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ELECTRONF C MAGNETORESI STI VE SENSOR Bl ASI NG BACKGROUND OF THE | NVENTI ON 1..-
FrFel d of the Invention The present invention relates to nmagnetaoresistive
(MR) sensor biasing. Mre ‘particularly, the present invenﬂﬁ@ﬁgﬁgféﬁes to
magnet or esi stive sensor biasing nethods and circuits. 2. Description of the
Related Art For the purpose of this disclosure, the tefngPPéégrpmor esistive
(MR) sensor" and "MR head" both enconpass fny magnet oresi stive el enent used
for detecting a varying magnetic

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

i 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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bield by detecting a change in resistance [err]Rerr] of the el enent

resi stance Rlerr] caused by variations in the nagnetic field. Al so for
purposes of this disclosure, the terns MR sensor and MR head are both not .
limted to magnetic recordi ng elenents only. Exanples of enbodinents of MR
sensorss that are contenplated to be within the scope of these two terns

I ncl ude, but. are not limted to, barber pple MR err], dual MR err], soft

adj acent layer MR err], differential M err], spin valve M err], tunnel
junction MRl err] and giant MR err]. An MR sensor is an energetically

passive sengirallah.UseRid 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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sense current (or voltage) for detecting a change in sensor resistance in
YThe formof a signal voltage or signal current. The sense current may al so
be used for providing all or part of a magnetic bias for the sensor that is
needed for proper MR sensor . operation. This disclosure does not
di stingui sh between sense and bias current (or voltage). The terms (MR
sensor) bias current and voltage are usesl i nterchangeably throughout this

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.
Rh==ﬁh*-kf4-Rg . | (1)
Res Rg = 1/h, Q) ..
h= sensor'height, (3)
and
A 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
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dlsclosure The bi asi ng and readout electronlcs associated wth an MR
‘Sensor are generally referred to as an armel ectronic (AE) nodul e. The

physi cal

characteristics of an MR sensor are determ ned by the properties

of the materials used, the MR sensor sandw ch configuration, and the sensor

di mensions, that is, the thickness, height and Iength of t he sensor. The
di mensi on havi ng the greatest tolerance I n externally exposed MR sensors

used for magnetic recording is the sensord height h. The tol erance on this
di mensi on is for conpensating for head wear and |apping for tape

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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kheads, and for ABS | apping for disk drive heads. Figure 1(a) shows the
physi cal rel ationships between the different resistances forming the total
MR head resistance Rerr]. Figure 1(b) shows a schematic diagramfor an

el ectrical nodel of resistance Rl err]. The totalM.head resistance R err]
is measured at terminals 10 and 11 of the AE np@ikilSeSHEETeHAR BEERd and t he AE
nmodul e are shown as part of a disk drive 12 inf Fi gurgepiigy Thg portion of
the total MR head resistance that variesdin ac ryi ng
magnetic field is the sensor resistance Rlerr], with the resulting chan in

resi st anceappi-oindtdiigaadadstd e rddNiI Grop across any parasitic cable -

resistances that are present. The Cahalan circuit uses a -

iesistive element having a resistance that is an estimate of the
parasitic cable resistance for generating the nulling voltage.

' This approach, however, does not compensate fof any voltage drop
appearing across the back-leads inside an MR head.

In the conventional adjusted bias current scheme for
attaining a constant bias voltage, the bias currént through the
MR head is adjusted during manufacturing to be inversely w=
proportional to the MR head resistance Ry, achieving an
essentially constant MR head bias voltage. The resistance R,
must be measured: during the manufacturing process.

e 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 écheme’is typically not at or
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
regardléés 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 Refilaced
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Besi stance Rlerr] varies inversely proportional to the sensor height h. The
total head | ead resistance Rlerr] is the resistance of the wires to the
pre-anmplifier of the AE nodul e and the resistance of t he back-I eads i
BL-inside the MR head. Lastly, the total front- |ead-—+es+stanree—ei—the M

head is

indi cated as Rf. Resistance Rf also varies i|n88SHEET HASHBEEN dnal

to the sensor height h. However, Rf showsgno signal |vari aREBOACEDor vaipyi ng

magneti c

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 Rerlace
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field. Equations (1)-(4) represent these principles in synbolic notation.

*Rlerr] = Rlerr] + Rlerr] + Rerr] (1) Rerr], Rerr]

[err] 1/h, (2) h = sensor height, ' )
(3) and Rerr] = Rerr] [err]Rerr] (signal induced). In
Figures 1(a) and 1(b) and throughout the follow ng dig j ent

ITerr] equals head bias current I[err]. The voltage Vle
vol t age appearing across the total M head

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 resistanee R,, and é total 2 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

g which the first input receives a first signal that is related to
the bias current I; and the second input receives a second signal
that is related to thé bias voltage V,. The multiplier generates
a préduct signal that is proportional to a product of the first
and second signals. The comparator compares the product signal
to a reference signal that is proportionalfto a predetermined
bias power P, dissipated by the MR transducer, and generates a
control signal. The controller is responsive to the control
signal By controlling one of the bias current I, and the bias
voltage Vy or both I; and V4, and as a result controls the bias
pé&er Py dissipated-by the MR transducer to a predetermined
value. Preferably, the controller is'responsivé to the control
signal by contrelling the current generator to generate the bias

curxrent I.

AM9-96-032

This Sheet Has Been Reilaced :

(AW




<

fesistance Rlerr]. Voltage V[err] is the bias voltage appearing across
“sensor resistance Rlerr] and front |ead resistance Rlerr]. Voltage V[ierr]
is the bias voltage appearing across sensor resistance Rlerr]. Height his
t he physical height of the sensor. There are three conventi onal - approaches
for providing MR sensor biasing: a constant bias qqﬁﬂ§qﬁﬁ-pqﬂ@p Eﬂm onst ant
bi as vol tage schene; and an adjusted bi as current ”ﬁ A@@ 6 P ng
constant bias voltage. The term "constang" as useﬁgmhen E Eling tb

bi asi ng schenmes indicates a biasing invariability

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
o 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 aﬁplifier 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 ;nd third transistors are coupled to the third node of the
first transistor. The second resistor is coupled between the
.third node of the sécond transistor and the second power supply
node, while the third resistor is cqupled between the third node
of thelthird transistor and the second power supply node. The

output of the differential awplifier appears between the third

\
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from sensor to sensor in view of manufacturing tol erances. For a

“conventional constant bias current scheme, the sane bi as/ sense DC current
is applied to all MR heads by AE nodul es during nmanufactu of a product
regardl ess of the respective head 'resistanc gm §ﬁ@€|0|HABeBEENt s, etc., of

the MR heads. Figures 2(a) and 2 (b) illustr C)I asi ng
conditions for an MR head for different sensgr rqu I - br] for a
conventional constant bias current I[erry schene. _ .I[err] in Figure 2(a)
s 10 mA,

