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Field This invention relates to radio frequency magnetic field units
suitable for 10 use in connection with an i magi ng and/ or spectroscopy
system Background Radio frequency magnetic field units, such as vol une
coils, are used in connection with inmaging and/ or spectroscopy systens, such
as but not limted to nigxdelO FRECHALNCYMAGNETIC EJELRENITNUC] ear magnetic
resonance ineging 15 systens, fu ctlonal I jnet i c [ esonance i magi ng systens,
and el ectron spin r esonanceCEsS ciated By cyI i ndrical form
vol tnme coils ks that o] gvolunme. These
cylindrical form vol 'ﬂﬂ@%@gﬂ %%ggﬁdl%}'bﬁggggg%%ggﬁﬁﬁ; %]}#@u the ends of the
cylinders or bethasnonﬁekppadatmnfSeaem‘éméwmz144,]ﬁle)d.l\ﬂy3l 20001afhﬂch1s angy ,,

| Wps. 'i h: bil. Yvvyi |b LLUAS,, or lateral avkl%d 00 is further
limted when the‘“E‘EP‘Prafeg ¥ﬁ‘?f‘érF’éFé’ ereifl. o aday shield on a birdcage for
exanpl e, conpletely screens the lateral wgids of the coil cylinder with
typically a copper clad, etched circuit board material. The result is a
"copper can." Simil a?ﬂigxipvmnwlatmwea@efremmty wegtptie fiekd unitT ENjabledot
circuits are {5 osed of 25.cyl.indrica o%’ trical array of conductor
rungs in pardflé er‘%%‘ﬁﬁﬁ’é’gwht IDARE AP GREYTISSPPY S&dPPer resonant cavity.
The Iimted access provided by end acqeskerdind Petween the rung" access to
the coil volunme affects a subject confine o the coil volunme and

physi ci ans or techni Radirsfrequertyi magnetic ﬁﬂdemétsmqllgsmmetcmés wt;}sed:tn Sone

Subj ects are cl al’c':%.ttlcrc?gg %hﬁm%&ng &R0 5pectr0|scopy syst smcsﬁcrﬁ AR not findieed ?l une

magnetic resonance imaging systems, nuclear magnetic resonance imaging

15 systems, functional magnetic resonance imaging systems, and electron spin
resonance systems.
A problem with many cylindrical form volume coils is that they provide
limited access to the coil volume. These cylindrical form volume coils can be

accessed only through the ends of the cylinders or between the radio frequency

to
o

{RF) cwrent carrying ruags or loops. The “between the rung
further limited when the coil is shielded. A Faraday shield on a birdcage for
example, completely screens the lateral walls of the coil cylinder with typically a
copper clad, etched circuit board material. The result is a “copper can,”
Similarly, the transverse electromagnetic (TEM]} coil circuits are composed of a
25 cylindrical symmetrical array of conductor rungs in parallel resonance with and
enclosed by a copper resonant cavity. The limited access provided by end access

or “between the rung” access to the coil volume affects a subject confined to the

coil volume and physicians or technicians treating or interacting with the subject.
Some subjects are claustrophobic and cannot tolerate confinement in a volume
30 coil, while some medical procedures, such as brain surgery, require access to the

subject during imaging. For these and other reasons there is a need for the

present invention.




30 coil, while sone nedical procedures, such as brain surgery, re u; H@\‘@“i
access to t | ect during imging. For these and ot her ? S
a need for t %Oﬁg’%ecsent i nvention. 1 WD 02/10786 2 7 JAN 15{3@%@'% 04
PCT/ USOL/ 24040 Brief Description of the Drawings FIG 1A is an illustration
of sonme enbodi nents of an app | L] Lo frequency nmagnetic
field unit according to the tgﬁﬁ eSchiplibibf¥he T2l I nvention; 5 FIG |IB
is an illustration oFIGdreisaatibgtrator «f sorthe ainbodimgntn gf atdpparatusdnalutlimgy a radi o
frequency magnetic field unit accqording to t_heéfgachi ngs of the resent
invention; FIG azulie Segyeory maghehigdieldimgraceasdips inthe trachingsof e BIFSeRl t er nat i ve
enbodi nent of aﬂpfg&@@r,at us including a radio frequency nmagnetic field unit
10 according to the téachings of the present invention; FIG 2B is an
il lustrationsof soneFHh:t® Bahilistretidaadisome tmbafimaits bfmgimgingwnitt i ncl udi ng a
radi o frequency magnetic field unit according to the teachings o t he
present inventi éludmgz rade fregqueneyimagnehc hald wit gpcordiigdo QWBWPWSﬂPgtth t he
apparatus 15 in Mg .radio frequency magnetic field unit shown in FIG
2A configured %#Qi&sr&gvelhﬁ&é clinical setting; FIG 3A-3D are illustrations
of some enbodi nents ®iGidreisshilhstatien affsome embbdiments of én alteowtideé ng to t he
t eachi ngs of the present jnvention; d FIG, Is an illustration of one
enmbodi nent  of ae@gPﬁl’@}?Pt%qaé‘r?Bﬂ‘im%}"PE‘B}”@ar%?oi'@ﬂ“e&%m?ﬁ‘%ﬁﬁ on with the
radi o frequepcy bk L Eidn s flSs fEsely &gent invention. Description
In the foll ofv?\)fnag%gagﬁcg% d%scr#ptio of 't ‘é&lrnnv’ention, reference i s nade
FIG. 2B is an illustration of some alternative embodiments of an imaging

unit including a radio frequency magnetic field unit according to the teachings of
the present invention;
FIG. 2C is an 1llustration of some embodiments of the apparatus
15  including the radio frequency magnetic field unit shown in FIG. 2A configured
for use in a clinical setting;
FIG. 3A-3D are illustrations of some embodiments of the structure of a
volume coil according to the teachings of the present invention; and
FIG. 4 is an illustration of one embodiment of a current element suitable
20 for use in connection with the radio frequency magnetic field units of the present
invention.
Description
In the following detailed description of the invention, reference is made
to the accompanying drawings which form a part hereof, and in which are
25 shown, by way of illustration, specific embodiments of the invention which may
be practiced. In the drawings, like numerals describe substantially similar
components throughout the several views. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention. Other
embodiments may be utilized and structural, logical, and electrical changes may
30 be made without departing from the scope of the present invention. The
following detailed description is not to be taken in a limiting sense, and the




'to the acconpanying draw ngs which forma part hereof, and in whi CZ‘“J'M?@E
shown, by way of illustration, specific enbodinents of the invention whic
may = be praoybegdsrsdn the drawi ngs, |ike numerals descri bepgufoséizibsal |y
-simlar conponents throughout the several views. These enbodi nents are
described in sufficient detail to enable those skilled in the art to
practice the i nseggelofithe fobseat invenitibn (i deiinédsomplyy the appentedelstmapaloisg r uct ur al |
| ogical, and el ectrical_ changes naﬁ]éntgo be made wi.t hout departing fromthe

scope of the pr&ddnthe fllseaps efpquivplents fowhighsyg clpepsiesatitidscri ption is not
to be taken in a |img| : ; J 0786

