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ELECTRONIC MAGNETORESISTIVE SENSOR BIASING 

I 
BACKGROUND OF THE INVENTION 

l. Field of the :Invention· 

The present invention relates to magnetoresistive (MR) 

sensor biasing. More particularly, the present invention relates 

to magnetoresistive sensor biasing methods and circuits. 

2. Description of the Related Art 

For the purpose of this disclosure, the terms 

11magnetoresistive (MR) sensor" and 11 MR head" both encompass any 

magnetoresistive element used for detecting a vary:ing magnetic. 

field by detecting a change in resistance 6Rs of the element 

resistance Rs caused by variations in the magnetic field. Also 

for purposes of this disclosure, the terms MR sensor and MR head 

are both not limited to magnetic recording elements only. 

Examples of embodiments of MR sensors that are cqntemplated to be 

within the scope of these two terms include, but are not limited 

to, barber pole MRs, dual MR.s, soft adjacent layer MRs, 

differential MRs, spin valve MRs, tunnel junction MRs and giant 

MRs. 

An MR sensor is an energetically passive sensor that uses a 

sense current (or voltage) for detecting a change in sensor 

resistance in the form of a signal voltage or signal current. 

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

magnetic bias for the sensor that is needed for proper MR sensor 
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operation. This disclosure does not distinguish between sense 

and bias current (or voltage). The terms -{MR sensor)· bias · 

current and voltage are used interchangeably throughout this 

disclosure. The biasing and readout electronics associated with 

an MR sensor are generally-referred to as an arm electronic (AE} 

module. 

The physical characteristics of an MR sensor are determined 

by the properties of the materials used, the MR sensor sandwich 

configuration, and the sensor dimensions, that is, the thickness, -+~ 

height and length of the sensor. The dimension having the 

greatest tolerance in externally exposed MR sensors used for 

magnetic recording is the sensor height h. The to1erance on this 

dimension is for compensating for head wear and lapping for tape 
f 

heads, and for ABS lapping for disk drive heads. 

Figure 1{a) shows the physical relationships between the 

different resistances forming the total MR head resistance Rx. 

Figure 1 (b) shows a -·schematic diagram for an electrical model of 

resistance Rx. The total MR head resistance ~ 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 ~(a). The 

portion of the total MR head resistance that varies in accordance 

with a varying magnetic field is the sensor resistance Rg, with 

the resulting chan~··'ftf 'resistance being indicated as AR5 • 

Resistance Rs varies inversely proportional to the sensor height 

h. The total head lead resistance R1 is the resistance of the 

wires to the pre-amplifier of the AE module and the resistance of 
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the back-leads BL-inside the MR head. Lastly, the total front-

lead resistance of the MR head is indicated as Rf. Resistance Rf 

also varies inversely proportional to the sensor height h. 

However, Rf shows no signal variations for varying magnetic 

fi.eld. Equations (l}-(4} represent these principles in symbolic 

notation. 

(1) 

(2) 

h = sensor height, (3) 

and 

R5 = R80 ± A.Rs (signal induced} • (4) 

In Figures l(a) and l(b) and throughout the following 

disclosure, bias current Is equals head bias current IR. The 

voltage VH is the bias voltage appearing across the total MR head 

resistance RH. Voltage Vs is the bias voltage appe~ring across 

sensor resistance Rs and front lead resistance Rt· Voltage V8 is 

the bias voltage appearing across sensor resistance Rs~ Height h 

is the physical height of the sensor. 

There are three conventional approaches for providing MR 

sensor 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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fr-om sensor to sensor in view of manufacturing tolerances. For a 

conventional constant bias current scheme, the same bias/sense DC 

current is applied to all MR heads by AE modules during 

manufacturing of a product regardless of the respective head 

1 resistances,. 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 sensor resistances Ru for a conventional 

constant bias current IB. scheme. If IB in Figure 2 (a) is 10 mA, 

for example, Figure 2(b} shows that the head bias voltage VH -+~ 

varies accordingly between 200 mV and 500 mV as RH varies between 

20 and SO Ohms. 

For a conventional constant bias voltage scheme, the same 

bias/sense DC voltage is applied to all MR heads in a product by 
i 

an AE module. ~igures 2(c) and 2{d) illustrate exemplary bias 

conditions for an MR head for different sensor resistances RH for 

a conventional constant bias voltage Vn scheme. If the bias 

voltage Vs appearing across the sensor resistance Rs in 

Figure 2{d) is 500 mV, for example, Figure 2(c) shows that the 

bias current IH through the MR head varies inversely proportional 

to the total head resistance RH. 

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 adju~ts the output of the voltage 

biasing circuit. The nulling circuit effectively increases the 

output of the voltage biasing circuit by an amount that is 



5 

THIS SHtET HAS BEEN 
REPLACED 

approxiinately 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 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 inversely 

proportional to the MR head resistance Re, achieving an 

essentially constant MR head bias voltage. The resistance RH 

must be measured: during the manufacturing process. 

None of these conventional MR head biasing scheme compensate 

for variations in physical characteristics of the MR head that 

occur during the manufacturing process, specifically, the sensor 

dimension tolerances. Consequently, operation of an MR head 

biased by a conventional biasing scheme· is typically not at or 

near the operational optimum for the head. Further, uniform 

magnetic performance from MR head to MR head of a product, ~hat 

is, less variability in magnetic performance from head to head 

regardless 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 
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physical characteristics of an MR sensor occurring during 

manufacturing, specifically for the physical tolerances of the 

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 schemes. 

