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SUPERCONDUCTING MAGNET APPARATUS AND 
MAGNETIC RESONANCE IMAGING APPARATUS 

USING THE SAME 

CLAIM OF PRIORITY 

[0001] The present application claims priority from J apa 
nese application No. 2003-386052, ?led on Nov. 17, 2003, 
the content of Which is hereby incorporated by reference into 
this application. 

DESCRIPTION OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention relates to a superconducting 
magnet apparatus and a magnetic resonance imaging appa 
ratus using the same (hereinafter referred to as MRI appa 
ratus) and more particularly to a superconducting magnet 
apparatus suitable for an open type MRI apparatus that does 
not give feeling of blockade to an eXaminee and to an MRI 
apparatus that utiliZes the magnet apparatus. 

[0004] 2. Background of the Invention 

[0005] In the conventional MRI apparatuses, magnets are 
disposed at positions Where the superconducting magnet 
apparatus of the MRI apparatuses have the normal tempera 
ture or room temperature. 

[0006] In another eXample of superconducting magnets of 
the MRI apparatus, a ferromagnetic magnet Which is dis 
posed in a coil container With Which helium of ultra loW 
temperature is ?lled is disclosed in Patent document 1. 

[0007] Patent document 2 discloses a superconducting 
apparatus comprising a pair of vacuum containers opposite 
to each other Wherein a magnetic ?eld space is formed 
betWeen the vacuum containers. An annular superconduct 
ing coil and a ferromagnetic magnet member are disposed in 
a cooling container (a coil container) disposed in a vacuum 
chamber. Further, a thermal shield is disposed betWeen the 
vacuum chamber and the cooling container. 

[0008] Patent document 3 discloses a superconducting 
magnet apparatus having an annular vacuum chamber sur 
rounding the magnetic ?eld. Magnet members for compen 
sating the magnetic ?eld are disposed outside the liquid 
helium tank. Since the magnet members are disposed to the 
vacuum chamber, they receive in?uence of thermal shrink 
age or expansion of the vacuum chamber. 

[0009] Patent document 4 discloses an electromagnet 
apparatus for use in a magnetic resonance imaging apparatus 
comprising an annular container accommodating annular 
coils and cooling iron block. The iron block is mechanically 
?Xed to the coils. 

[0010] (Patent document 1) Japanese Patent Laid-open 
2001-224571 

[0011] (Patent document 2) Japanese Patent Laid-open 
10-97917 

[0012] (Patent document 3) Japanese Patent Laid-open 
63-272335 

[0013] (Patent document 4) Japanese Patent Laid-open 
8-215171 
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[0014] HoWever, there are folloWing problems if the mag 
nets are disposed at the positions of the normal temperature 
of the superconducting magnet apparatus. 

[0015] (1) The magnetic homogeneity of the magnetic 
?eld changes in accordance With a dimensional change of 
the magnet apparatus due to a temperature change When the 
magnet members are disposed at the position of the normal 
temperature. 

[0016] (2) Vibration When GC (gradient coil) is applied or 
exterior vibration causes a change of a relative distance 
betWeen the loW temperature section of the superconducting 
magnet and the vacuum chamber. In this case, When the 
magnet members for compensating the magnetic ?eld is 
located at the normal temperature position, a change of 
relative distance betWeen the position of magneto-motive 
force at the loW temperature position and the magnet mem 
bers for compensating the magnetic ?eld at the normal 
temperature. 

[0017] Although disposing the magnet members in the 
vacuum containers With Which ultra loW temperature helium 
is ?lled may dissolve the above-mentioned problems, there 
is the folloWing problem on the other. 

[0018] Since the container ?lled With liquid helium is 
installed Within thermal shields of a cryostat, the magnet 
members are located at the position remote from the center 
of the magnet by a distance of a gap betWeen the thermal 
shield plates and the container ?lled With the liquid helium 
and a thickness of the container. Accordingly, since the effect 
of the magnet members on the center of the magnetic ?eld 
decreases in accordance With the distance, the volume of the 
magnet members becomes larger resulting in an increase of 
the Weight of the magnet members; in some cases, the 
compensation or correction of the magnetic ?eld becomes 
dif?cult. 

