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CAVITY RESONATOR FOR MR SYSTEMS 

CROSS REFERENCE 

[0001] This application is a divisional application from 
US. application Ser. No. 10/440,641, ?led May 19, 2003, 
noW pending, Which claims bene?t of Provisional Applica 
tion Ser. No. 60/381,356, ?led May 17, 2002, the contents of 
Which are incorporated herein by reference in their respec 
tive entireties. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a cavity resonator 
coil for use in magnetic resonance systems. 

BACKGROUND OF THE INVENTION 

[0003] There are many previously knoWn resonators for 
use in magnetic resonance (MR) systems for imaging and 
spectroscopy. For example, one previously knoWn device is 
commonly knoWn as a birdcage resonator. These previously 
knoWn birdcage resonators typically comprise a plurality of 
circumferentially spaced inductive/capacitive elements con 
nected by inductive/capacitive end ring elements, Which are 
driven at resonance by a Larmor radio frequency useful for 
nuclear magnetic resonance (NMR) systems. The object to 
be analyZed, eg the brain, is positioned Within the resonator 
during the operation of the MR system. 

[0004] One disadvantage of these previously knoWn reso 
nators, hoWever, is that they typically use lumped element 
circuits (With discrete inductors and capacitors) to achieve 
resonance at the selected radio frequency. Because lumped 
element circuits lose more energy to radiation at high 
frequencies Where the circuit is greater than 1/10 Wavelength, 
the lumped element resonator is less e?icient for high ?eld 
MR imaging applications compared to loWer ?eld strengths. 
Because lumped element circuits are more radiative, they are 
electrically less e?icient and have a loWer Q factor. Similarly 
because conventional lumped element circuits such as the 
birdcage are more inductive, they resonate at loWer frequen 
cies than do the less inductive transmission line (TEM) 
circuits. 

[0005] These previously knoWn resonators, Which use 
lumped element circuits, suffer from several additional dis 
advantages. One such disadvantage is non-uniform current 
distributions Which result in decreased homogeneity, 
decreased ?ll factor, and increased electric ?eld losses. 
Especially at higher frequencies and for larger (clinical) 
volumes, lumped element resonators may achieve self 
resonance beloW the desired frequency of operation as Well 
as increased electromagnetic radiation losses. 

[0006] A distributed circuit, cavity resonator for NMR 
systems disclosed by Vaughan in US. Pat. No. 5,744,957 
overcomes the above-mentioned disadvantages of the pre 
viously knoWn devices. Vaughan discloses a cavity resona 
tor having coaxial inner and outer cylindrical Walls sepa 
rated by a dielectric region. Spaced conductive end Walls 
extend across the inner and outer Walls at each axial end of 
the coil so that the inner, outer, and end Walls together form 
an approximate cavity. The inner, outer, and end Walls can, 
for example, be coated With a thin foil conductive material, 
such as copper, silver, or gold. In doing so, the coil imitates 
a coaxial line segment made resonant at Larmor frequencies 
useful for MR, such as 64 MHZ (1.5 T), 175 MHZ (4.1 T) or 
170 MHZ (4 T). 
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[0007] The apparatus disclosed by Vaughan provides a 
cavity resonator coil overcoming the problems of conven 
tional coils discussed above, providing for a substantial 
improvement in signal to noise ratio (SNR). The coil Will 
also resonate and operate e?iciently at higher Larmor fre 
quencies for the higher static magnetic noW available at 3 T 
and above. Because the SNR from MR samples increases 
With the magnet ?eld strength, the ability of this coil to 
resonate and operate ef?ciently at higher frequencies means 
that it can be used at high ?eld strengths to obtain further 
SNR gains. This increase in signal to noise ratio provides a 
substantially improved image of the object to be analyZed 
Within the resonator during the operation of the MR system, 
for example. 

[0008] The resonator disclosed by Vaughan has proven 
effective in MR systems providing increased SNR, homo 
geneity, transmit ef?ciency, ?ll factor, decreased electric 
?eld losses, and higher operational frequencies. HoWever, 
there are still some problems associated With both the 
resonator disclosed by Vaughan and the previously knoWn 
lumped element resonators. 

