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MAGNETIC FIELD GENERATOR 

 

This patent application claims the priority benefit of French patent application number 

FR16/50184, filed on January 11, 2016, the content of which is hereby incorporated by 

reference in its entirety. 5 

Background 

The present disclosure relates to the field of magnetic field generators, and more 

particularly to a device generating a magnetic field of settable intensity and direction. 

Discussion of the related art 

Figure 1 shows an example of a magnetic memory cell 1 having characteristics which 10 

are desired to be verified. 

A memory cell 1 is formed on a silicon wafer 3. The silicon wafer 3 is fixed on an X, Y, 

Z positioning device, not shown, of test equipment. The device makes it possible to position 

the wafer with an accuracy on the order of one micrometer. The memory cell comprises 

portions 5 of magnetic conductive layers located between two portions of metal layers 7. The 15 

metal layer portions are continued by contacts 9 located in a same horizontal plane on either 

side of the memory cell. There may, however, be a difference of a few micrometers between 

the contact levels. 

To test the memory cell, test probes 11 are positioned on contacts 9, the distance D1 

between the test probes 11 being on the order of some hundred micrometers. A magnetic 20 

field of settable intensity and direction is applied to the memory cell. The electric resistance 

variations between the test probes according to the intensity and to the direction of the 

magnetic field make it possible to characterize the memory cell 1. 

It should be noted that, to position test probes 11 and create the magnetic field, only 

the space above the silicon wafer is available, the space under the wafer being used by the 25 

positioning device. 

It is thus desired to have a magnetic field generator making it possible to generate a 

magnetic field of settable intensity and direction, the generator remaining entirely located 

above the surface of the wafer containing the memory cell. 

More generally, it is desired to plunge, in a magnetic field of adjustable direction, 30 

components arranged on a wafer having only one available side to generate the magnetic 

field. 
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Known devices for generating a magnetic field in a half-space do not make it possible 

to adjust each vertical or horizontal component of the magnetic field independently from the 

other components and raise various implementation issues. 

It is thus desired to have a magnetic field generator making it possible to generate, in 

a half-space, a magnetic field where each vertical and horizontal component can be 5 

independently adjusted. 

Summary 

Thus, an embodiment provides a generator of a magnetic field of adjustable direction 

comprising a magnetic circuit comprising: a first polar end of vertical axis arranged above a 

horizontal plane; and at least two second polar ends arranged symmetrically on said 10 

horizontal plane, the generator further comprising coils arranged so that each magnetic circuit 

portion connecting two polar ends runs inside of at least one coil, the coils being capable of 

being connected to circuits capable of conducting currents of settable intensities and of 

selected directions therethrough. 

According to an embodiment, the polar ends of each pair of second neighboring polar 15 

ends have parallel vertical surfaces arranged symmetrically with respect to a plane containing 

the vertical axis. 

According to an embodiment, the first polar end has the shape of a truncated cone 

having a circular lower surface arranged at a height in the range from 0.5 to 5 mm above said 

horizontal plane. 20 

According to an embodiment, the generator comprises four second polar ends 

symmetrical with respect to two orthogonal planes containing the vertical axis. 

According to an embodiment, each polar end is at the end of an arm connected to a 

frame. 

According to an embodiment, the arm associated with each second polar end 25 

horizontally extends a bar surrounded with a coil. 

According to an embodiment, the arm associated with the first polar end is connected 

to a horizontal rod connected to the middles of opposite sides of the frame, a coil being 

arranged around each half of the horizontal rod. 

According to an embodiment, the arm associated with the first polar end is surrounded 30 

with a coil. 

According to an embodiment, the generator comprises two second polar ends, each 

of the first and second polar ends being at the end of an arm connected to a rod, the arm 
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associated with the first polar end being connected to the center of the rod and a coil being 

arranged around each half of the rod. 

According to an embodiment, the arm associated with the first polar end is surrounded 

with a coil. 