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. wE
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,

v 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

This Sheet Has Been Re’p
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for exanple, -Figure 2(b) shows that the head bias voltage V[err] varies
accordingly between 200 nV and 500 nV as R err] varies between 20 and 50

Ohns. For

2(c) and 2(d) illustrate exenplary bias conditions

a-conventional constant bias voltage schene, the sane bias/sense

DC voltage is applied to all MR heads in a product Hma§uﬂ§§§§§ Fi gures
bléi

different sensor resistances R err] for a conventi

voltage V[err] schene. If the bias voItagH)V[err] appearing across the
sensor resistance Rlerr] in Figure 2(d) is 500 nV, for exanple, Figure 2(c)

shows t hat £Qe£he invention, the control 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. . o

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,ilace
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bias current.I[err] through the MR head varies inversely proportional to
the total head resistance Rerr]. US. 5,309,294 to Cahal an, issued May 3,
1994, discloses voltage biasing circuit that provides a constant bias
voltage for an MR head. According to Cahal an, voltage.biasing circuit
includes a nulling circuit that adjusts the out paqHiPPSHEEE HAS!I BEENe} bi asi ng
circuit. The nulling circuit effectively j.ncreages thﬁEﬁM@PHt of {he

vol tage biasing circuit by an anount thaﬁlis

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 T
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.

This Sheet Has Been Rei
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S approximately equal to a cable drop across any parasitic cable
Tesistances that are present. The Cahalan circuit uses a resistive el enent
having a resistance that is an estinate of the parasitic cable resistance .

for generating the nulling voltage. This 6 appreseh—haowever, does not
conpensate for any voltage drop appearing across_thﬂff&afiHEET HAS BEEN
: 12 REPLACED

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
O N. _ |
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 Rs. 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

This Sheet Has Been R
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lLeads inside an MR head. In the conventional adjusted bias current schene

for attaining a constant bias voltage, the bias current through the MR head

i s adj usted during manufacturing to be 7 inversely proportional to the .

MR head resistance RH, achieving an essentially constant M head bi as

vol tage. The resistance RH nust be neasured during[t s atal
g | 9 [o7His TBHEET oA

process. BEEN
13 __ REPLACED

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 seéond transistor.
The second node of the first transistor is coupled to the MR e
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

o 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 éﬁrrent source, and an amplifier circuit. The fifth
transistor has firét, second and third nodes, with the first node

.be;ng coupled to thé 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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None of .these conventional MR head biasi ng-schenme conpensate for varations
in physical characteristics of the MR head that occur during the :
manuf act uri ng process, 8 specifically, the sensor dinension tol erances.
Consequently, operation of an MR head biased by a conventional biasing
scheme is typically not "at or near the operational u

Furt her, uniform magnetic perfornance frqm MR head gﬂ EEEN duct
t hat is, | ess variability in nmagnetic perfornance f n1he8@H$GEﬂea

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 o x
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 R
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_regardl ess of manufacturing tol erances, is not typically achieved. 9
" SUWARY OF THE INVENTION It is an object of the present invention to

anel i orate one or nore di sadvantages of the prior art. According to one

aspect of the present
bias current I[err] and a bias voltage VH for a magn

invention there is provided a circuit generating a

‘THIS SHEET HA

I5 REPLACED

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
traﬁsistor 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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;10 transducer, the circuit conprising: a nultiplier having first and second
dnputs, the first input receiving a first signal that is related to the
bias current I[err] and the second input receiving a second signal that is
related to the bias voltage VH the multiplier generating a product signal

that is proportional to"a product of the first and peeerd-signals..a
. 16 THIS SHEET HAS BEEN
REPLAGED

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.

e . 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;
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gonpar at.or conparing the product signal to a reference signal and
generating a control signal, the reference signal being proportional to a
predeterm ned bias power Pl[err] that is dissipated by the MR transducer;
and a controller responsive to the control signal by controlling one of the
bias current I[err] and-the bias voltage V[err] and by generating the
predet er mi ned bias power PB that is dissipated by the MR transducer.
According to another aspect of the preser/ invention there is provided a
magnet oresi stive (MR) head/armel ectronics (AE) circuit conprising: a

magnetorESiStiv%'igures 2(c) and 2(d) illustrate exemplary bias conditions -

for diffefent sensor resistances R; 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 x
according 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

i

i ~ 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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A2 transducer, the magnetoresistive transducer having a bias current I[err]
flowi ng through the transducer and a bias voltage V[err] appearing across
the transducer; a multiplier having first and second inputs, the first i
i nput receiving a first signal that is related to the bias current I[err]
and the second input receiving a second signal that is related to the bias
13

18

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

st 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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ol t age VH,

the multiplier generating a product signal that is proportional

to a product of the first and second signals; a conparator conparing the
product signal to a reference signal and generating a control signal, the
reference signal being proportional to a predeterm ned bias power P[err]
that is dissipated by the MR transducer; and a controller 14 responsive
to the control signal by controlling one of the bias current I[err] and the
bi as voltage VH, and by generating the.prbﬁeternined bi as power P[err] that
i s dissipated by the

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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MR transducer. BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is
illustrated by way of exanple and not limtation in the REPLACEMENT SHEET

15 acconpanying figures in which |ike reference nunerals indicate simlar
el ements and in which:

20

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,

o
o

o
|

]

I = constant (6)

L
ht

where

-sensor resistivity,

sensor length,
i i

= sensor height,

t 5 =
|

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



Figure 1(a) shows the physical relationship between the different
resistances formng the total MR head resistance RH 16 Figure 1(b)
shows a schematic diagramfor an el ectrical nodel of resistance RH, Figures
2(a) and 2(b) illustrate exenplary bias conditions for different sensor

resi stances RH for an MR head for a conventional constant bias current

I [err] approach; N

21

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 e
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

PRV 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, = Jipltk : (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 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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d7 Figures 2(c) and 2(d) illustrate exenplary bias conditions for different
sensor resistances R err] for an MR head for a conventional constant bias
voltage V[err] approach; Figures 3(a) and 3(b) show exenplary bias
conditions for varying sensor resistance Rl err] for a constant bias power
P[err] approach according to the present invention; Figure 4(a) shows a
schemati ¢ bl ock di agram of an MR head

corresponding to-resistance R; and responsive to the magnetic
data, is held constant for all MR heads in a product. -

Rewriting equation (12) with:

_ vl . yacth
JPS—Vs’Rs Vﬁpl (12)
results in
- £
AT = Vs‘-ﬁx (13)
It also follows that for constant sensor voltage biasing, _

.~

the sensor temperature rise is the same for all sensors in a
product.
With

I, = dJdht = =,
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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connected to-an arm el ectroni cs nodul e; Figure 4(b) shows an equival ent
circuit for an MR head according to the present invention; Figures 4(c) and
4(d) show equivalent circuits according to the present invention for a bias
vol tage source V[err] having a negative input resistance; Figures 5(a)-5(c)
show schemati c bl ock di agrans of equivalent circuits for the biasing
circuit of Figure 2(d); Figures 6(a) and b) show exenpl ary bi asi ng
conditions for an MR head for a constant nsor tenperature rise biasing

- 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 + R (16)

Fiac

and
Rsy Rg = 1/h, (17)

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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approach according to the present invention; Figure 7(a) shows theoretical
bi asing conditions for achieving a constant effective magnetic bias;
Figures 7(b) and 7(c) show biasing conditions for a practical approximtion
for achieving a constant effect magnetic bias according to the present

i nvention; Figures 8(a) and 8(b) show schenatic bl ock di agrans for
illustrating the general concept of constygnt . MR head power bi asing
according to the present invention;

"sees" a bias voltage source having a negative input resistance _
.at the input terminals of the AE module. Figure 4(c) showéuan
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 biasiﬁé 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 varying total-MR head resistance R, for a

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



18 Figure 9 shows a schematic bl ock diagramof a bias circuit providing a

constant bias power circuit for an MR head according to the present

i nventi on.