[0009] An ideal clinical head coil for example Would lend 
itself to the easiest and most comfortable subject position 
ing, leave the subj ect’s face uncovered once the subject is in 
position, and Would include these access and comfort fea 
tures Without compromising coil performance, safety and 
reliability. It is preferable for a head coil to be both com 
fortable and accessible for the subject and easy to use for the 
technician. HoWever, it is dif?cult to provide comfort and 
accessibility for the subject and ease of use for the technician 
and maintain a high coil performance. The ideal coil should 
have a removable top as Well, to alloW for comfortable 
subject positioning in the coil. Furthermore, some commer 
cial systems don’t provide the space for a coil that slides 
over a subject’s head. Accordingly, several commercial coil 
designs already incorporate this “pop top” feature. HoWever, 
these commercial coils that separate into halves are not 
popular With some research applications such as fIVIR. 
Apparently the electrical contacts that are broken and 
remade to open and close the coil each time a neW subject 
is loaded, become unstable over time due to Wear and 
oxidation, resulting in noise “spikes” and temporal insta 
bilities often seen in EPI images for example. These elec 
trical contacts are required to complete the end ring current 
paths in birdcages and similar coil structures. While com 
mercial coils must meet rigorous FDA safety criteria, it 
could be imagined that electrical contacts in a coil might 
possibly pose safety risks in certain situations, especially 
Where electrolytic bodily ?uids Were present. 

[0010] Similarly, an ideal body coil might be as small as 
possible and ?t close enough to the human trunk for ef?cient 
transmission to and reception from a region of interest, but 
alloW room for subject comfort and access. The present body 
coils are built very large to alloW for access and comfort, but 
as a consequence are very inef?cient and are poorly couplet 
the MR region of interest in a body. RF poWer ampli?ers of 
35 kW and more are required to compensate for the inef? 
ciencies of a body coil used in a 3 T magnet for example. 
Still, these coils provide little shoulder room for the largest 
human subjects. 

[0011] Limb coils, especially leg coils, are similarly lim 
ited by conventional practice. A leg volume coil for example 
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must be oversiZed to make room for a leg With a foot to be 
threaded through the cylindrical structure. Or a leg coil has 
a removable top to provide easier access for a closer ?tting, 
more e?icient coil. This latter coil hoWever by conventional 
designs requires the problematic electrical contacts 
described for the head coil above. 

[0012] Typical existing head-only MR systems are one 
piece units. A signi?cant problem With this structure is that 
many medical subjects do not possess the physical ability to 
manipulate their heads and bodies into the positions required 
for the MR Without signi?cant dif?cultly or pain. Typically, 
the subject must try and navigate their head into the small 
diameter of the head only system. This can be painful or 
impossible for most medical subjects Who are asked to do 
this While lying on their back. 

[0013] Because of the inherently loW SNR of the MR 
signal, these signals must be acquired and averaged a 
su?icient number of times to improve the SNR to a signi? 
cant value. MR data acquisition by signal averaging is 
highly intolerant of motion in the MR sample or subject. 
Accordingly, human subjects are required to remain motion 
less for the duration of an MR scan, sometimes lasting 30 
minutes or more. Movement Will result in loWer resolution 
images and in image “ghosting”, thereby limiting the diag 
nostic quality of an image and often requiring a repeated 
imaging session. To minimiZe head motion for example, MR 
operators Will often insert padding around the subj ect’s head 
to provide head restraint. While this has the e?fect of 
reducing the subj ect’s head movement, it does not eliminate 
all of the subject’s head movement. Further, all of the 
padding placed around the subject’s head can apply uncom 
fortable pressure and can intensify the subject’s feelings of 
claustrophobia. Therefore, the purpose behind having a high 
performance coil With a better signal to noise ratio is 
defeated if the subject cannot remain still. 

[0014] Another problem associated With many MR pro 
tocols, is they can be painfully loud. Typically, subjects are 
given earplugs or headphones to mul?e the noise (in most 
MR centers the subject can even bring their oWn cassette or 
CD to listen to). The acoustic noise is attributed to the 
electro motive forces generated by sWitched electrical cur 
rents in the Wires of the magnet’s gradient coils. Stronger 
magnet ?elds and stronger or faster gradient current sWitch 
ing generate greater acoustic amplitudes. While the methods 
mentioned above are generally e?‘ective for gradient noise 
reduction, coils must be built to larger and less ef?cient 
dimensions to accommodate the head restraint and hearing 
protection devices placed about the head. 

[0015] Visual input/output is often required for a subject 
receiving an MR exam, for diagnostics or research. These 
l/O visual devices help to minimiZe claustrophobia, provide 
visual cues, and relay information from the MR operator. 
Visual I/O devices are typically mirrors, prisms, or active 
displays located above the subject’s eyes. A problem With 
existing systems of this sort is that 1) they are often ?xed in 
position Which requires that a subject be adjusted to the 
device, and 2) they typically protrude above the head coil so 
as to preclude their use in close ?tting head only MR 
systems, and in head gradient inserts used in Whole body 
MR systems. 