PCT/ USQl / 24040 sco?&%%%@%?&%ﬂ%‘%ﬁ%ﬁ#é@%ﬁi&é% % éﬁ%‘%‘?‘éﬁgy t he
appended cl ai ns,subdtonmglly whdtatridiel dndllbcatedape radio epuimylreagnsti¢ felddanth such
clainms are entitled. Radio frequencg Hagne I C f{*fl d . units that include an
aperture that’ i #ndgadinireaiensy meengheBeld nats e iasludy SleAPEIUEH 2 1 adi o
frequency magnetj Ll byt g h 0 o ; Ld£rkield units
t hat include si eegcé-%g(?t nghg?déégg@%}ll}gg%@e%gﬂggﬁ?gl ?(E;lg%‘ﬁraequency magneti c
field unit that dpadiretesiszubstasially apebstruntes it heed in sonsadimnarith al inaging
unobstructed is used in cqnnection with an.j I n system the nedical
benefits associ &VEFNPEH Wéﬁ?ﬁ‘ﬁ&ﬁﬁsgﬂa@ﬁﬁ'&hﬁge%ﬁg{ @r#taﬁwgﬁgswr&?% Hed to
cl aust r ophobi ¢ suRin8&t 5-clafiiesphabit gk gord. I WHME Mo TG REHcY Sndoh&ccidiinit 10 t hat
includes side apertures is used in connection with an inmaging system the
medi cal benet® t shatdwwieasidd apdrtukestihesed seconhecsion withgh iyagiye systens 4kt be
extended to subjegts,th have difficulty fitting into a stand radi o
frequency nagn et+?:‘:ﬁ°a1?‘P"érfeﬁ%suﬁ%?c{qatﬁ%bwlhbtg‘% u‘?%qf ap %?@?%Wﬁfeﬁlgcag% 5&%&% equency
magnetic field upisébjédiathat Have WEGQMyTREHd idloes stdidbrdirsdis BBgieatY makhetic
unobstructed into a radio frequency 15 magnetic field unjit_that has an
aperture that i Jieidput Methads fpr tipnsismingaa radio fSeawencymegetis feblunitthefsf or ni ng a
radi o frequency ' | | . BGStedh into a radio
frequency magnetllg%g%lgg# uélﬁggfgﬁaﬁt&aﬁﬁagggdae aptgﬁltng'r?géﬁg(?fergd{{aeﬁ 0 descri bed.
I n addi ti on, 1§ nahaghetigfield uaj érat hasaniaperaure thai ie silrseqtidtyoynobstgreetlj andf i | ed

methods for transforming a radio frequency magnetic field unit that lacks side
apertures into a radio frequency magnetic field unit that has side apertures are
also described.

In addition, including an aperture in a radio frequency magnetic filed
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nose, or arms). This allows the rest of the coil to be much smaller and fit much
closer to a subject. Small, close fitting coils improve image signal efficiency
which results in images of higher resolution being acquired in less time using
less power.
25 FIG. 1A is an illustration of some embodiments of an apparatus 100
comprising a radio frequency magnetic field unit 102 according to the teachings
of the present invention. The radio frequency magnetic field unit 102 includes 2
first aperture 104 and a second aperture 106.
The radio frequency magnetic field unit 102 generates a desired magnetic
30 field 108. The desired magnetic field 108 is not limited o a magnetic field -
having a particular magnitude and direction. Preferably, the desired magnetic

field 108 has a magnitude and direction suitable for use in imaging an object,




nose, or arns). This allows the rest of the coil to be nuch snall J‘@? %it
huch closer, to a_subject. Small, close fitting coils inpr 'rrgg?/@ Iql :

ove
ef ficiency WA Hoesul ts in i mages of higher resol ution bE%’LHH&H
|l ess tine using less power. 25 FIG 1A is an illustration of some

enbodi nents of t;lﬂ.;aﬂ : IbSd | . magnetic field
unit 102 accord?’%élaatgg%t e t%g%ég%laﬁégizg{g?§¥ﬂgn’gs}lé]€%n®t?é\t\e}gﬁﬁag%? Tge radi o
frequency nmagnemagndticebsbramietimifiRg systdmy dasagaetic reschbnceeeditos@pd 6vstand a
second aperture 106.. The radio frequency. magnetic field unit 102 %enerat es a
desired nagneti & fnsgonsl gpagnelipgresopanreJ@aging Vst QBT BleqHom SPINIBRPNAT ) ot
limted to a ma jc field having a particular nmagnitude and direction.
Preferably, the desired magnetic field 108 has a magnitude and direction
suitabl e for suse i n Therpdigirequendyj reagnetiGiisMduBip 1 ADiz 86t 2mited)iaN p2GRElar

PCT/ US01124040 _suc human_ head, .in an imgi nq syst such as but not
limted to a nﬂ@?@gfﬁqggﬁﬁﬁﬁégaﬁ?ﬂﬁﬁﬁ@@s&?ﬂ eﬁ%ﬁéé?ﬁ'gq%?@gonance

spect roscopy Sy%fc&ﬁgncy%aéﬂélﬁtﬂeﬁﬂﬁﬁt TRAVLTEM 6P RBbEfor. TRYENML Sl em or an
el ectron spin resonance system 5 The radio frequency magnetic Tield unit

102 is not | i mi resdnator inclpdestans ot more quyent aldmantsdizyingce le clpmapntst i c field

unit. I n one embodinent, . the radi o frequency ,nagnet.i field upnit 102 is a
TEM cavity r_esoﬁ‘é .@&“ﬁ’éﬁxﬁ‘@ﬁ?‘ﬁ“"sf @gtgﬁ%yg?@dit%. nﬁghggra@ﬁ%;sf)l?n T e current
el ements havigng r&emdté60 | Th 3bine eRb&IiRBAE, TEMUEtya8sonBdtsiheluge MatbpeRp@ii t or s,
that are varied to tune the transnmi ssion line 10 resonator. In sone

enbodi nents, TEW eligrratiye embodimeniss TENE payity resppaterp disludsone opsnenganér nat i ve
enbodi nment s, TE%ga\égetdyenﬁesonators i ncl ude one open end and one cl osed end.
The radi o frequency nagnetic field unit 102 is not limted to a particular
number of current el gHeRdSo fredueidy rhignietiéXield unit Q0 sewt limkted@ripartiche 115 shown

number of current elements (shown in FIG. 4). Current elements 110-115 shown

Pred in

15 inFIG. 1A are illustrations only and no attempt is being made to depict the
detailed components of the current elements. In some embodiments, the radio
frequency magnetic field unit 102 includes current elements 110-115. The
current elements110-115 are preferably arranged such that none of the elements
110-115 obstruct the second aperture 106, but the current elements 110-115 are

20 not limited to a particular arrangement. In some embodiments, the cufirent
elements 110-115 are asymmetrically arranged, physically disconnected from
one another and reactively coupled. In altemative embodiments, the current
elements 110-115 are arranged to “enclose” a substantially cylindrical volume.
In some embodiments, each of the current elements 110-115 is a resonant current

25 element inductively coupled to at least one other current element. In altemative
embodiments, each of the current elements 110-115 is a resonant current element
capacitively coupled to at least one of the current elements 110-115. When used
in connection with an imaging system (shown in FIG. 1B}, the magnetic filed
unit 102 is tuned to a frequency suitable to image a particular object or subject.

30 The radio frequency magnetic field unit 102 is not limited to a particular
shape or volume. Preferably, the shape and volume of the radio frequency

magnetic field unit 102 approximate the shape and volume of the object or




15 in-FIG IA are illustrations only and no attenpt is being nadg 7t giNdepi ct
t he det ai | ed conponents of the current elenents. In sone enbodi nents, the
radio frequegeygmonetic field unit 102 includes current ﬁ&ﬁmﬁzﬁualo 115.
-The current elenental 10-115 are preferably arranged such that none of the
el ements 110-115 obstruct the second aperture 106, but the current elenents
110- 115 are 20 rsrﬂtjedtltarbemnhged) Tanqnalembcdmant the ratinyBeanency magnenBielénbodi ment s,
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wi th an i magi ng system (shown in FIG 1B), the manetlcfl unit 102 is
tuned to a freqetemeoptssdPtldplaee %@ﬂgm@t@tlﬁﬁk‘wﬂﬂl th%B]néE‘l‘ agHhj ect . 30
The radi o frequency ticular
shape or vol une. Pr e]ﬂgrgagﬁt[aﬁe a%&ez;# rtf ulﬁgs%df':ln? %gja f|)0(§6}“ltlegtrqtuency