Brief description of the drawings 5 

The foregoing and other features and advantages will be discussed in detail in the 

following non-limiting description of specific embodiments in connection with the 

accompanying figures, in which: 

Figure 1 shows an example of a magnetic memory cell; 

Figure 2A is a perspective view of an embodiment of a magnetic circuit; 10 

Figure 2B is a bottom view of a portion of the magnetic circuit shown in Figure 2A; 

Figure 2C is a side view of a portion of a magnetic circuit positioned above a wafer to 

be tested; 

Figure 3 is a simplified illustration of the magnetic circuit shown in Figure 2A and of 

coils conducting currents; 15 

Figure 4A is a perspective view of a simplified embodiment of a magnetic field 

generator; 

Figure 4B is a bottom view of the generator of Figure 4A; and 

Figure 5 is a partial bottom view of an alternative magnetic circuit. 

Detailed description 20 

The same elements have been designated with the same reference numerals in the 

various drawings and, further, the various drawings are not to scale. For clarity, only those 

elements which are useful to the understanding of the described embodiments have been 

shown and are detailed. In particular, coil power supply circuits are not shown. 

In the following description, unless otherwise specified, when reference is made to 25 

terms qualifying absolute positions, such as terms “left”, “right”, etc., or relative positions, 

such as terms “top”, “bottom”, “lower”, etc., or to terms qualifying orientation, such as terms 

“horizontal”, “vertical”, reference is made to the orientation of the concerned element in the 

targeted drawing. Unless otherwise specified, the expression “on the order of” means, 

concerning an orientation, to within 10 degrees, preferably to within 5 degrees. 30 

Figure 2A is a perspective view of an embodiment of a magnetic circuit 20 of a 

magnetic field generator. The generator comprises coils, not shown in Figure 2A, arranged 

around certain portions of the magnetic circuit. Figure 2B is a bottom view, at a different 
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scale, of a portion of magnetic circuit 20 close to vertical axis Z of the generator. Figure 2C is 

a side view, at a different scale, of a portion of magnetic circuit 20 positioned above a wafer 

containing a magnetic memory cell to be tested. 

The magnetic circuit is made of a soft ferromagnetic material, for example soft iron. 

Magnetic circuit 20 comprises a square frame 22 with axis Z. A cylindrical vertical bar 24 5 

extends downwards from each of the corners of frame 22. Each bar 24 is continued towards 

axis Z by a radial arm 26. Each radial arm 26 is continued by a respective point-shaped polar 

end 28A to 28D directed towards axis Z. Polar ends 28A to 28D have lower surfaces located 

in a same horizontal plane 29 (shown in Figure 2C). As an example, frame 22 is inscribed 

within a circle having a diameter in the range from 100 to 200 mm. The dimension along axis 10 

Z, or height, of the general circuit is in the range from 100 to 200 mm. Each bar 24 may have 

a diameter in the range from 8 to 20 mm. 

Bars 30 extend vertically downwards from the middles of two opposite sides of frame 

22. The ends of bars 30 are connected by a horizontal rod 32. A connection block 34 

centered on axis Z is located in the middle of rod 32. Connection block 34 is continued 15 

downwards by a vertical cylindrical arm 36. Cylindrical arm 36 has a polar end 37 in the form 

of a truncated cone with axis Z. The cone ends with a circular horizontal surface 38 located at 

a height H above horizontal plane 29. 

In bottom view, as illustrated in Figure 2B, polar ends 28A to 28D delimit a cross-

shaped space 39 having its center occupied by polar end 37. The cross is arranged along 20 

horizontal axes having directions X and Y, axis Y being parallel to the direction of rod 32. 

Thus, polar ends 28A to 28D are arranged symmetrically with respect to two orthogonal 

vertical planes running through axis Z. Polar ends 28A to 28D may have respective vertical 

surfaces 40A to 40D parallel to axis Y. Polar ends 28A to 28D may have respective vertical 

surfaces 42A to 42D parallel to axis X. As an example, distances D2 separating the vertical 25 

surfaces of neighboring polar ends 28A to 28D are equal and in the range from 5 to 15 mm. 

Figure 2C is a side cross-section view illustrating a lower portion of the magnetic field 

generator opposite a wafer 44 comprising a magnetic memory cell 46 provided with contacts 

48. The wafer is fixed to a positioning device, not shown. The magnetic field generator is 

arranged in such a way that horizontal plane 29 of the magnetic field is located above the 30 

upper surface of wafer 44, the memory cell being arranged under surface 38 of polar end 37. 

