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MAGNETIC FIELD GENERATOR AND ITS 
MANUFACTURING METHOD 

TECHNICAL FIELD 

[0001] The present invention relates to a magnetic ?eld 
generator and a manufacturing method thereof. More spe 
ci?cally, the present invention relates to a magnetic ?eld 
generator for MRI and a manufacturing method thereof. 

BACKGROUND ART 

[0002] Conventionally, a magnetic ?eld generator for MRI 
receives complete adjustment of magnetic ?eld intensity and 
magnetic ?eld uniformity before shipment, and then trans 
ported to destination in a container for example. 

[0003] HoWever, despite such deliberate procedures, it 
sometimes happens that upon arrival, the magnetic ?eld 
intensity has decreased, or the magnetic ?eld uniformity has 
deteriorated doWn beloW an acceptable limit, and therefore 
readjustment must be made to the magnetic ?eld generator. 

[0004] This problem is particularly conspicuous in a mag 
netic ?eld generator Which makes use of magnetic ?ux 
leakage prevention magnets in order to reduce magnetic ?ux 
leakage and to concentrate magnetic ?ux from the main 
magnets to a center region. The problem is also conspicuous 
in exporting a magnetic ?eld generator using a container, as 
Well as in a magnetic ?eld generator Which has become 
popular recently in Which a strong magnetic ?eld (With a 
center magnetic ?eld intensity being 0.25 T or greater) is 
generated for increased imaging speed. 

[0005] It is therefore a primary object of the present 
invention to provide a magnetic ?eld generator and a method 
of manufacturing it, capable of reducing the decline in the 
magnetic ?eld intensity and the deterioration of magnetic 
?eld uniformity during transportation. 

DISCLOSURE OF THE INVENTION 

[0006] According to an aspect of the present invention, 
there is provided a magnetic ?eld generator comprising: a 
pair of ?rst magnets including a R—Fe—B magnet Which 
are faced to each other With a space in betWeen; and a yoke 
supporting the ?rst magnets. The R—Fe—B magnet is 
magnetiZed to a magnetiZation rate not smaller than 80% 
and not greater than 99.9%. 

[0007] In the present application, the term “magnetization 
rate” means a rate of magnetiZation at a normal temperature 

(25° C.). 
[0008] According to the present invention, the R—Fe—B 
magnet (R represents a rare-earth element including Yttrium 
(Y), Fe represents iron and B represents boron) is controlled 
to have a ?nal magnetiZation rate of not smaller than 80% 
and not greater than 99.9%, Whereby it becomes possible to 
reduce demagnetiZation caused by time or environmental 
factors such as temperature increase, of a magnetic ?eld 
generator Which has been assembled Without altering its 
intrinsic coercive force. Therefore, it becomes possible to 
reduce decline in the magnetic ?eld intensity and deterio 
ration of magnetic ?eld uniformity during transportation of 
the magnetic ?eld generator, making sure that the magnetic 
?eld generator has a high magnetic ?eld uniformity upon 
arrival at a place of installation. 
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[0009] It should be noted here that if the ?nal magnetiZa 
tion rate of the R—Fe—B magnet is less than 80%, it 
becomes impossible to take full advantage of magnetic 
characteristics of the magnet, Which leads to use of an 
increased amount of magnet and decreased efficiency. On 
the other hand, if the magnet is used at a ?nal magnetiZation 
rate exceeding 99.9%, temperature changes and so on during 
transportation cause a large demagnetiZation. 

[0010] The present invention is suitable to a case Where 
the magnetic ?eld generator further comprises pole pieces 
provided on the opposed faces of the pair of the ?rst magnets 
respectively, and the pole piece includes an annular projec 
tion and a second magnet for prevention of magnetic ?ux 
leakage provided on an outer side surface of the annular 
projection. Generally, the second magnet provided for pre 
vention of magnetic ?ux leakage enables to reduce magnetic 
?ux leakage, but on the other hand the second magnet tends 
to demagnetiZe the ?rst magnet Which is the main magnet. 
HoWever, according to the present invention, the magneti 
Zation rate of the R—Fe—B magnet included in the ?rst 
magnet is loWered in advance, Whereby the addition of the 
second magnet does not adversely in?uence the ?rst magnet 
as much, and it becomes possible to reduce change in 
magnetic ?eld intensity and deterioration of magnetic ?eld 
uniformity in the magnetic ?eld generator. Further, if a 
heating process is performed to the magnetic ?eld generator 
after the second magnet for prevention of magnetic ?ux 
leakage is assembled, it becomes possible to reduce change 
in magnetic ?eld intensity and deterioration of magnetic 
?eld uniformity thereafter, to a greater extent. 

[0011] The present invention is suitable to a case Where 
the R—Fe—B magnet does not essentially contain Co 
and/or Dy. R—Fe—B magnets Which do not contain cobalt 
(Co) or dysprosium (Dy) have a small intrinsic coercive 
force, are prone to thermal demagnetiZation, Weak to reverse 
magnetic ?elds, and therefore more susceptible to changes 
in the magnetic ?eld intensity and magnetic ?eld uniformity 
in each case. HoWever, according to the present invention, 
by loWering the ?nal magnetiZation rate of the R—Fe—B 
magnet in advance, it is possible to reduce change in 
magnetic ?eld intensity and deterioration of magnetic ?eld 
uniformity even if the magnet used does not contain Co or 
Dy Which are expensive elements. 