It is another object of the present invention to provide a 

sensor biasing scheme that does not rely on head resistance Rn 

measurements. Consequently, it is an object of the present 

:invention ~d make use of a "head model" that is based on the head 

lead resistance R1 and the bias voltage V8 appearing across the 
i 

sensor resistance Rs portion of the total head resistance RH that 

is proportional to the sensor height h and that is varying with 

the magnetic data signal. Additionally, it is an object of the 

present invention to use a controlled qµrrent source to achieve 

constant current density J 8 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 product with respect to limits set in accordance with 

electromigration and interdif fusion. 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 <IZ1nl ~RH), as well as 

... -·- ·-
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with a signal voltage sensing high input impedance read.back 

To achieve these and other objects, one embodiment of the 

present invention provides a bias circuit.that generates a bias 

current Ie and a bias voltage VH for a magnetoresistive (MR). 

transducer. The bias voltage VH is a voltage produced by the 

bias current 18 flowing through a total resistance Ru of the MR 

transducer, where the total resistance RH is the sum of a sensor 

resistance Rs, a total head lead resistance R1 , and a total 

front-lead resistance Rt· This embodiment of the present 

invention includes a multiplier, a comparator, a controller and a 

current generator. The multiplier has first and second inputs: :in 

which the first input receives a first signal that is related to 
i; 

the bias current Ie and the second input receives a second signal 

that is related to the bias voltage VH. The multiplier generates 

a product 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 proportional to a predetermined 

bias power Pe 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 le and the bias 

voltage VH or both ·18 and VH, and as a result controls the bias 

power P8 dissipated by the MR transducer to a predetermined 

value. Preferably, the controller is responsive to the control 

signal by controlling the current generator to generate the bias 

current 18 • 

AM9-96-032 
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According to the-invention, the multiplier includes a 

current sink circuit and a differential amplifier. An input of 

the current sink circuit receives the second signal and, in 

response, the current sink circuit generat~s an output current 

that is proportional to the bias voltage Vx. The differential 

amplifier has an input and an output, and is biased by the output 

current of the current ·sink circuit. The differential amplifier 

i~put receives the first signal and the output of the 

differential amplifier output is therefore proportional to a ·:,.,.:.: 

product of the bias current ·18 and the bias voltage VH. More 

specifically, the current sink circuit includes a first 

transistor having first, second and third nodes~ and a first 

resistor. The second signal is coupled to the first node of the 
' 

first transistor. The first resistor is coupled between the 

second node of the first transistor and a first power supply 

node. The differential amplifier includes second and third . 

transistors, and second and 1third resistors. The second and 

third transistors each have first, second and third nodes, where 

the first signal is coupled between the first node of each of the 

second and third transistors. The second node of each of the 

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

first transistor. The second resistor is coupled between the 

t~ird node of the second transistor and the second power supply 

node, while the third resistor is coupled between the third node 

of the third transistor and the second power supply node. The 

output of the differential amplifier appears between the third 
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node of the second transistor and the third node of the third 

transistor. Preferably, the compar~tor 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, where the 

transducer is defined as having a total resistance R,r. 

Resistance Ru includes a sensor resistance Rs, a lead resistance 

R1 and a front-lead resistance Rf. The biasing circuit includes 

a transducer equivalent circuit, a difference sensing circuit, 

and first and second current sources. The transducer equivalent 
i 

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 R1 of the MR tra~sducer. 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 

sensing circuit by generating a bias current 18 for the MR 

transducer. Similarly, the second current source is responsi_ve 

to the difference sensing circuit by generating a control current 

that is coupled to the transducer equivalent circuit. According 
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to the invention, the control current is proportional to the MR 

transducer bias current Ia so that the predetermined voltage of 

the voltage source equals a predetermined voltage Va appearing 

across the sensor resistance R8 in series with the front lead 

resistance Rt· 

Since both Rs and Rt are inversely proportional to the 

sensor height h, the constant voltage appearing across Rs and Rt 

also provides a constant (i.e. sensor height independent) voltage 

across R8 • 

In one configuration of the second embodiment, the 

difference 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 transistor, 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 
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and, similarly, an area ratio of the third transistor to the 

fourth transistor is preferably N:l. 

In another configuration of the second embodiment, the first 

current source includes a fir~t transistor 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 transistor are each coupled to an output of the 

difference sensing circuit. The third node of the first 

transistor is coupled to the MR transducer, and the third node of 

the second transistor is coupled to the MR transducer equivalent 

circuit. The biasing circuit of this embodiment also includes an 

output circuit that has first and second input nodes and an 

output node. ··The first input node of the output circuit is 

coupled to the third node of the first .transistor and the second 

input node of the output circuit is coupled to the third node of 

the second transistor. 

In yet another configuration of the second embodiment of the 

present invention, the difference sensing circuit includes first 

and second transistors each having first, second and third nodes. 

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

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

first transistor is coupled to the MR transducer and the second 

node of the second transistor is coupled to the transducer 

equivalent circuit. The first current source includes third and 

fourth transistors each having first, second and third nodes. 
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The second node of each of the third and fourth transistors are 

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

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 ~rea ratio of the fi-rst tranEiiS"tor 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 . 

Still another configuration of the second embodiment 

includes a current sensing circuit and a third current source. 

The current sensing circuit senses the bias current IB generated 

by the first current source·for the predetermined bias voltage Vs 

appearing across the sensor resistance Rg. The third current 

source is responsive to the current sensing circuit by generating 

an output current when the bias current 19 generated by the first 

current.source for the predetermined bias voltage Vs is less than 

a predetermined sensor bias current. The output current 

generated by the third current source is 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 
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MR transducer bias current IB such that a predetermined MR 

transducer bias current IB flows through the sensor resistance R8 

producing a predetermined effective magnetic bias of the sensor 

resistance Rs. 

Preferably for this configuration, the difference 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 ~hird nodes of the second transistor. 