magnetic field uﬁtb&ha;@&iomuamymfmrg@eticrfalcsmme)?aﬁdr sxampieea bimarhieeadbj ect or 4
2 7 JAN 7005 | WD 02/ 10786 PCT/ USOL/ 24040 ect to be i n one
enbodi ment, ithe (Ridhe™Preg he P dhgeg e the TF‘?‘%BI&EIAW?BF\Y pagngic ﬁﬁ"@%aﬂéﬁgék antially
cylindrical shapg, sisnGleilin@ea s ARG %ﬁ%l}ﬁodeﬁféﬁ%&m&iﬁd&d Bueh T ecei ve
a human head. In an alternative enbodi the radio frequency nagnetic
field unit 102 tm&uatlcsﬁ&jduamﬂﬂbmctxtlmﬂhmﬁ%m&adlf@ﬁdﬁ@ﬂ&rﬂu&le sscandc| udes a

| ongitudinal axis 1 118th ' lel t
t heg: ogg: t udi ng:apggqrg lélqdwaﬂt‘ﬁés 8[}?1} 3on. thy g ﬁeé%?ivoﬁé@ijitqﬁ%@ncon ]ilér(?bcgﬁéc% he
current el enentghed pekibhcedlty sabjeadHeddsdd Slontdad Erequeﬁhy&hi@bnd feld he

| ongi tudi nal axis. The first aperture 104 grow des ort for introducing an
obj ect or sub§ edinit that lacks a second aperture that is substantiaily unobs cted. The first

aperture 104 is not limited to a particular alignment with respect to the radio
frequency magnetic field unit 102. In one embodiment, the first aperture 104 has
a center of mass point 120 that is substantially aligned with the longitudinal axis

116. Such an alignment permits easy introduction of the subject into the radio

b2
[

ﬁequency magnetic field unit 102, The first aperture 104 is formed at an end of
the radio frequency magnetic field unit 102. An end of the radio frequency
magnetic field unit 102 is located at an end of the current elements 110-115.
The first aperture 104 is preferably contiguous to the second aperture
106. A contiguous second aperture 106 permits relatively easy introduction of a
25 subject into the radio frequency magnetic field unit 102 and reduces the
likelihood that the subject will experience claustrophobic effects during imaging
by providing a contiguous open space that includes the first aperture 104 and the
second aperture 106. The second aperture 106 also allows a subject to see
outside the radio frequency magnetic field unit 102 and allows a physician or
30 technician access to the eyes, nose and mouth of the subject.

The second aperture 106 comprises an area 122 including an

unobstructed area 124 and a potentially obstructed area 126. An areais



into.the radio frequency magnetic field unit 102. For exanple, -azhpnmngsead
10 (not shown) can be introduced into the radio frequency Fﬁi} f" él eg

unit 102 at W& #0186 st aperture 104. The head is preferabl% A%Y within
the radio frequency nmagnetic field unit 102 such that the eyes are directed
toward the second gy o W : 'ﬁ g_' t ali Qh i LhEnSdRiiPRL @voi ds

t he cl aust rophow@sggﬁ %;&rstge %%?ésﬁgge%t(%gﬁ%nceé&g@ g@bﬂg%cl Es) [ ntéérég’ ﬁ@ed into a

radi o frequency B gneit kehstanehlty ddmspanért. Plafdralilychesaren Kadegnatimlidsraa t hat is
substantially unobstructed. The first aperture 104 is not limted to a
particul ar al i gabstmetediata. The pread2 is nphlmiteddp ¢ Particelgtigiaey nagnetic fiel d
unit 102. I n one enbogi fi : of mass
point 120 that is su@géfgéﬁ |da71:fcy §Ilpgﬁéﬁﬁ{ekggﬁ%éﬁéﬁlg?@u@ﬁa Qg?((lgs 116.
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711 frequency magnetic field unit 102. Tlue fir rture 104 15 forned at

st a
a. .r end of thé %wwﬁh&o&a‘a&ﬁ&ynt%ﬁﬁ@ﬁwmﬂépdnmﬁ%g on, wﬁ@ﬁh of the
radi o frequency I 3 d il i Sar tadin@ncedd 1y mhe current
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cl aust r ophobjc %&ifsgﬁﬁ ?otﬁiﬂfﬂBGuﬂtH@Eh%\QxdhﬁYaﬁi oM. iR Gecdnd @pdrh@e! 06 Open space
that includes the first aperture 104 and the second aperture 106. The

second apert ur e sildédingan at [ dbavingsnbirelength 636 efgreatentband® andabewrd0d

frequency nmagnetic field unit.1 and al |l ows, a _physicia t echni ci an
access to the eFéﬁ‘f’es %ﬁﬁﬂjﬁ"%%éﬁsg’faﬁ%mssﬁgﬁe tc@é’“lfﬁéer’ %‘e%érll%%%hp@%ture 106
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magnetic field unit 102 that closely fits the head of a human subject having a

large nose. A radio frequency magnetic field unit that lacks the second aperture
106 must be sized to accommodate the large nose of 2 subject and therefore
carmot be designed to closely fit the head of a human subject having a large

20 nose. Since aclose fitting radio frequency magnetic field unit produces higher
quality images than a larger loosely fitting radio frequency magnetic field umit,
the radio frequency magnetic field unit 102 including the second aperture 106
produces higher quality images than a radio frequency magnetic field unit that
lacks the second aperture 106.

25 An imaging unit 139 can be mounted on the radio frequency magnetic
field unit 102 to provide a communication link to the second aperture 106. The
imaging unit 139 is located with respect to the second aperture 106 such that the
imaging unit 139 provides a communication link to a subject whose head is
positioned in the radio frequency magnetic field unit 102. The imaging unit 139

30  is not limited to a particular type of imaging unit. In one embodiment, the

imaging unit 139 comprises a mirror. In an alternative embodiment, the imaging




obstructed area. The area 122 is not limted to a particular size. ZrhdAN 1005
Second aperture 106 has a center of mass point 130 (not drawn to 5 scale)
and a first woentome axis 132. In one enbodi nent, the firstpcazpsoyins axi s
132 passes through the center of nmass point 130, intersects the |ongitudinal
access 116 and is substantially perpendicular to the |ongitudinal access
116. In one enbedi hdmomprises apaison dn afplé atothes alt@tative lotnbodimentntheimagiBzl havi ng
an arc |length 136t 9 bet ween ab-OL{t 0 gnd about 90 as traced out by the
first aperture 1§ axi’sIIZFREPFHE I t he | ongi tudinal axis 118. The
second aperture 106 Ui RMbBEINRRLsAIE of Bfbrd ipeitings 84U 10 45 @RGbhnciY Of
greater than 0 and about 90 reduces claustrophobic effects in a human

subj ect. However a sigpofithe radengequenaygnagoptiqiield veif 192 tarperibescesdo kncr eases t he
difficulty in.geperat.lng.t desired tic,field 108. 15 The second
aperture 106 er%%{eg{%ﬁ%& eﬁ?%%ept%egc%}a&aoyﬁﬁ%%'?wgwgﬁfwe% A&t c field
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A radio frequency magnetic field unit that |acks the second aperture 106
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i magi ng unit 139 can be nounted “on e radi o frequency magnetic field unit
102 to provide atrasfmmed ode themadié frkquencyt hagretc field uapd02 thaeingldes tihe | nagi ng

unit 139 is located with r ect to the second ertyre 106 such that the
i magi ng unit 1395613?‘?)41/\%5&5“3%@0 ie?&f)gﬁﬁnf ?%@‘fatgoétlog'[?ﬂfé@? a\'i\?ijg%e head is
positioned in thgeduagéPmbgRasGEIQYnITRGREE aGedong hebrthtd fntolifid radidRedque®gi N uni t
139 30 is not limted to a particular tytge of i'maging unit. In one
enbodi ment, tlhe mpgREYr Fgldmiti102 Yot inshaged tbe secandrpertyre 106pongisuBFater nat i ve
embodi ment, the LoREN0refhoved from the radio frequency magnetic field unit lacking a

second aperture to form the radio frequency magnetic field unit 102 that includes

the second aperture 106. Removing one current element from a radio frequency

magnetic field unit lacking a second aperture creates a void in the radio
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area in which to form the second aperture 106. After removing a current element
from the radio frequency magnetic field unit lacking a second aperture, currents
to produce the desired magnetic field 108 are calculated for the remaining
current elements. In an alternative embodiment, two or more adjacent current

