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(57) ABSTRACT 

A single die MR array composed of a plurality of MR 
elements, Wherein each MR element is composed of a 
number of serially connected MR segments. The MR ele 
ments are arranged and con?gured so as to produce a variety 
of MR array geometries. In one form, an MR array is formed 
to provide angular sensing schemes Wherein angular mea 
surement redundancy is incorporated therein. In a second 
form, an MR array is formed to provide angular sensing 
schemes Wherein angular measurement redundancy and 
reference redundancy are incorporated therein. 
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MAGNETORESISTOR SENSOR DIE 

TECHNICAL FIELD 

[0001] The present invention relates to magnetoresistor 
arrays used for magnetic position sensors. 

BACKGROUND OF THE INVENTION 

[0002] The use of magnetoresistors (MRs) and Hall 
devices as position sensors is Well knoWn in the art. For 
example, a magnetically biased differential MR sensor may 
be used to sense angular position of a rotating toothed Wheel, 
as for example exempli?ed by US. Pat. Nos. 4,835,467, 
5,731,702, and 5,754,042. 

[0003] In such applications, the magnetoresistor (MR) is 
biased With a magnetic ?eld and electrically excited, typi 
cally, With a constant current source or a constant voltage 
source. Amagnetic (i.e., ferromagnetic) object moving rela 
tive and in close proximity to the MR, such as a toothed 
Wheel, produces a varying magnetic ?ux density through the 
MR, Which, in turn, varies the resistance of the MR. The MR 
Will have a higher magnetic ?ux density and a higher 
resistance When a tooth of the moving target Wheel is 
adjacent to the MR than When a slot of the moving target 
Wheel is adjacent to the MR. 

[0004] Increasingly more sophisticated spark timing and 
emission controls introduced the need for crankshaft sensors 
capable of providing precise position information during 
cranking. Various combinations of magnetoresistors and 
single and dual track toothed or slotted Wheels (also knoWn 
as encoder Wheels and target Wheels) have been used to 
obtain this information (see for example US. Pat. Nos. 
5,570,016, 5,731,702, and 5,754,042). 
[0005] The shortcoming of MR devices is their tempera 
ture sensitivity. They have a negative temperature coef?cient 
of resistance and their resistance can drop as much as 50% 
When heated to 180 degrees Celsius. Generally, this led to 
the use of MR devices in matched pairs for temperature 
compensation. Additionally, it is preferable to drive MR 
devices With current sources since, With the same available 
poWer supply, the output signal is nearly doubled in com 
parison With a constant voltage source. 

[0006] To compensate for the MR resistance drop at 
higher temperatures, and thus, the magnitude decrease of the 
output signal resulting in decreased sensitivity of the MR 
device, it is also desirable to make the current of the current 
source automatically increase With the MR temperature 
increase. This is shoWn in US. Pat. No. 5,404,102 in Which 
an active feedback circuit automatically adjusts the current 
of the current source in response to temperature variations of 
the MR device. It is also knoWn that air gap variations 
betWeen the MR device and ferromagnetic materials or 
objects Will affect the resistance of MR devices With larger 
air gaps producing less resistance and decreased output 
signals. 
[0007] Single element magnetic ?eld sensors composed 
of, for example, an indium antimonide or indium arsenide 
epitaxial ?lm strip supported on, for example, a monocrys 
talline elemental semiconductor substrate, are also knoWn. 
The indium antimonide or indium arsenide ?lm is, for 
example, either directly on the elemental semiconductor 
substrate or on an intermediate ?lm that has a higher 
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resistivity than that of silicon. A conductive contact is 
located at either end of the epitaxial ?lm, and a plurality of 
metallic (gold) shorting bars are on, and regularly spaced 
along, the epitaxial ?lm. Examples thereof are exempli?ed 
by US. Pat. Nos. 5,153,557, 5,184,106 and 5,491,461. 