Figure 10(a) shows a schematic bl ock diagramof a circuit

provi ding a constant voltage bias for the sensor resistance of an MR head
according to the present invention; Figu28 10(b) shows a network equival ent
circuit for the

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, = Va/(Rs + Ry, : (18)
and
Vy = Vg + IuR;. (19)
The effective magnetic bias caused by a constént 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



schematic bl ock diagramof Figure 9(a); Figure 11 shows an alternative
'schematic bl ock diagramof a circuit providing a constant voltage across

t he sensor resistance portion of an MR head according to the present

i nvention; Figure 12 shows a schematic bl ock di agram of another circuit .
provi di ng a constant voltage across the sensor resistance portion of an MR
head according to the present invention; Figure 13 shows a schematic bl ock
di agram of an input stage for a single-eRfled MR preanplifier circuit using
sensor. bi asing according to the present invention;

density that is inversely proportional to the 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, o
are signals available at the input terminals of an AE module.

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

.cbmparator 83 to a reference signal 84. Signal 84 is
proportional to the desired bias power P, dissipated by MR head

- registance R;. 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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.Figure 14 shows another schematic bl ock diagramof an input stage of a
singl e-ended MR preanplifier circuit using sensor biasing according to the
present invention; Figure 15 shows a schematic bl ock diagramof a circuit _
provi ding a constant effective nagnetic bias for an MR head according to
the present invention; and Figures 16(a) and 16(b) show head bi asi ng
conditions for a constant effective magnetic biasing according to the
present invention. 27

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

g
I

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.

R _ 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
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. 19 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present invention
- provides an MR head bi asi ng schene that conpensates for physical variations
fromhead to head within manufacturing tolerances of the head using one of
five rel ated approaches. The first approach is to electrically bias an MR
head so that the (el ectrical): power diss'gation in the:-head is kept

constant from head to head, regardl ess o? variations in

- 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 aesired bias power
P;, is applied between the bases of transistors 910 and 911 - s
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

S 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
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total head resistance R err] due to manufacturing tolerances. This is
acconpl i shed by keeping the product of the DC voltage across the head
Vlerr] and the DC current through the head I[err] constant. That is,
V[err]i[err] = Plerr] = a constant (5) where, Plerr] is
t he bi.as power. Figures 3(a) ‘and 3(b) show exenplary bias conditions for
varying total head resistance R err] for a constant bias power P[err]
approach according to the invention. Fggure 3(a) shows variations in head
current I[err] for variations in total head

R,

Pp = Vylp = Iavref?s .

" (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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resistance R err] for a constant bias P[err]. Figure 3(b) shows
corresponding variations in voltage across the head V[err] for variations
in total head resistance Rerr] for the sane constant bias Plerr]. An :
advant age of a constant bias power schene over a conventional constant bias
vol tage approach is that incréases in head current |[efr] caused by |arger
sensor heights are less dramatic with a cqgnstant bias power schene. '
Additionally, a constant power biasing teéﬂnique is useful for avoiding
magnet i ¢ under bi asi ng of | ow sensor height heads (high R err]) due to a

sensor 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 e
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
R 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



.20 demagneti zation effect. This is because the head voltage V[err] does
not remai n constant for constant P[err] bias, but increases slightly for

hi gher resistance heads. A second biasi ng approach of the present invention
Is a constant MR sensor current density schene. Wth this bias technique,
the current density J[err] i-n the MR sensor is held ceonstant. This allows
operation of all MR sensors in a product ‘
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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 coﬁstant voltage V; 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

i 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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.as close as possible to the electro-mgration limts. The electro-mgration
depends on current density, [err] where p = sensor resistivity, 1 =
sensor length, h = sensor height, t = sensor thickness, V[err] = the
vol t age across the sensor, that is, the portion of the MR head
corresponding to resistance Rlerr] and responsive to the nmagnetic data, and
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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

T 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)
ot Rh 5 (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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l[err] = the current through the sensor (which equals the current through
the entire MR head I[err]). The sensor resistance is given by [err]
(7) The (electrical) power dissipation in the sensor is therefore 21
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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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lerr] : ' (8) The tenperature rise [err]T[err] of the sensor
due to the electrical power dissipation is [err] (9)

where R err] is the thermal resistance of the sensor to anbient. The sensor
cools by heat diffusing away fromthe sensor through the two-side surfaces
facing the shields. The thermal resistance resulting fromthis facial
cooling is inversely proportional to the sensor height h. Another cooling
mechanismis by heat diffusion into the I3ads of the sensor. The therma
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 current I, through the MR R
head.
In the constant effective wmagnetic bias scheme of the
present invention, an MR sensor having a relatively lower seénsor
i _ 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



resistance associated with this cooling nmechanismis also inversely
proportional to the sensor height h. Hence, the total thernal resistance
Rlerr] in equation (9) is inversely proportional to the sensor height h.
[err] (10) where Kis an arbitrary constant. Therefore,
[err] : (11) is-no longer a function of +he sensor height h.
Consequently, if the biasing circuitry of an MR sensor-.i's designed to bias
at a constant current density Js, all MR ZFensors in a product will be
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 across transistor 1504 with
the voltage drop across transistor 1103 (both shown connected as <
diodes), applies a forward voltage to the base of transistor
1502. Transistor turns on accordingly and circuit 1500 supplies
a constant current bias to the MR head. Figures 1l6(a) and 16 (b)
g show exemplary MR head biasing conditions for constant effective
i
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,.



~

.operating at the sane tenperature rise [err]T[err] above ambient. A third
bi asi ng approach of the present invention provides a constant MR sensor
bias voltage V[err]. For this schene, the voltage V[err] across the sensor,

that is the portion of the MR head 22 corresponding to-resistance R err]
and responsive to the magnetiec data, is held constant ‘for all MR heads in a
pr oduct . ' 36

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

is determined by

I, = Vy/ (R, - R)). (24)

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

VB
NI,

Ryp = + 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
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 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.



