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(57) 	 ABSTRACT 

This invention relates to a super-multichannel MEG system 
comprising sensors produced by printing sensor coils on thin 
films in positions shifted from each other and by laminating 
multiple thin-film sensor coils together. Intended for use in a 
multichannel MEG system comprising a dewar, the sensors 
are arrayed in the dewar to detect biomagnetism and the 
Superconducting QUantum Interference Devices (SQUIDs) 
to detect signals coming from the sensors. These sensors are 
characterized by the sensor coils being printed on thin films in 
positions shifted from each other laterally and longitudinally 
and by their being laminated in the required number. 

4 Claims, 3 Drawing Sheets 
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Coil for gradiometer 

FIG. 3C 

11 
!I 

11 ll 
!I 

11 
11 
11  rl 

II II II 
Is II Ir 

1, .I 
rl rl 
11 II 
11 Ir 
11 
II 

II 
11 

Coil for gradiometer 



US 7,672,707 B2 
1 

SENSOR FOR 
MAGNETOENCEPHALOGRAPHY METER 

AND SUPERMULTICHANNEL 
MAGNETOENCEPHALOGRAPHY METER 

SYSTEM USING THE SAME 

TECHNICAL FIELD 

This invention relates to a super-multichannel magnetoen-
cephalography system used to take measurements of the mag-
netic fields generated in the brains of the subjects. Specifi-
cally, it relates to a super-multichannel 
magnetoencephalography system that is characterized by the 
structure of the sensors arrayed to surround the head of the 
subject. 

BACKGROUND OF THE INVENTION 

The human brain generates electric signals. These signals 
are very weak, but can be measured non-invasively by various 
methods. One of such method is the biomagnetism-measur-
ing method which is used to measure the magnetic field on the 
outer surface of the head created by electric currents in the 
brain. 

A magnetoencephalography (MEG) system (hereinafter 
referred to as the MEG system) is a specially improved, 
highly sensitive device for detecting magnetic fields, and 
comprises magnetic field sensors, detectors for the currents 
flowing through the sensors, and related electronic units. The 
MEG system has much potential as a non-invasive device for 
measuring brain functions because it has high time and space 
resolutions. 

The magnetic field sensors of a planar type used in such a 
system typically comprise electric wires in the shape of multi-
loop coils that create minute electric currents when they are 
penetrated by a magnetic flux. For example, as shown in FIG. 
3, a sensor comprises a coil (a) for the magnetometer, and two 
directional derivative coils (b) and (c) for the gradiometer that 
detects the direction of magnetic field gradient. These three 
coils, (a), (b), and (c), are combined, overlaid, and integrated 
with each other to obtain a multi-layer laminate. Sensors, 
without coil (a) but comprising the coils (b) and (c) are in 
common use. Also, sensors using only the coil (a) are also 
available. 

Each sensor coil is required to have a surface area of a few 
square centimeters for the coil to have enough sensitivity in 
the above-described system. If sensor coils requiring such an 
area were arrayed closely on the surface of the head, the 
number of coils would have to be limited, as shown in FIG. 2, 
with the upper limit being several hundreds of channels at the 
largest. 

One objective of this invention is to create a super-multi-
channel MEG system capable of very high resolutions rang-
ing from several hundreds to several tens of thousands of 
magnifications, with said system comprising sensors charac-
terized by the sensor coils being printed on thin films in 
positions shifted from each other laterally and longitudinally 
by a length of {a}/{n} and the sensor coils being laminated in 
a number of {n}2  sheets where {a} is the length of a side of the 
thin-film coil, and {n} is a natural number, and wherein the 
signals coming from many corresponding thin-film sensors 
are sent in parallel with each other, and are switched over by 
the input unit of each multichannel-Superconducting QUan-
tum Interference Device (SQUID). 

Another objective of this invention is to create a super-
multichannel MEG system capable of very high resolutions 
wherein the sensors are produced as described above by print- 

ing sensor coils on thin films in positions shifted from each 
other laterally and longitudinally by a length of a/n and lami-
nating {n}2  sheets of thin-film coils, and wherein a multiple 
number of such sensors are arrayed longitudinally and end- 

5 to-end, while aligning them accurately, to make it possible to 
detect the difference in electric currents generated by the 
corresponding coils and to measure the primary derivative or 
the high-order derivative in the axial direction of the magnetic 
field. 