SUMMARY OF THE INVENTION 

[0019] The present invention aims at solving the above 
described problems, and its object is to provide a supercon 
ducting magnet apparatus and an MRI apparatus character 
iZed in that the change of homogeneity of a generated 
magnetic ?eld is minimiZed and even if the magnet members 
for compensating or correcting the magnetic ?eld are uti 
liZed, an increase of the Weight of the superconducting 
magnet apparatus is suppressed. 

[0020] In order to achieve the object, one of the features 
of the present invention is resides in disposing the magnet 
members for compensating or correcting the magnetic ?eld 
to the thermal shield plates of the superconducting magnet 
apparatus. 

[0021] Further, in order to achieve the above-mentioned 
object, another feature of the present invention is by dis 
posing the magnet members for compensating the magnetic 
?eld outside the coil containers and inside the vacuum 
container. 

[0022] Furthermore, the superconducting magnet appara 
tus of the present invention for achieving the above-men 
tioned object is featured by disposing the magnet members 
for compensating the magnetic ?eld outside the coil con 
tainers and at positions Where temperature change is not 
transferred in the vacuum chamber. 
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[0023] According to the superconducting magnet appara 
tus, since it is possible to make minimum the magnetic ?eld 
change due to room temperature change and vibration even 
When the magnet members for compensating the magnetic 
?eld are used, the MRI apparatus using the superconducting 
magnet With a high performance can be provided. 

BRIEF DESCRIPTION OF DRAWINGS 

[0024] FIG. 1 is a cross sectional vieW of a ?rst embodi 
ment of the superconducting magnet apparatus according to 
the present invention. 

[0025] FIG. 2 is a cross sectional vieW of a second 
embodiment of the superconducting magnet apparatus 
according to the present invention. 

[0026] FIG. 3 is a cross sectional vieW of a third embodi 
ment of the superconducting magnet apparatus according to 
the present invention. 

[0027] FIG. 4 is a cross sectional vieW of a fourth embodi 
ment of the superconducting magnet apparatus according to 
the present invention. 

[0028] FIG. 5 is a cross sectional vieW of a ?fth embodi 
ment of the superconducting magnet apparatus according to 
the present invention. 

[0029] FIG. 6 is a cross sectional vieW of an MRI appa 
ratus using the superconducting magnet apparatus according 
to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] In the folloWing, embodiments of the present 
invention Will be explained by reference to draWings. 

[0031] An outline of the embodiment of the MRI appara 
tus according to the present invention is explained. The MRI 
apparatus comprises, as shoWn in FIG. 6, superconducting 
coils (not shoWn in FIG. 6), coil containers (not shoWn in 
FIG. 6) for accommodating the superconducting coils 
together With liquid helium as a coolant, a superconducting 
magnet 300 comprising vacuum chambers 41, 42 that sur 
round the coil containers and the interior thereof is kept 
vacuum, a RF coil 5 and a gradient coil 6, a bed 400 for 
placing an examinee, and a control device 500 for analyZing 
nuclear magnetic signals from the examinee. Supporting 
members 202, 204 to be arranged support the vacuum 
chambers 41, 42 so as to separate them and to place them 
opposite to each other. A magnetic ?eld is formed vertically 
in the space betWeen the vacuum cambers 41, 42 thereby to 
carry out tomography of the examinee on the bed. 

[0032] Then, an embodiment of the present invention that 
is employed in the MRI apparatus Will be explained. 

[0033] FIG. 1 shoWs a structure of the superconducting 
magnet apparatus of the ?rst embodiment, Which is a cross 
sectional vieW from the plane Which is formed by the center 
axis Z passing through the center of the superconducting 
magnet of the embodiment shoWn in FIG. 6 and an axis R 
intersecting the axis Z. 

[0034] In the superconducting magnet apparatus shoWn in 
FIG. 1, liquid helium is accommodated in the coil contain 
ers 2, and annular superconducting coils 1 are dipped in the 
ultra loW temperature liquid helium. The Whole peripheries 

Jul. 7, 2005 

of the coil containers 2 are covered or surrounded With 
thermal shields 31 to isolate them from outside. Covering 
the thermal shields With vacuum chambers 4 forms a 
vacuum space betWeen the atmosphere and the coil contain 
ers to assure heat insulation. The vacuum chambers facing 
the analytical space have recesses Where gradient coils 6 are 
accommodated, and RF coils 5 are disposed in the recesses 
at the analytical space side. 