The second node of the first transistor is couple~ to the MR ~~ 

transducer, and the second node of the second transistor is 

coupled to the transducer eqUivalent circuit. The first current 

source includes a third transistor having first, second and third 

nodes, and the second 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 transistor is· coupled to the third node of the first 

transistor, and the third node of the fourth transistor is 

coupled to the third node of the second transistor. 

The current sensing circuit includes a fifth transistor, a 

fourth current source, and an amplifier circuit. The fifth 
. . 

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

being coupled to the third node. The fourth current source is 

coupled to the third node of the fifth transistor. The amplifier 

circuit has a first input, a second input and an output. The 

first input of the amplifier is coupled to the third node of the 
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third transistor. The second input is coupled to the thi~d node 

of the fifth transistor and the amplifier output is coupled to 

the third current source. 

A third embodiment of the present invention provides a 

circuit for magnetically biasing a magnetoresistive (MR) 

transducer. The biasing circuit includes a transducer equivalent 

circuit, a difference sensing circuit, and first and second 

current sources. The ~ifference· 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 sensing 

circuit by generating a bias current ! 8 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 

18 so that the bias current 18 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 8 generated by the first current source for the 

predetermined effective magnetic bias of the sensor portion of 

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

· ii1iif i1tt11nr 
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current sensing circuit by generating an output current when the 

bias current Ia 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 18 so ·that a ·+~ 

predetermined MR transducer bias current Ia flows through the MR 

transducer producing the predetermined effective magnetic bias of· 

the se~sor 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 

and third nodes of the second transistor. The second node of th~ .. 

first transistor is coupled to the MR transducer, and the second 

node of the second transistor being 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 

forming a current mirror. The third node of the third transistor 

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

second transistor. 

The current sensing circuit includes a fifth transistor, a 

fourth current source and an amplifier circuit. The fifth 

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

being coupled to the third node. The fourth current source is 

coupled to the third node of the fifth transistor. The amplifier 

circuit has a first input, a second input and an output. The 

first input is coupled to the third node of the third transistor. -:,..~ 

The second input is coupled to the third node of the fifth 

transistor. The amplifier output is coupled to the third current 

source. 

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

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

BRIEF DESCRIPTION OF TBE 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 l(a} shows the physical relationship between the 

differe~t resistances forming the total MR head resistance Rg; 

Figure l(b) shows a schematic diagram for an electrical 

model of resistance Ru; 

Figures 2(a} and 2(b} illustrate exemplary bias conditions 
-

for different sensor resistances Ru for an MR head for a 

conventional constant bias current I 8 approach; 
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Figures 2(c) and 2(d) illustrate exemplary bias conditions 

for different sensor resistances Rn for an MR head for a 

conventional constant bias voltage VH approach; 

Figures 3{a) and 3(b) show exemplary bias conditions for 

varying sensor resistance Rs. for a constant bias power Ps 

approach according to the present ~nvention; 

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 

according to the present invention; 

Figures 4(c) and 4(d) show equivalent circuits according to 

the present invention for a bias voltage source V8 having a 

negative input resistance; 
i 

Figures S(a)-S(c) show schematic block diagrams of 

equivalent circuits for the biasing circuit of Figure~d); 
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; 

Figures 7(b) and 7(c) show biasing conditions for a 

practical approximation for achieving a constant effect magnetic 

bias according to the present invention; 

Figures S(a) and 8(b) show schematic block diagrams for 

illustrating the-general concept of constant MR head power 

biasing according to the present invention; 
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Figure 9 shows a schematic block diagram of a bias circuit 

providing a constant bias power circuit for an MR head according 

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 invention; 

Figure 10(b) shows a network equivalent circuit for the 

schematic block diagram of 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 ~ccording to the present invention; 

Figure 12 shows a schematic block diagram of another circuit 

providing a constant voltage across the sensor resistance portion 

of an MR head according to the present invention; 

Figure 13 shows a schematic block diagram of an input stage 

for a single-ended MR preamplifier circuit using sensor biasing 

according to the present invention; 

Figure 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 

according to the present invention; and 

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

constant effective magnetic biasing according to the present 

invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides an MR head biasing scheme 

that compensates for physical variations from head to head within 

manufacturing tolerances of the head using one of five related 

approaches. The first approach is to electrically bias an MR 

head so that the (electrical) power dissipation in the head is 

kept constant from head to head, regardless of variations in 

total head resistance Ru due to manufacturing tolerances. This 

is accomplished by keeping the product of ·the DC voltage across 

the head V" and the DC current through the head I" constant. 

That is, 

V~H = P8 =a constant (5) 

where, PB is the bias power. 

Figures 3(a) and 3(b) show exemplary bias conditions for 

varying total head resistance RH for a constant bias power PB 

approach according to the invention. Figure 3(a) shows 

variations in head current IH for variations in total head 

resistance RH for a constant bias PB. Figure 3{b) shows 

corresponding variations in voltage across the head VH for 

variations in total head resistance RH for the same constant bias 

PB. An advantage of a constant bias power scheme over a 

conventional constant bias voltage approach is that increases in 

head current IH 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 RH) due to a sensor 
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demagnetization effect. This is because the head voltage VH doe.~ 

not remain constant for constant P8 bias, but increases slightly 

for higher resistance heads. 

A second biasing approach of the present invention is a 

constant MR sensor current density scheme. With this bias 

technique, the curren~ density J 8 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. 

electro-migration depends on current density, 

where 

J. = Vs_!_ = Is_!_ = constant 
s pl ht 

p =:sensor resistivity, 

1 = sensor length, 

h sensor height, 

t = sensor thickness, 

The 

Vs = the voltage across the sensor, that is, the 

portion of the ~ head corresponding to resistance Rs and 

responsive to the.magnetic data, and 

(6) 

Is = the current through the sensor (which equals the 

current through the entire MR head IH) . 