[0012] It should be noted that in this invention, the term 
“not essentially contain” means that a rate of inclusion is not 
greater than 0.1 Weight percent. 

[0013] Further, the present invention is suitable to a case 
Where required uniformity of magnetic ?eld intensity is 
Within 100 ppm (i.e. at each point in a uniform magnetic 
?eld space, magnetic ?eld intensity is Within :50 ppm of a 
magnetic ?eld intensity at the center (reference magnetic 
?eld intensity)). Since the present invention is able to reduce 
change in magnetic ?eld intensity and deterioration of 
magnetic ?eld uniformity, it is easy to control magnetic ?eld 
intensity errors Within the given range even in a case Where 
a highly precise magnetic ?eld intensity is required With an 
error range of 100 ppm. 

[0014] The present invention is suitable to a case Where 
the magnetic ?eld generator is to be transported in a con 
tainer. For instance, When the magnetic ?eld generator is 
transported in a container Which is not provided With air 
conditioning, temperature inside the container can rise as 
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high as 70° C., Which can easily cause change in the 
magnetic ?eld intensity and deterioration of magnetic ?eld 
uniformity. HoWever, according to the present invention, it 
is possible to reduce the change in magnetic ?eld intensity 
and the deterioration of magnetic ?eld uniformity even When 
transportation is made in such a container. 

[0015] Further, the present invention is suitable to a case 
Where a uniform magnetic ?eld space has a magnetic ?eld 
intensity not smaller than 0.25 T. DemagnetiZation occurs at 
a percentage, and therefore amount of change in magnetic 
?eld intensity becomes larger as a magnetic ?eld intensity is 
larger. Therefore, When a uniform magnetic ?eld space has 
a large magnetic ?eld intensity such as not smaller than 0.25 
T, the amount of change in the magnetic ?eld intensity Will 
also be large. HoWever, according to the present invention, 
it is possible to reduce changes in the magnetic ?eld inten 
sity even When the magnetic ?eld intensity is as large as the 
above. 

[0016] It should be noted that the term “uniform magnetic 
?eld space” is a magnetic ?eld space in Which differences in 
the magnetic ?eld intensity is Within 100 ppm. 

[0017] According to another aspect of the present inven 
tion, there is provided a method of manufacturing a mag 
netic ?eld generator, comprising: a ?rst step of assembling 
a magnetic ?eld generator including a R—Fe—B magnet, 
and a second step of heating the entire magnetic ?eld 
generator Which has been assembled, at a temperature not 
loWer than 40° C. and not higher than 70° C. 

[0018] In this invention, a magnetic ?eld generator is 
assembled using a magnet Which has a magnetiZation rate 
exceeding 99.9%, and then the entire magnetic ?eld gen 
erator is heated, Whereby the magnet included in the mag 
netic ?eld generator is demagnetiZed to a loWer magnetiZa 
tion rate. This assures that a magnetic ?eld generated by the 
magnetic ?eld generator is stable over a long time despite 
environmental changes such as temperature increase, mak 
ing possible to reduce decline in the magnetic ?eld intensity 
and deterioration of magnetic ?eld uniformity during trans 
portation of the magnetic ?eld generator, alloWing the 
magnetic ?eld generator to maintain a highly accurate 
magnetic ?eld upon arrival at a place of installation. 

[0019] According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
magnetic ?eld generator, comprising: a ?rst step of assem 
bling a pole-piece unit by ?xing a magnet including a 
R—Fe—B magnet to a plate yoke; a second step of heating 
the pole-piece unit Which has been assembled, at a tempera 
ture not loWer than 40° C. and not higher than 70° C.; and 
a third step of ?xing the heated pole-piece unit to a sup 
porting yoke. 

[0020] In this invention, a pole-piece unit is assembled 
and then the entire pole-piece unit is heated, Whereby the 
magnet included in the pole-piece unit is demagnetiZed to a 
loWer magnetiZation rate. This assures that a magnetic ?eld 
generated by a magnetic ?eld generator using this pole-piece 
unit is stable over a long time, making possible to reduce 
decline in the magnetic ?eld intensity and deterioration of 
magnetic ?eld uniformity during transportation of the mag 
netic ?eld generator. Further, the method requires a smaller 
heating space than the case Where the entire magnetic ?eld 
generator is heated. 
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[0021] According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
magnetic ?eld generator, comprising: a ?rst step of forming 
a magnet including a R—Fe—B magnet; a second step of 
heating the magnet at a temperature not loWer than 40° C. 
and not higher than 70° C.; a third step of magnetiZing the 
heated magnet; and a fourth step of ?xing the magnetiZed 
magnet to a plate yoke. 

[0022] In this invention, a magnet is heated and then 
magnetiZed, individually, Whereby the magnet is magnetiZed 
to a loW magnetiZation rate. This assures that a magnetic 
?eld generated by a magnetic ?eld generator using this 
magnet is stable over a long time, making possible to reduce 
decline in the magnetic ?eld intensity and deterioration of 
magnetic ?eld uniformity during transportation of the mag 
netic ?eld generator. Further, the method requires a smaller 
heating space than the case Where the entire magnetic ?eld 
generator is heated or the case Where the pole-piece unit is 
heated, making possible to make use of a small heater. 

