit according to claim 7, 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.

9. The biasing circuit according to claim 1, further comprising:

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 responsivé to the current sensing circuit by
generating an output current when the bias current Iy generated by the first current source
for the predetermined bias voltage Vs 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, the combined control current being related to
the MR transducer bias current Ig so that a predetermined MR transducer bias current I
flows through the sensor resistance Rs producing a predetermined effective magnetic bias

—_
Ry I

of the sensor resistance Rg.
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10.  The biasing circuit according to claim 9, wherein the difference sensing
circuit includes first and éecond transisibfs 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 béing coupled to the MR transducer, and
the second'node of the second tfansistor being coupled to the tra_nsduc_ﬁer equivalent

- circuit, and

wherein the first current source includes a third transistor having first,
second and third nédes, 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 n.odé of the first transistor, and the third node of
the fourth transistor being coupled to the third node of the second transistor.

Tt




11.  The biasing circuit according to claim 10, 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 1nput and an output the
ﬁrst input being coupled to the third node of the third transistor, the second input being
coupled to the third mode of the fifth transistor-and the output being coupled to the third

current source.

* € L M s *
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12. A circuit for magnetically biasing a magnetoresistive (MR) transducer, the
‘MR transducer including a sensor por_tion' 'having‘ a sensor resistance Rs, alead portion
having a lead resistance R, and a front-lead portion having a front-lead resistance Ry, the

biasing circuit comprising:
a transducer equivalent circuit;

a difference sensing circuit having first, second and third 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

generating a bias current Iy 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 Ip so that the bias
current Ig through the MR transducer produces a predetermined effective magnetic bias

of the sensor portion of the MR transducer.

[y
.
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13.  The circuit according to claim 12, wherein the circuit is part of an MR

head/arm electronics (AE) circuit.

14.  The circuit according to claim 13, wherein the MR head/AE circuit is part
of a disk drive.

' * ¢ L M 0§ %
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15.  The circuit according to claim 12, further comprising:

a current sensing circuit sensin g the bias current Iz generated by the first
current source for the predetermined effective magnetic bias of the sensor portion of the

MR transducer; and

a third current source responsive to the current sensing circuit by
generating an output current when the bias current Iy 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 being coupled to the transducer equivalent circuit and combining with the
control current generated by the second 'cun"ent source to form a combined control
current, the combined control current being related to the MR transducer bias current Iy
so that a predetermined MR trarisducer bias current Iy flows through the MR transducer
producing the predetermined effective magnetic bias of the sensor portion of the MR

transducer.

A
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16.  The circuit according to claim 15, wherein the difference sensing circuit
inclﬁdes fi_rSt 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 transdﬁcer, 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 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.

W
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17.  The circuit according to claim 16, 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 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.

R
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18. A magnetoresistive (MR) head/arm electronics (AE) circuit comprising;

a magnetoresistive transducer, the magnetoresistive transducer having a
total resistance Ry, the total MR transducer resistance Ry including a sensor resistance

Rs, a lead resistance R; and a front-lead resistance Ry;

a transducer equivalent circuit including a voltage source and an input
resistance, the voltage source having a predetermined voltage an 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

generating a bias current Iy 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 Iy so that the
predetermined voltage of the voltage source equals a predeterrmned voltage Vg appearing

across the sensor resistance Rg.

NI M
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19.  The circuit according to claim 18, wherein the MR head/AE circuit is part
of a disk drive. | |

20,  The circuit according to claim 18, wherein the difference sensiﬁg circuit
includes first and second transistors each having ﬁrst, second and third nodes, the first
node of first transistor being couﬁle'd to the first and third nodes of the second transistor,
the second node of the first transiétor being coupled to the 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 first node of the fourth transistor to form a current mirror, the third node of the
third transistor being coupled to the thlrd node of the first transistor, and the third node of
the fourth transistor being coupled to the third node of the second transistor.
-

O O
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21. . The circuit according to claim 20, 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.

22. . The circuit according to claim 18, wherein the difference sensing circuit

further including an output,

wherein the first current sources includes a first transistor having a first,
second and third nodés, 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 equivalent circuit,
~ the 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 second input node of the output circuit being coupled to the third node of

the second transistor.

N O
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: 23. The circuit accordmg to.claim 18, wherein the difference sensmg circuit
mcludes 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 he 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 te 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.

-_
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24.  The circuit according to claim 23, wherein an area ratio of the transistor to
the second transistor is N:1, and a current ratio of curfént 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, whereK + L equals N.

25.  The circuit according to claim 18, further comprising:

a current sensing circuit sensing the bias current Ip generated by the first
current source for the predetermined bias voltage Vs 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 Ig generated by the first current source
for the predetermined bias voltage Vs 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, 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 sensor resistance Rg producing a predetermined effective magnetic bias

of the sensor resistance Rg.

_—

Ny o i



55

26.  The circuit according to claim 25, wherein the difference sensing circuit
“includes first and second transistors each having first, second and third nodes, the first
node of first transistor beihg 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 beiﬂg 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 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.

. * [ L M s *
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27.  The circuit according to claim 26, 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 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.

i "« ¢ L KN 5 %



57

28. A magnetoresistive (MR) head/arm electronics (AE) circ_uit-compn'sing:

a magnetoresistive transducer, the magnetoresistive transducer having a
total resistance Ry, the total MR transducer resistance Ry; including a sensor resistance

Rg, a lead resistance R; and a front-lead resistance Ry;
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
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

generating a bias current Iy 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 Iy so that the bias
current Ip through the MR transducer produces a predetermined effective magnetic bias

of the sensor portion of the MR transducer.

‘LN O
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29.  The circuit according to claim 28, wherein the MR head/AE circuit is part
of a disk drive. ' ‘

30.  The circuit according to claim 28, further comprising:

a current sensing circuit sensing the bias current Iy generated by the first
current source for the predetermined effective magnetic bias of the sensor portion of the

MR transducer; and

‘a third current source responsive to the current sensing circuit by _
generating an output current when the bias current 1,; generated by the first current source
for the predetermined effective magnetic bias of the sensor portion of the MR transducer
isless than a predétermined 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, the combined control current being related to the MR transducer bias current Iz
so that a predetermined MR transducer bias current Ip flows through the MR transducer
producing the predetermined effective magnetic bias of the sensor portion of the MR

transducer.
/
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'31.  The circuit accordiﬂg to claim 30, wherein the difference sensing circuit-
‘includes first and second traﬁsist_ors each having first, seéond and third nodes, the first
node of ﬁfst transistor being coﬁi)led to the first and third nodes of the second tré.nsistor,
the secoﬁd 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

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, sécond 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.

* € L M 0§ *
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32.  The circuit according to claim 31, wherein the current sensing circuit

includes,

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

A