[0008] Most noncontacting magnetic angle position sen 
sors use a Hall sensor and a rotating magnetic ?eld. Since the 
Hall sensor output signal is proportional to the normal 
component of the magnetic ?eld, its output is a sinusoidal 
function of the angle of rotation. Only Within a relatively 
small angular range is the output proportional to the angle of 
rotation. Depending on the required accuracy, this range 
may be as small as :30 degrees With a 11.3% full scale error 
and, practically, never greater than :50 degrees With almost 
a 110% full scale error. Another approach relies on varying 
the air gap betWeen a Hall sensor and a magnetic target. This 
alloWs a greater angular range. HoWever, it is an inherently 
error prone method due to the high degree of non linearity 
in the relation betWeen the magnetic ?eld strength and the air 
gall 

[0009] Compound semiconductor MRs, such as those 
manufactured from lnSb, InAs, etc., are simply tWo-terminal 
resistors With a high magnetic sensitivity and thus, are very 
suitable for the construction of single die MR array geom 
etries suitable for use as large range angular position sensors 
(in most cases one terminal of all the MR elements can be 

common). 
[0010] Ultimately, such MR arrays could be integrated on 
the same die With appropriate processing circuitry. For 
example, if the MR array Was fabricated on a Si substrate 
then the processing circuitry Would be also Si based. For 
higher operating temperatures, silicon-on-insulator (SOI) 
could be used. Apotentially loWer cost alternative to the S01 
approach Would be to take advantage of the fact that MRs 
are currently fabricated on GaAs, a high temperature semi 
conductor, and thus, to fabricate the integrated processing 
circuitry from GaAs (or related lnP) using HBT (Hetero 
junction Bipolar Transistor) or HEMT (High Electron 
Mobility Transistor) structures. This technology is noW 
easily available and inexpensive through the explosive 
groWth of the cellular phone industry. 

[0011] Accordingly, What remains needed is a compact 
and inexpensive die having at least one array of magnetic 
sensing elements and con?gured so as to produce a variety 
of array geometries suitable for specialiZed angular sensing 
schemes capable of self compensation over Wide ranges of 
temperature and air gaps, Wherein an array is de?ned as 
having three or more MR elements. 

SUMMARY OF THE INVENTION 

[0012] The present invention is a compact and inexpensive 
single die having at least one MR array composed of a 
plurality of MR elements, Wherein each MR element is 
composed of a number of serially connected MR segments. 
The MR elements are arranged and con?gured so as to 
produce a variety of MR array geometries suitable for 
specialiZed angular sensing schemes. 

[0013] The present invention is a noncontacting large 
angular range (approaching 180 degrees) angular magne 
toresistor position sensor array incorporated on a die capable 
of self compensation over Wide temperature ranges and air 
gaps. 
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[0014] According to a ?rst aspect of the present invention, 
an MR array is formed of a plurality of MR elements, 
Wherein each MR element is composed of a plurality of 
uniformly arranged, serially connected MR segments. The 
arrangement is such as to provide an MR array suitable for 
angular sensing schemes Wherein angular measurement 
redundancy is incorporated therein. 

[0015] According to a second aspect of the present inven 
tion, an MR array is formed of a plurality of MR elements, 
Wherein each MR element is composed of a plurality of 
uniformly arranged, serially connected MR segments. The 
arrangement is such as to provide an MR array suitable for 
angular sensing schemes Wherein angular measurement 
redundancy and reference redundancy are incorporated 
therein. 

[0016] According to a preferred method of fabrication, an 
indium antimonide epitaXial ?lm is formed, then masked 
and etched to thereby provide epitaXial mesas characteriZing 
the MR elements. Shorting bars, preferably of gold, are 
thereupon deposited, Wherein the epitaxial mesa not covered 
by the shorting bars provides the MR segments. The tech 
niques for fabricating epitaXial mesas With shorting bars are 
elaborated in US. Pat. No. 5,153,557, issued Oct. 6, 1992, 
US. Pat. No. 5,184,106, issued Feb. 2, 1993 and US. Pat. 
No. 5,491,461, issued Feb. 13, 1996, each of Which being 
hereby incorporated herein by reference. 

[0017] Accordingly, it is an object of the present invention 
to provide an MR die comprising at least one MR array 
according to the ?rst and second aspects of the present 
invention Which is capable of detecting angular movement 
of a ferromagnetic or magnetic target in relation to the MR 
array. 

[0018] This and additional objects, features and advan 
tages of the present invention Will become clearer from the 
folloWing speci?cation of a preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1A is a schematic representation of a single 
die MR array according to a ?rst aspect of the present 
invention. 

[0020] FIG. 1B is a detailed depiction of an MR element 
of the single die MR array of FIG. 1A. 

[0021] FIG. 1C is a detail vieW of a portion of an MR 
element of FIG. 1A, seen by Way of eXample at circle 1C of 
FIG. 1B. 

[0022] FIG. 2 is a schematic representation of a single die 
MR array according to the second aspect of the present 
invention. 

[0023] FIG. 3A depicts a ?rst eXample of the preferred 
environment of use of the present invention. 

[0024] FIG. 3B is a vieW seen along line 3B-3B of FIG. 
3A. 

[0025] FIG. 4A depicts a second eXample of the preferred 
environment of use of the present invention. 

[0026] FIG. 4B is a vieW seen along line 4B-4B of FIG. 
4A. 

[0027] FIG. 5A is a schematic representation of a single 
die MR array according to the ?rst aspect of the present 
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invention depicting an angular displacement of the ?rst or 
second eXample of the preferred environment of use of the 
present invention according to FIG. 3A or FIG. 4A. 

[0028] FIG. 5B is a schematic representation of a single 
die MR array according to the second aspect of the present 
invention depicting an angular displacement of the ?rst or 
second eXample of the preferred environment of use of the 
present invention according to FIG. 3A or FIG. 4A. 

[0029] FIG. 6 shoWs a ?rst eXample of an analog circuit 
implementing the ?rst aspect of the present invention. 

[0030] FIG. 7 shoWs a second eXample of an analog 
circuit implementing the ?rst aspect of the present invention. 

[0031] FIG. 8 shoWs an eXample of a circuit employing a 
digital processor implementing the ?rst aspect of the present 
invention. 

[0032] FIG. 9 shoWs a ?rst eXample of an analog circuit 
implementing the second aspect of the present invention. 

[0033] FIG. 10 shoWs a second eXample of an analog 
circuit implementing the second aspect of the present inven 
tion. 

[0034] FIG. 11 shoWs an eXample of a circuit employing 
a digital processor implementing the second aspect of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0035] FIG. 1A is a schematic representation of an MR 
die 10 on Which an MR array 12 according to a ?rst aspect 
of the present invention is depicted. The MR array 12 is 
comprised of four magnetoresistor elements, MR1, MR21, 
MR22, and MR3 Wherein MR1 spans the angle A1, MR21 
spans the angle A21, MR22 spans the angle A22, and MR3 
spans the angle A3. The shape of the MR array 12 is, 
preferably, circular, as depicted in FIG. 1A, but may be 
otherWise. MR21 and MR22 are the angle measuring ele 
ments Whereas MR1 and MR3 are reference elements. 
MR22 is intended to provide a redundant angle measure 
ment as required by many throttle position sensor speci? 
cations. If redundancy is not required, MR22 may be absent. 
Generally, and as shoWn in FIG. 1A, angles A1 and A3 are 
equal and angles A21 and A22 are equal, but this is not a 
fundamental requirement. 

[0036] FIG. 1B and 1C shoW a portion of the MR die 10, 
in particular MR element MR1 of the MR array 12. Struc 
turally, MR element MR1 consists of a plurality of MR 
segments 22 demarcated by uniform shorting bars 24 Which 
are preferably gold. The MR segments 22 are each uni 
formly matched to the others (that is, the MR segments are 
identical). By Way of preferred eXample, each MR segment 
22 is composed of indium antimonide (InSb) epitaXial ?lm 
mesas. Each epitaxial ?lm mesa is provided, by Way of 
preferred eXample, by forming an indium antimonide epi 
taXial ?lm, then masking and etching it. The shorting bars 
24, Which demarcate the MR segments 22, are composed of 
gold bars deposited upon the MR segments. Bonding pads 
(contacts or terminals) 26, preferably also of gold, are 
provided at the ends of each MR element. Also, connecting 
strips 28 are also preferably of gold. The other MR elements 
of the MR array 12 are similarly constructed of MR seg 
ments demarcated by shorting bars, bonding pads and con 
necting strips. 
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[0037] FIG. 2 is a schematic representation of an MR die 
100 on Which an MR array 120 according to a second aspect 
of the present invention is depicted. The MR array 120 is 
comprised of six magnetoresistor elements, MR11, MR12, 
MR21‘, MR22‘, MR31, and MR32 Wherein MR11 spans the 
angle A11, MR12 spans the angle A12, MR21‘ spans the 
angle A21‘, MR22‘ spans the angle A22‘, MR31 spans the 
angle A31, and MR32 spans the angle A32. The shape of the 
MR array 120 is, preferably, circular, as depicted in FIG. 2, 
but may be otherWise. MR21‘ and MR22‘ are the angle 
measuring elements Whereas MR11, MR12, MR31, and 
MR32 are reference elements. MR22‘ is intended to provide 
a redundant angle measurement as required by many throttle 
position sensor speci?cations and MR12 and MR32 provide 
redundant reference elements. Generally, and as shoWn in 
FIG. 2, angles A11, A12, A31, and A32 are equal and angles 
A21‘ and A22‘ are equal, but this is not a fundamental 
requirement. 

[0038] The MR array 120 is generally fabricated accord 
ing to the method previously described for the MR array 12‘ 
of FIG. 1B, including the respective conductive contact at 
each opposing end of each MR element. 

[0039] FIGS. 3A and 3B depict a ?rst example of the 
preferred environment of use of the present invention. The 
single MR sensor 30, preferably stationary, employs an MR 
die 10 of FIG. 1A or an MR die 100 of FIG. 2 Which is 
biased by a permanent magnet 32, Wherein the MR sensor is 
coaxially aligned With the axis 36 of a magnetic (i.e. 
ferromagnetic) shaft 34 such that the surface of the MR die 
lies in a plane perpendicular to the axis of the magnetic shaft. 
The magnetic shaft 34 can rotate clockWise 38 or counter 
clockWise 40 about the axis 36 of the shaft. The end 42 of 
the shaft 34 adjacent the sensor 30 has a notch 44 such that 
a tooth 46 and slot 48 are formed, thereby creating a rotating 
tooth and slot such that the die 10 or 100 experiences a 
maximum magnetic ?ux density on those portions thereof 
adjacent to the tooth and a minimum magnetic ?ux density 
on those portions thereof adjacent to the slot. 

[0040] FIGS. 4A and 4B depict a second example of the 
preferred environment of use of the present invention. The 
single MR sensor 50, preferably stationary, is comprised of 
an MR die 10 of FIG. 1A or an MR die 100 of FIG. 2, a 
magnetic (i.e. ferromagnetic) layer 52, and a circuit board 
54. The circuit board 54 may be located elseWhere, if 
desired. The layer 52, preferably less than one millimeter 
thick, increases the sensitivity of the sensor to magnetic 
?elds and is optional. The sensor 50 is coaxially aligned With 
the axis 56 of a nonmagnetic shaft 58 such that the surface 
of the MR die 10 or 100 lies in a plane perpendicular to the 
axis of the shaft. The shaft 58 can rotate clockWise 60 or 
counterclockwise 62 about the axis 56 of the shaft. On the 
end 64 of the shaft 58 adjacent the sensor 50 is attached a 
magnet assembly 66 Which rotates With the shaft and is 
coaxially aligned With the shaft 58. The magnet assembly 66 
has a permanent magnet 68, preferably in the form of a 
semicircular disk, such that one half of the area of the end 
64 of the shaft 58 is covered, thereby forming a tooth 
Whereas the other half of the area of the end of the shaft is 
covered With a nonmagnetic material 70 thereby forming a 
slot by Which a rotating tooth and slot is created such that the 
die 10 or 100 experiences a maximum magnetic ?ux density 
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on those portions thereof adjacent to the tooth and a mini 
mum magnetic ?ux density on those portions thereof adja 
cent to the slot. 

[0041] FIG. 5A is a schematic representation of a single 
die MR array 10 according to the ?rst aspect of the present 
invention of the ?rst or second example of the preferred 
environment of use of the present invention according to 
FIG. 3A or 4A. The shaded portion 72 of the overlay 74 
represents the tooth 46 or 68, respectively, Whereas the 
unshaded portion 78 represents the slot 48 or 70. FIG. 5A 
depicts, in this case, a clockWise rotation 76 of the tooth 46 
or 68 through an angular displacement A from an initial 
position of Zero degrees Wherein at the initial position of 
Zero degrees, MR21 is totally under the slot 48 or 70 and 
MR22 is totally under the tooth. The angular displacement 
Ais limited during clockWise rotation 76 such that the tooth 
46 or 68 alWays covers MR1 and the slot 48 or 70 alWays 
covers MR3 ensuring that MR1 alWays experiences a maxi 
mum magnetic ?ux density and MR3 alWays experiences a 
minimum magnetic ?ux density Whereas the coverage of 
MR21 or MR22 varies from being totally under the slot to 
being totally under the tooth by Which the resistance of 
MR21, R21, and MR22, R22, varies, preferably linearly, from 
a minimum, RMIN, to a maximum, RM AX. MR1 is designed 
such that its resistance, R1, is a fraction p of RMAX When 
exposed to the maximum magnetic ?ux density and MR3 is 
designed such that its resistance, R3, is a fraction q of RMIN 
When exposed to the minimum magnetic ?ux density Where 
p and q have, preferably, values betWeen greater than Zero 
and one. Hence, R1/p=RMAX and R3/q=RMIN. Values for p 
and q greater than one are permissible but there does not 
appear to be any bene?t in doing so. 

[0042] At an angular displacement A, 

given p, q, R1, R21, R3, and A21 or, redundantly, given p, q, 
R1, R22, R3, and A22. Preferably, p, q, R1, R3, A21, and A22 
are knoWn from the die characteristics and R21, and R22 are 
variables to be determined from measurements. 

[0044] FIG. 5B is a schematic representation of a single 
die MR array 100 according to the second aspect of the 
present invention depicting an angular displacement of the 
?rst or second example of the preferred environment of use 
of the present invention of FIG. 3A or FIG. 4A. The shaded 
portion 72‘ of the overlay 74‘ represents the tooth 46 or 68 
of FIG. 3 or FIG. 4, respectively, Whereas the unshaded 
portion 78‘ represents the slot 48 or 70. FIG. 5B depicts, in 
this case, a clockWise rotation 76‘ of the tooth 46 or 68 
through an angular displacement A‘ from an initial position 
of Zero degrees Wherein at the initial position of Zero 
degrees, MR21‘ is totally under the slot 48 or 70 and MR22‘ 
is totally under the tooth. The angular displacement A‘ is 
limited during clockWise rotation 76‘ such that the tooth 46 
or 68 alWays covers MR11 and MR12 and the slot 48 or 70 
alWays covers MR31 and MR32 ensuring that MR11 and 
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MR12 always experience a maximum magnetic ?ux density 
and MR31 and MR32 always experience a minimum mag 
netic ?ux density Whereas the coverage of MR21‘ or MR22‘ 
varies from being totally under the slot to being totally under 
the tooth by Which the resistance of MR21‘, R‘21, and 
MR22‘, R‘22, varies, preferably linearly, from a minimum, 
R‘MIN, to a maximum, R‘M AX. MR11 and MR12 are 
designed such that their resistances, R11, and R12, are a 
fraction p‘ of R‘M AX When exposed to the maximum mag 
netic ?ux density and MR31 and MR32 are designed such 
that their resistances, R31, and R32, are a fraction q‘ of R‘MIN 
When exposed to the minimum magnetic ?ux density Where 
p‘ and q‘ have, preferably, values betWeen greater than Zero 
and one. Hence, R11/p‘=R12/p‘=R‘MAX and R31/q‘=R32/q‘= 
R‘MIN. Values for p‘ and q‘ greater than one are permissible 
but there does not appear to be any bene?t in doing so. 

[0045] At an angular displacement A‘, 

full redundancy given Pb q‘, R11> R12> R‘21> R‘22> R31> R32, 
A21‘ and A22‘. Preferably, p‘, q‘, R11, R12, R31, R32, A21‘, 
and A22‘ are knoWn from the die characteristics and R‘21 and 
R‘22 are variables to be determined from measurements. 

[0047] FIG. 6 shoWs a ?rst example of an analog circuit 
600 implementing the ?rst aspect of the present invention. 
V5 is the poWer supply voltage and i1, i1, i3‘ and 'i4 are 
matched constant current sources such that 11=12=13=14. V1, 
V21, V22, and V3 are given by: 

[0048] Ampli?er 602 (i.e. an OP-AMP) has a preset gain 
of (l/p) Whereas ampli?er 604 (i.e. an OP-AMP) has a preset 
gain of (l/q). The output of differential ampli?ers 606, 608, 
and 610 are, respectively, (V1/p—V22), (V1/p—V3/q), and 
(V21—V3/q). Single quadrant analog divider 612 has a preset 
gain of A21 Whereas single quadrant analog divider 614 has 
a preset gain of A22 Whereby, since the current sources are 

matched, 

and 

P—R3/q)=A (18) 

[0049] thereby determining the angle of rotation A. 
Although not explicitly shoWn, it is understood that all 
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components have appropriate poWer supply connections as 
needed and required, including ground. 

[0050] FIG. 7 shoWs a second example of an analog 
circuit 700 implementing the ?rst aspect of the present 
invention. V‘S is the poWer supply voltage and i‘2 and i‘3 are 
matched constant current sources such that i‘2=i‘3. Constant 
current sources i‘ 1, and i‘ 4 are Weighted such that i‘1=i‘2/p and 
i‘4=i‘2/q. V‘l, V‘21, V‘22, and V‘3 are given by: 

[0051] The output of differential ampli?ers 702, 704, and 
706 are, respectively, (V1—V22), (V1—V3), and (V21—V3). 
Single quadrant analog divider 708 has a preset gain of A21 
Whereas single quadrant analog divider 710 has a preset gain 
of A22 Whereby, 

q)=A (23) 
and 

q)=A (24) 

[0052] thereby determining the angle of rotation A. 
Although not explicitly shoWn, it is understood that all 
components have appropriate poWer supply connections as 
needed and required, including ground. 

[0053] FIG. 8 shoWs an example of a circuit 800 employ 
ing a digital processor 802 (i.e. digital signal processor, 
microcontroller, microprocessor, etc.) implementing the ?rst 
aspect of the present invention. V“ S is the value of the supply 
voltage and is implicitly knoWn to the digital processor 802, 
for example, as an input, or stored in the digital processor’s 
memory. The parameters p, q, A21, A22, RM AX, and RMIN 
are, preferably, stored in memory also. The values of V“,, 
V“2, and V“3 are input to the digital processor 802 and can 
be expressed as: 

[0054] The value of the output voltages VD1 and VD2 are 
computed by the digital processor 802 and can be expressed 
as: 

Which, using equations 25, 26, and 27, reduce to: 

and 

V132=A22 (R1/P_R22)/(R1/P_R3/q)=A (32) 

[0056] thereby determining the angle of rotation A. The 
implementation of the above procedure for the digital pro 
cessor 802 is Well knoWn in the art. 

[0057] FIG. 9 shoWs a ?rst example of an analog circuit 
900 implementing the second aspect of the present inven 
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tion. VSS is the power supply voltage and in, in, i33, i44, i55, 
and i66 are matched constant current sources such that 
. _. _. _. _. _. H H 
111-12_2-133-144-155-166~ V11> V12> V 21> V 22> V31 and V32 
are given by: 

[0058] Ampli?ers 902 and 904 (i.e. OP-AMPs) have a 
preset gain of (1/p‘) Whereas ampli?ers 906 and 908 (i.e. 
OP-AMPs) have a preset gain of (1/q‘). The output of 
differential ampli?ers 910, 912, 914, and 916 are, respec 
tive1y> (V11/p‘_V31/q‘)> (V21_V31/q‘)> (viz/pLvaz/qm and 
(V12/p‘—V“22). Single quadrant analog divider 918 has a 
preset gain of A21‘ Whereas single quadrant analog divider 
920 has a preset gain of A22‘, Whereby, since the current 
sources are matched, 

Although not explicitly shoWn, it is understood that all 
components have appropriate poWer supply connections as 
needed and required, including ground. 

[0060] FIG. 10 shoWs a second eXample of an analog 
circuit 1000 implementing the second aspect of the present 
invention. V‘SS is the poWer supply voltage and i‘22 and i‘55 
are matched constant current sources such that i‘22=i‘55. 
Constant current sources i‘ll, i‘33=i‘44, and i‘66 are Weighted 
such that i‘11=i‘66=i‘22/p‘ and i‘33=i‘44=i‘22/q‘. V‘ll, V‘12, 
V“‘21, V“‘22, V‘31, and V‘31, and V‘32 are given by: 

[0061] The output of differential ampli?ers 1002, 1004, 
1006, and 1008 are, respectively, (V‘11—V‘31), (V“‘21—V‘31), 
(V‘12—V‘32), and (V‘12—V“‘22). Single quadrant analog 
divider 1010 has a preset gain of A21‘ Whereas single 
quadrant analog divider 1012 has a preset gain of A22‘ 
Whereby, 

Although not explicitly shoWn, it is understood that all 
components have appropriate poWer supply connections as 
needed and required, including ground. 
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[0063] FIG. 11 shoWs an eXample of a circuit 1100 
employing a digital processor 1102 (i.e. digital signal pro 
cessor, microcontroller, microprocessor, etc.) implementing 
the second aspect of the present invention. V“SS is the value 
of the supply voltage and is implicitly knoWn to the digital 
processor 1102, for eXample, as an input or stored in the 
digital processor’s memory. The parameters p‘, q‘, A21‘, 
A22‘, R‘M AX, and R‘MIN are, preferably, stored in memory 
also. The values of VA, VB, Vc, and VD are input to the 
digital processor 1102 and can be eXpressed as: 

[0064] The value of the output voltages V‘D1 and V‘D2 are 
computed by the digital processor 1102 and can be 
expressed as: 

[0065] Which, using equations 49, 50, 51, and 52 reduce 

[0066] thereby determining the angle of rotation A‘. The 
implementation of the above procedure for the digital pro 
cessor 1102 is Well knoWn in the art. 

[0067] To those skilled in the art to Which this invention 
appertains, the above described preferred embodiment may 
be subject to change or modi?cation. Such change or modi 
?cation can be carried out Without departing from the scope 
of the invention, Which is intended to be limited only by the 
scope of the appended claims. 

1. A magnetoresistor sensor comprising: 
a single die comprising an array of magnetoresistor ele 

ments, said array comprising a ?rst magnetoresistor 
element having a ?rst area, a second magnetoresistor 
element having second area and a third magnetoresistor 
element having a third area, Wherein each magnetore 
sistor element comprises a series of magnetoresistor 
segments arranged linearly in a respectively predeter 
mined pattern Which thereby de?nes the respective area 
thereof, Wherein said second magnetoresistor element 
is located betWeen and adjacent to said ?rst and third 
magnetoresistor elements, and Wherein said die has a 
center; and 

an article having an end superposably adjacent said die in 
concentric relation to said center and in perpendicular 
relation to said die, Wherein a ?rst magnetic irregularity 
and a second magnetic irregularity are mutually dia 
metrically disposed at said end; 

Wherein said end is rotatable With respect to said die such 
that the ?rst magnetic irregularity is alWays superposed 
said ?rst magnetoresistor element, and Wherein the 
second magnetic irregularity is alWays superposed said 
third magnetoresistor element; and 

Wherein said ?rst and third areas are much smaller than 
said second area. 
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2. The sensor of claim 1, wherein said array further 
comprises a fourth magnetoresistor element having a fourth 
area, said fourth magnetoresistor element being located 
betWeen said third and ?rst magnetoresistor elements, 
Wherein said fourth magnetoresistor element comprises a 
series of the magnetoresistor segments arranged linearly in 
a respectively predetermined pattern Which thereby de?nes 
the fourth area, and Wherein said ?rst and third areas are 
much smaller than said second and fourth areas. 

3. The sensor of claim 1, further comprising an electronic 
circuit connected to said ?rst, second and third magnetore 
sistor elements such that said ?rst magnetoresistor element 
has a resistance R1 responsive to the magnetic ?eld locally 
thereat, said second magnetoresistor element has a resis 
tance R2 over a predetermined resistance range responsive 
to the magnetic ?eld locally thereat, and said third magne 
toresistor element has a resistance R3 responsive to the 
magnetic ?eld locally thereat, Wherein a rotative position of 
the end relative to the die is related to R2 as a function of R1 
and R3 de?ning respective maXimum and minimum resis 
tances in a predetermined proportion of the resistance range 
of R2. 

4. The sensor of claim 3, further comprising a bias magnet 
located superposably adjacent said die so as to provide a 
magnetic ?eld at said die, Wherein said ?rst magnetic 
irregularity comprises a ferromagnetic material and Wherein 
said second magnetic irregularity comprises a substantially 
nonmagnetic material, Wherein said ?rst and second mag 
netic irregularities locally affect the magnetic ?eld at the die. 

5. The sensor of claim 3, Wherein said ?rst magnetic 
irregularity comprises a bias magnet and said second mag 
netic irregularity comprises a substantially nonmagnetic 
material. 

6. The sensor of claim 2, further comprising an electronic 
circuit connected to said ?rst, second, third and fourth 
magnetoresistor elements such that said ?rst magnetoresis 
tor element has a resistance R1 responsive to the magnetic 
?eld locally thereat, said second magnetoresistor element 
has a resistance R2 over a predetermined resistance range 
responsive to the magnetic ?eld locally thereat, said third 
magnetoresistor element has a resistance R3 responsive to 
the magnetic ?eld locally thereat, and said fourth magne 
toresistor element has a resistance R4 over the predeter 
mined resistance range responsive to the magnetic ?eld 
locally thereat, Wherein a rotative position of the end relative 
to the die is related to R2 and R4 redundantly as a function 
of R1 and R3 de?ning respective maXimum and minimum 
resistances in a predetermined proportion of the resistance 
range. 

7. The sensor of claim 6, further comprising a bias magnet 
located superposably adjacent said die so as to provide a 
magnetic ?eld at said die, Wherein said ?rst magnetic 
irregularity comprises a ferromagnetic material and Wherein 
said second magnetic irregularity comprises a substantially 
nonmagnetic material, Wherein said ?rst and second mag 
netic irregularities locally affect the magnetic ?eld at the die. 

8. The sensor of claim 6, Wherein said ?rst magnetic 
irregularity comprises a bias magnet and said second mag 
netic irregularity comprises a substantially nonmagnetic 
material. 

9. A magnetoresistor sensor comprising: 

a single die comprising an array of magnetoresistor ele 
ments, said array comprising a ?rst magnetoresistor 
element having a ?rst area, a second magnetoresistor 
element having second area a third magnetoresistor 
element having a third area, a fourth magnetoresistor 
element having a fourth area, a ?fth magnetoresistor 
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element having a ?fth area, and a siXth magnetoresistor 
element having a siXth area, Wherein each magnetore 
sistor element comprises a series of magnetoresistor 
segments arranged linearly in a respectively predeter 
mined pattern Which thereby de?nes the respective area 
thereof, Wherein said ?rst and second magnetoresistor 
elements are mutually adjacent and located betWeen 
said siXth and third magnetoresistor elements such that 
said ?rst magnetoresistor element is adjacent said siXth 
magnetoresistor element and said second magnetore 
sistor element is adjacent said third magnetoresistor 
element, Wherein said fourth and ?fth magnetoresistor 
elements are mutually adjacent and located betWeen 
said siXth and third magnetoresistor elements such that 
said fourth magnetoresistor element is adjacent said 
third magnetoresistor element and said ?fth magnetore 
sistor element is adjacent said siXth magnetoresistor 
element, and Wherein said die has a center; and 

an article having an end superposably adjacent said die in 
concentric relation to said center and in perpendicular 
relation to said die, Wherein a ?rst magnetic irregularity 
and a second magnetic irregularity are mutually dia 
metrically disposed at said end; 

Wherein said end is rotatable With respect to said die such 
that the ?rst magnetic irregularity is alWays superposed 
said ?rst and second magnetoresistor elements, and 
Wherein the second magnetic irregularity is alWays 
superposed said fourth and ?fth magnetoresistor ele 
ments; and 

Wherein said ?rst, second, fourth and ?fth areas are much 
smaller than said third and siXth areas. 

10. The sensor of claim 9, further comprising an elec 
tronic circuit connected to said ?rst, second, third, fourth, 
?fth and siXth magnetoresistor elements such that said ?rst 
magnetoresistor element has a resistance R1 responsive to 
the magnetic ?eld locally thereat, said second magnetore 
sistor element has a resistance R2 responsive to the magnetic 
?eld locally thereat, said third magnetoresistor element has 
a resistance R3 over a predetermined resistance range 
responsive to the magnetic ?eld locally thereat, said fourth 
magnetoresistor element has a resistance R4 responsive to 
the magnetic ?eld locally thereat, said ?fth magnetoresistor 
element has a resistance R5 responsive to the magnetic ?eld 
locally thereat, and said siXth magnetoresistor element has a 
resistance R6 over the predetermined resistance range 
responsive to the magnetic ?eld locally thereat, Wherein a 
rotative position of the end relative to the die is related 
redundantly to R3 and R6 as a function of R1 and R2 in 
mutual redundancy and R4 and R5 in mutual redundandcy 
de?ning respective maXimum and minimum resistances in a 
predetermined proportion of the resistance range. 

11. The sensor of claim 10, further comprising a bias 
magnet located superposably adjacent said die so as to 
provide a magnetic ?eld at said die, Wherein said ?rst 
magnetic irregularity comprises a ferromagnetic material 
and Wherein said second magnetic irregularity comprises a 
substantially nonmagnetic material, Wherein said ?rst and 
second magnetic irregularities locally affect the magnetic 
?eld at the die. 

12. The sensor of claim 10, Wherein said ?rst magnetic 
irregularity comprises a bias magnet and said second mag 
netic irregularity comprises a substantially nonmagnetic 
material. 