[0023] According to another aspect of the present inven 
tion, there is provided a method of manufacturing a mag 
netic ?eld generator, comprising: a ?rst step of forming a 
magnet including a R—Fe—B magnet; a second step of 
magnetiZing the magnet to a magnetiZation rate exceeding 
99.9%; a third step of demagnetiZing the magnetiZed magnet 
to a magnetiZation rate not smaller than 80% and not greater 
than 99.9%; and a fourth step of ?xing the demagnetiZed 
magnet to a plate yoke. 

[0024] In this invention, a magnet is magnetiZed to a 
magnetiZation rate exceeding 99.9% and then demagnetiZed 
to a loWer magnetiZation rate. This assures that a magnetic 
?eld generated by a magnetic ?eld generator using this 
magnet is stable over a long time, making possible to reduce 
decline in the magnetic ?eld intensity and deterioration of 
magnetic ?eld uniformity during transportation of the mag 
netic ?eld generator. Further, operating ef?ciency is high 
because demagnetiZing process is made When the magnet is 
still in individual state of magnet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a perspective vieW of an embodiment of 
the present invention; 

[0026] FIG. 2 is a schematic diagram shoWing a primary 
portion of the embodiment in FIG. 1; 

[0027] FIG. 3 is a perspective vieW of an example of a 
permanent magnet assembly used in the present invention; 

[0028] FIG. 4 is a schematic diagram shoWing an example 
of a magnetiZer used in the present invention; 

[0029] FIG. 5 is a schematic diagram shoWing an example 
of a heater used in the present invention; 

[0030] FIG. 6 is a graph shoWing changes in magnetic 
?eld intensity of a permanent magnet over time; 

[0031] FIG. 7 is a graph shoWing a change in magnetic 
?eld intensity of a permanent magnet caused by temperature 
increase; and 

[0032] FIG. 8(a) shoWs a magnetic ?ux distribution in a 
magnetic ?eld generator Which has magnetic ?ux leakage 
prevention magnets, Whereas 
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[0033] FIG. 8(b) shows a magnetic ?ux distribution in a 
magnetic ?eld generator Which does not have magnetic ?ux 
leakage prevention magnets. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0034] Hereinafter, an embodiment of the present inven 
tion Will be described With reference to the draWings. 

[0035] Referring to FIG. 1 and FIG. 2, a magnetic ?eld 
generator 10 for MRI as an embodiment of the present 
invention is an open type magnetic ?eld generator for MRI, 
and includes a pair of pole-piece units 11a, 11b Which are 
faced to each other forming a space in betWeen. 

[0036] The pole-piece units 11a, 11b include plate yokes 
12a, 12b respectively. This pair of plate yokes 12a, 12b are 
opposed to each other, With their opposing faces provided 
With permanent magnet assemblies 14a, 14b respectively. 
The permanent magnet assemblies 14a, 14b have faces 
opposing to each other, to Which pole pieces 16a, 16b are 
?xed respectively. 

[0037] As is clear from FIG. 3, the permanent magnet 
assemblies 14a, 14b each include a plurality of parallelepi 
ped permanent magnets 18. The permanent magnets 18 are 
provided by e. g. NEOMAX-47 (manufactured by Sumitomo 
Special Metals Co., Ltd ), or a high magnetic ?ux density 
type R—Fe—B magnet Which includes essentially no Co 
and/or Dy, and is magnetiZed to e. g. a magnetiZation rate not 
smaller than 80% and not greater than 99.9% at the normal 
temperature. For instance, the permanent magnet 18 Which 
Will have a magnetic ?ux density of 0.3824 T at a magne 
tiZation rate of 100% is magnetiZed to have a magnetic ?ux 
density of 0.3820 T. The permanent magnet 18 is obtained 
by assembling a plurality of unillustrated unit magnets. 

[0038] The pole piece 16a includes a disc-shaped base 
plate 20 made of eg iron disposed on the permanent magnet 
assembly 14a. The base plate 20 has a surface provided With 
a silicon steel plate 22 in order to prevent generation of eddy 
current. The silicon steel plate 22 is ?xed onto the base plate 
20 With an adhesive. The base plate 20 has a circumferential 
edge surrounded by an annular projection 24 made of iron 
for example, for increased and uniform magnetic ?eld 
intensity in the circumferential edge area. The annular 
projection 24 includes a plurality of annular projection 
pieces 26. The annular projection 24 is formed by ?xing 
each of the annular projection pieces 26 on a circumferential 
edge of the silicon steel plate 22. 

[0039] Each annular projection 24 has an outer side sur 
face provided With a permanent magnet 28 for prevention of 
magnetic ?ux leakage. The permanent magnet 28 is pro 
vided by NEOMAX-39SH (manufactured by Sumitomo 
Special Metals Co., Ltd ), or a high coercive force type 
R—Fe—B magnet, and is magnetiZed to eg a magnetiZa 
tion rate not smaller than 80% and not greater than 99.9% at 
the normal temperature. For instance, the permanent magnet 
28 Which Will have a magnetic ?ux density of 0.3824 T at a 
magnetiZation rate of 100% is magnetiZed to have a mag 
netic ?ux density of 0.3820 T. The permanent magnet 28 is 
obtained by assembling a plurality of unillustrated unit 
magnets. 