-

.Rewriting equation (12) with: [err] results in [err]

(13)

It also follows that for constant sensor voltage

tenperature rise is the same for all sensors in a product. W't h [err] the:.

current density of the sensor J[err] is ”"I"”"I"III"“'II"III'

37
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 secoﬁd input receiving a second signal that is

related to the bias voltage V,, the multiplier generating a

4

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,.

[



of the
present

~

ferr]
heads mﬁthln a product, J[err] is also held c
same product. Thus, both the constant M sensor current den5|aﬁub|as

i nvention and t he constant MR sensor

invention are identical. It should be jilmm jﬂlﬁu jl

(15) Hence, if V[err] is held constant for al

of the
nst ant

vol tage biasing of an MR sensor is not the sane as conventlonal const ant
vol t age biasing of an entire MR head, whi38h does not produce the advant ages
of constant tenperature rise and constant current density.

]

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

it hin the



.23 A fourth MR sensor biasing approach of the present invention is a
constant MR sensor tenperature rise bias schene This MR sensor biasing

techni que |l eads to the sanme sensor tenperature7:?5;77?§EHT‘anﬂﬁﬂﬂnthe _
el ectrical bias power dissipation in the senson)’ﬂu'n a product.
Natural ly, this biasing approach is the sane as ' g m,’bl asi ng
appr oaches of _

39

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,

il 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



£y

.the present invention. Since constant sensor tenperature rise biasing,
<constant sensor current density biasing, and constant sensor bias voltage

bi asi ng tﬂﬂmmlulm mﬂ nt of sensor height h, these three biasing
approach Ihedll n i nvention can all be treated as the sane case.

"Since [erf] © S *(16)..and [err] (37) _a_const ant
vol tage bias across the front-|lead resistance Rf and st S&Eﬂomswm ance
‘Rlerr], that is across Rerr] + Rerr], wgpyl also REPLACED

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
h

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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<« produce a constant current density in the sensor and provide a constant
t enper at ur | s in a product, regardl ess of sensor height
h. Therefore constant sensor tenperature rise can be obtained in

principle asU ml mﬂm umunm schemati ¢ bl ock diagrams of Figures 4(a)
-4(d). Figur hemati ¢ bl ock di agram of R-he
nodul e and w res Wconnect ed bet ween t he MR head and HEET HAS

4(b) shows an equivalent circuit for an MR4head with ads &ﬁﬂAgEEes
According to the invention, the MR head

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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s 24 "sees" a bias voltage source having a negative input resistance at the
input terminals of the AE nodule. Figure 4(c) shows an equival ent bias
circuit where a voltage V[err] is developed across the sensor resistance

Rl err] of t

a voltage

where the input

m mmngu ure 4(d) shows an equivalent bias circuit where
ud d--across the sensor res TeRE t he
| ead front- ehd Tesisfante Rf. The equivalent circui 0 RH&RCE (c),

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 R
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sesistance is -(Rerr] + Rerr]), is relatively difficult to realize

because R er+i—terri—1rthrand is dependent on each individual head. Rerr],
on the other eI y constant. Consequently, the equival ent
circuit shov)dma]1 I“J““éﬂ!ﬂ“ havi ng a bias voltage V| err] and an input
resi st ance. -

preferredlrrplerrentatlonf FRg—e-eyi t
t hat provi des biasing for the second, t hiysd and fourtUﬁ'HSagu SEEN jof

the present invention. The negative r esi st ance -Rerr]] of REBLAGHD val ent
circuit in Figure 4(d) cancels R err] of the MR head wring and Teads,  and

ef fect i vel yoanald anglu® nBis8 ot UHAUEeVLE Edr AAROBE 1 Lo Teled thedl the

third node of:  the second 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 e
second transistor being coupled to the transducer equivalent
circuit, '

wherein the first current source includes third and

R 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 secoﬁd current source includes a f£ifth
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




4(d). In F| e current source | and the negative input inpedance
-Rlerr] res ‘law,), bias voltage V[err] across (Rlerr] + Rerr]) .
of theI\/Rh ' ure 4(b), when | = V[err]/Rerr]. Figures 6(a)
and '6(b) show exenpl ary b| asing conditions for a constant sensor
tenperature rise biasing schene accordin o the present ixvention. In
Figure 6(a), sensor current I[err] is sh&/vn for varying tofTHIS SREFEHA EN
resistance Rlerr] for a constant sensor tenperature rise piasi %PLE{:@[}"%E

6(b).Shows S the third transistor to the current flowing in the sec

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

gﬁé' 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

/

heet Has Been Reﬁaced
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.25 graph of head bias voltage V[err] for varying MR head resistance R err]

ne—gondLLLgﬂgx_lpgegﬁgves of Figures 6(a) and 6(b) are descri bed
and ierr] The e e magneti c bias caused by a constant

for the sa
by: [err]
current

AR [Whm

45

THIS SHEET HAS BEEN
REPLACED

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 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 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

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.

This Sheet Has Been Re
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~density J[err] in a sensor becones progressively |ess as the sensor height
.decreases_due_Lg—a—deﬁHQNET“iation effect on the top and bottom edges of

t he sensor. To tant effective nagnetic bias in sensors having
a rel atlve \jﬂ)ﬁ! fifth biasing approach accordi ng to the
es*

pr esent in a progressively |l arger sens | .
J[err] and wh is given by the follow ngypol ynomi al &p i S [BEEN |
Figure 7(a) shoms a theoretical curve for ﬁferr]. Fi gures 7@EPUﬂHm 7(c)

show bi asing conditions providing a practical

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




.approximation for a constant current density J[err] biasing according to
the fi fth“m‘ersmg—sehen%—ei__t_he present invention. Below a head resistance

Rlerr], corr sensor height h[err], a head is biased with a
const ant bl@ mm Im ng a constant current d Lty Jlerr]. Above
resi stance H ef biased with a constant (cEHISeSHEETBAS ToeEy

resulting in an |ncrease in a sensor cur rgnt 26 ' REPLACED

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 R
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
B 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

This Sheet Has Been Repl
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den5|ty that is inversely proportional to the sensor height h and is

. proportiona I stance Rlerr]. Figures 8(a) and 8(b) show
schemati c bI for illustrating the general co

const ant I\/R H E&Wﬂ ng schene according to the p 5HE§R/HASimN
Each el ectronl Ce in Figures 8(a) and 8(b) |‘LI udeREPRACED

mul tiplying device 81, for exanple a wel |l - known transconduct ance
multiplier having a first input signal tha#€ is proportional to I[err] and a

second input signal that is proportional to V[err]. I[err] and V[err] are

S|gnals available at the input termnals of an AE module.
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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The prodtMgW frommultiplier 81 is conpared by a conparat or
83 toar nce signa -~ Signal 84 is proportional to the desired bias
power P[e {! @ MR head resistance R err]. Conparator 83 outputs
a control s proportional to the difference of the product
si gnal 82 and. refef’en&e 5| grmal 84 and is used for contrITHIGHERE HASABEEN
current I[err] (Figure 8(a)) or for conty@l ling the hea VOHR@F‘M‘C‘ rr?
(Figure 8(b)) such that the product I[err]Vierr] is consant
8(a), the controlled variable is I[err] and variable V[err] is
automatical ly | b@kedAtreaérie%rorrlem;@{wgmwhﬁesawm YieMebhlics Thef 1! ferr].
The head resistance

circuit comprising:

r‘tler

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 secqna input receiving a-second signal that is
related to the bias voltage V,, the multiplier generating a s
product signal that is proportional to a product of the first and
second signals;_ |

a comparator comparing the product sigmal to a

SRR reference signal and generating a control signal, the reference
signal being proportional to a predetermined bias power Py ﬁhat
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,
énd 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
théough a total resistance Ry of the MR transducer, thé total
resistance R; being the sum of a sensor resistance Rg;, a total

head lead resistance R,, and a total front-lead resistance Re.