The sensor resistance is given by 

Rs = p_l_ 
ht 

The (electrical) power dissipation in the sensor is 

therefore 

(7) 
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(8} 

The temperature rise ATs of the sensor due to the electrical 

power dissipation is 

(9) 

where R.:iie:cmai is the thermal resistance of the sensor to ambient. 

The sensor cools by heat diffusing away from the sensor 

through the two-side ~urfaces facing the shields. The thermal 

resistance resulting from this facial cooling is inversely 

proportional to the sensor height h. Another cooling mechanism 

is by heat diffusion into the leads of the sensor. The thermal 

resistance associated with this cooling mechanism is also 

inversely proportional to the sensor height h. Hence, the total 

thermal resistance Rtherinal in equation (9) is inversely 

proportional to the sensor height h. 

Rtherma.l 
K = 
h 

(10} 

where K is an arbitrary constant. Therefore, 

A T8 = J;pl tK (11) 

is no l~nger 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 Js, all MR sensors in a product will be 

operating at the same temperature rise ATs above ambient. 

A third biasing approach of the present invention provides a 

constant MR sensor bias voltage Vs. For this scheme, the voltage 

Vs across the sensor, that is the portion of the MR head 
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corresponding to-resistance R8 and responsive to the magnetic 

data1 is held constant for all MR heads in a product. 

Rewriting equation (12) with: 

results in 

=~th 
s pl (12) 

(13) 

It also follows that for constant sensor voltage biasing, 

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

product. 

With 

v: 
I = J nt = ~ s S'"'" R 

s 

the current density of the sensor J 8 is 

(15) 

Hence 1 if V8 is held constant for all heads within a 

product, J 8 is also held constant for heads within the same 

product. Thus, both the constant MR sensor current density bias 

scheme 6f the invention and the constant MR sensor bias voltage 

scheme of the present invention are identical. It should be 

understood that constant voltage biasing of an MR sensor is not 

the same as conventional constant voltage biasing of an entire MR 

head, which does not produce the advantages of constant 

temperature rise and constant current density. 
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A fourth~l\ffi 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 density biasing. and constant 

sensor bias voltage biasing are all independent of sensor height 

h, these three biasing approaches of the present invention can 

all be treated as the same case. Since 

(16) 

and 

{17) 

a constant voltage bias across the front-lead resistance Rf and 

the sensor resistance R8 , that is across Rf + Rs, will also 

produce a constant current.density in the sensor and provide a 

constant temperature rise for all sensors in a product, 

regardless of sensor· height h. Therefore, a constant sensor 

temperature rise can be obtained in principle as indicated by the 

schematic block diagrams of Figures 4(a}-4(d). 

Figure 4(a} shows a schematic block diagram of an MR head, 

an AE module and wires W connected between the MR head and AE 

module. Figure 4(b) shows an equivalent circuit for an MR head 

with leads and wires. According to the invention, the MR head 

. ~ 

""'!"· ·-
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"sees" a bias voltage source having a negative input resistance _ 

at the input terminals of the AE module. Figure 4(c) shows an 

equivalent bias circuit where a voltage V8 is developed across 

the sensor resistance Rs of the MR sensor. Figure 4(d) shows an 

equivalent bias circuit where a voltage V8 is developed across 

the sensor resistance Rs and the lead front-end resistance Rf. 

The equivalent circuit shown in Figure 4(c), where the input 

resistance is -(Rt+ R1), is relatively difficult to realize 

because ~ ex: l/h and is dependent on each individual head. R1 , 

on the other hand, is relatively constant. Consequently, the 

eqtiivalent circuit shown in Figure 4(d), having a bias voltage VB 

and an input ~~sistance -R1 , is the preferred implementation for 

a biasing circuit that provides biasing for the second, third and 
Ii 

fourth biasing schemes of the present invention. The negative 

resistance -R1 of t~e equivalent circuit in Figure 4(d) cancels 

R1 of the MR head wiring and leads, and effectively applies the 

bias voltage VB across Rs +·"Rf of the MR head. 

Figures 5(a)-5(c) are equivalent circuit models for the 

circuit of Figure 4(d). In Figure S(c), the current source I and 

the negative input impedance -R1 result in a constant bias 

voltage· V.1f ·across (Rs + Rf) of the MR head, shown in Figure 4 (b) , 

when I = V8 /R1 • 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 IH is shown for varying total MR head resistance RH for a 

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

. .. -·· .... 
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graph of head bias voltage VH for varying MR head resistance RH 

for the same conditions. The curves of Figures 6(a) and 6(b) are 

described by: 

(18) 

and 

(19) 

The effective magnetic bias caused by a constant current 

density Js 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 J 8 and 

which is given by the following polynomial approximation 

{20) 

Figure 7(a} shows a theoretical curve for J 8 • Figures 7(b) 

and 7(c} show biasing conditions providing a practical 

approximation for a constant current density J 5 biasing according 

to the f°ifth biasing scheme of the present invention. Below a 

head resistance RHO, corresponding to a sensor height h 0 , a head 

is biased with a constant bias voltage yielding a constant 

current density J 5 • Above resistance Rho• a head is biased with a 

constant current 18 , resulting in an increase in a sensor current 
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-density that is inversely proportional to the sensor height n 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 Ia 

and a second input signal that is proportional to V8 • Ia and Vu 

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

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

comparator 83 to a reference signal 84. Signal 84 is 

p~oportional to the desired bias power PB dissipated by MR h~ad 

· resistance R8 • Comparator 83 outputs a control signal 85 that is 

proportional to the difference of the product signal 82 and 

reference signal 84 and is u~ed for controlling the bias current 

IB (Figure 8(a)) or for controlling the head vol~age V8 {Figure 

S(b)) such that the product IbVH is constant. In Figure·a(a), 

the controlled variable is Ia and variable VH is automatically 

linked to I 81 through the equation VH = RHI8 • The head resistance 

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

head. For Figure S(b}, the controlled variable is VH and the 

variable I 8 is linked to VH. 