25 elements are removed from a radio frequency magnetic field unit lacking a
second aperture to form the radio frequency magnetic field unit 102 that includes
the second aperture 106. Removing two or more adjacent current elements from
an the radio frequency magnetic field unit lacking a second aperture creates a
void in the radio frequency magnétic field unit lacking a second aperture. This

30 void provides an area in which to form the second aperture 106 of the radio
frequency magnetic field unit 102. After removing two or more current elements

from the radio frequency magnetic field unit lacking a second aperture, currents
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still another alternative enbodi nent, the inmaging unit 13,%328%“@@5 a

proj ection g’?s"?@?ﬁ“l n sone enbodi nents, one or nore apertur 2Y3hd 145
are formed on a side of the radio frequency magnetic field unit 102 to

permt access tﬁﬁ?ocﬁxcéﬁi@déﬁ}édsnn&%&% A §68 1R REIEAINEE Sor G repRifiY MEd by |
renmoving a current element froma radio frequency nmagnetic field unit. In

ot her enbodi nmentlsgtromre @rgditt. ory conmuni cation device 146 is attached to one
or nore of the one o e apertures_.144 and ,145 t Q. conmuni ca ith a

subj ect or provide Mg@m 6?%8?."6??%?‘? %@%&é@f@aﬁgu@%wni cation
device 146 is pfnelﬁlaﬁ%mfmﬁs&réq@éney&ﬁ @tic [HeQMih 100 286k diMe tdothe BASIEHYEofaudi t ory
protection. A radio frequency magnetic field unit |acki negda second aperture

can be tran$f othepuesenttinventien. r Bati imaging guis i 4 inglugeres statictfiedd magmgtic fiebhb t hat

Lranst orm a radit 1% SRRy crugaeey bR PR T Mo B I

into the radio fislgaupaeic fdd O, iFeftiablyd theriatic HOM rhdpattid fell unies42 he second
aperture 106, one current element is renoved fromthe radi o frequency

magnetic fiel d preducesachagneticafield bavinge high magnaticifisld srepgthn & highyi o frequency
magnetic field unit_.. ' : : novi ng one
current el enentmfa%ertﬁ%%}&a%ﬁ%%g* gg%g%%3p$%c61§g§ ?@%?‘%ﬁ@h%% agﬁiﬁﬁg a second
aperture creat einggingdindt 140. Hwevevadibe ritiio frequuenmyegmetig Aeldivnitfli02idnaini t n A
,-cure Th' a '"a_ area in which to formthe secgnd apert e-lO%.g}Jhier

removi ng a cur r Emited [oag A conneciipniith & Ragiilar SEHE ER “ﬁé& Gas@iCdief uni t

| acki ng a secon %pe?{t ; r 4&&5%% diesieneth Mepgdisc field
108 are cal cul a?lg' grﬁégtﬁlemf%& .‘%“EE‘"‘ current el ‘g{rar:gints. Igﬂ&an al telr native

enbodi ment, twofrequency magmitia deludtunituiOR esduitable &raweimt conpgction sifbved froma !

radi o frequency magpetic field, unit |acki ) t to f th
561 0 11 equency SHEORGHrizepsat HiptacsBor e ety TPr e (o formtne

15 FIG. 2A is an illustration of some embodiments of an apparatus 200
comprising a radio frequency magnetic field unit 202 according to the teachings
of the present invention. The radio frequency magnetic field unit 202 includes a
pair of end apertures 204 and 205, a first side aperture 206 and a second side
aperture 208.

20 The radio frequency magnetic field unit 202 generates a desired magnetic
field 210. The desired magnetic field 210 is not limited to a magnetic field
having a particular magnitude and direction. Preferably, the desired rnagr{etic
field 210 has a magnitude and direction suitable for use in imaging an object,
such as a human body, in an imaging system, such as but not limited to a 1

25 magnetic resonance imaging system, a functional magnetic resonance imaging
system or an electron spin resonance system.

The radio frequency magnetic field unit 202 is not limited to a particular
type of radio frequency magnetic field unit. In one embodiment, the radio
frequency magnetic field unit 202 is a TEM cavity resonator. 'ATEM cavity

30 resonator includes one or more current elements having controllable elements
that are varied to tune the transmission line resonator. In one embodiment, the

radio frequency magnetic field unit 202 comprises a first group of current



-the second aperture 106. Renoving two or nore adjacent current elenzqtﬁg&@®n1
an the radio frequency magnetic field unit |acking a second aperture’'c S

a “void in tygosadko frequency magnetic field unit |acki ngeergsneado
-aperture. This 30 void provides an area in which to formthe second aperture

106 of the radio frequency magnetic field unit 102. After renoving two or
nmore current el esemns 212mods sévend guvip of cusgoerioyentadide fn ond grebodimpentt | acki ng

d , / /
b oduce. tho. tesi PLAeHEBIBY] Lrrr AR decudh & P PBRCs TRO G i g

el ectroni ¢ Cir CUjtfredtbiSmehfS 216.288) ahdl SRl igRibp Of oiRiEelmbas2 et s of an
i maging unit 140 1 ncluding a radio frequency magnetic field unit 102

accordi ng to t hentledecdilsagtsoneturrdnt eloments sischas currenbelements 226h82% Gy unit 140

includes a static field etic field unit 142 and the radi ency
magnetic field uAPYP ‘%J@H%T‘%%%Egat%l# ﬁ?‘ﬂﬂ’?ﬁ%cog%ﬁo% OP?anpﬁel%g%ngse 1[4‘239 ield unit
142. Preferably,ptlgbSiafahgedsue] @atFRaD6F the chrr@k eembits 2161218 artbeloigrat a
magnetic field having a high magnetic field strength. A high magnetic field
strengt h enabl eselethant29eR7Ztobgirchthe firgiside apestuae 206rpr ithesigean etaﬁér%% i magi ng
unit 140. Howev he radi g. e LG . foh [ LSy not
limted to use i Cg%ﬂ%ec db(?ﬁ'“é\%’ngﬁﬁeaﬁ'%ggrpﬁgﬁf%#ggtt%ﬁcgmggtﬁfﬁ]sgéﬂ ?%I d or a
static field negaetticgeédndgoupnif turkdidtlepens Ateby asdparntidcdisance®grétic fiel d
strength. The radio frequency magnetic field unit %’8‘% I s suitable for use
in connect i oh0wi kefwesmpbowtlicpitinstess andahgHil0 Grabmeters ERHHEIS &R with an

(maging unit. 15alidRle /%ot iR ickt sldd SHEREL S Rt RATRRAIRAGLEREE 209420
apparatus 200 conprising a radio frequency magnetic freld unit 202
accordi ng to thesehmardi diganceof leshikapaleme hf céntiwetats ip msufficnt tagieomit r equency

FiTet si de aper{ GRETHUS HHGSAR eokabEF BER FHFCLOBOSHO TP Mt o -
frequency nagnet jgt §ihedRridizhs 20Pihe SRBhALIAS aptridRI0B e A PRI distance
15 228 of greater than about 30 centimeters results in the radio frequency magnetic
field unit 202 having a volume significantly greater than necessary to receive a
human body. When used in connection with an imaging system (shown in FIG.
2B), the magnetic filed unit 202 is tuned to a frequency suitable to image a
particular object or subject.