—_—
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SRl err]

need not be a known value, that is, it may vary from head to head.

For Figure 8(b), the controlled variable is V[err] and the variable I[err]
i's I|nEgE—T6“VTErr}~—ELguLe 9 shows a schematic bl ock dlagran1of a bias -

cirCU|t
900 inc

&
-2

vides a constant bias power tg-an—M-head—BlLas circuit
Wﬂlﬂflﬁl‘ﬂ " nk¢formed by anplifier opFHIS SHEET HAS BEEN
50 REPLACED

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,.

i
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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.transistor 902 and resistor 903. The output current of the current sink is
proportional to head voltage V[err]. As shown, the output of anplifier 901

i's coup#ed~%e_Lh§*Qg§g‘Sirtransistor 902. The emitter of transistor 902 is

coupl ed the invertin nput of anplifier 901 and t rce

Vierr] Lm ”‘Mﬂ 903 The non-inverting. input *I‘Wéw"ﬁﬂgﬁgggaml
Iﬂ J’lnal 804 of bias Ceilcwt 900. ‘ljaput REPAGER 905 | of

connect
circuit 900 is cduplse 0 power source V| MR hea Rerr|) is

connected across input termnals 904 and 905. Thus, the magnitude of the

vol tage V[err] §Epeaf‘li1@gcia:%ru9.%sa&:§f<§.‘lngi %oCQi?QﬁEtﬁq further compri_sing 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

a first resistor coupled between the second node

of the first transistor and the first power supply node;

i
J

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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.across the current sink and controls the magnitude of the collector current
.of transistor 902. Transistors 906 and 907 are connected to forma first
differential anplifier. That is, the emtters of transistors 906 and 907
are con d coupled to the collector of he
bases oﬂmnﬂuﬂﬂmﬂﬂﬂym and .907 are coupled to opposi t%ﬂg%@;?g—hswﬂém
resistor 917 ResPFstdr 917 is connected so that the cyrrent l$ﬁEHq thr gugh
resistor 917 is the bias current I[err] t hab2f | ows t hrough term nal 904 and

through Rlerr]. The collector of transistor 906 is connected to a second

power source, _ o . . , '
differential amplifier, the predetermined current signal 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 transducef bias current I; so that the

-
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Af[err] t hrough resistor 908, while the collector of transistor 907 is
connected to second power source V[err] through resistor 909. The
di fferential colTector current of transistors 906 and 907 is proportional

to I[err] differential anmplifier is forned sistors

910 and gmmmimmnwmu ource 913. The enmitters of transf SHiSr SHEOHAS "
< REPLACED
53

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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;acnd 911 are connected together and coupled to one term nal of current
.source ot her term nal of current source 913 is connected to first
power source V[err]. Current source 913 outputs current I[err] that is used

for bi a&’MﬂUﬁlﬂ'ﬁﬂ 0 and 911. The collector of transistor 910 is
coupl ed t mm f transistor 906, and the col I ector of tran | st or

911 is coupl éd to thescollector of transistor 907. A E
V[err], which has a magnitude that is proé&rtional t SE%%IA&% | as
power P[err] is applied between the bases of transi <tors 8 Q1]

causing a. constant differential current at thg col | ectors of - . :
. 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

"I “Tiu
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tran5|stors 910 and 911 to be subtracted fromthe differenti al

out put

current
nd 907. The constant anount can be varied by

externally applied to

varyi ng ' | 9 shows that V[err] is _
circuit Fﬁﬂwmgﬁﬂ@ﬁm Iter natively be made to &G SHEEDMSageeNTRaNi t ude,
that is, "% s uit-900, and I[err] can{be megEpii E@e var{ ed
externally in proportion to the desired I§5as po dating

a wi de range of products having different Plerr] requirements. The
collector of transistor 906 is coupled to the inverting input to a control

anplifier 9ldy adihBersPhl elond ahbAPRIAd Hodes, 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 foufth 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, 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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907 is coupled to the non-inverting input of control anplifier 914. The _
output_of anplifier 914 controls a current source formed by transistor 916
and resistor 915. Transistor 916 and resistor 915 generate b| as current

IRRIT 1T R )

hat
56

- 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

Cugh 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 i



{err]—AAheLe_RLeL_lMerr] are the resistance of resistors 903 and 917,

fFespectively. For a constant MR sensor bias voltage approach according to
t he priﬂﬂl”um "',[ nly the resistance Rlerr] of the total MR head
resi st ; : "m,gsed with a constant voltage. As denonstrated
above, thi§ btaslng s¢heme al so achieves a constant curent—d A g
In the sensor in addition to a constant. tenperature ri 4dHE Syﬁgfé'{e%sgtm !
above anbi ent tenperature. As indicated bj‘ﬁ Fi gures 4(4) - 4(dREPIACEDNSst anf
sensor biasing can be R

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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\_icrrpl enented by conpensating for the non-sensor resistance part of the head

«resi st ance,—t-hat—+s;—thetead resistance Rerr] and the front-|ead

resi stance Rf ily by conpensating only for the | ead resistance
Rlerr] ﬁ“ Hﬁ jlﬁ@iﬂﬁﬂ A sinple and el egant way to achieve this is

shown b d 10(b). Figure 10(a) shows henmati ¢ bl ock
di agram of a circuit 1000 provi‘ding a constant sensor 'EH[SasHE ,
according to the present invention and Figd8e 10(b) sHows app
equi valent circuit 1010 for the schematic bl ock di agramre

Figure 10 (a), the network equivalent circuit_ 1010 of
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 according 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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F| gure 10(b) having a negative input resistance -Rferr] with a voltage

source‘V[W]“l‘s—CT-eat—ed—by a bridge-like circuit 1000. Crcuit 1000
i ncl ude 2 that senses .a voltage difference between the
t ot al mﬂm m iﬂFrr] and the nodel or equi ye-ept—ci+eti+—3+064 for
the MR tran cer. Wis acircuit AMD-96-032 | BHS SHEET HAS BEEN
: 59 * REPLACED

L

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 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 e
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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haV|ng a NR[err] in series. Anplifier 1002 adjusts two current sources 1003
\and 1004 until the voltage difference sense at the input to anplifier 1002
equal s zero. Preferably, current source 1003 supplies current I[err] and
current sﬁﬂ"ﬁ"ﬂﬂ"’“ﬂﬂﬂlﬂ;es current I[err]/N, where Nis chosen to be
greater t avi.ngs consi derations. However, N nmay be chosen
ot her consi deratiofis fn find. Practical values for Nare in the range from
5-20. Figure 11 shows a schematic bl ock g¢pagramof a circuit 1100 providing

a constant voltage V[err] across the sensor resistance R err] portion of an

MR head. Crcuit 1100 includes a transistor 1101
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 haring 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.