Figure 9 shows a schematic block diagram of a bias circuit 

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

circuit 900 includes a current sink formed by amplifier 901, 
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transistor 902 and resistor 903. The output current of the 

current sink is proportional to head voltage VH. 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 V81 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 V81 • MR head (Rn) is 

connected across input terminals 904 and 905. Thus, the -+~ 

.magnitude of the voltage VH appearing across RH is connected 

across the current sink and controls the magnitude of the 

collector current of transistor 902. 

Transistors· 906 and 907 are connected to form a first 

differential amplifier. That is, the emitters of transistors 906 

and 907 are connected together and coupled to the collector of 

transistor 902. The bases of transistors 906 and 907 are coupled 

to opposite sides of a resistor 917. Resistor 917 is connected 

so that the current flowing through resistor 917 is the bias 

current Is that flows through terminal 904 and through RH. The 

collector of transistor 906 is connected to a second power source 

V82 through resistor 908, while the collector of transistor 907 

is connected to second power source V~ through resistpr 909. 

The differential collector current of transistors 906 and 907 is 

proportional to Is VH. 

A second differential amplifier is formed by transistors 910 

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

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

connected to first power source V51 • current source 913 outputs 

current 13 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 transistor 911 is coupled to 

the collector of transistor 907. A reference voltage Vref' which 

has a magnitude that is proportional to the desired bias power 

PB, is applied between the bases of trari.sistors 910 and 911 

causing a constant differential current at the collectors of 

transistors 910 and 911 to be subtracted from the differential 

current output of transistors 906 and 907. The constant.amount 

can be varied by varying Vref. While Figure 9 shows that Vref is 

externally applied to circuit 900, Vref can alternatively be made 

to have a constant magnitude, that is, internal to circuit 900, 

and I 3 can be made to be varied externally in proportion to the 

desired bias power PB for accommodating a wide range of produces· 

having different PB requirements. 

The collector of transistor 906 is coupled to the inverting 

input to a control amplifier 914, and the collector of transistor 

907 is coupled to the non-inverting input of control amplifier 

914. The output of amplifier 914 controls a current source 

formed by transistor 916 and resistor 915. Transistor 916 and 

resistor 915 generate bias current IB that flows through resistor 

917 and through head resistance RH. With resistor 917 « kT/qIB 

and Vref « kT/q, it follows that 
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where R, and R5 are the resistance of resistors 903 and 917, 

respectively. 

. (21) 

For a constant MR sensor bias voltage approach according to 

the present invention, only the resistance Rs of the total MR 

head resistance ~ is biased with a constant voltage ... As 

demonstrated above, this biasirig scheme also achieves a constant 

current density J 8 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 

the head resistance, that is, the lead resistance R1 ·and the 

front-lead resistance Rt, or more easily by compensating only for 

the lead resistance R1 (see Figure 4(d)). A simple and elegant 

way to achieve this is shown by Figures lO(a) and lO(b). Figure 

lO(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 

schemati9 block diagram of Figure lO{a). 

In Figure lO(a), the network equivalent circuit 1010 of 

Figure 10(b) having a negative input resistance -R1 with a 

voltage source V8 is created by a bridge-like circuit 1000. 

Circuit 1000 includes an amplifi°er 1002 that senses a voltage 

difference between the total head resistance RH and the model or 

equivalent circuit 1001 for the MR.transducer, that is, a circuit 

AM9-96-032 
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having a NR1 in series. Amplifier 1002 adjusts two current 

sources 1003 and 1004 until the volta~e difference sensed: at the 

input to amplifier 1002 equals zero. Preferably, current source 

1003 supplies current IB and current source 1004 supplies current 

IB/N, where N is chosen to be greater than 1 for power savings 

considerations. However, N may be chosen other considerations in 

mind. Practical.values for N are in the range from 5-20. 

Figure 11 shows a schematic block diagram of a circuit 1100 

providing a constant voltage VB across the sensor r~sistance Rs +~ 

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 

transistor 1002, which has an area preferably N times smaller 

than T1 transistor 1101 for power saving considerations. The 

resistance NR1 of equivalent circuit 1001 is scaled accordingly 

by N. Transistor 1101 is preferably the input transistor of the 

readback amplifier of an AE module. AlthougP, not show in 

Figure 11, the readback signal is detected at the collector 

transistor 1101. Capacitor 1105 is connected between the bases 

of transistors 1101 and 1102 and power source V82 for providing 

filtering. NR1 and V9 can be provided off-chip for greater 

flexibility. A current mirror is formed by transistors 1103 and 

1104, 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 
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transistors 1101 and 1102, and also through RH and model 1001 to 

be scaled by N. 

Figure 12 shows a schematic block diagram of another circuit 

1200 providing a constant voltage V8 across the sensor resistance 

Rs portion of an MR head. Circuit 1200 is configured for 

detecting an MR head read.back 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 Va appearing across the MR head and the 

voltage appearing across equivalent circuit 1001. In that 

regard, the non-inverting input of amplifier 12·01 is coupled to 

the MR head, while the inverting input of amplifier 1201 is 

coupled to the equivalent circ~it 1001. The output of amplifier 
I 

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:l 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 V82 for 

providing filtering of the control signal output from amplifier 

1201. 