[0040] The permanent magnet 28 enables to induce mag 
netic ?ux betWeen the pole pieces 16a, 16b, and to reduce 
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magnetic ?ux leakage. In order to prevent magnetic ?ux 
leakage from the bottom of the permanent magnet 28, the 
permanent magnet 28 preferably has its bottom essentially 
contacted (placed Within 5 mm) to the permanent magnet 
assembly 14a. When the permanent magnet 28 and the 
permanent magnet assembly 14a are placed Within such a 
close distance, the magnets are prone to demagnetiZation, 
and this is also true for the pole piece 16b. 

[0041] As shoWn in FIG. 2, the permanent magnets 28 on 
the loWer pole piece 16a are magnetiZed in a magnetiZation 
direction A1 or in an inWard direction, Which is different 
from a magnetiZation direction B1 for each permanent 
magnet 18 of the permanent magnet assembly 14a. These 
permanent magnets 28 are magnetiZed at a magnetiZation 
angle of 01, Which is an angle made by the magnetiZation 
direction A1 of the permanent magnet 28 With respect to a 
main surface 30a (horiZontal) of the permanent magnet 
assembly 14a. On the other hand, the permanent magnets 28 
on the upper pole piece 16b are magnetiZed in a magneti 
Zation direction A2 or in an outWard direction, Which is 
different from a magnetiZation direction B2 for each per 
manent magnet 18 of the permanent magnet assembly 14b. 
These permanent magnets 28 are magnetiZed at a magneti 
Zation angle of 02, Which is an angle made by the magne 
tiZation directionA2 of the permanent magnet 28 With 
respect to a main surface 30b (horiZontal) of the permanent 
magnet assembly 14b. 

[0042] The plate yokes 12a, 12b are respectively formed 
With a plurality of through holes 32a, 32b. The permanent 
magnet assemblies 14a, 14b are respectively formed With 
through holes 34a, 34b at locations corresponding to the 
through holes 32a, 32b. Further, the pole pieces 16a, 16b 
have their respective base plates 20 formed With threaded 
holes 36a, 36b, at locations corresponding to the through 
holes 34a, 34b respectively. 

[0043] With the above construction, a ?xing bolt 38a for 
?xing the pole piece is inserted into each of the through 
holes 32a and 34a, i.e. through the plate yoke 12a and the 
permanent magnet assembly 14a, and threaded into the 
threaded hole 36a, ?xing the pole piece 16a to the main 
surface of the permanent magnet assembly 14a. LikeWise, a 
?xing bolt 38b for ?xing the pole piece is inserted into each 
of the through holes 32b and 34b, i.e. through the plate yoke 
12b and the permanent magnet assembly 14b, and threaded 
into the threaded hole 36b, ?xing the pole piece 16b to the 
main surface of the permanent magnet assembly 14b. 

[0044] The plate yokes 12a, 12b are magnetically con 
nected by a platy supporting yoke 40. Speci?cally, the 
supporting yoke 40 has its loWer end surface faced by an 
upper end surface of the plate yoke 12a Whereas the sup 
porting yoke 40 has its upper end surface faced by a loWer 
end surface of the plate yoke 12b When the supporting yoke 
40 is connected to the plate yokes 12a, 12b. Therefore, the 
supporting yoke 40 is connected to each of the plate yokes 
12a, 12b generally at a 90-degree angle, making up a shape 
of tipped U as in a side vieW. 

[0045] Referring to FIG. 1, reinforcing members 42 are 
formed on an inner surface made by the plate yoke 12a and 
the supporting yoke 40, at locations farthest from the per 
manent magnet assembly 14a (According to the present 
embodiment, the locations represent tWo ends of an inner 
surface made by the plate yoke 12a and the supporting yoke 
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40). Likewise, reinforcing members 42 are formed on an 
inner surface made by the plate yoke 12b and the supporting 
yoke 40, at locations farthest from the permanent magnet 
assembly 14b (According to the present embodiment, the 
locations represent tWo ends of an inner surface made by the 
plate yoke 12b and the supporting yoke 40). Therefore, the 
plate yoke 12a and the supporting yoke 40 as Well as the 
plate yoke 12b and the supporting yoke 40 are connected 
more strongly by the reinforcing members 42. 

[0046] The plate yoke 12a has a loWer surface provided 
With four legs 44. 

[0047] In the magnetic ?eld generator 10 as described 
above, a magnetic ?eld intensity required in a uniform 
magnetic ?eld space F (See FIG. 2) is not smaller than 0.25 
T for example. 

[0048] Next, description Will cover manufacturing meth 
ods of the magnetic ?eld generator 10. 

[0049] It should be noted here that the permanent magnet 
18 Which is used as a main magnet and the permanent 
magnet 28 Which is used as a magnetic ?ux leakage pre 
vention magnet are magnetiZed and demagnetiZed using a 
magnetiZer 50 such as shoWn FIG. 4. The magnetiZer 50 
includes a magnetiZing coil 52. The permanent magnet 18 or 
the permanent magnet 28 is placed on a table 54, and then 
inserted into the magnetiZing coil 52. The magnetiZing coil 
52 is connected to a magnetiZing poWer source 58 via a 
selector sWitch 56. Therefore, the magnetiZer 50 can Work as 
a magnetiZer or a demagnetiZer depending on an operation 
of the selector sWitch 56. 