The generator structure is such that a space is available to position test probes 49 on 
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contacts 48. As an example, the height between horizontal plane 29 and the upper surface of 

the wafer is in the range from 0.5 to 5 mm. 

Figure 3 is a simplified illustration of magnetic circuit 20 shown in Figure 2A and of 

coils conducting currents according to an example configuration of currents. Each element of 

magnetic circuit 20 is shown in the form of a cylinder elongated along the propagation 5 

direction of a magnetic conduction flux conducted by the element. As an example, the real 

coils have outer diameters in the range from 50 to 70 mm. Each coil may be formed by coiling 

of a copper conductive wire, the number of turns of the conductive wire depending on the 

wire diameter. Each coil may comprise several hundreds of turns of conductive wire, for 

example, from 200 to 3000 turns. 10 

Each bar 24 associated with one of ends 28A to 28D has a respective coil 50A to 50D 

arranged around it. Coils 52A and 52B are arranged around the portions of rod 32 located on 

either side of the connection with arm 36. Coils 50A to 50D, 52A and 52B may be identical. 

The coils are connected to power supply circuits, not shown. These circuits make it 

possible to conduct a current of selected direction and intensity in each coil. 15 

In the example configuration of currents illustrated in Figure 3, currents of identical 

intensity and direction flow through coils 50A to 50D to generate, in bars 24, magnetic 

conduction fluxes 54A to 54D oriented downwards. Currents of opposite intensity and 

direction flow through coils 52A and 52B. The currents in coils 52A and 52B generate 

respective magnetic induction fluxes 56A and 56B extending away from axis Z, which results 20 

in a flux directed upwards in vertical arm 36. 

As previously indicated, polar ends 28A to 28D are symmetrical with respect to two 

orthogonal vertical planes running through axis Z. Thereby, on vertical axis Z, the field 

components along axis X and along axis Y cancel each other out. Thus, magnetic field BZ 

created under polar end 37 around the magnetic memory cell of Figure 2C is directed 25 

upwards along vertical axis Z. The conical shape of polar end 37 makes it possible to 

concentrate, in the cone, the magnetic induction which propagates in the arm. The inventors 

have shown by means of simulations that there exists an optimal value of height H separating 

plane 29 from surface 38, which provides a quasi-uniform magnetic field having a maximum 

intensity under polar end 37, for example corresponding to a magnetic induction greater than 30 

0.5 T. As an example, height H is in the range from 0.5 to 2 mm. Surface 38 may have a 

diameter in the range from 3 to 7 mm. The angle between axis Z and the inclined surface of 
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the cone may have value in the range from 40 to 60 degrees. Arm 36 may have a diameter in 

the range from 8 to 20 mm. 

A magnetic field directed along axis Y defined in relation with figure 2B and oriented 

from left to right is obtained if, based on the configuration of currents of Figure 3, the 

directions of the currents in coils 50A, 50B and 52A, are reversed. In this case, the magnetic 5 

conduction fluxes generated by the coils cancel in the vertical arm 36. As previously 

indicated, ends 28A to 28D may have respective vertical surfaces 42A to 42D parallel to axis 

X. Such an arrangement of surfaces 42A to 42D provides a quasi-uniform magnetic field with 

no component along axis X under surface 38. Further, the dimension along axis Z or 

thickness of polar ends 28A to 28D may be smaller than the thickness of arms 26, to obtain a 10 

high magnetic field. The currents in coils 52A and 52B may also be canceled, and the 

generator then generates a magnetic field along axis Y of small intensity. 

A magnetic field oriented along axis X is obtained from the current configuration 

illustrated in Figure 3 by reversing the directions of the currents in coils 50A and 50D and by 

canceling the currents in coils 52A and 52B. The operation is similar to the operation which 15 

generates a field oriented along axis Y. 

Generally, by combinations of currents of selected intensities and directions flowing 

through the coils, one may advantageously select the orientation and the intensity of the 

magnetic field under polar end 37 in a volume located under plane 29, the magnetic field 

generator being entirely located above plane 29. 20 

Although coils arranged around elements of magnetic circuit 20 have been described 

hereabove in a specific configuration, other configurations are possible. As a variation, coils 

50A to 50D may be replaced by coils located around the sides of frame 22. A coil may be 

arranged around each side of frame 22 parallel to axis Y. Each side parallel to axis X may be 

surrounded with two coils arranged on either side of vertical bar 30. In another variation, coils 25 

52A and 52B may be replaced with a single coil arranged around arm 36. In this case, bars 

30 may be suppressed, rod 32 being directly connected to the middle of the associated sides 

of frame 22. 