The emitter of transistor 1202 is coupled to power supply 

voltage V82 through resistor 1203. Similarly, the emitter of 

transistor 1204 is coupled to supply voltage V82 through resistor 

1205. The collector of transistor 1202 is coupled to the MR 

head, while the collector of transistor 1204 is coupled to 
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equivalent circuit 1~01 through diodes 1208 and 1209. Capacitor 

1207 is connected to the collector 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 pqwer supply V82 

through resistor 1210. The detected readback signal from the MR ~~ 

head is generated across resistor 1210 between terminals 1213 and 

1214. 

Figure 13 shows a schematic block diagram of an :input stage 

circuit 1300 for a single-ended MR preamplifier using sensor 
r 

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 !comp equal to 2IB/p, where 

pis the current gain of.transistor 1103, is connected between a 

voltage source V82 (+5 V for example) and the bases .. of 

transistors 1103 and 1104. The MR head signal Vor:rr is available 

between terminals 1310 and 1311, and is described by the 

following equation: 

(22) 

A current source containing an amplifier 1305, a capacitor 

1306, a compensation diode 1307, a resistor 1308 and a transistor 

1309 is used for 11 bleeding off" part of the bias current IB 
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around resistor 1303, so chat resistor 1303 can have a larger 

resistive value, for example, 450 Ohms, for providing more 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 IB 

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 9 , 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 ass9ciated 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 18 flows through tra~sistor 

1103 and 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 V82 through resistor 

1403. The drain of transistor 1404 is coupled to the collector 
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of tran~istor 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 cascade 

transistor 1103 above input transistor 1101. Amplifier 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 Ia through the MR 

head. 

In the constant effective magnetic bias scheme of the 

present invention, an MR sensor having a relatively lower sensor 

height is biased at a higher current density than would be 

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 t~e 

approximation of Figure 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 ~oint 

between constant Va and constant IB is between the minimum head 

resistance RH min and the maximum head resistance RH max as 

encountered in a product, and corresponds to a given sensor 

height h 0 • 

Figure 15 shows a schematic block diagram of a circuit 1500 

providing a constant effective magnetic bias according to the 
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present invention. Circuit 1500 includes circuit 1100 of Figure 

11. Circuit 1500 provides a constant sensor voltage for -

relatively low values of RH for which the head bias current 

through ~- and transistor 1101 is ·sufficiently large to turn off 

a controllable current source formed by transistor 1502 and 

resistor 1503. For a relatively higher value of head resistance 

Rit, the bias current I 8 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 -.;i.~ 

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 16(a} and 16(b} 

show exemplary MR head biasing conditions for constant effective 
r 

magnetic biasing circuit 1500. The cross-over point is 

.determined by the value of the (reference) current I 0 and the 

transistor area ratio N. 

So, for head resistance Rit sufficiently large that 

the head bias current I 8 is kept constant at the value, I 8 = NI 0 • 
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For lower values of head resistance RH, the bia& current IB 

is determined by 

(24) 

The cross-over point occurs at the· value of RH given by 

(25) 

and can be located anywhere within the product head resistance 

interval 

(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 m?ty-be made without departing from 

the true spirit and scope of the invention . 



-------------------------======~~--- --·-----------··· 

' f 1111111111111111111111111111 
* C L M S * 

37 

CLAIMS 

What is claimed is: 

1. A circuit generating a bias current IB and a bias 

voltage VH 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 Is and the secon~ input receiving a second signal that is 

related to the bias voltage V8 , 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 reference 

signal being proportional to a predetermined bias power P9 that 

is dissipated by the MR transducer; and 

a controller responsive to the control signal by 

controlling one of the bias current I 9 and the bias voltage Vu, 

and by generating the predetermined bias power PB that is 

dissipated by the MR transducer. 

2. The circuit according to claim 1, wher.ein the bias 

voltage VH is a voltage produced by the bias current IB flowing 

through a total resistance Ru of the MR transducer, the total 

resistance RH being the sum of a sensor resistance R8 , a total 

head lead resistance R1 , and a total front-lead resistance Rt. 



··. ~;, 

. ~--~ 
::iM~f~ 

I lllllll llllll lllll lllll II llll 
* C L. M S * 

38 

3. The circuit according to claim 2, wherein the 

controller controls both tpe bias current IB and the bias voltage 

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 8 • 

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 receiving the second signal 

and generating an output current that is proportional to the bias 

voltage VH; and 

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 differential 
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arnplif ier being proportional to a product of the bias current IB 

and the bias vo_ltage VH. 

8. The circuit according to claim 7, further comprising 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; 

wherein the differential amplifier includes, 

second and third transisto~s each having first, 
r 

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 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 

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 to the third node of the second transistor 
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and the third node of the third transistor, the adder c~rcuit 

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 Ru, the total MR transducer 

resi"stance ~ including a sensor resistance Rs, a lead resistc;mce 

R1 and a front-lead resistance Rt, the biasing circuit 

comprising: 

a transducer equivalent circuit including a volt~ge 

source and an input resistance, the voltage source having a 

predetermined voltage and the input resistance having a 

resistance that is related to the lead resistance R1 of the MR 

transducer; 

a difference sensing circuit having first and second 

inputs, the first input being coupled to the MR transducer and 

the second input being coupled to the transducer equivalent 

circuit, the difference sensing circuit sensing a voltage 

difference between the first and second inputs; 

a first current source responsive to the.difference 

sensing circuit by generating a bias current I 8 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 
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proportional to the MR transducer bias current I 8 so th~t the 

predetermined voltage of the voltage source equals a 

predetermined voltage V8 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. 