[0035] In this structure of the apparatus, the magnet mem 
ber 51 for compensating the magnetic ?eld is disposed on 
the Z-axis, the shape of the magnet members being columnar 
or cylindrical. The annular magnet member 52 is disposed at 
the position of axial symmetry With respect to Z-axis and 
outside the magnet member 51. The magnet member 53 is 
disposed at a position of axial symmetry With respect to 
Z-axis outside the magnet member 52. 

[0036] In the conventional superconducting magnet appa 
ratus, since the magnet members are disposed to the vacuum 
chambers, the vacuum chambers may bring about thermal 
shrinkage or thermal expansion, so that the change of the 
position and dimension of the magnet members take place; 
thus it Was dif?cult to secure stability of homogeneity of the 
central magnetic ?eld. In the superconducting magnet appa 
ratus of the present invention, hoWever, it is possible to 
stably keep the magnetic homogeneity of magnetic ?eld 
Without receiving the in?uence of the shrinkage or expan 
sion of the vacuum chamber 4 even if a temperature change 
brings about the thermal shrinkage or expansions, because 
the thermal shield plates 51, 52, 53 are disposed by sup 
porting them With thermal shield plates. 

[0037] FIG. 2 shoWs a second embodiment of the present 
invention. 

[0038] In this embodiment, a cross sectional area con?ned 
by the central axis Z and axis R that intersects the axis Z of 
the sectional area through Which the central axis Z and the 
axis R that intersects the axis Z is shoWn. Unless otherWise 
speci?ed, the same reference numerals in FIG. 2 as those in 
FIG. 1 denote the same elements and same functions as 
those in FIG. 1. 

[0039] In this embodiment, differing from the above 
mentioned embodiment, the magnet members 51, 52 are not 
supported by the thermal shields 31 that cover or surround 
the coil containers 2, but supported by the thermal shields 62 
made of the same material as that of the thermal shields 31. 
In other Words, the thermal shields are divided into tWo parts 
in the direction of axis R. These magnet members 51, 52 and 
thermal shields 62 are supported by the thermal insulation 
plate 7 from the thermal shield 31. The structure of the 
thermal insulation plate 7 is constituted by a plurality of 
plates vertically arranged around the annular magnet mem 
ber 52 through Which the magnet members 51, 52 are 
supported from the thermal shield 31. Instead of the thermal 
insulation plate 7, an annular thermal insulation member can 
be utiliZed; it Will bring about the same function and effect 
as the thermal insulation plate. Further, instead of the 
thermal shields 62, Which are made of the same material as 
the thermal shield 31, the thermal shields made of a different 
material may be employed. 

[0040] According to this embodiment, since the magnet 
members 51, 52 are integrated or united With the thermal 
shield 31 through the thermal insulation plate 7, the same 



US 2005/0146407 A1 

effects as those of the ?rst embodiment are expected. Fur 
ther, When the magnet members 51, 52 are supported 
through the thermal insulation plate 7, heat of the magnet 
members 51, 52 transferred to the thermal insulation 31 is 
little so that the magnet apparatus can be operated under 
such condition that the temperature of the magnet members 
51, 52 is higher than that of the thermal shield 31. As a 
result, an entry amount of radiation heat from the vacuum 
container 4 into the magnet members 51, 52 is smaller than 
that of the embodiment shoWn in FIG. 1 Wherein the magnet 
members are integrated With the shield plate. The reduced 
radiation heat entry into the thermal shield 31 loWers burden 
on a refrigerator (not shoWn) for cooling liquid helium so 
that a suf?cient margin of the refrigerator in vieW of system 
design can be secured. 