[0050] Further, the permanent magnets 18 and 28 are 
heated in a heating unit 60 such as shoWn in FIG. 5. The 
heating unit 60 includes a heating bath 62 having an upper 
portion and a loWer portion each provided With a heater 64. 
The heaters 64 are controlled by a temperature controller 66. 
The permanent magnets 18 and 28 are transported from an 
entrance to an exit of the heating bath 62 by a conveyer 68. 
The permanent magnet 18 (28) is heated to a predetermined 
temperature in the heating bath 62. 

[0051] (Manufacturing Method 1) 
[0052] Description Will be made for a case in Which the 
entire magnetic ?eld generator 10 is heated. 

[0053] First, the magnetic ?eld generator 10 is assembled 
completely. In this step, the permanent magnets 18 and 28 
are already magnetiZed using eg the magnetiZer 50 such as 
shoWn in FIG. 4, to a magnetiZation rate exceeding 99.9%. 
Here, the term “magnetization to a magnetiZation rate 
exceeding 99.9%” means a generally saturated state of 
magnetiZation. In general, this is achieved by applying a 
magnetic ?eld not smaller than three times a coercive force 
of the magnet. 

[0054] Then, a room Which can accommodate the mag 
netic ?eld generator 10 is heated uniformly to a predeter 
mined temperature by a heater, in Which the magnetic ?eld 
generator 10 is introduced, heated and alloWed to demag 
netiZe. The magnetic ?eld generator 10 is heated to a desired 
temperature not loWer than 40° C. and not higher than 70° 
C. for example. Within this temperature range, it is possible 
to control the permanent magnets 18 and 28 to have a 
magnetiZation rate not smaller than 80% and not greater than 
99.9% at the normal temperature. The heating temperature is 
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determined by a desired rate of magnetiZation. Thereafter, a 
?nal magnetic ?eld adjustment is performed. 

[0055] According to this method, the heating process 
performed after the complete assembly of the magnetic ?eld 
generator 10 reduces the magnetiZation rate of the perma 
nent magnets 18 and 28 to not smaller than 80% and not 
greater than 99.9%. This enables to reduce demagnetiZation 
thereafter, caused by aging or heat. Thus, it is possible to 
reduce decline in the magnetic ?eld intensity and deterio 
ration of the magnetic ?eld uniformity of the magnetic ?eld 
generator 10 during transportation. 

[0056] The main magnet or the permanent magnet 18 is 
prone to demagnetiZation by the permanent magnet 28 used 
for prevention of magnetic ?ux leakage. HoWever, accord 
ing to the method described, the magnetic ?eld generator 10 
Which includes the permanent magnets 18 and 28 is heated 
to demagnetiZe the permanent magnets 18 and 28, and then 
the ?nal magnetic ?eld adjustment is performed. This 
reduces deterioration of magnetic ?eld uniformity thereafter, 
making possible to reduce adverse in?uence from the per 
manent magnet 28 Which is used for prevention of magnetic 
?ux leakage. 

[0057] Thus, the magnetic ?eld generator 10 maintains a 
high level of magnetic ?eld uniformity upon arrival at a 
place of installation even if it is subjected to a high tem 
perature during transportation. 

[0058] Alternatively, the magnetic ?eld generator 10 may 
be heated from Within, i.e. heaters may be embedded in the 
plate yoke 12a, the plate yoke 12b and so on in advance, and 
turned on to raise the temperature of the magnetic ?eld 
generator 10 from Within. In this case, the entire magnetic 
?eld generator 10 is preferably covered With a thermally 
insulating material such as a foam resin. 

[0059] (Manufacturing Method 2) 
[0060] Description Will be made for a case in Which the 
pole-piece unit 11a is heated. 

[0061] First, the pole-piece unit 11a is assembled. In this 
step, the permanent magnets 18 and 28 are already magne 
tiZed using eg the magnetiZer 50 shoWn in FIG. 4 to a 
magnetiZation rate exceeding 99.9%. 

[0062] Then, a room Which can accommodate the pole 
piece unit 11a is heated uniformly by a heater, in Which the 
pole-piece unit 11a is introduced, heated and alloWed to 
demagnetiZe. FolloWing essentially the same procedure as in 
the Manufacturing Method 1, the pole-piece unit 11a is 
heated to a desired temperature of eg not loWer than 40° C. 
and not higher than 70° C., depending on a selected rate of 
magnetiZation (selected from the range not loWer than 80% 
and not higher than 99.9%). The same procedure is per 
formed to the pole-piece unit 11b. 

[0063] Thereafter, the pole-piece units 11a, 11b are ?xed 
to the supporting yoke 40 to obtain the magnetic ?eld 
generator 10, and then a ?nal adjustment on the magnetic 
?eld uniformity is performed before shipment. 