THIS SHEET HAS BEEN
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sconnected as an emtter follower. The base-emtter voltage of transistor
#1001 is cancelled by the base-emtter. volitage of transistor 1002, which
has an area preferably N tinmes smaller than T[err] transistor 1101 for
power saving considerations. The resistagce NR err] of equivalent circuit
1001 is scaled accordingly by N. Transistor 1101 is preferably the input
transi stor of the readback anplifier of an AE nodul e. Al though not shown in
Figure 11, the readfBECTRQONEC MAGNEEORESISTIVESENSORBIASINGInsi st or
1101. Capacitor 1105 is connected between the bases of transistors 1101 and
1102 and power source V[err] for providing

ABSTRACT OF THE DISCLOSURE

A magnetoresistive transducer biasing technique that provides a uniform transducer
biasing in a product. The technique provides biasing for transducer constant power_ ‘
dissipation, constant sensor current density biasing, constant sensor bias voltaQé,
constant sensor temperature rise biasing, and constant effective magnetic biasing of a

transducer.

FIG. 8a
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_kaféring. NR[err] and V[err] can be provided off-chip for greater
flexibility. Acurrent mrror is formed by transistors 1103 and 1104, and
is-connected in any well-known current mirror configuration (double FET
mrror, etc.), and is also scaled by a factor N. This current mrror forces-
the currents through 31 transistors 1101 and 1102, and al so through
Rlerr] and nodel 1001 to
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‘be scaled by N. Figure 12 shows a schematic bl ock di agram of anot her
circuit 1200 providing a constant voltage V[err] across the sensor
resistance Rl err] portion of an MR head. Circuit 1200 is configured for
detecting an MR head readback signal directly fromthe MR head signa
voltage. Circuit 1200 includes MR equivalent circuit 1001. Amplifier 1201
is connected to detect a voltage difference between the voltage V[err]
appearing across the MR head and the voltage appearing across equi val ent
circuit 1001. In that regard, the non-inverting input of amplifier 1201 is
coupled to 2/18
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the MR head, while the inverting input of anplifier 1201 is coupled to the
equi valent circuit 1001. The output of anplifier 1201 is connected to the
bases of transistors 1202 and 1204, which are both configured as
control |l able current sources. The area ratio of transistor 1202 to
transi'stor 1204 is preferably N:1 for power savings considerations, but my
al so be chosen for other considerations. Capacitor 1206 is coupl ed between
the output of anplifier 1201 and a power supply voltage V[err] for
providing filtering of the control sigrdl8output fromanplifier 1201.
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The emtter of transistor 1202 is coupled to power supply voltage Vferr]
*through resistor 1203. Simlarly, the emtter of transistor 1204 is coupled
to supply voltage V[err] 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 through di odes 1208 and 1209.
Capaci tor '
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1207 is connected to the collector of transistor 1204 for filtering
purposes. Circuit 1200 includes an output stage forned by transistors 1211
and 1212. The base of transistor 1212 is coupled to the collector of
transistor 1202. Simlarly, the base of transistor 1211 is coupled to the
col l ector of transistor 1204. The collector of transistor 1211 is coupled
to power supply V[err] through resistor 1210. The detected readback signal
fromthe MR head is generated across resistor 1210 between termnals 1213
and 1214. _ ' 5/18
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Figure 13 shows a schematic block diagramof an input stage circuit 1300
for a single-ended MR preanplifier using sensor biasing according to the
present invention. Crcuit 1300 includes circuit 1100 that is shown in
Figure 11. Additionally, a current source 1304 having a current I[err]
equal to 2l[err]/[err], where [err] is the current gain of transistor 1103,
i s connected between a voltage source V[err] (+5 V for exanple) and the
bases of transistors 1103 and 1104. The MR head signal V[err] is avail able
between term nals 1310 and 1311, and is described by the follow ng

equati on:
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*

[err] A current source containing an anplifier 1305, a capacitor 1306, a
conpensati on di ode 1307, a resistor 1308 and a transistor 1309 is used for
"bl eeding off" part of the bias current I[err] 33 around resistor 1303,
so that resistor 1303 can have a |l arger resistive value, for exanple, 450
Chns, for providing nore gain
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wi t hout causing transi stor head-room probl ens. For a resistive value of 450
bhns for resistor 1303, resistor 1308 shoul d preferably have a resistive
val ue of 194 Chns so that 70% of I[err] is sourced through transistor 1309.
Preferably, capacitor 1306 is 470 pF. To mrror the current through
resistor 1303, which is, for exanple, 30%of the bias current I[err], a
series diode 1301 (self-biased transistor) is used with transistor 1302.
This circuit configuration, however, can result in signal distortion,

of fset, etc., despite conpensation diode 1307 in the bleed-off current

sour ce. -
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*

The problens of circuit 1300 associated with signal distortion are avoi ded
by circuit 1400, shown in Figure 14. Circuit 1400 is an input stage of a

si ngl e-ended MR preanplifier using sensor biasing, and includes circuit
1100 (Figure 11), and the bl eed-off current source (circuit 1300). For
circuit 1400, though, diodes 1301 and 1307 of circuit 1300 have been
elimnated. Resistors 1303 and 1308 are chosen to be equal, for exanple,
450 Ohns, so that 50%of I[err] flows through transistor 1103 and 50% f| ows
through transistor 1309. An anplifier 1&@3 is coupled to the emtters of
the current mirror formed by
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transistors 1103 and 1104. The output of anplifier 1401 is coupled to the
‘gate of a transistor 1304. The source of transistor 1404 is coupled to
power source V[err] through resistor 1403. The drain of transistor 1404 is
coupled to the collector 34 of transistor 1104. Capacitor 1402 is used
for filtering purposes.