[0041] FIG. 3 shoWs a third embodiment. In this embodi 
ment, as same as in the second embodiment, a cross sec 
tional area con?ned by the central axis Z and axis R that 
intersects the axis Z of the sectional area through Which the 
central axis Z and the axis R that intersects the axis Z is 
shoWn. Unless otherWise speci?ed, the same reference 
numerals in FIG. 2 as those in previous embodiments denote 
the same elements and same functions as in previous 
embodiments. 

[0042] In this embodiment, the magnet member 52 is 
supported at several points by thermal insulation supporters 
101, 102 from the thermal shield 31. The magnet member 51 
is also supported at several points of the outer peripheries 
thereof by the thermal insulation supporters 103, 104. The 
magnet members 51, 52 are supported from the thermal 
insulation supporters 101, 102, 103, 104 in this embodiment. 
The con?guration of the thermal insulation supporters 101, 
102, 103, 104 can be annular or rod form to obtain the same 
effects and same functions, instead of the plate form. 

[0043] According to this embodiment, since the magnet 
members 51, 52 are integrated or united With thermal shield 
31 through the thermal insulation supporters 101, 102, 103 
and 104, the same functions and effects as described before 
Will be expected. Further, since provision of the thermal 
insulation supporters makes an amount of heat transferred 
from the magnet members 51, 52 to the thermal shield 31 
small, operation of the apparatus under a condition that the 
temperature of the magnet members 51, 52 is higher than 
that of the thermal shield 31 becomes possible. As a result, 
an amount of radiation heat entry from the vacuum chamber 
into the magnet members 51, 52 is smaller than that of the 
?rst embodiment shoWn in FIG. 1 Wherein the magnet 
members are integrated by the shield plate. The reduced 
radiation heat entry into the thermal shield 31 loWers a 
burden on the refrigerator (not shoWn), and it is possible to 
secure a margin of the refrigerator from the vieWpoint of 
system design. 

[0044] FIG. 4 shoWs a fourth embodiment of the present 
invention. 

[0045] FIG. 4 shoWs a cooling system for the thermal 
shield Wherein a cross sectional vieW of a superconducting 
magnet apparatus for the MRI apparatus shoWn in FIG. 6 is 
along With the center axis Z and the supporting members 
202, 204. 

[0046] In this embodiment, a coolant conduit 311 for the 
thermal shield is connected to the coil container 2 so as to 

Jul. 7, 2005 

guide evaporated helium gas to outside the apparatus. From 
the connecting points, the coolant conduit 311 extends 
doWnWard in the supporter 204 along the thermal shield 31. 
The conduit 311 extends along the surface of the thermal 
shield 31 near the magnet members 61, 62 disposed in the 
vacuum chamber 42 so as to cool the magnet members 61, 
62; the conduit 311 further extends upWard in the supporter 
202 along the surface of the thermal shield 31 to cool the 
magnet members 51, 52 disposed in the upper vacuum 
chamber 41. The conduit 311 is ?nally connected to outside 
the vacuum chamber. 

[0047] In the apparatuses Wherein magnet members are 
disposed to the thermal shields like the apparatus of the 
present invention, if the thermal shield plates and magnet 
members are cooled by conduction cooling from the refrig 
erator as is done in the conventional apparatuses, it Will take 
a long time for initial cooling of the magnet members 
because of a large thermal volume of the magnet members. 
HoWever, if the evaporated gas that is produced When 
coolant is poured in the coil containers is utiliZed for cooling 
the thermal shield near the magnet members, it is possible to 
shorten the time for initial cooling. 

[0048] The coolant conduit can be divided as shoWn in 
FIG. 5. In this embodiment, the apparatus is provided With 
coolant conduits 311, 312 for cooling the thermal shields. 
The coolant conduits 311, 312 are connected With the coil 
containers 2 so as to guide evaporated helium gas to outside 
the apparatus. From the connecting points, the coolant 
conduit 311 is disposed along the thermal shield 31 that 
faces the gradient coil 6 so as to cool the thermal shield 31 
disposed in the upper vacuum chamber 41. Thus, the conduit 
extends along the thermal shield and is connected With 
outside the apparatus. The coolant conduit 312 extends 
doWnWard along the thermal shield 31 in the support mem 
ber 204. The conduit further extends doWnWard along the 
loWer part of the thermal shield 31 of the loWer vacuum 
chamber 42, and extends along the thermal shield 31 that 
faces gradient magnetic ?eld coil or gradient coil 6 along the 
thermal shield 31. Finally, the conduit extends upWard in the 
support 204 and connected to outside the apparatus. 