1~
>

The first side aperture 206 and the second side aperture 208 permit the
extremities or excess body mass of a subject (not shown) to be positioned
outside the radio frequency magnetic field unit 202 when the subject is located
inside the radio frequency magnetic field unit 202. The first side aperture 206
and the second side aperture 208 are substantially parallel to the first group of
25  current elements 212 and the second group of current elements 214. The first
side aperture 206 and the second side aperture 208 are preferably free of physical
obstructions. A physical obstruction is a structure that prevents the extremities
or excess body mass of a subject from extending into and tinrough the-ﬁrst side
aperture 206 or the second side aperture 208. The first side aperture 206 and the
30  second side aperture 208 also permit the radio frequency magnetic field unit 202

to receive subjects larger than an inside diameter 230 of the radio frequency

magnetic field unit 202 without increasing the inside diameter 230 of the radio




field 210. The desired magnetic field 210 is not limted to a nagne i7CJ/INiﬁh5d
havi ng a patgt/l magni tude and direction. Preferably, t I.I, E :
[ eq ‘gﬂé’% pﬁ[ﬁ'g‘ﬁm& n

magnetic fi has a magni tude and direction suitable use
I magi ng an object, such as a human body, in an imgi ng system such as but

not limted to HeqenBREALkdE FeRRMNINCE ForMahydibfeys | e Firsd sidy Bfdriued 206 magneti ¢
resonance i maging systemor an el ectron spin resonance system The radio
frequency magnegh&theisedond gide eperpe 208, Ay ellowing exeeriiesprgaeess bedvapasstqpe of

radi o frequency et|. i el nit. .ln on i. GRAL. Lo ..frequency
magnetic field ﬁgrlg?dj%szl&? &‘ega#‘tﬁf’%%e\’}ﬁ ?aﬁggﬁg@ g]g{tgi“’fﬁ%%g\t}l{e% 3/“3}%8[ 5{ esonat or
i ncl udes one or chmfct Whin/ piRitiofdEiRBIAE thehadib Requean! meddeabifieldalnerpent 4 that are
varied to tune the transm ssion line resonator. In one enmbodi nent, the

radi o frequerdcy combpriablesubipe|tends t moyplesscdympe imagng and phstefee &&Werof current 8
2 7 JAN 2005 2 nd gro of
current el emn%gr%g%ﬁg%%gggﬁﬁ%&q?%@%rggi %%Bﬁa%ggﬁvhgﬁﬁ%emg P

el ements 212 i nelibjéle issiinabedi Sh addicion,Uhd @ndlleq lcRRBTbil itp@ies itage qudignt el enent s
216-218, and the second group of current elenments 214 include at |east one

current el enent Siggifieptlisfor bedyestls- L timmaller sicglop san bheymads togesoatgr oup of
current el ement . I - 214 are
preferably arraﬁgﬁgzd%gggﬂm%ﬁ%hﬁegﬁ%ﬂﬁ&t g-e(gﬁorrr ntﬁ%e Seneﬁﬂtﬁgﬂl%%g&w or the
current el eftent s 22Th@2dicobsuenoytmagnetid figld unis Ralis apelimitedto2q@rtoular he second
side aperture 208. In one odi.ment, the first up of .current elenments
212 are separ at WPEOF B‘P*P’P"ﬁesgg‘i"gﬂ& tg? Shape grd W"eﬁ’%{tﬁ%?m%‘g‘e@ﬂ by a
separation dist _et%%’ewﬁmétébzb@by&ﬁﬂat@hﬁ%ap&n&e&hhﬁ%tf%fesob?ewo@bout 30

centinmeters which'is the area available to formthe first Side aperture 206
and the second silject apky imaged. 288 exampls spmbstmitatly dvlgtdmgsloadip fiegeancy han about

L0 oot et s ek IRYAL PRl BEBToS oEHAET e B ERaR, 20T 0L L2
and the secoryd SidetRe0 bEERULEBcenfimSREAHS bishibe that hiyit6 imbles Ashape ¢fr eat er
t han about 30 centineters results in the radio frequency magnetic
a human body. In one embodiment, the radio frequency magnetic field unit 202
has a substantially cylindrical shape, including a diameter and a length sufficient
to receive an adult human body.
In an alternative embodiment, the radio frequency magnetic field unit
20 202 has a substantially cylindrical shape that includes a longitudinal axis 234
and surfaces 236 and 238 that are preferably curved and substantially parallel to
the longitudinal axis 234, The surfaces 234 and 236 need not be continuous.
The first group of current elements 212 including the at least three current
elements 216-218 and the second group of current elements 214 including the at
25  least three current elements 220-222 are arranged to “enclose” a substantialty
cylindrical volume.
The end aperture 204 provides 2 port for introducing an object or subject
into the radio frequency magnetic field unit 202. For example, a human body
(not shown) can be introduced into the radio frequency magnetic field urit 202 at
30 the end aperture 204. The end aperture 204 is not limited to a particular
aligmnent with respect to the radio frequency magnetic field umt 202. In one
embodiment, the end aperture 204 includes a center of mass point 240 that is
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field unit 202 having a volune significantly greater than necessary ?no
receive a human body. When used in connection with an inmaging syst% Jé@l%@%n
in FIG 2B)Wa®R40magnetic filed unit 202 is tuned to a fr ®GHAINEY24846i t abl e
to inmage a particular object or subject. 20 The first side aperture 206 and
the seconri side aperture 208 permt the extremties or excess body nmass
of a subject (notubshwially alignadavilibe fongiudinal ggis 2te the radio frequency

magnetic field unit . J 4l i s'g&?t radi o

frequency nmagnetic f@%&%ﬁ?&@ggs t@g%}dFS%P&glgﬁﬁe(%gaggg%uéree Sgﬁ and the

second si de aper dpsriere208 asy conspivmt sodridadpbyurpadhl A ebntignodsrelafionskip gr oup of 25

current elenents, 212 and_t he second group of current el egen(iﬁ]ﬁzm. The first
P

si de aperture 20]'66“{%(?@1 ?1@“%%@%?&? 6q PR Sl_ﬂf)@e&l"@zﬁ K¢ free of
physi cal Obss-rugﬁehefa%o@gﬂ@gédeagﬁhue&\&wsﬁ %Bjéctsin il faHﬁ)tﬁ’éngﬁr%‘,gat prevents

the extremties “or exce y ‘mass of a subject trom exten I nto and
t hrough the fi r smagietle ficldpmitt202 e TROArsoside fpertaredn Hasd waittapreseparateon208.  The

first side aperture 2 and the 30 second sj aperture 208 .al so permt the
radio frequency %ﬁ%&%@ Qec??‘i?ﬂ Fldﬂéﬁeﬂuf%ﬁ‘%é@é?‘%é‘gﬁbf@%ﬂ ‘i‘F'@E‘iﬁ than an
| nside di amet er 280 19 il of 3cHauibh SAUARCNS ITRRASINIE HlduldhaliBidde @i Wi { hout
I ncreasing the inside dianmeter 230 of the radio 9 02/ 10786 2 7 JAN 2005
PCTI US01/ 24040 forcepesation disignee#€ fiel d unit 202. For many subjects, the

first side aperture 6 and.the second side aperture.?2 b | owi ng
extrenities gﬁ expesgg‘ﬁ?)ﬁfiewgggmteﬁts’ ?(faéif’?dg%ﬂ}?‘gqyd‘éagi“ﬁtéc f%i%ll"‘ﬂ)‘h equency
magnetic field umbludeQlop hAERER&R! 4 BittosHRILT4S, the tgﬁﬂﬁlmﬂ dapfile GRRigl oned

i nside the radio frequency magnetic field unit 202. A 5 confortable subject

tends to nove | ewmschgmiceliipatiaghegiang detashedinthedpéora-hpiRes at thefitst sige r et akes are
required and hi g&gﬁ%ﬁg%k'o} Mﬁelsg&gﬁéid%%er%% %f%o%gﬁb&dﬁ}ﬁ?msa%bﬁ%én?i | mged.