10 
DISCLOSURE OF THE INVENTION 

The means adopted by this invention to solve the above-
described technical problem and to achieve the above-de- 

15 scribed objectives comprises the sensors, which are used in 
the magnetoencephalometer, according to claim 1, and are 
characterized by the sensor coils being printed on thin films in 
positions shifted from each other laterally and longitudinally 
and by the sensors being laminated in the required number of 

20 sheets. 
Another means of implementing this invention comprises 

the sensors, which are used in the magnetoencephalometer 
and are characterized by the sensor coils being printed on thin 
films in positions shifted from each other laterally and longi- 

25 tudinally by a length of {a}/{n}, and by the sensors being 
laminated in a number of {a }2  sheets where {a} is the length 
of a side of the thin-film coil, and {n} is a natural number. 

Another means of implementing this invention comprises 
the sensors, which are used in the magnetoencephalometer 

30 and are characterized by the above-described sensors com-
prising laminated sensor coils being arrayed longitudinally 
and end-to-end, while aligning them accurately, to make it 
possible to detect the difference in electric currents generated 
by the corresponding coils and to measure the primary deriva- 

35 tive or the high-order derivative in the axial direction of the 
magnetic field. 

Another means of implementing this invention comprises a 
super-multichannel MEG system characterized by this sys-
tem comprising the above-described sensors, high-speed 

40 switching means corresponding to each coil in the sensor, and 
SQUIDs arrayed correspondingly with the high-speed 
switching means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 
FIG. 1 is a diagram that explains the configuration of the 

sensors of this invention. 
FIG. 2 is a schematic diagram showing the layout of sen-

sors on the head. 
50 	FIGS. 3(a), 3(b) and 3(c) show some examples of sensor 

coils of the conventional planar type. 

PREFERRED EMBODIMENT OF THE 
INVENTION 

55 

This invention is further described with respect to its pre-
ferred embodiment of the super-multichannel MEG system, 
while referring to the drawings in which FIG. 1 is an explana-
tory diagram showing the sensor coils used in this MEG 

60 system. 
In FIG. 1, sensors 1 comprises thin-film coils having the 

same function as conventional sensor coils of the planar type, 
but the coils in this invention are printed inpositions shifted in 
the lateral and longitudinal directions precisely by a length of 

65 {a}/{a}, and the sensor coils are laminated in the number of 
{n} 2, where {a} is the length of a side of thin-film coil, and 
{n} is a natural number. A coil printed on thin film has a 
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thickness of several M. Even if several hundreds to several 
thousands of coil sheets were laminated, the sensor would 
have a maximum thickness of only several millimeters. Pre-
cise lamination can be easily achieved using contemporary 
technology. 

As shown in FIG. 2, a multiple number of the sensors 1 are 
arrayed on the head. The sensor coils 2 of each sensor 1 are 
connected to a corresponding SQUID 4, as in a conventional 
system, by way of a corresponding switching means 3, such 
as a multiplexer. Thus, when the multiplexer is switched over, 
one by one, from 1 to {n} 2 , a measuring system having as 
many as several tens of thousands of magnifications can be 
configured, using the numbers of SQUIDs and amplifiers 
similar to those used in conventional technology. As regards 
the units downstream of the SQUIDs, a conventional system 
is used as is. These sensors are arrayed longitudinally, and the 
difference in electric currents generated by the corresponding 
coils is obtained to measure the primary derivative or the 
high-order derivative in the axial direction of the magnetic 
field. Thus, the gradiometer in the axial direction can be 
configured. In this manner, it is possible to set up a system 
capable of obtaining ultrahigh resolutions merely by using 
thin-film technology to multiplex the sensors while making 
use of a configuration similar to existing electronic systems. 