[0049] In case Where the volume of the magnet members 
is large, it Will take a long time to cool the magnet members 
until the temperature arrives at the predetermined tempera 
ture by a single conduit, because there is a temperature 
difference betWeen the thermal shields, the loWer thermal 
shield shoWn in FIG. 5, Which is cooled in the beginning and 
the upper thermal shield, Which is cooled later, for example. 
HoWever, according to this embodiment, since the magnet 
members in the upper and loWer vacuum chambers are 
cooled separately; the cooling time to arrive at the prede 
termined temperature Will be shortened. 

[0050] The construction of the coolant conduits may be 
applied to the embodiments shoWn in FIGS. 2 and 3. In the 
apparatus shoWn in FIG. 2, the coolant conduit is disposed 
along the thermal shields 62 thereby to cool the magnet 
members; in the apparatus shoWn in FIG. 3, the conduit is 
disposed along the magnet members thereby to directly cool 
the magnet members. 

[0051] More concrete structures of the superconducting 
magnet apparatus of the present invention are as folloWs. 

[0052] The superconducting magnet apparatus, Which 
comprises a pair of upper and loWer magnet units each 
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comprising an annular superconducting coil; an annular coil 
container for accommodating the annular superconducting 
coil together With a coolant; a ?rst magnet member eXtend 
ing along the center aXis Z of the magnet unit and located on 
the center aXis Z; an annular second magnet member dis 
posed in an aXial symmetric relation With respect to the ?rst 
magnet member; a thermal shield so disposed as to surround 
the coil container, the ?rst magnet member and the second 
magnet member; and a vacuum chamber surrounding the 
thermal shield With a vacuum gap betWeen the thermal 
shield and the vacuum container, the interior of the vacuum 
chambers being kept vacuum; Wherein the magnet units 
constitute to form a magnetic space or a magnetic ?eld 
therebetWeen, and Wherein the ?rst and second magnet 
members for compensating or correcting the magnetic ?eld 
are ?Xed to the thermal shields. The magnetic shields can be 
divided into tWo parts as shoWn in FIG. 2. In another 
embodiment as shoWn in FIG. 3, the thermal shield covering 
the magnet members are removed. 

[0053] In the superconducting magnet apparatus described 
above, each of the magnet units further comprises a third 
magnet member disposed near the magnetic space and 
outside the second magnet member. 

[0054] Further, in the superconducting magnet apparatus, 
each of the magnet units further comprises a gradient coil at 
a position facing the magnetic space. 

1. A superconducting magnet apparatus comprising annu 
lar superconducting coils; coil containers for accommodat 
ing the annular superconducting coils together With a cool 
ant; thermal shields so disposed as to surround the coil 
containers; and a vacuum chamber surrounding the coil 
containers and the thermal shields, the interior of the 
vacuum chamber being kept vacuum; Wherein the coil 
containers are so arranged as to oppose to each other to form 
a magnetic space therebetWeen, and Wherein magnetic mem 
bers for compensating a magnetic ?eld in the magnetic space 
are disposed to the thermal shields. 

2. (canceled) 
3. The superconducting magnet apparatus according to 

claim 1, Wherein cooling conduits are disposed to the 
thermal shields 

4. The superconducting magnet apparatus according to 
claim 1, Wherein the magnet members are located at the aXis 
symmetric position With respect to a center aXis of the 
magnetic space formed betWeen the coil containers. 

5. (canceled) 
6. A superconducting magnet apparatus comprising annu 

lar superconducting coils; coil containers for accommodat 
ing the superconducting coils together With a coolant; ther 
mal shields so disposed as to surround the coil containers; 
and a vacuum chamber surrounding the coil containers and 
the thermal shields, the interior of the vacuum chamber 
being kept vacuum, Wherein the coil containers are disposed 
to oppose to each other to form a magnetic ?eld therebe 
tWeen, and Wherein magnet members for compensating a 
magnetic ?eld in the magnetic ?eld are disposed outside the 
coil containers but in the vacuum chambers. 