[0016] It has been shoWn that back planes on RF coils can 
function as an RF mirror to extend the uniformity of the 
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coil’s transverse RF magnetic ?eld along the rotational or 
“Z” axis ofthe coil. Aback plane, also knoWn as an end cap, 
can be used in a coil to make a shorter, and therefore more 

ergonomic, better shielded, and more electrically ef?cient 
coil for a desired ?eld of vieW. Conventional cylindrical 
birdcage head coil, as mentioned above, typically do not 
have a back plane. The lack of a back plane together With the 
inherently shorter axial ?eld of a birdcage require the 
birdcage head coil to be longer typically covering the 
subject’s mouth and chin. This increased length of the 
birdcage has many problems. It creates a head coil, Which 
can increase feelings of claustrophobia for the subject. Once 
inside of the head coil the subject’s mouth is located 
immediately in front of the inside coil Wall. A subjects breath 
pushed back into their face by the inside coil Wall creates a 
very uncomfortable/claustrophobic feeling for the subject. 
This is an undesirable result since the MR exam may take 20 
to 90 minutes. Additionally, general medical access and 
vocal communications are impeded With the coil extending 
over the subject’s mouth and chin. Further, if the subject has 
a large head, nose, and/or chin it becomes increasingly 
dif?cult to ?t the subject’s head inside of the coil. Another 
additional disadvantage for coils not having end caps is 
additional electromagnetic energy is lost from the top of the 
coil and thus the coil is less ef?cient at high frequencies. 

[0017] While a back Wall in a head coil is more desirable 
for coil performance and ergonomics in relation to the 
subject’s mouth and chin (i.e., With a back Wall the head coil 
body can be shorter and thus the head coil does not have to 
extend over the chin), a back Wall is undesirable for a couple 
of reasons. First, a back plane closes olf one end of the coil 
giving the appearance of putting ones head into a bucket 
rather than an open cylinder. This can increase a feeling of 
claustrophobia for the subject. Second, the back plane limits 
access to the subject from the back of the magnet. In coils 
Without back planes, leads for physiological monitors, anes 
thesia and/ or respiratory hoses, EEG leads, communications 
lines, etc., can be passed. In these systems visual signal 
projection is often performed from the rear of a magnet and 
through the back of a coil to mirror or prism systems 
mounted above the subjects’ eyes. Therefore, presently, head 
coil manufacturers must choose betWeen the bene?ts of 
having a coil back plane or end cap or the bene?ts associated 
With access to the subject provided by head coils With no end 
cap. 

[0018] As stated above, a problem associated With head 
coils is the amount of space provided inside of the coil. RF 
coils transmit MR stimulus to the subject and receive signals 
back most e?iciently When the coil is as close as possible to 
the subject. Therefore, for RF coil performance consider 
ations, space inside a coil should be only enough for subject 
comfort and for the inclusion of devices useful for safety, 
head stability, and communication With the subject. As 
stated above, normally a subject must Wear earphones or 
plugs for hearing protection and have separate pads inserted 
around the head to hold the head motionless for the MR 
exam. Further, there is typically some sort of visual and/or 
audio communications device adjacent to the head so that 
the MR operator can communicate With the subject. HoW 
ever, the padding, hearing protection and communication 
equipment can not only make the MR experience uncom 
fortable for the subject but this equipment also occupies 
limited space Within the head coil. 
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[0019] All of these problems listed above, individually 
and collectively, degrade the overall quality of NMR images 
and spectra, add to the discomfort of the subject, and limit 
subject access for the physician or researcher. Therefore, 
What is clearly needed is a high performance apparatus, 
Which provides for increased signal to noise ratios and 
improved MR image quality, While overcoming the prob 
lems discussed above. 

SUMMARY OF THE INVENTION 

[0020] An magnetic resonance apparatus in embodiments 
of the invention may include one or more of the folloWing 
features: (a) a coil having at least tWo sections, (b) the at 
least tWo sections having a resonant circuit, (c) the at least 
tWo sections being Wirelessly coupled or decoupled, (d) the 
at least tWo sections being separable, (e) several openings 
alloWing a subject to see and be accessed through the coil, 
(f) at least one cushioned head restraint, and (g) a subject 
input/output device providing visual data from in front and 
behind of the coil respectively; Wherein the input/output 
device is selected from the group consisting of mirrors, 
prisms, video monitors, LCD devices, and optical motion 
trackers. 