In addition, the I"er,” cl'oser corlrinproves rnmage qualtty ~“signiticantly
for body coils. Jévivedn)dueli assd Hifige erdfldxittabradlet, ahakties He tpSIRET to el i ciently

at the high flgeql;]oettg?ni I?a?fzrzlesgm red for high field strength imging.
A radio frequency magnetic field unit lacking a first side aperture and a
second side aperture can be transformed into the radio frequency magnetic field
unit 202 including the first side aperture 206 and the second side aperture 208.
In one embodiment of a method to transform a radio frequency magnetic field
20  unit lacking a first side aperture and a second side aperture into a radis frequency
magnetic field unit 202 that includes the first side aperture 206 and the second
side aperture 208, two non-adjacent current elements are removed from the radio
frequency magnetic field unit lacking a first side aperture and a second side
aperture. Preferably, the two non-adjacent current elements are located opposite
25 from one another. Removing two non-adjacent current elements from the radio
frequency magnetic field unit that lacks a first side aperture and a second side
aperture creates two voids in the radio frequency magnetic field unit. These
voids provide areas in which to form the first side aperture 206 and the second
side aperture 208. After removing two non-adjacent current elements from the
30 radio frequency magnetic field unit lacking a first side aperture and a second side
aperture, currents to produce the desired magnetic field 210 are calculated for the

Temaining cwrent elements.
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égr ;I'ihgu{gcrji 0 Lrequency lmagnet iDc ]ti el gl unit 202 is not linited to &7 JAN2005
shape_or volune. Preferably, the shape and vol di

frequency Wg‘ﬁ@”sg field unit 202 approxi mate tﬁe shape an l\i@flﬁwéﬁo; at Ihg
objd_ectfor subj ect to be imged. For exanple, a substantially cylindrical
radi o frequency rragl?lg_&‘ig-' oy | 1 i 100
centi met e[s a?ﬂ t he &; al%re gglsg%% g?%%%{l@oggﬁ%g%\ﬁ%gt&g?@gﬁgggsao shape t hat
appr oxi mat es t hiachilpahefadidirtyuney thagiytic field onie2@hivookidimgrio thettéashingsli o
frequency magnetic field unit 202 .has a s_u?;t_antiall cy ié]dri cal shape,
] (r)\gly uding a di ?ﬁ?lépreaﬂa;%m&grgt?h;éﬁ’@z%%_ 0 fehpSeter g S BRI hunan

. | ' peld unit
20 202 has a sugsltﬁg'%{t?égﬁl y cylr?EﬁgrF%%epgéﬁg%gagﬁggq?ﬁgﬁﬁéﬁggef%ﬁlt}h% udi nal
axis 234 and spuficfield Rametineld 38it 25t Prefembiy, teetatibifigldmagnetic ﬁﬂg

substantially parallel to the | ' I nal Is 234,
236 need not be‘-‘%‘b%ﬁhﬁ?éﬁ%"?ar%%@gtfnqgf#é‘ijg%?%f’pﬁéﬁ%ég%ﬁgﬁ}ﬁgﬁ%ﬁ%nﬁg&%%34 and
i ncl uding the aﬁlaglga%tlﬁélé‘étf‘e%vgl%msﬁthe BloRliRIhDf Rikh radution dmidiebp @rond group

of current el enen 4 incldding the at 25 least three current el ements

220-222 are arr angghog tudt 25%h dosertr, dhegadis fraqudangy mpgnetiy ficklnitcdR 1saitumre. The

end aperture 204 provides a port for intro I n n i ect or. subject int

tEe r;adi 0 fL&qp&%@éﬁ%&Fﬁ&F@“&”%?fa%gaggﬁg“egﬁgﬁg#%n#% a‘r?ha?rlgﬁiegcgdy I? ngt
shown) can ! Cedld it that HBdURSE Pardi REUBNAYHIEBAR Shdrgtt. iTRledadimi t 202 at
30 the end apertt??g 5&04. The é‘nlhc;lﬁgapertgrel 204 flrg? not Iim'ﬂtged tg :1 particul ar

al i gnrremr;t dym' t ht lﬁEQlﬁECY n::jagmtthdiqlfhmi&@riequ’@hbﬁmgﬁb‘tqﬂécqtioél“dﬂ’t?ﬂ}’t 202. In
one enbodi ment, t aperture 204 i.nc f f Ss poi nt 240
that is 10 WO oé‘ia_%%ﬁ@n agf‘%ﬁi\}igﬁﬁ‘d‘ﬁé Vg oo iE e el RS Iy al'i gned
wi th the I ongitudi naki@xdcsis2@4ilustiatiGéf soib eftbodiftients bhthefappattusi de aperturé

206 and the second side aperture 208 are contjguous to ert
conti guous rel atnaiutkng @e radio frequency magnetic field unit%OE shown in%?g. ﬁa}g ure 204. A

15 configured for use in a clinical setting. As canbe seenin FIG. 2C, a subject

easily and comfortable fits into a close fitting radio frequency magnetic field unit
202 which makes radio frequency magnetic field unit 202 particularly well
suited for use in heart, lung and breast imaging applications.

Although the embodiments described above were directed to radio

20 frequency magnetic field units for use in connection with imaging a human head
and body, the radio frequency magnetic field units 102 and 202 are not limited to
use in connection with imaging a human head and body. The radio frequency
magnetic field units 102 and 202 are suitable for use in connection with imaging
a wide range of subjects including but not limited to human extremities, such as

25  arms, legs, joints, hands and feet, non-human subjects, such as dogs, cats, mice,
rats, horses, and primates and the extremities of those non-human subjects.

FIG. 3A-3D are illustrations of some embodiments of the structure of a
volume coil 300 according to the teachings of the present invention. The volume
coil 300 includes a cavity wall 301, which is not shaded so that the underlying

30 structure of the volume coil 300 can be seen. The volume coil 300 shown in
FIG. 3A-3D includes current elements 302-308. The volume coil 300 shown in
FIG. 3A includes a radio frequency conductive front end ring 310 and a radio
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‘between the first side aperture 206, the second side aperture 208 @”ﬂéhﬁ‘?ﬂ%
end 5 aperture 204 permts easy introduction of a subject into the radio
frequency rwglaqu-,gﬁfi eld unit 202. The first side aperturgcg@émiBasoa W dth
‘or separation I stance 228 and the second side aperture 208 has a width or
separation distance 244. The widtH or separation distance 228 is preferably

about equal to thgusdtdndetiveipRylate 0D, Thétadidceeqddity cdidubtivesioune end
enbodi ments, the radi o frequency magnetic field unit 202 includes a

top-hal f 247 anding 338tane theriadio frequepcy gomduqtiyp bpgkplane 32 asapmpies tyihepei ng
mechani cal | y at tcaChﬁatdeém%t fstpghed to the bottomhalf 248 at the first side
aperture 206 or tHe sé ond si-de aperture 208. I n one enbodi nent, an

attachment devi ce 249he wilehe asl WOBhewgeinBIGE BB Xichides bradivlfedqueralyt aches t he
top-half 247 to the 15 bottom half 248. A radio frequency magnetic field
unit |acking & foopductiyp Fentgedring g4 bavines 2apSd o et a1 gl FHIBFAYr e can be

transforned int qohRsiAlhdalheIHANRLMPENEL biirchi Sblenipland s 1 Udi ng L he

first side aperture e aperture . one enbodi nent
of a method to tradiogfequency comiictiveffrontereiming tdgne thecadio feqheBy unit | acldn g a

first side aperture and,a, ,seco Siti An,-.rfl1lrf-. i ~ 1 rndin
fr,-nii FM .| !to (FREFRAUVE bf“il'@ﬁ‘ae Eﬁi"’t‘e%@?ﬁdﬁ%ﬁ‘eic’ ?’ﬁ&[f&lef‘lisiéb?'&ﬁgt si de aperture

206 and the second sirdevARGE LAl 0AASwn G 90 iRHRE SRldiCidfueRy el enents are
removed fromthe radio ¥requency magnetic field unit lacking a first side

aperture andlé seodundivsifvet endpiag 310 end Prdicdreghingy conductivedadloendaijgacent
current elenents, are.located opposite. .25.from ane ot.her. .Renpvi t wo
non- adj acent cyr%lgn&hglr‘é‘ﬁ%ﬁf?cgﬁow Yhve Q&?tﬁndﬁ%aﬁ‘g%?é‘ggwawﬁ‘éé@?m d unit
that |acks a firghdsdtie badentWng 389 ste JoGR600 dheSdustent cdpintslB0e-30geat es two
voids in the radio frequency magnetic field unit. These voids provide areas

in which to fonn thellevodimesjoil00 shwn inFéG oS inshides avediodie@hency si de aperture
208. After remv&oﬂ@%%ﬁﬁﬁﬂ“{ﬂ%éﬁ?hﬁ%%?#tm%laﬁa@%%ﬁ{qﬁgﬁ e 30 radio

frequency nmagnetiC st 'side aperture’and a second
side apertul®, cuddicivedatkoendirmgd2@hdvivg despi32ed Thaget fraquéncglcdndiitGvear e

cal culated for ti?fnt e}’lg gﬁ‘g Qiﬁp %dctfig l’l:d 'gtfre%{l%g}? ggrfduct}v]é back ring 320 are coupled
to the cwrent elements 302-308.
As can be seen in FIGs, 3A-3D, the volume coil 300 includes an aperture