7. The superconducting magnet apparatus according to 
claim 1, Wherein the magnet members for compensating the 
magnetic ?eld are disposed outside the coil containers but 
inside the thermal shields. 

8. (canceled) 
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9. The superconducting magnet apparatus according to 
claim 8, Wherein supporting members support the magnet 
members for compensating the magnetic ?eld from the 
thermal shields. 

10. The superconducting magnet apparatus according to 
claim 6, Wherein the magnet members are provided With 
cooling conduits. 

11. The superconducting magnet apparatus according to 
claim 6, Wherein the magnet members are located at the aXis 
symmetric position With respect to the center aXis of the 
magnetic space formed betWeen the coil containers. 

12. (canceled) 
13. A magnetic resonance imaging apparatus that uses the 

superconducting magnet apparatus according to claim 1. 
14. A superconducting magnet apparatus comprising 

annular superconducting coils; coil containers for accom 
modating the annular superconducting coils together With a 
coolant; thermal shields so disposed as to surround the coil 
containers; and a vacuum chamber surrounding the coil 
containers and the thermal shields and a magnetic space 
formed betWeen the coil containers, the interior of the 
vacuum chamber being kept vacuum; Wherein the coil 
containers each accommodating the coil containers and the 
thermal shields are so arranged as to oppose to each other to 
form a magnetic space therebetWeen, and Wherein magnet 
members for compensating the magnetic ?eld are so dis 
posed betWeen the thermal shields. 

15. The superconducting magnet apparatus according to 
claim 14, Wherein the magnet members are supported by 
supporters from the thermal shields. 

16. The superconducting magnet apparatus according to 
claim 14, Wherein there is disposed a coolant conduit for 
cooling the thermal shields. 

17. The superconducting magnet apparatus according to 
claim 14, the magnet members are arranged at positions 
symmetric With respect to the center aXis of the magnetic 
?eld. 

18. (canceled) 
19. A magnetic resonance imaging apparatus that uses a 

magnet apparatus according to claim 14. 
20. A superconducting magnet apparatus, Which com 

prises a pair of upper and loWer magnet units each com 
prising an annular superconducting coil; an annular coil 
container for accommodating the annular superconducting 
coil together With a coolant; a ?rst magnet member eXtend 
ing along a center aXis of the magnet unit and located on the 
center aXis; an annular second magnet member disposed in 
an aXial symmetric relation With respect to the ?rst magnet 
member; a thermal shield so disposed as to surround the coil 
container, the ?rst magnet member and the second magnet 
member; and a vacuum chamber surrounding the thermal 
shield With a vacuum gap betWeen the thermal shield and the 
vacuum container, the interior of the vacuum chambers 
being kept vacuum; Wherein the magnet units constitute to 
form a magnetic space therebetWeen, and Wherein the ?rst 
and second magnet members for compensating the magnetic 
?eld are ?Xed to the thermal shield. 

21. The superconducting magnet apparatus according to 
claim 20, Wherein each of the magnet units further com 
prises a third magnet member disposed near the magnetic 
space and outside the second magnet member. 

22. The superconducting magnet apparatus according to 
claim 20, Wherein each of the magnet units further com 
prises a gradient coil at a position facing the magnetic space. 
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23. Amagnetic resonance imaging apparatus that uses the 
superconducting apparatus according to claim 20. 

24. A superconducting magnet apparatus comprising 
annular superconducting coils; coil containers for accom 
modating the annular superconducting coils together With a 
coolant; thermal shields so disposed as to surround the coil 
containers; and a vacuum charnber(s) surrounding the coil 
containers and the thermal shields and a magnetic space 
formed betWeen the coil containers, the interior of the 
vacuum chamber being kept vacuum; Wherein the coil 
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containers each accommodating the coil containers and the 
thermal shields are so arranged as to oppose to each other to 

form a magnetic space therebetWeen, and Wherein magnet 
members for compensating the magnetic ?eld are disposed 
betWeen the thermal shields. 

25. A magnetic resonance imaging apparatus that uses the 
superconducting apparatus according to claim 23. 