A major aspect of a system having the above-described 
configuration is that a super-multichannel system can be built 
at a lower cost with no need to prepare large electronic circuits 
downstream of the SQUIDs. This can be done when the 
output from the i-th layer is switched by a high-speed switch-
ing means so that the output can be electronically combined at 
the same time at the multichannel SQUID. Since the signal 
components measured by the MEG meter are only several 
hundreds of Hz, this switching operation can be performed at 
a full speed, ensuring synchronized measurements. 

With this system, the information detected by a sensor is 
determined by its number of laminated coils. In large lami-
nates, the number of sensor coils increase with an increase in 
the number of laminated sheets even when there is no change 
in the number of sensors arrayed on the head. Information is 
collected in amounts much larger than the amounts collected 
by conventional sensor coils. Therefore, it is possible to set up 
a system having ultrahigh resolutions ranging from several 
hundreds to several tens of thousands of magnifications as 
compared to conventional systems. 

The preferred embodiment of the sensors according to this 
invention has been described above. However, it is to be 
understood that the most feasible method and equipment have 
been explained simply to describe the embodiment of this 
invention. For example, the length of {a}/{n} in which the 
sensors are shifted need not be always constant, and the 
lamination need not be in the number of {n }2 , because it is 
also possible to obtain the same result if the output data from 
the above laminated sensor coils are processed using 
adequate software. Furthermore, the planar type of sensor 
coil is not limited to the square shape, but the sensor coils may 
have other shapes. The above embodiment of this invention 
has been described for the sensors of the planar type. How-
ever, the conventional gradiometer or the high-order deriva-
tive sensors can also be configured by arraying multiple sen- 

4 
sors longitudinally and end-to-end, while aligning the 
laminated sensors accurately. The sensors can be connected 
to the SQUIDs by way of the switching means to set up an 
MEG system. These sensors need not be placed on the head 

5 laterally, but may be placed vertically to measure the mag-
netic field components that are parallel to the head. An appro-
priate switching means of contemporary technology can be 
utilized for this invention. 

Any other embodiments of this invention can be imple- 
io mented without departing from the spirit of this invention and 

its major characteristics. Therefore, the above-described 
embodiment of this invention is merely for explanatory pur- 
poses in all respects and should not be construed as limiting. 

15 	 INDUSTRIAL APPLICABILITY 

Each of the sensors according to this invention comprises 
sensor coils that are printed on thin films in positions shifted 
from each other at certain lateral and longitudinal directions 

20  and are laminated together. The signals coming from multiple 
thin-film sensor coils are sent in parallel and switched over by 
the input units of the multichannel SQUIDs. By adopting 
such switching means, it is possible to obtain a high-resolu-
tion system that has resolutions ranging from several hun- 

25  dreds to several tens of thousands of magnifications, as com-
pared with conventional systems. 

What is claimed is: 
1. A sensor unit for use in a magnetoencephalometer, the 

unit comprising: 

30 	a plurality of sensor, each of which comprises a film and a 
sensor coil printed thereon, each of the sensor coils is 
arranged in a position shifted from one another laterally 
and longitudinally and is laminated in an overlapped 
manner, 

35 	wherein each ofthe sensor coils senses signals at a different 
sensing position of an object to be measured, 

wherein said sensor coils are shifted in positions precisely 
by a length of {a}/{n} in the lateral and longitudinal 
directions and are laminated together in the number of 

40 	{n} 2 , and 
wherein {a} is the length of a side of the sensor coil, and 

{n} is a natural number. 
2. The sensor unit of claim 1, 
wherein the plurality of sensors are configured to detect the 

45 difference in electric currents generated by the corre-
sponding sensor coils and to measure the primary 
derivative or the high-order derivative in the axial direc-
tion of the magnetic field. 

3. The sensor unit of claim 2, further comprising: 

50 	high-speed switching corresponding to each said sensor 
coil in the sensor, and 

superconducting quantum interference devices arranged to 
correspond with the high-speed switching. 

4. The sensor unit of claim 1, further comprising: 

55 	high-speed switching corresponding to each said sensor 
coil in the sensor, and 

superconducting quantum interference devices configured 
to correspond with the high-speed switching. 
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