[0064] According to this method, the heating process 
performed to the assembled pole-piece units 11a, 11b 
enables to reduce decline in the magnetic ?eld intensity and 
deterioration of the magnetic ?eld uniformity of the mag 
netic ?eld generator Which includes the pole-piece units 11a, 
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11b during transportation. The permanent magnet 28 used 
for prevention of magnetic ?ux leakage tends to adversely 
in?uence the main magnet or the permanent magnet 18. 
HoWever, according to the method described, the pole-piece 
units Which include the permanent magnets 18 and 28 are 
heated to demagnetiZe the permanent magnets 18 and 28, 
and then the ?nal magnetic ?eld adjustment is performed. 
This reduces deterioration of magnetic ?eld uniformity 
thereafter, making possible to reduce adverse in?uence from 
the permanent magnet 28 Which is used for prevention of 
magnetic ?ux leakage. Further, this method requires a 
smaller heating space than the case Where heating step is 
performed after the entire magnetic ?eld generator 10 has 
been assembled. 

[0065] (Manufacturing Method 3) 
[0066] Description Will be made for a case in Which the 
permanent magnet 18 is assembled, heated and then mag 
netiZed. 

[0067] In this case, the folloWing steps are performed after 
assembling the permanent magnet 18 and before bonding to 
the plate yokes 12a, 12b: 

[0068] First, the permanent magnet 18 is placed in eg the 
heating bath 62 of the heating unit 60 shoWn in FIG. 5, to 
heat the entire permanent magnet 18 uniformly to eg 60° C. 
It should be noted that the permanent magnet 18 can be 
heated at a desired temperature of eg not loWer than 40° C. 
and not higher than 70° C. The heated permanent magnet 18 
is then taken out of the heating bath 62. Then, using eg the 
magnetiZer 50 shoWn in FIG. 4, a momentarily high mag 
netic ?eld (not smaller than 3 T) is applied to the permanent 
magnet 18, to magnetiZe the permanent magnet 18 to a 
magnetiZation rate not smaller than 80% and not greater than 
99.9%. Since the magnetiZation rate is loWer under high 
temperatures than under loW temperatures, magnetiZing the 
permanent magnet 18 Which is heated to a high temperature 
has essentially the same effect as magnetiZing and then 
thermally demagnetiZing the permanent magnet 18 (See 
Manufacturing Method 5 to be described later). 

[0069] The permanent magnet 28 is processed using the 
same step. 

[0070] Thereafter, the permanent magnets 18 and 28 are 
?xed to the plate yokes 12a, 12b, and the magnetic ?eld 
generator 10 is assembled. 

[0071] The magnetic ?eld generator 10 using the perma 
nent magnets 18 and 28 obtained through this method 
enables to reduce decline in the magnetic ?eld intensity and 
deterioration of the magnetic ?eld uniformity during trans 
portation. Further, this method requires a smaller heating 
space than the case Where heating step is performed to the 
entire the magnetic ?eld generator 10 or the pole-piece units 
11a, 11b, so the heating unit 60 may be small. 

[0072] Once magnetiZed, permanent magnets have mag 
netic poWer, exerting pulling and repelling forces. For safety 
reasons therefore, it is preferable that the heated permanent 
magnets should be magnetiZed and used successively, only 
in a quantity to be attached to the plate yokes 12a, 12b. 

[0073] (Manufacturing Method 4) 
[0074] Description Will be made for a case in Which the 
permanent magnet 18 is assembled, magnetiZed and then 
demagnetiZed by applying a reverse magnetic ?eld. 

May 5, 2005 

[0075] In this case, the folloWing steps are performed after 
assembling the permanent magnet 18 and before bonding to 
the plate yokes 12a, 12b: 

[0076] First, a momentarily high magnetic ?eld (not 
smaller than 3 T) is applied to the permanent magnet 18, to 
magnetiZe the permanent magnet 18 to a magnetiZation rate 
exceeding 99.9%. Then, the magnetiZed permanent magnet 
18 is demagnetiZed by applying a reverse magnetic ?eld (0.1 
T-2 T) to reduce the magnetiZation rate to not smaller than 
80% and not grater than 99.9%. The magnetiZation and the 
demagnetiZation of the permanent magnet 18 are made by 
using eg the magnetiZer 50 shoWn in FIG. 4. 

[0077] The permanent magnet 28 is processed using the 
same step. 

[0078] Thereafter, the permanent magnets 18 and 28 are 
?xed to the plate yokes 12a, 12b, and the magnetic ?eld 
generator 10 is assembled. 

[0079] According to the magnetic ?eld generator 10 using 
the permanent magnets 18 and 28 obtained through this 
method, it is possible to reduce decline in the magnetic ?eld 
intensity and deterioration of the magnetic ?eld uniformity 
during transportation. Further, deferring from the demagne 
tiZation by heating, this method requires a shorter time, and 
so operation ef?ciency is high. 

[0080] (Manufacturing Method 5) 

[0081] Description Will be made for a case in Which the 
permanent magnet 18 is assembled, magnetiZed and then 
thermally demagnetiZed. 

[0082] In this case, the folloWing steps are performed after 
assembling the permanent magnet 18 and before bonding to 
the plate yokes 12a, 12b: 

[0083] First, a momentarily high magnetic ?eld (not 
smaller than 3 T) is applied to magnetiZe the permanent 
magnet 18 to a magnetiZation rate exceeding 99.9% by using 
eg the magnetiZer 50 shoWn in FIG. 4. Then, the magne 
tiZed permanent magnet 18 is thermally demagnetiZed by 
placing in a furnace (40° C.-70° C.) provided With heaters, 
doWn to a magnetiZation rate not smaller than 80% and not 
greater than 99.9%. 

[0084] The permanent magnet 28 is processed using the 
same step. 