[0021] A magnetic resonance apparatus in embodiments 
of the invention may include one or more of the folloWing 
features: (a) a coil having at least one head restraint, (b) a 
means for audio communication to a subject connected to 
the head restraint, (c) a means for active or passive protec 
tion for a subject’s hearing, (d) at least three head restraints 
to provide a three-point head restraint, (e) a means to secure 
said head restraint to a subject’s head, and (f) a head 
cushion. 

[0022] A TEM coil providing MR imaging in embodi 
ments of the invention may include one or more of the 
folloWing features: (a) a coil providing at least tWo head 
restraints, (b) the head restraints having a means for audio 
communication to a subject, (c) a means for active or passive 
protection for a subject’s hearing, (d) a head cushion to 
provide a three-point head restraint, (e) a means to secure 
said head restraints to a subject’s head, and (f) a means to 
accept an audio signal input. 

[0023] A magnetic resonance apparatus in embodiments 
of the invention may include one or more of the folloWing 
features: (a) a coil having at least tWo separable sections, (b) 
an input/output device, (c) a track system located Within an 
open face area in the coil, and (d) the input/output device 
being slideably mounted on said track. 

[0024] A TEM coil in embodiments of the invention may 
include one or more of the folloWing features: (a) an 
input/output device, (b) a track system located Within an 
open face area in the coil, (c) the input/output device being 
slideably mounted on said track, and (d) the input/output 
device is selected from the group consisting of visual 
transducers, olfactory transducers, gustatory transducers, or 
auditory transducers to provide tWo Way communication or 
stimulus. 

[0025] An RF coil for magnetic resonance in embodiments 
of the invention may include one or more of the folloWing 
features: (a) the coil comprising a plurality of sections, (b) 
the plurality of sections being With Wireless connections and 
able to Wirelessly couple electromagnetic energy betWeen 
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the plurality of sections or the plurality of sections being 
reactively decoupled, (c) the plurality of sections being 
separable, and (d) a guiding means to assure mutual align 
ment betWeen said plurality of sections. 

[0026] A method of manufacturing a magnetic resonance 
device in embodiments of the invention may include one or 
more of the folloWing steps: (a) providing a coil having a 
plurality of sections; the plurality of sections being sepa 
rable, (b) attaching a head restraint means to prevent move 
ment of a subject’s head, provide communication With the 
subject, and protect said subject’s hearing, (c) inserting a 
slideable input/output device Within an open WindoW on said 
top section to provide subject With tWo Way communication, 
(d) creating a rear projection slot providing a channel 
positioned in a back plane of said coil to provide access for 
a rear visual projection system. 

[0027] Amethod of performing magnetic resonance imag 
ing in embodiments of the invention may include one or 
more of the folloWing steps: (a) providing a coil having a top 
section and a bottom section; said top section and bottom 
section being separable and Wirelessly connected, (b) plac 
ing a subject Within the bottom section, (c) placing the top 
section in electromagnetic communication With the bottom 
section, (d) providing a plurality of openings in the top 
section to alloW a subject to see through said coil and be 
accessed through said coil, (e) providing at least one cush 
ioned device for head restraint. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is an exploded vieW of a construction of a 
resonator. 

[0029] FIG. 1a is a pro?le vieW of a construction of a 
resonator according to FIG. 1. 

[0030] FIG. 2 is an exploded vieW of an internal construc 
tion of a resonator according to an embodiment of the 
present invention. 

[0031] FIG. 2a is an exploded vieW of a resonator accord 
ing to an embodiment of the present invention. 

[0032] FIG. 2b is a side pro?le diagram of a simulated 
subject’s head Within a resonator for the present invention. 

[0033] FIG. 20 is a pro?le vieW ofa prior art bird cage coil. 

[0034] FIG. 2d is a pro?le vieW of a TEM cavity resonator. 

[0035] FIG. 2e is a pro?le vieW of a resonator according 
to an embodiment of the present invention. 

[0036] FIG. 2fis a pro?le vieW ofa resonator according to 
an embodiment of the present invention. 

[0037] FIG. 3 is an enlarged vieW of the exploded vieW of 
a resonator as shoWn in FIG. 2a. 

[0038] FIG. 4 is an exploded front pro?le of a resonator 
for the present invention. 

[0039] FIG. 5 is a rear side pro?le vieW of a resonator for 
the present invention. 

[0040] FIG. 6 is a front pro?le of a resonator for the 
present invention. 

[0041] FIGS. 7a, b, c, d compare lumped element resonant 
circuits to transmission line analogues. 
