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

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

12. T~e biasing circuit according tci claim 9, ~herein the 

difference sensing circuit includes first and second transistors 

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

first transistor being coupled to the first and third nodes of 

the second transistor, the second node of the first transistor 

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

second transistor being coupled to the transducer equivalent 

circuit, and 

wherein the first current source include.s a third 

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

cur~ent 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 
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transistor being coupled to the third node of the first 

transistor, and the third node of the fourth transistor·being 

coupled to the third node of the second transistor. 

13. The biasing circuit according to claim 12, wherein an 

area ratio of the first transistor to the second transistor is 

N:1, and an area ratio of the third transistor to the fourth 

transistor is N:1~ 

.. -~ 

~-::E-- -

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

difference sensing circuit further including an output, 

wherein the first current source includes a first 

transistor having first, second and tliird 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 

equivalent circuit, 

the bias·ing 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 
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second input node of the output circuit being coupled to 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 -~~ 

second transistor being coupled to the transducer equivalent 

circuit, 

wherein the first current source includes third and 

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

second node of each of the third and fourth transistors being 

coupled to the third node of the first transistor, and 

wherein the second current source includes a fifth 

transistor having first, second and third nodes, 

the first node of the third transistor being coupled to 

the first and third node of the fifth tran~istor 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 biasing circuit according to claim 15, wherein an 

area ratio of the first transistor to the second transistor is 

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

the fourth transistor to the current flowing in the second node 
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of the fifth transistor K:L:l, where K + L equals N. 

17. The biasing circuit according to claim 9, further 

comprising: 

a current sensing circuit sensing the bias current IB 

generated by the first current source for the predetermined bias 

voltage V8 appearing across the sensor resistance Rs; and 

a third current source responsive to the current 

sensing circuit by generating an output current when the bias 

current IB generated by the first current source for the 

predetermined bias voltage V8 is less than a predetermined sensor 

bias current,· the output current generated by the third current 

source being coupled to the transducer equivalent circuit and 

combining with the control current generated by the second 

current source to form a combined control current, the combined 

control current being related to the MR transducer bias current 
. . . 

IB so that a predetermined MR transducer bias current IB flows 

through the sensor resistance R8 producing a predetermined 

effective magnetic bias of the sensor resistance R8 • 

18. The biasing circuit according to claim 17, .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 
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being coupled to the MR transducer, and the second node of the 

second transistor being coupled to the transducer equivalent 

circuit, and 

wherein the first current source includes a third 

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

current source includes a fourth transistor having first, second 

and third nodes, the first and third nodes of the third 

transistor being coupled to the first node of the fourth 

transistor to form a current mirror, the third node of the th~:qi~, 

transistor being coupled to the third node of the first 

transistor, and the third node of the fourth transistor bei~g 

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. 
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20. A circuit for magnetically biasing a magnetoresistive 

(MR) transducer, the MR transducer including a sensor portion 

having a sensor resistance R5 , a lead portion having a lead 

resistance R1 and·a front-lead portion having a front-lead 

resistance Rf, the biasing circuit comprising: 

a transducer equivalent circuit; 

a difference sensing circuit having first and second 

inputs, the first input being coupled to the MR transducer and 

the second input being. coupled to the transducer equivalent 

circuit, the difference sensing circuit sensing a voltage 

difference between the first and second inputs; 

a first current source responsive to the difference 

sensing cird.iit by generating a bias current IB 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 IB so that the 

bias current IB 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. 
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22. The circuit accordi~g 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 Is 

generated by the first current source for the predetermined 

effective magnetic bias of the sensor portion of the MR 

transducer; and 

a third current soqrce responsive to the current 

sensing circuit by generating an output current when the bias 

current Is 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 
f 

current, the output current generated by the third current source 

being coupled to the transducer equivalent circuit and combining 

with the control current generated by the second current source 

to form a combined control current, the combined control current 

being related to the MR transducer bias current Is so that a 

predetermined MR transducer bias current I 8 flows through the MR 

transducer producing the predetermined effective magnet~c bias of 

the sensor portion of the MR transducer. 

24. The circuit according to claim 23, wherein the 

difference sensing circuit includes first and second transistors 

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

first transistor being coupled to the first and third nodes of 
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the second transistor, the second node of the first tr~nsistor 

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

second transistor being coupled to the transducer equivalent 

circuit, and 

wherein the first current source includes a third 

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

current source includes a fourth transistor having first, second 

and third nodes, the first and third nodes of the third 

-transistor being coupled to the·first node of the fourth . ., 
"-+ -

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

transistor being coupled to the 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 

input and an output, the first input being coupled to the third 

node of the third transistor, the second input being coupled to 

the third node of the fifth transistor and the output being 

coupled to the third current source. 

I 
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26. A magnetoresistive (MR) head/arm electronics (AE) 

circuit comprising: 

a magnetoresistive t~ansducer, the magnetoresistive 

transducer having a bias current Ia flowing through the 

transducer and a bias voltage Vu 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 8 and the second input receiving a second signal that is 

related to the bias voltage VK, the multiplier generating a 

product signal that is proportional to a product of the first and 

second signals; 

a comparato~ comparing the product signal to a 

reference signal and generating a control signal, the reference 

signal being proportional to a predetermined bias power Pa that 

is dissipated by the MR transducer; and 

a controller responsive to the control signal by 

contro1ling one of the bias current I 8 and the bias voltage Vu, 

and by generating the predetermined bias power P8 that is 

dissipated by the MR transducer. 