[0085] The permanent magnets 18 and 28 are ?xed to the 
plate yokes 12a, 12b, and the magnetic ?eld generator 10 is 
assembled. 

[0086] According to the magnetic ?eld generator 10 using 
the permanent magnets 18 and 28 obtained through this 
method, it is possible to reduce decline in the magnetic ?eld 
intensity and deterioration of the magnetic ?eld uniformity 
during transportation. 

[0087] Alternatively to the manufacturing methods 
described so far, the permanent magnets may be ?rst slightly 
magnetiZed in a reverse direction, and then magnetiZed in 
the normal direction to achieve the desired rate of magne 
tization. In this case, the greater the rate of magnetization in 
the reverse direction, the greater must be the magnetic ?eld 
intensity to be applied thereafter in the normal magnetiZa 
tion direction. 
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[0088] Further, as an alternative step of demagnetization, 
a reverse magnetic ?eld may be applied to the entire 
magnetic ?eld generator 10 or the entire pole-piece units 
11a, 11b. 

[0089] As a reference, an experiment on a permanent 
magnet Will be described With reference to FIG. 6. 

[0090] In the experiment, the permanent magnet Was pro 
vided by NEOMAX-47. The permanent magnet Was sub 
jected to a heating process (magnetiZation to 100%, fol 
loWed by heating to 50° C. for 24 hours) in one case, 
Whereas no heating process Was made in another case. The 
tWo cases Were compared With each other in terms of change 
in magnetic ?eld intensity over time. 

[0091] The permanent magnet Which Was subjected to the 
heating process Was set to a magnetiZation rate of 99% 
Whereas the permanent magnet not subjected to the heating 
process Was set to a magnetiZation rate of 100%. Then, 
during the experiment, the permanent magnets Were main 
tained at 32° C. Without a reverse magnetic ?eld. 

[0092] As understood from FIG. 6, the heating process 
remarkably reduces the rate of magnetic ?eld change of the 
permanent magnet over the case Where the permanent mag 
net is not subjected to the heating process. 

[0093] Next, another experiment Will be described With 
reference to FIG. 7. 

[0094] In the experiment, a permanent magnet Was pro 
vided by NEOMAX-47. One permanent magnet Was sub 
jected to heating process at 55° C., another permanent 
magnet Was subjected to a demagnetiZing process by reverse 
magnetic ?eld process, and still another permanent magnet 
Was subjected to none of them, and comparison Was made in 
terms of change in their magnetic ?eld intensity to tempera 
ture increase. 

[0095] In the “55° C. heating process”, the permanent 
magnet Was magnetiZed to a magnetiZation rate of 100%, 
and then maintained at 55° C. for 2 hours, to obtain a 
magnetiZation rate of 99.9%. In the “demagnetiZing process 
by reverse magnetic ?eld”, the permanent magnet Was 
magnetiZed to a magnetiZation rate of 100%, and then 
demagnetiZation Was performed by increasing the reverse 
magnetic ?eld until surface magnetic ?eld intensity became 
equal to that of the permanent magnet processed in the 55° 
C. heating process. 

[0096] As understood from FIG. 7, the 55° C. heating 
process and the demagnetiZing process by reverse magnetic 
?eld remarkably reduce the rate of change in the magnetic 
?eld of the permanent magnet to temperature increase, 
compared to the case Where the permanent magnet Was not 
subjected to these processes. 

[0097] Further, the 55° C. heating process reduces the rate 
of magnetic ?eld change in the permanent magnet caused by 
temperature increase more than the demagnetiZing process 
by reverse magnetic ?eld. This is because the heating 
process Works uniformly to the entire permanent magnet 
Whereas in the demagnetiZing process by reverse magnetic 
?eld the demagnetiZation does not Work as uniformly to the 
permanent magnet. 

[0098] The results shoWn in FIG. 6 and FIG. 7 suggest 
that use of the permanent magnets Which have undergone the 
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heating process or the demagnetiZing process by reverse 
magnetic ?eld as the main magnet and/or the magnetic ?ux 
leakage prevention magnet enables to reduce demagnetiZa 
tion of the main magnet and of the magnetic ?ux leakage 
prevention magnet due to aging and temperature increase, 
and to reduce changes in magnetic ?eld intensity as Well as 
to reduce deterioration of the magnetic ?eld uniformity after 
the magnetic ?eld generator has been assembled. 

[0099] FIG. 8 shoWs a magnetic ?ux distribution in the 
magnetic ?eld generator. 

[0100] FIG. 8(a) shoWs a magnetic ?ux distribution in a 
magnetic ?eld generator Which has magnetic ?ux leakage 
prevention magnets, Whereas FIG. 8(b) shoWs a magnetic 
?ux distribution in a magnetic ?eld generator Which does not 
have magnetic ?ux leakage prevention magnets. It should be 
noted that the case in FIG. 8(a) recorded a center magnetic 
?eld intensity of 0.262 T, Whereas the case in FIG. 8(b) 
recorded a center magnetic ?eld intensity of 0.215 T. 