10/18
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s/
In circuit 1400, the magnitude of the conpensation current in the
right-nost vertical branch containing head equivalent circuit 1001 is
derived fromthe base-emtter of the cascode transistor 1103 above input
transi stor 1101. Anplifier 1401 controls the FET current source, that is,
transi stor 1404, so that the conpensation current in the right-nost branch
is 1/10 times, for exanple, the input bias current I[err] through the M
head. In the constant effective nmagnetic bias scheme of the present
i nvention, an MR sensor having a relati%?h%_lomer sensor
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hei ght is biased at a higher current density than woul d be 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 Figure 7(b) is provided by the present
invention. The approximation realizes constant voltage bias for |ow

resi stance heads (Figure 7(b)) and constant current bias for higher

resi stance heads (Figure 7(c)). The cross-over point between constant

V[err] and constant Iferr] is between tmansnlnunlhead resi stance R err]
and t he maxi nrum head resistance R err] as .
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encountered in a product, and corresponds to a given sensor height h[err].
Figure 15 shows a schematic bl ock diagramof a circuit 1500 providing a
constant effective magnetic bias according to the 35 present invention.
Circuit 1500 includes circuit 1100 of Figure 11. Circuit 1500 provides a
constant sensor voltage for
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relatively | ow values of R err] for which the head bias current through
‘Rlerr] and transistor 1101 is sufficiently large to turn off a controllable
current source forned by transistor 1502 and resistor 1503. For a
relatively higher value of head resistance Rerr], the bias current I[err]
becones sufficiently small that anplifier 1501, which conpares the voltage.
drop across transistor 1504 with the voltage drop across transistor 1103
(both shown connected as di odes), applies a forward voltage to the base of
transi stor 1502. Transistor turns on accordingly and circuit 1500 supplies
a constant current bias to the MR head. Figures 16(a) and 16(Db)-
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L

show exenpl ary MR head bi asing conditions for constant effective nmagnetic
‘biasing circuit 1500. The cross-over point is determned by the val ue of
the (reference) current I[err] and the transistor area ratio N. So, for
head resistance Rlerr] sufficiently large that [err] the head bias current

I[err] 'is kept constant at the val ue,
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36 For | ower values of head resistance Rl err], the bias current I[err] is
*determ ned by [err] The cross-over point occurs at the value of R err]
given by [err] and can be | ocated anywhere within the product head
resistance interval [err] Al of the disclosed enbodi nents and
configurations of the
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pias“cfrcuit of the present invention can be nade part of circuitry in an
MR/ AE nodul e which is part of a disk drive. Wiile the present invention has

been described in connection with the illustrated enbodinments, it will be
appreci ated and understood that nodifications may be nmade wi t hout departing
from'the true spirit and scope of the invention. 37
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S
;LAINB"Vhat Is clainmed is: 1. A circuit generating a bias current I[err]
and a bias voltage V[err] for a magnetoresistive (MR) transducer, the
circuit conprising: a multiplier having first and second inputs, the first
i nput receiving a first signal that is related to the bias current I[err]
and t'he second input receiving a second signal that is related to the bias
voltage V[err], the nultiplier generating a product signal that is

proportional to a product of the first and
18/18
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Eecond signals; a conparator conparing the product signal to a reference
§ignal and generating a control signal, the reference signal being
broportional to a predeternined bias power Plerr] that is-dissipated by the
MR transducer; and a controller responsive to the control signal by
controlling one of the bias current I[er® and the bias voltage V[err], and
by generating the predeterm ned bias power Plerr] that is dissipated by the
MR transducer. 2. The circuit according to claim1, wherein the bias

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. This

REPLACEMENT SHEET

05 FEB 1999




Vqltage Vlerr] is a voltage produced by the bias current I[err] flow ng
through a total resistance Rlerr] of the MR transducer, the total
dFesistance Rerr] being the sumof a sensor resistance Rerr], a total head
| ead resistance Rlerr], and a total front-|ead resistance Rerr]. 38 3.
The circuit according to claim2, whereif the controller controls both the
bias current I[err] and the bias voltage

approach, however, does not compensate for any voltage drop appearing 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 during manufacturing to be
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Vlierr]. 4. The circuit according to claim?2, further conprising a current
generator, and wherein the controller is responsive to the control signal

by controlling the current generator to generate the bias current I[err].

5. The circuit according to claim4, wherein the circuit is part of an MR
head/arm el ectronics (AE) circuit. 6. The circuit according to claimb5,
wherein the MR head/ AE circuit is part of a disk drive. 7. The circuit
‘according to claim4; wherein the

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 varations in

physical characteristics of the MR head that occur during the manufacturing process,
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mul tiplier 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 that is proportional to the bias voltage
Vlerr]; and a differential anplifier having an input and an output, the
differential anplifier being biased by tHe output current of the current
sink circuit, the input of the differential anplifier receiving the first
signal and the output of the differential '

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
(nﬁnmn1ﬁmﬂmdmml Further, uniform magnetic performance from MR head to MR
head of a product, that is, less vanablllty in magnéﬁc performance from head to head
regardless of manufacturing i:olcrance’é; is ot typically achieved. |
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39 anplifier being proportional to a product of the bias current I[err] and
the bias voltage V[err]. 8. The circuit according to claim7, further
conprising 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 signaP being coupled to the first node

of the

SUMMARY OF THE INVENTION
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 circuit

generating a bias current Ig and a bias voltage Vp for a magnetoresistive (MR)
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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 thiff 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

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 Iy and the second input
receiving a second signal that is related to the bias voltage Vy, the multiplier generating
a product signal that is proportional to a product of the first and second signals; a
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of the second transistor and the second power supply node, and a third
resi stor coupled between the third node of the third transistor and the
second power supply node, the output of the differential anplifier
appearing between the third node of the second transistor and the third
node of the third transistor; and whereihl the conparator is an adder
circuit, the adder circuit being coupled to the third node of the second
transi stor ‘

comparator comparing the product signél toa reference signal and generating a control
signal, the reference signal being proportional to a predetermined bias power Py that is
dissipated by the MR transducef; and _a controller responsive to the control signal by
controlling one of the bias current I_B and the blas voltage Vy, and by generating the
predetermined bias power Pg thet is diss_ipa_ted by the MR transducer.

According to another aspect of the present invention there is provided a

magnetoresistive (MR) head/arm electronics (AE) circuit comprising: a magnetoresistive
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REPLACEMENT SHEET 40 and the third node of the third transistor, the adder
circuit adding a predeterm ned current signal to the output of the
differential anplifier, the predeterm ned current signal being related to
the reference signal. 9. A magnet oresi stive (MR) head/ arm el ectronics
(AE) circuit conprising: a magnetoresisti%e transducer, the

magnet oresi sti ve

transducer, the magnetoresistive transducer ﬁaving a bias current Ig flowing through the
transducer and a bias voltage Vy 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 I and the second input receiving a second signal that is related to the bias
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transducer having a bias current I[err] flow ng through the transducer and
a bias voltage V[err] appearing across the transducer; a nmultiplier having
first and second inputs, the first input receiving a first signal that is
related to the bias current I[err] and the second i nput receiving a second
signal ‘that is related to the bias voltad® V[err], the nultiplier
generating a product signal that is proportional to a product of the first.
and second signals; a conparator conparing the product signal to a '
ref erence signal and generating a control signal, the reference

voltage Vg, 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 reference
signal and generating a control signal, the 'ref_erence signal being proportional to a
predetermined bias power Pp that is dissipated by the MR transdﬁcer; and a controller
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signal being proportional to a predeterm ned bias power Plerr] that is

di ssipated by the MR transducer; and a controller responsive to the control
signal by controlling one of the bias current I[err] and the bias voltage
Vlerr], and by generating the predeterm ned bias power Plerr] that is

di ssi pated by the MR transducer. REPLACEMENT SHEET

responsive to the control signal by controlling one of the bias current Ip and the bias-
voltage Vyy, and by generating the predetermined bias power Py that is dissipated by the
MR transducer. ’ |