324 formed between the current elements 302 and 308. Also, as can be seen in

[
<«
rri

IG. 3A-3D, the aperture 324 is formed by removing a current clement
(shown by a dashed line) from a regular or symmetrical arrangement of current
elements that includes cwrent elements 302-308 and current element 326 (shown
by a dashed line). Inan alternative embodiment, the current element 326 is
' removed from the top 328 of the volume coil 300. In another alternative
25 embodiment, the current element 326 is displaced (rather than removed) to form
an the aperture 324.
Each of the end rings 310, 314, 319 and 320 comprise an open end 330 of
the volume coil 300 and each of the backplanes 312 and 318 comprise a closed
end 332 of the volume coil 300.
30 The volume coil 300 includes an impedance. In one embodiment, an
adjustable impedance is included in each of the current elements 302-308. The

adjustable impedance, in one embodiment, is a capacitance. The adjustable
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2 7 JAN 2005 WD 02/10786 PCT/USOL /24040 FIG 2B is an illustratiloh 8 26§pne
enbodi ments of an imaging unit 250 including the radio freguency magnetic
field unit MNROZ8Brding to the teachings of the present T&UHW%%? The
imaging unit 250 includes a static-field magnetic field unit 252 and the
radi o frequency magnetic field unit 202 | ocated within the 5 static-field

magnetic field imRedaBaspin 3palpmatys qubodaent 440 PIYGANCE nagnetic field unit

252 produces a ”Bgnetﬂlﬁné LebShilia! ROcAi)Wall 308 gn8hEs Hrahdigidnangite A hi gh
magnetic field strength enables the production of high resolution i mages by

the imaging untirrebelemdnsB02308.t nanraitetinativereadhodinwpt, teeparity evafli3él d unit 202

is not limted to use ipn connegtion with a tic-field net g, field unit

or a static-fi eF@nﬁ@seﬁﬁéﬁgF‘?gu?el ef*§® Vijetse?rh'éftsEt[gr %%&beglefag%?{”?@a@ar magnet i ¢

field strengish. ;nEifed éggmﬁeriﬁ%_@w_&{%ﬁiaﬁﬁé&di&;ﬁécédeméntéfé&ehﬁe,z%ui table for
ny

use in connection wt static-field magneti'c field unit used in
connection with an i Thgvelgmeroil 300Hs @itad{® fosusgnn irhdging # wideaangsiofsome

enbodi nents of the apparatus . i.ncludin h adi o, freque tic field
ni ¢ 202 shown PeRt ahd Biverl ndffrghia: prfed Sdefs SRMRELTHR Ty A
can be seen in Elfamidks. @ subject easily and confortable fits into a close

fitting radio frequency magnetic field unit 202 which nakes radi o frequency
magnetic field unit Each gfahe fadiol feeqhsncyanagnetis fieldenitsdp2 gad20hagdhe t . | ung and

breast i magi appl i cati Al.t hough .t h i I bove were
directed to \rbgdivg @P%gﬂgﬁe&}ﬂﬁgﬁﬁgﬁI%Slﬁtlagllggglﬁdﬁ??g& ?%L&?%@elk%)ﬁcqlégnnecti on
with inmaging a Ry herd coigndi@dy pdlhezedadil e dofleiguisipeynedignid i c fiel d
units 102 and 202 are not limted to use in_connection Wi%h cg_rPr(agl ng a human
head and body. Faughaadnethed adirarseyvelndaipnediceils Adlonblg fmed caip s ARG 302 are

suitable for use_|i nect | i i ! : i : SURj ects
i ncl udi ng but no oﬁeﬁ‘? & gt‘gqﬂﬁlﬁg&lﬂgfg?g%ﬂgpg%}nggﬁﬁlgs%%%&fac}e%ﬁsg | egs,
joints, hands arficileg} polataedruirsndrseijeeiatpart asircladspalanped radio fiequencie, rats,

horses, 2%, L s ot e S s Pl PGB SRR S
coi | 300 accor ditng, pfferk 3854 22 HINOSTRH FlehferRy §oRMe doflY &N RIbar The vol une
magnetic Resonance Applications” which is hereby incorporated herein by
reference. Each of the radio frequency magnetic field units 102 and 202 and the
volume coil 300 are capable of being actively detuned/retuned for use with a
20 local receiving coil by adjusting the current elements included in the coil. The
current elements are adjusted by changing the impedance of the current
elements.
FIG. 4 is an illustration of one embodiment of a current element 400
suitable for use in connection with the radio frequency magnetic field units of
25 the present invention. The current element 400 includes a shield or cavity wall
section 402 resonant with a conductor 404. The cavity wall section 402 is
formed from a conductive material and the conductor 404 is formed from a
conductive material. In one embodiment, the cavity wall section 402 is formed
from a conductive mesh. A plurality of current elements 400 can be arranged to
30 form an “enclosure.” In one embodiment, a plurality of current elements 400 are
arranged to form a cylindrical enclosure (not shown). In a eylindrical enclosure,

the shield or cavity wall section 402 is oriented to the outside of the enclosure

14



-coi |, 300 includes a cavity wall 301, which is not shaded so that the
underlying 30 structure of the volunme coil 300 can be seen. The? VoJayrigiscoi l
300 shown i Rydrbfaers%A- 3D i ncl udes current el ements 302- 308. pdimesnine coi l
300 showmn in FIG 3A includes a radio frequency conductive front end ring
310 and a radio 12 2 7 JAN 2005 WO 02/10786 PCT/USQ /24040 frequency
conduct i ve backphdtte coBdiRtor Fhdisremdnted to the inside ! deredclosire.cCiresit end ring 3

10 and the radi o, frequency conductive ck e , 31 I oypled to the
current el ement Slogpat f’H?ﬁ aﬁ'ﬁ@@bﬁﬁrﬁﬁméﬁﬁ’l#gé‘%ﬂgm%ieﬁ‘@é' H%gﬁi ncl udes a
radi o frequency 5 700U ¥ 'ﬂEorg&Q%eﬁ'bﬂlgefgr%ﬂce%Yéhﬁlg a gap 316 and a

radi o frequency “conductive Egb pl an 18 truncated to the current el ements
302 and 308. The r adilthofigtespeeific ymbatichkents heve teendascrbed and tllps@®ad and t he

radi o frequengcy . conductive backpl.an 3.18 are coupled to.the. c..irrent
el ements 302-30derehdt Wil hsAePEgR gbgw% edilﬂﬁffla&’gév(’l"ﬂ&fspfﬁggogh? adi 0
frequency 10 Cogﬁék‘éﬁtid{&lgsﬁﬂ%at%§ afrbf i mndVhioNE ikehi@ditd adhicgdan@meconduct i ve

back end ring 9. The radio fréequency conductive front end ring 310 and
the radi o frequenieppse oy deasthistiwtaddora spaeifie embodmentshewn o Uik applicatiathe curr ent

el enents 302-308..Th | une coi | 0 _sho Ln F | a radio
frequency conddﬁFﬁ?@°¥&HﬁWméﬁ a¢g§§mgi2; ?%8°§E%é%£%T3&§ﬁ§5§ radi o
frequency 15 conplisedfbrésit Rasknd0 that tHigins&ich B¥ liftted oglgbyIRLclaitiand &di o
frequency conductive front end ring 314 and the radio frequency conductive
back ring 320 arequivelgpisdlpreafo t he current el enents 302-308. As can be seen
in FIG . 3 A3D, the volunme coil 3 00 includes an aperture 324 formned
bet ween the current elenments 302 and 308. Also, as can be seen in T7T("-
3A-3n, 4- '"ITA - '211K "bram rem-ing a current cl---+ .. "AO&%
'F V1 "44 1S 4V c%A buy o % L" ILI,
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(shown by a dashed line) froma regular or symmetrical arrangenent 20f JAN 2005
¢current elenents that includes current el enents 302-308 and current el enent
326 (shown by a dashed line). In an alternative enbodi ment, the current

el enent 326 is renmoved fromthe top 328 of the volume coil 300. In another
alternative 25 enbodi ment, the current element 326 is displaced (rather than
renoved) to form an the aperture 324. Each of the end rings 310, 314, 3 19
and 3 20 conprise an open end 33 0 of the volune coil 300 and each of the
backpl anes @hgt iaPdimeBsconprise a closed end 332 of the volune coil 300.
30 The vol ume coil 300 includes an inpedance. |In one enbodi nent, an

adj ust abl e i npedance is included in each of the current elenents 302-308.