Figure 4A is a perspective view of an embodiment of a magnetic field generator 80. 

Figure 4B is a bottom view of a portion of the magnetic circuit of generator 80 close to axis Z. 30 

Magnetic field generator 80, simpler than above-described generator 20, provides a 

magnetic field of selected intensity having an adjustable direction in plane YZ. The generator 

comprises two identical coils 82 arranged around a horizontal rod 84 on either side of a 
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connection block 86 located in the middle of rod 84. Connection block 86 is continued 

downwards by a cylindrical arm 88. Cylindrical arm 88 has a polar end 90 in the form of a 

truncated cone with axis Z. The cone ends with a circular horizontal surface 92. Vertical bars 

94 extend from the ends of rod 84 and are horizontally continued by converging arms 96. 

Arms 96 have lower surfaces 98 comprised in a horizontal plane 100 common to the two 5 

surfaces and located at a height H under surface 92. In bottom view, the arms extend 

towards axis Z. As an example, arms 96 extend towards axis Z along directions forming 

angles on the order of 45° with the direction of horizontal rod 84. Each arm 96 ends with a 

polar end 102. Polar ends 102 have two parallel vertical surfaces 104 perpendicular to axis Y 

and symmetrical with respect to a plane running through axis Z. 10 

In the shown embodiment, horizontal supports 106 extend from each end of rod 84 

and make it possible to fix the generator. 

Figure 5 is a partial bottom view of a variation of a magnetic circuit, corresponding to 

the magnetic circuit shown in Figures 4A and 4B where arms 96 have been replaced with 

similar arms 96’ provided with polar ends 102’. Conversely to arms 96 of Figures 4A and 4B, 15 

arms 96’ extend towards axis Z parallel to the direction of horizontal rod 84. Axis Z is located 

between parallel vertical surfaces 104’ of polar ends 102’. Vertical surfaces 104’ are 

orthogonal to axis Y and symmetrical with respect to a plane running through axis Z. 

In the embodiment illustrated in Figures 4A and 4B and in the variation of Figure 5, 

coils 82 are connected to circuits, not shown, making it possible to conduct a current of 20 

selected intensity and direction in each coil. 

When currents 108 having equal intensities and opposite directions flow through coils 

82, the magnetic conduction fluxes created in each half of the rod by each of the currents add 

in bar 88. A magnetic field B2 directed along axis Z under surface 92 of polar end 90 is then 

obtained. When currents 110 of same direction flow through the coils, a magnetic field 25 

directed along axis Y is obtained. Generally, a combination of currents in coil 82 provides a 

current of settable intensity and having a selected orientation in plane YZ. 

Magnetic field generator 80 is entirely located above plane 100 and makes it possible, 

with two coils only, to generate, in a volume located under plane 100, a magnetic field having 

an intensity and direction in plane YZ which may be adjusted. 30 

In a variation, not shown, a coil may be arranged around vertical arm 88, to increase 

the intensity of the magnetic field component along axis Z. 
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Specific embodiments have been described. Various alterations, modifications, and 

improvements will readily occur to those skilled in the art. In particular, although specific 

configurations of magnetic circuits and of coils have been described, other configurations are 

possible, the essential point being, on the one hand, for the magnetic circuit to comprise a 

vertical arm provided with a polar end located above a horizontal plane and to comprise at 5 

least two symmetrical polar ends arranged on the horizontal plane, and on the other hand for 

each magnetic circuit portion connecting two of the polar ends to run inside of at least one 

coil. 

Further, in the described embodiments, magnetic field generators are used to test a 

magnetic memory cell formed on a silicon wafer by connecting the memory cell with test 10 

probes. A generator of the described type may also be used to perform magneto-optical tests 

of a magnetic memory cell arranged on a wafer, one side of the wafer then being used by the 

generator and the other side remaining available for optical devices. Such a generator may 

also be used to simultaneously test a plurality of magnetic memory cells, or to test memory 

cell arrays. 15 

  