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not limitation in the
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10. The circuit according to claim 9, wherein the bias voltage V[err] is
a voltage produced by the bias current I[err] flow ng through a total
resistance R err] of the MR transducer, the total resistance R err] being
the sum of a sensor resistance Rerr], a total head | ead resistance Rerr],
and a total front-lead resistance Rf. 1115 The circuit according to claim
10, wherein the controller controls both the bias current I[err] and the

bi as voltage V[err]. 12. The circuit according to claim 10, further
conprising a current generator, and wherein the controller is responsive to

accompanying figures in Which like reference numerals indicate similar elements and in

which:

Figure 1(a) shows the physical relationship between the different resistances
forming the total MR head resistance Ryy;
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the control signal by controlling the current generator to generate the
bias current I[err]. 13. The circuit according to claim1l, wherein the
MR head/ AE circuit is part of a disk drive. 14. The circuit according to
claim 12, wherein the nmultiplier includes, a current sink circuit having an
i nput and an output, the input of the cutd@ent sink circuit receiving the

second signal and generating an output current that is proportional to the
bi as voltage V[err];-and B

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

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 Iy approach;
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having an i'nput “ahd an out

42 a differential anplifier put . the differentjal
armplifier being biased by the outputseukient of the ‘cuf rgup ABEMENT ISHEET t

the input_of the differential anpllfler receiving the fif the
out put of the differential anplifier being proportiona | he

o S Illllfllll’llfllle e voltege Mertl

40

and the third node of the third transistor, the adder circuit
adding e predetermined current signal to the output of the
differential amplifier, the predetermined current signal being
related to the reference signal.

9. A.magnetoreSistive-fMR)_head/arm electronics (AE)
circuit comprising: L |

a magnetores1st1ve transducer, the magnetores1st1ve
transducer hav1ng a blas current L,flow1ng through the
transducer and a bias volt-a_g‘e Vn appearz.ng acrOSS the transducer i,

a multiplier having'first and'secondginputs, the first
1nput rece1v1ng a flrst signal that is related to the bias
current I, and the second 1npmt receiving a second signal that is
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 smgnal to a
reference signal and generatlng a control 81gnal the reference
signal being proportional to a predetermined bias power P, that
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 Vi,
and by generating the predetermined bias power Py that is

dissipated by the MR transducer.



15. The circuit according to claim 14, further conprising a first power
IST- PR AT N dr=Y= T SUM=TET-1 200N

supply node_and a second power supply node wherein't

cgircuit i

and a fir

ang seconglt mmuul !mﬂ m between the second nodg df R :
transi stor arfd thet |rfs s pewer supply node; ,r/nerei n tth d?ﬁ"'é?%nm|
o] _ :

anplifier

ncludes, a first tramsistor having first, sdc®ERLAGEMENT S8HEETodes,
ed to the first node of fTTrst—tTansiistjor,

—t

rs each

i ncl udes, second and third transis

10. The circuit according to claim 9, wherein the hias
voltage Vy is a voltage produced by the bias current I; flowing
through a total resistance R, of the MR transducer, the total
resistance R, being the'sum- of a sensor resistance R;, a total

head lead resistance R,, and a total front-lead resistance R,. .

11. The circuit accord:mg to clalm 10. where:l.n the |

controller controls both the b:.as current I,a and the b:l.as voltage o

Vg.

12, The circuit according to claim 10, further 'cempris;i.ng a

current generator, and wherein the controller is responsive to

the contrel signal by controlling the current generator to

generate the bias current I;.

13. “The circuit according to claim 1i, wherein the MR

head/AE circuit is part of a disk drive.

14, The circuit according to claim 12, wherein the
multiplier includes,
a current sink circuit having an input end an output,
the input of the current sink circuit receiving the second signal
and generating an output current that is proportional to the bias

voltage Vy; and



second and third nodes, the first signal being coqp'l-e'd—befﬂweeﬁ—-t-he—-fl rst
node of Wd third transistors, |t REPIASEMENTiRETO] each
.of the sec and third transi stors being coupl ed t(b the thrrd noge{of the
first tra @ﬁw reS|stor coupl ed betwegnijt qﬂg?oda pf t he
second tr ”ﬂgi econd power supply nod¢, and at r gs| stor
coupl ed .bet ween f‘he t hi node of the third transjstor—and—thRe—setond power
suppl y node

-4
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a differential amplifier having an input 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 diffei‘ential
amplifier being proportional to a product of the bias current I,

and the bias voltage _VH.

15. The circuit accordlng to claim . 14, further comprls:mg a
first . power supply node and a second power supply node,
wherein the current s:.nk circuit :anludes, _

a first transistor having first; second and third
nodes, the second signal being coupled to the fir_.'fst node of the
first transistor, and - | |

a first resistor coupled between the second node
of the flrst trans:Lstor and the first power supply node, _

where:.n the differential ampl:Lf:Ler :anludes,

second and third transistors each :hav:.-ng first,
second and third nodes, the first:signal being 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 o‘f‘ the first transistor,

a second resistoi 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,



43 the output of the differential anplifier appearing between the third
node of t and the third node of the third transistor;
and wherein the conparator is an adder circuit, the adder circuit being
coupl ed to“lmL mu"""mﬂﬁl f the second transistor and the third node of
the third dder circuit adding a predeternined current
signal to. t he out ut" of the differential anpl |B er, the predeterm ned
current S|gnal bei ng -

the output of the differential amplifier appearing
between the third node 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 tb the. t:hird node of the second tramsistor
and the thlrd ‘node of the th:.rd trans:Lstor, the adder circuit -

add:.ng a predeterm:.ned current s:l.gnal to the output of ‘the .'

d:.ffereut:.al amp_lifie'r.;; the .predete:_:t_u:.n_ed _c_:u_;:jre_ut : _sa.gnal being

related to the reference signal.
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“elated to the reference signal.

v

44
ELECTRONIC MAGNETORESISTIVE SENSOR BIASING

ABSTRACT OF THE DISCLOSURE

A magnetoresistive transducer biasing technique that provides a uniform transducer

‘biasing in a product. The technique provides biasing for transducer constant power

dissipation, constant sensor current density biasing, constant sensor bias voltage,
constant sensor temperature rise biasing, and ‘constant effective._magngtic biasing of a

transducer.

FIG. 8a
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