[0101] As understood from comparison betWeen (a) and 
(b) in FIG. 8, use of the magnetic ?ux leakage prevention 
magnets induces a magnetic ?ux betWeen the pole pieces 
Whereas a magnetic ?ux becomes less on the outer side of 
the magnetic ?ux leakage prevention magnets. In other 
Words, the magnetic ?ux leakage prevention magnets and 
the permanent magnet assembly repel each other and thus 
are prone to demagnetiZe each other. Therefore, a magnetic 
?eld generator Which uses magnetic ?ux leakage prevention 
magnets is more prone to changes in magnetic ?eld intensity 
and distribution by temperature increase. Therefore, appli 
cation of this invention to magnetic ?eld generators Which 
use magnetic ?ux leakage prevention magnets is effective in 
reducing the deterioration of magnetic ?eld uniformity. 

[0102] Further, R—Fe—B magnets used in the permanent 
magnets 18 and 28 are more prone to thermal demagneti 
Zation at relatively loW temperatures than ferrite magnets 
and Sm—Co magnets. HoWever, it is possible to reduce the 
thermal demagnetiZation of the R—Fe—B magnets by loW 
ering the magnetiZation rate as in the above embodiments. 

[0103] If the permanent magnet 18 is required to have a 
high residual magnetic ?ux density, a ternary-system 
R—Fe—B magnet Which does not essentially contain Co is 
used as described above. In this case, thermal demagneti 
Zation is greater than in a permanent magnet containing Co, 
and so the advantage in applying the above embodiment is 
greater. The advantage in applying the above embodiment is 
also signi?cant When the magnet does not essentially contain 
Dy. 
[0104] Further, since it is possible to reduce change in 
magnetic ?eld intensity and deterioration of the magnetic 
?eld uniformity, even in a case Where the space betWeen the 
pole-piece units must include the uniform magnetic ?eld 
space F, i.e. the magnetic ?eld space Which has magnetic 
?eld uniformity errors Within 100 ppm, it is easy to control 
the errors Within the given range. 

[0105] Further, it is possible to reduce change in the 
magnetic ?eld intensity and deterioration of the magnetic 
?eld uniformity even When, for example, the magnetic ?eld 
generator is transported using a container Which is not 
provided With suf?cient air conditioning. 

[0106] Still further, it is possible to reduce change in the 
magnetic ?eld intensity even When the uniform magnetic 
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?eld space F has a large magnetic ?eld intensity such as 0.25 
T or greater, i.e. When the change tends to be large. 

[0107] The present invention being thus far described and 
illustrated in detail, it is obvious that these description and 
draWings only represent an example of the present inven 
tion, and should not be interpreted as limiting the invention. 
The spirit and scope of the present invention are only limited 
by Words used in the accompanied claims. 

1. A magnetic ?eld generator comprising: 

a pair of ?rst magnets including a R—Fe—B magnet 
Which are faced to each other With a space in betWeen; 
and 

a yoke supporting the ?rst magnets, 

Wherein the R—Fe—B magnet is magnetiZed to a mag 
netiZation rate not smaller than 80% and not greater 
than 99.9%. 

2. The magnetic ?eld generator according to claim 1, 
further comprising pole pieces provided on the opposed 
faces of the ?rst magnets respectively, 

Wherein the pole piece includes an annular projection and 
a second magnet for prevention of magnetic ?ux leak 
age provided on an outer side surface of the annular 
projection. 

33. The magnetic ?eld generator according to claim 1 or 2, 
Wherein the R—Fe—B magnet does not essentially contain 
Co and/or Dy. 

4. The magnetic ?eld generator according to claim 1 or 2, 
Wherein required uniformity of magnetic ?eld intensity is 
Within 100 ppm. 

5. The magnetic ?eld generator according to claim 1 or 2, 
to be transported in a container. 

6. The magnetic ?eld generator according to claim 1 or 2, 
Wherein a uniform magnetic ?eld space has a magnetic ?eld 
intensity not smaller than 0.25 T. 

7. A method of manufacturing a magnetic ?eld generator, 
comprising: 

a ?rst step of assembling a magnetic ?eld generator 
including a R—Fe—B magnet, and a second step of 
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heating the entire magnetic ?eld generator Which has 
been assembled, at a temperature not loWer than 40° C. 
and not higher than 70° C. 

8. A method of manufacturing a magnetic ?eld generator, 
comprising: 

a ?rst step of assembling a pole-piece unit by ?xing a 
magnet including a R—Fe—B magnet to a plate yoke; 

a second step of heating the pole-piece unit Which has 
been assembled, at a temperature not loWer than 40° C. 
and not higher than 70° C.; and 

a third step of ?xing the heated pole-piece unit to a 
supporting yoke. 

9. A method of manufacturing a magnetic ?eld generator, 
comprising: 

a ?rst step of forming a magnet including a R—Fe—B 
magnet; 

a second step of heating the magnet at a temperature not 
loWer than 40° C. and not higher than 70° C.; 

a third step of magnetiZing the heated magnet; and 

a fourth step of ?xing the magnetiZed magnet to a plate 
yoke. 

10. Amethod of manufacturing a magnetic ?eld generator, 
comprising: 

a ?rst step of forming a magnet including a R—Fe—B 
magnet; 

a second step of magnetiZing the magnet to a magnetiZa 
tion rate exceeding 99.9%; 

a third step of demagnetiZing the magnetiZed magnet to a 
magnetiZation rate not smaller than 80% and not 
greater than 99.9%; and 

a fourth step of ?xing the demagnetiZed magnet to a plate 
yoke. 