27. The circuit according to claim 26, wherein the bias 

voltage VH is a voltage produced by the bias current I 8 flowing 

through a total resistance ~ of the MR transducer, the total 

resistance RH being the sum of a sensor resistance R8 , a total 

head lead resistance R1 , and a total front-lead resistance Rt· 
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28. The circuit according to claim 27, wherein the 

controller controls both the bias current Ia and the bias voltage 

29. The circuit according to claim 27, further comprisibg a 

current generator, and wherein the controller is responsive to 

the control signal by controlling the current generator to 

generate the bias current 18 • 

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 the 

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 that is proportional to the bias 

voltage VH; and 

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 differential 

amplifier being proportional to a product of the bias current Ia 

and the bias voltage VH. 
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32. The circuit according to claim 31, further comprising 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; 

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 

second node of each of the second and third transistors being 
I 

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 

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 to the third node of the second transistor 

and the third node of the third transistor, the adder circuit 

adding a predetermined current signal to the output of the 

111in1nr 
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differential amplifier, the predetennined current signal being 

related to the reference signal. 

33. A magnetoresistive (MR) head/ann electronics (AE) 

circuit comprising: 

a magnetoresistive transducer, the magnetoresistive 

transducer 4aving a total resistance Rg, the total MR transducer 

resistance Ru including a sensor resistance R8 , a lead resistance 

R1 and a front-lead resistance Rf; 

a transducer equivalent circuit including a voltage 

source and an input resistance, the voltage source having a 

predetermined vol~age and the input resistance having a 
resistance that is related to the lead resistance R1 of the MR 

transducer; 

a difference sensing circuit having first and second 

inputs, the first input being coupled to the MR transducer and 

the second input being coupled to the transducer equivalent 

circuit, the difference sensing circuit sensing a voltage 

difference between the first and second inputs; 

a first current source responsive to the difference 

sensing circuit by generating a bias current IB 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 18 so that the 
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predetermined voltage of the voltage source equals a 

predetermined voltage VB appearing across the sensor resistance 

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

head/AB circuit is part of a disk drive. 

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

difference sensing circuit includes first and second transisto~~ 

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

first transistor be~ng coupled to the first and third nodes of 

the second transistor, the second node of the first transistor 

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

second transistor being coupled to the transducer equivalent 

circuit, and 

wherein the first current source includes a third 

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

current source includes a fourth transistor having first, second 

and third nodes, the first and third nodes of the third 

transistor being coupled to the first node of the fourth 

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

transistor being coupled to the third node of the first 

transistor, and the third node of the fourth transistor being 

coupled to the third node of the second transistor. 
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36. The biasing circuit according to claim 35, wherein an 

area ratio of the first. transistor to the second transistor is 

N:l, 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 transducer, 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 

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

second input node of the output circuit being coupled to the 

third node of the second transistor. 

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

difference sensing circuit includes first and second transistors 
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each having-first, ~econd and third nodes, the first node of 

first transistor being coupled to the first and third nodes of 

the second transistor, the second node of the first transistor 

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

second transistor being coupled to the transducer equivalent 

circuit, 

wherein the first current source includes third and 

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

second node of each of the third and fourth transistors being -.:;,. "1: 

coupled to the third node of the first transistor, ·and 

wherein the second current source includes a fifth 

transistor having first, second and third nodes, 

the first node of the third transistor being coupled to 

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

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

coupled to the third node of the second transistor. 

39. The biasing circuit according 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 seco~d node of 

the fourth transistor to the current ~lowing in the second node 

of the third transistor to the current flowing in the second node 

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

40. The biasing circuit according to claim 33, further 

comprising: 
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a current sensing circuit sensing the bias current I 8 

generated by the first current source for the predetermined bias 

voltage V8 appearing across the sensor resistance Rs; and 

a third current source responsive to the current 

sensing circuit by generating an output current when the bias 

current Is generated by the first current source for the 

predetermined bias voltage Vs is less than a predetermined sensor 

bias current, the output current generated by the third current 

source being coupled to the transducer equivalent circuit and -.;..~ 

combining with the control current generated by the second 

current source to form a combined control current, the combined 

control current being related to the MR transducer bias current 

Is so that a predetermined MR transducer bias current Is flows 

through the sensor resistance Rs 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, second and third nodes, the first node of 

first transistor being coupled to the first and third nodes of 

the second transistor, the second node of the first transistor 

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

second transistor being coupled to the transducer equivalent 

circuit, and 

wherein the first current source includes a third 

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

42. The biasing circuit according to claim 41, wherein th~ ~ 
-~ -

current sensing circuit includes, 

a fifth transistor hav~ng first, second and third 

nodes, the first node being coupled to the third node; 
i I 

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. 

43. A magnetoresistive (MR} head/arm electronics (AE) 

circuit comprising: 

a magnetoresistive transducer, the magnetoresistive 

transducer having a total resistance R,i, the total MR transducer 

resistance R8 including a senso.r resistance R5 , a lead resistance 

R1 and a front-lead resistance Rt; 
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a transducer equivalent circuit; 

a difference sensing circuit having first and·second 

inputs, the first input being coupled to the MR transducer and 

the second input being coupled to the transducer equivalent 

circuit, the difference sensing circuit sensing a voltage 

difference between the first and second inputs; 

a first current source responsive to.the difference 

sensing circuit by generating a bias current I 8 for the MR 

transducer; and . ··:-
"-i- -... 

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 tran~ducer bias current IB so that the 

bias current I 8 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 drive. 

45. The circuit according to claim 43, furth~r comprising: 

a current sensing circuit sensing the bias current 18 

generated by the first current source for the predetermined 

effective magnetic bias of the sensor portion of the MR 

transducer; and 
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a third current source responsive to the current -

sensing circuit by generating an output current when the bias 

current Is 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.cuJ;rent 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 9 so that a 

predetermined MR transducer bias current Is 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, wherein the 

difference sensing circuit includes first and second transistors 

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

first transistor ~eing coupled to the first and third nodes of 

the second transistor, the second node of the first transistor 

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

second transistor being coupled to the transducer equivalent 

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

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

transistor being coupled to the third node of the first 

transistor, 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 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. 
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