The adjustaple ippedance, in one enhodiment,. i.s a capacitance. The

adj ustabl e 13 2 75@%&%’85%‘30%56@/1 g5e ?’C?’?“@@éﬁﬂg?dg'ﬂ’gﬁfyﬁ’ﬁéﬂ’éﬂﬁe, in an
alternative aséﬁaﬁs,molumscﬁnfdrmFﬁétmes%naﬂce haRfg S BRGHRERImed Be cavity wal |
301 conprises return elenents of the current elenents 302-308." In an

al t er nat i Ve wmoudiordisplacementofong gr merk cusat elepsmsfiosesregulbr ot t ed shiel d. As

can be seen jn FlLG - 3D, _the cayi wal |, 301 5. includes an erture in
line with thd MLy RS 05%%385%8%‘5_°té’r‘T°8L‘f‘e‘BF‘2]e‘ﬁ%’H?‘_°§’fé? St SBPEMe coi | 300
is suitable inoludessetra3mid¥RAI1HG sdgriért Bavid W BrsPEurredbpAR bhisd 2Pstalalbbiemt S
including but not limted to heads, ankles, feet, and other extremties.

Each of the fuebPath &qemidsst eratpntpatle wheedin forrrack curoent glemeptodf thind the 10
volume coi | s, id0f AGRGHERS AR g fifst %ﬁpr%ngsétﬁ is‘;r%gon‘éﬁtewgﬁ%hgipgroagbl' e tuned coll,

a mltiply Pihed Coi , a clirculrarly po I'zed col Subly tuned by
t he Vaughancanmehheturapathan actively detuned coil. A double tuned coil is
driven at tw frequencies. A multiply tuned coil is driven at nmultiple

frequencies. A circularly polarized coil is driven to inpart a circularly

pol ari zed ragh O T FROUSAGNSR RATEbhéreh Rl maliy NAUAVRArERIAIAG & doUDI Y

detuning a coil is déscri
current elements is capable of producing a desired field and the desired field is

restored, compensated or otherwise effected by adjustment of currents in the

15 plurality of current elements.

3. The apparatus of claim 2, wherein the volume coil includes a top and one or
more of the regular or symmetric pattern or arrangement of current elements is
removed from the top for improved access from the top and the desired field is

20  restored.

4. The apparatus of claim 3, wherein the volume coil capable of being used in

head imaging.

25 5. The apparatus of claim 2, wherein the volume coil includes an open end and

a closed end, the closed end being closed by a conductive plane.

6. The apparatus of claim 5, wherein the volume coil is capable of being used
i;hedd imaging.

30

7. The apparatus of claim 2, wherein the volume coil includes two open ends.

16




U S. Patent 5,557,247 titled "H gh Frequency Volunme coils for N“C|e§VJAN2%5
magneti ¢ Resonance Applications” which is hereby incorporated hereih by

ref erence. Each of the radio frequency magnetic field units 102 and 202 and
the volune coil 300 are capable of being actively detunedlretuned for use
with a 20 local receiving coil by adjusting the current elenents included in
the coil. The current elenents are adjusted by changi ng the inpedance of
the current elenments. FIG 4 is an illustration of one enbodi mrent of a
current elenent 400 suitable for use in connection with the radio frequency
magnetic field units of 25 the present invention. The current el enment 400

i ncl udes a shi el diterapparatus pf vlain 7 swelwréio the4@Mmesoinanapabietdi bainguseduct or 404.
The cavity wall gection 402 is formed froma conductive material and the
conduct or 40BN AFRE froma conductive material. In one enbodiment, the
cavity wall section 402 is formed froma conductive nesh. A plurality of
current elenents 400 can be arranged to 30 forman "enclosure.” In one
embodi meni, % pl uFle dppgravis of claine At whdreimdhet wlwrgOcail is capabteaafdeunstused or m a
cylindrical eqflgsure (not shown). In a cylindrical enclosure, the shield
or cavity wal""C8LtM4EME- 402 is oriented to the outside of the enclosure 14 WO
02/ 10786 2 7 JAN 2005 PCTIUSO 1 f 24040 and the conductor 404 is oriented
to the inside of the enclosure. Current elenents, such as current elenent
400, are furlher Uesappatass of nlaim 3, wirreianhe vausegoibis rapiblecof tiemnghsedby

i ncorporated, by reterence herein. Al though specific enbodi nents have been
descri bed anflt TR 'RPE0E 5 herein, it wll be appreciated by those skille
in the ang, having the benefit of the present disclosure, that any :
arrangenment which is intended to achi eve the sane . purpose may be
substituted fbr aThperperates of glssmi2nwhereintbewelump el issapabiaef beiig ysed | nt ended

to cover any. ti . yvariations of the present invention. Therefore,
it is intendlengi%?ﬁ%ant%Atn%?"zmgch \I/Ié'nti on be limted only by the clains and the

12.  The apparatus of claim 2, wherein the volume coil includes an impedance

15  and the impedance is adjusted to control current in the plurality of current elements.

13.  The apparatus as in 12, wherein the impedance is adjusted by adjusting a

capacitance.

20 14.  The apparatus as in 12, wherein the impedance is adjusted by adjusting an

inductance.

15.  The apparatus of claim 2, further comprising a radio frequency conductive
front end ring coupled to the plurality of current elements and a radio frequency

25  conductive back plane coupled to the plurality of current €lements.

16.  The apparatus of claim 2, further comprising a radio frequency conductive
front end ring including a gap, the radio frequency conductive front end ring
cgupléd to the plurality of current elements and a radio frequency conductive back

30  plane coupled to the plurality of current elements.
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10 equivalents thereof. 15 2 7 JAN 2005 Wat is clainmed is: 1. An gppappiggs
conprising: a volune coil including a plurality of current elenents, th

vol une coil for magnetic resonance having an aperture forned by 5 renoval or
di spl acenent of one or nore current elenents froma regular or symetric
pattern or arrangenent of current el enments wherein each current el enent
includes a transm ssion |line segnent having a first current path and a
parallel return current path for the first current path, wherein, for each

current el engnt ofhetaBBarBul bed1hity2, Firtied CoRPisifd £PRY Sedubfcy dohdlcudlr rent path
is resonant with the parallel to current return path. 2. The apparatus of

claim 1, whefaitand Aeg eapiadip the perelia of curent elemente ande ragfio frequenesht el enent s
i s capabl e of duei desired. fi.eld and the desired field is restored,
conpensat ed OF 5’%({?1%% r%\‘l“}\n&geen %e “%ec 8?@8‘1 {?ytﬁ%glj“ﬁa%'g'rr%fﬂctung?t WP hts in the 15
plurality of current elenments. 3. The apparatus of claim 2, wherein the
volunme coil jncludes a top and one or nore of the regular or symetric
pattern or ak% angdwenparatus efi¢lpiani, furthsrspmprisisg a radipfrequengysendediveop f or

i nproved ac h i fleld.s.2Q restored. 4. The
appar at us ofcﬁ ((?:[ﬁaelg énggé E#Egