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(57) Abréegée/Abstract:

A current measuring device for measuring the current through one or a plurality of conductors (L1, L2, L3) of an array of n
conductors, n being a natural number = 2, comprises n+1 magnetic-field-sensitive sensors (S1 to S4) which are arranged such that
two respective magnetic-field-sensitive sensors are arranged adjacent a respective conductor. A unit (12) for reading out output
sighals of the magnetic-field-sensitive sensors Is provided. Furthermore, the current measuring device Is provided with a unit (10)
for calculating the current through one or a pluralty of conductors on the basis of the read output signals and on the basis of
coefficients which describe the influence of currents flowing through each of the n conductors and of a constant magnetic field on
the output signal of each of the magnetic-field-sensitive sensors.
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Device and Method for Measuring an Electric Current

Abﬁtrqct

A current measuring device for measuring the current through

one or a plurality of conductors (L1, L2, L3) of an array of

n conductors, n being a natural number 2> 2, comprises n+1
magnetic-field-sensitive sensors (S1 to S4) which are ar-
ranged such that two respective magnetic-field-sensitive sen-
sors are arranged adjacent a respective conductor. A unit
(12) for reading out output signals of the magnetic-field-
sensitive sensors is provided. Furthermore, the current meas-
uring device is provided with a unit (10) for calculating the
current through one or a plurality of conductors on the basis
of the read output signals and on the basis of coefficients
which describe the influence of currents flowing through each
of th;a n conductors and of a constant magnetic field on the

output signal of each of the magnetic-field-sensitive sen-

SOrs.
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Device'and.MethodforiMeasuring an Electric Current

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a device and a method for
measuring an electric current and, in particular, to a device
and a method for measuring the electric current flowing
through one or a plurality of conductors of an array of sev-
eral electric conductors which are arranged 1in close proxim-

ity to one another.

Description of Prior Art

For potential-free current measurement it 1is known to place
two magnetic-field-sensitive sensors on both sides of an
electric conductor. Such an arrangement 1s schematically
shown in Fig. 1, where two magnetic-field-sensitive sensors 2
and 4 are arranged on both sides of an electric conductor 6.
By means of the magnetic-field-sensitive sensors 2 and 4, the
magnetic field generated by a current flowing through the
conductor 6 is measured. The current in the conductor 1s de-
termined by forming the difference between the output signals
of the two magnetic-field-sensitive sensors 2 and 4; this
principle permits an existing, gradient-free magnetic field
to be eliminated when the current 1is being measured. The
above-described arrangement is disadvantageous insofar as 2n
sensors are required, when the currents in n conductors are
to be measured simultaneously. The known method is also prob-

lematic when the currents through a plurality of conductors
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are to be measured and when the conductors are arranged 1in
closely spaced relationship with one another. This will give
rise to a magnetic field gradient at the location of a con-
ductor due to the current of a neighbouring conductor so that
the current measurement will be disturbed. The 1influence of
the magnetic field gradient caused by the current in the

neighbouring conductor cannot be compensated for.

SUMMARY OF THE INVENTION

It is the object of the present invention to provide a device
and a method for measuring the current through one or a plu-
rality of conductors of an array of n conductors making use
of a reduced number of magnetic-field-sensitive sensors,
which additionally permit an exact detection of the current
through one of the conductors even if the individual conduc-

tors of the conductor array are arranged in close proximity

to one another.

This object is achieved by a current measuring device for

measuring the current through one or a plurality of conduc-

Y

tors of an array of n conductors, n being a natural number
2, in the case of which n+l magnetic-field-sensitive sensors
are arranged in such a way that two respective magnetic-
field-sensitive sensors are arranged adjacent a respective
conductor. Furthermore, a unit for reading out output signals
of the magnetic-field-sensitive sensors is provided. Finally,
the current measuring device is provided with a unit for cal-
culating the current through one or a plurality of conductors
on the basis of the read output signals and on the basis of
coefficients which describe the influence of currents flowing

through each of the n conductors and of a constant magnetic
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field on the output signal of each of the magnetic-field-

sensitive sensors.

The present invention thus permits a reduction of the re-
quired magnetic-field-sensitive sensors from 2n to n+l, when

the current flowing through n conductors is to be detected.

In addition, the present invention permits a compensation of

influences, which are caused by closely spaced, current-
carrying conductors, on the current measurement 1in one con-
ductor. It follows that the present invention provides, on
the one hand, a relatively simple current measuring device,
which provides, on the other hand, exact results 1n the case

of electric conductors arranged in close proximity to one an-

other.

The magnetic-field-sensitive sensors are preferably Hall sen-
sors which are monolithically produced on a semlconductor
substrate together with the evaluation electronics, 1.e. the
read-out unit and the calculating unit, and, preferably, to-

gether with a memory for storing the coefficients.

In accordance with a further aspect of the invention this ob-
ject is achieved by a method of measuring the current through

one or a plurality of conductors of an array of n conductors,

n being a natural number = 2, wherein the output signals of
n+l magnetic-field-sensitive sensors are first read out, two
respective ones of these sensors being arranged adjacent a
respective conductor. Subsequently, the current through one
or a plurality of the conductors 1is calculated on the basis

of the read output signals and on the basis of coefficients
which describe the influence of currents flowing through each

of the n conductors and of a constant magnetic field on the
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4

output signal of each of the magnetic-field-sensitive sen-

SOrsS.

Preferred embodiments of the method according to the present
invention additionally comprise the step of executing a cali-
bration measurement so as to calculate the coefficients. In
so doing, the coefficients are determined as matrix coeffi-
cients in such a way that a defined current 1s conducted
through each ot the conductors in turn while the other con-
ductors do not carry a current. In addition, a further cali-
bration measurement is carried out in the case of which a
constant magnetic field, i.e. a gradient-free magnetic field
having a known magnitude, is applied to the magnetic-field-
sensitive sensors, while no current flows through the conduc-
tors. For calculating the current flowing through one or a
plurality of the conductors, the sensor signals of all the
magnetic-field-sensitive sensors are then linearly intercon-
nected via a matrix operation making use of the coefficient

matrix determined.

As has been mentioned hereinbefore, the magnetic-field-
sensitive sensors are preferably Hall sensors. These' Hall
sensors are sensitivé to perpendicularly impinging magnetic
fields so that the sensors are arranged between the conduc-

tors or, displaced upwards or downwards, in the space between

the conductors.

In addition, the present invention also permits the use of
sensors which are sensitive to magnetic fields impinging par-
allel to the surface, e.g. field plates. These sensors are
arranged in such a relation to the conductors that the mag-
netic field generated by the conductors impinges on the sen-

sors substantially parallel to the surface thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS

PPy PPl Pl - -

In the following, preferred embodiments of the present inven-

tion will be described 1in detail making reference to the

drawings enclosed, 1n which:

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

shows schematically a known current measuring de-

vice;

shows schematically a current measuring device ac-

cording to the present invention;

shows schematically an alternative arrangement of
Hall sensors for executing a current measurement

according to the present invention;

shows an arrangement of field plates for executing

a current measurement

according to the present invention; and

shows a schematic representation of the current

measuring device according to the present 1nven-

tion.

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

2

shows schematically the array of magnetic-field-

sensitive sensors according to the present invention used for

measuring the current in three conductors L1, L2, L3 which

are arranged in close proximity to one another. As can be
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seen in Fig. 2, only four magnetic-field-sensitive sensors
S1, S2, S3 and S4 are requlired for measuring the currents in
the conductors L1, L2, L3. The four sensors are arranged 1in
such a way that two respective ones of the magnetic—field—
sensitive sensors, e.g. Sl and S2, are arranged adjacent a
respective conductor, e.g. L1l. For detecting the current
through one of the conductors, the output signals of all mag-
netic-field-sensitive sensors S1 to S4 are now linearly 1in-
terconnected via a matrix operation, the matrix coefficients
being determined via a calibration measurement in such a way
that a defined current 1is conducted through each of the con-

ductors in turn while the other conductors do not carry a

current.

In addition, a calibration measurement 1is carried out 1in the

case of which the array has applied thereto a known constant

magnetic field while no current flows through the conductors.

The resultant matrix of coefficients reads:

a, 25 a,s 23V
a, a, a5, a o4

a s, as; 2% a 14

The coefficients a;; to ajqy are obtained while only the con-
ductor L1 carries a known current, the coefficients ajz; to ajzg
are obtained while only the conductor LZ carries a known cur-
rent, and the coefficients a3 to ais; are obtained while only
the conductor L3 carries a known current. The coefficients
agy to ags are obtained wile a known constant magnetic field

is applied and while none of the conductors carries a cur-

rent.
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The first number of the index of a respective coefficient
stands for a conductor, whereas the respective second number
in the index stands for a sensor so that e.g. the coefficient
aj; describes the influence of a current through the conduc-
tor L1 on the output signal of the sensor Sl. In the case of
the coefficients a, to agqs the letter g stands for the re-
spective constant magnetic field so that these coefficients
describe the influence of a constant magnetic field on the

output signal of the respective sensor.

Making use of the above coefficients, the output signals A;

to A; of the four magnetic-field-sensitive sensors S1 to S4

are composed as follows:

A = a I, + a»s I, + ais; I3 + agq Hg
A; = aj: I, + az b + as I3 + ag Hg
A; = ajs b, + asr; I, + asj I35 + ag3 Hg
A, = ais I, + aj Ib + asq I3 + aqgq Hg

wherein I; stands for a current through the conductor L1, I

stands for a current through the conductor L2, I3 stands for

a current through the conductor L3 and Hg stands for an ap-

plied constant magnetic field.

The above equations can be represented as follows in the form

of a matrix or in the form of vectors:

A, a, 4, 4a;3 4a, 4
Ay | |9u 9n Ay ay . I
A, Ay, 4y 4y Ay 1,
A a a a a H

-3

g4 g
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After an inversion of the matrix of coefficients, the indi-

vidual currents I; to I3 flowing through the conductors L1 to

.3 can therefore be calculated as follows:

1 a, 4a, d3 34 A
I |  |aun 9n 9y 9 . 4,
1y a; Az 4y dy A,
Hs Aui g2 A3 Qe A4

In this way, the current through each of the electric conduc-
tors L1 to L3 can be calculated precisely according to the
present invention, only n-1 magnetic-field-sensitive sensors
being necessary for this purpose, when the current through n
conductors is to be measured. The above-mentioned calculating
method additionally permits the detection of the constant

magnetic field.

3 shows a schematic representation for illustrating an

ured. Also in this case,

with respect to three conductors L1 to L3 in such a way that

two respective magnetic-field-sensitive sensors are arranged

In this case, the sensors

adjacent a respective conductor.
are, however, arranged such that they are displaced perpen-

dicularly with respect to an imaginary line extending through

the conductors, the sensors being e.g. displaced upwards Or
downwards with respect to the conductors. Such an arrangement
can e.g. be realized easlly when the sensors are Hall sensors
and when they are monolithically produced on a semiconductor
substrate together with the conductors. The conductor tracks

L1 to L3 which are shown in Fig. 3 only schematically with

oy k. by b
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2 round cross-section, may here be e.g. conductor tracks on

tric layer. The arrangement shown in Fig. 3, or an arrange-
ment of the sensors directly between the conductors is used,

when the sensors are sensitive UO perpendicularly impingilng

Fig. 4 shows an arrangement of sensors in relation to conduc-
tors in cases in which the sensors are sensitive to magnetic
fields impinging parallel to the surface, as in the case of
field plates by way of example. In this arrangement the field
lines of a magnetic field, which is generated by currents
through the conductors L1 to L3, extend parallel to the malin

<surfaces of the sensors S1 to S4. Also in this case, only n+l

four magnetic-—field—sensitive sensors S1 to S4 can be seen
once more in this representation. The magnetic-field-
sensitive sensors S1 to S4 are each connected to an evalua-
tion unit 10. More specifically, the sensors S1 to S4 are
connected to a read-out unit 12 of the evaluation unit. In
the evaluation unit 10 the above-described calculation of the
current flowing through the respective conductors L1 to L3 1s
carried out. In addition, the evaluation unit 10 is prefera-

bly provided with a calibration unit 14 by means of which the

above-described coefficients are determined. For thils pur-

pose, the calibration unit 14 1s connected in a suitable man-

ner to the respective conductors 1,1 to L3 so as to be able to
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10

cause a known flow of current through these conductors. This
1s shown in Fig. 5 by the schematically shown conductors be-
tween the calibration unit 14 and the respective conductors
L1l to L3. Furthermore, a means for generating a known con-
stant magnetic field (not shown) is preferably provided so as
to permit the coefficients ag to aqs to be determined. Al-
ternatively, each of these coefficients may be given the
value 1 or some other predetermined value. In addition, 'the
evaluation unit 10 preferably comprises a memory 16 in which
the coefficients determined are stored preferably in the form
of a matrix. The coefficients can either be stored in the
form determined; preferably, however, the elements of the in-
verted matrix are first calculated from the coefficients de-

termined, these elements being then stored in the memory 16.

It is apparent that the memory 16 may be integrated in the
evaluation unit 10, although it is shown separately from this

evaluation unit in Fig. 5.

It follows that the present 1invention provides a current
measuring device and a method for measuring a current, re-
spectively, 1in the case of which only n+l magnetic-field-
sensitive sensors are required for measuring the current
through n conductors. Although the figures only show conduc-
tors L1 to L3 which are arranged in juxtaposition, the pres-
ent 1nvention can also be applied to conductor arrays 1in
which the conductors extend at right angles to one another,

e.g. in a multilayered substrate; also in this case, only n+l

magnetic—-field-sensitive sensors are required.
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Claims

A current measuring device for measuring a current
through one or a plurality of conductors of an array of n
conductors, with n being a natural number and n > 2,

comprising the following features:

n+l magnetic-field-sensitive sensors which are arranged
in such a way that two respective magnetic-field-
sensitive sensors are arranged adjacent a respective

conductor;

a unlit for reading out output signals of the magnetic-

field-sensitive sensors; and

a unit for calculating the current through one or a
plurality of conductors on the basis of the read output
signals and on the basis of coefficients which describe
an 1nfluence of currents flowing through each of the n
conductors and of a constant magnetic field on the out
put signal of each of the magnetic-field-sensitive

SEINnsors.

A current measuring device according to claim 1, wherein
the magnetic-field-sensitive sensors are arranged such
that each conductor is arranged between two of said

magnetic-field-sensitive sensors.

A current measuring device according to claim 1, wherein
the magnetic-field-sensitive sensors are arranged such
that they are displaced perpendicularly with respect to

an imaginary line extending between two conductors.

A current measuring device according to claim 1, wherein

the magnetic-field-sensitive sensors are Hall sensors.

MTL _LAW #1620923 v. I
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A current measuring device according to claim 4, wherein
the Hall sensors, together with the read-out unit and the
calculating wunit, are monolithically 1integrated on a

semiconductor substrate.

A current measuring device according to claim 1, wherein
the coefficients in a form of a matrix are stored in a

memory mears.

A current measuring device according to claim 5, wherein
the coefficients in the form of a matrix are stored in a
memory means and wherein the memory means 1is integrated

on the semiconductor substrate.

A method o©of measuring a current through one or a
plurality of conductors of an array of n conductors, with
n being a natural number and n > 2, comprising the

following steps:

reading out the output signals of n+l magnetic-field-
sensitive sensors, two respective ones of said sensors

being arranged adjacent a respective conductor;

calculating the current through one or a plurality of the
conductors on the basis of the read output signals and on
the basgsis of coefficients which describe an influence of
currents flowing through each of the n conductors and of
a constant magnetic field on the output signal of each of

the magnetic-field-sensitive sensors.

A method according to claim 8, comprising in addition the
step of determining the coefficients on the basis of the

output signal of each of the magnetic-field- sensitive

MTL LAW #1620923 v. I
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sensors while a known flow of current is successively
caused through each of the conductors, whereas no current
flows through a rest of the conductors, and on the basis
of the output signal of each of the magnetic-field-
sengitive sensors during application of a known constant
magnetic field, while no current flows through the

conductors.

A method according to claim 9, comprising in addition the

step 0of storing the coefficients.

A method according to claim 8, wherein the calculation
step comprises an execution of a linear interconnection
of the output signals of the magnetic-field-sensitive
sensors by means of a matrix operation, the coefficients
which describe the influence of currents flowing through
each of the n conductors and of a constant magnetic field
on the output signal of each of the magnetic-field-
sensitive sensors (S1 to S4) being used as matrix

coefficients.

MTL LAW #1620923 v. I
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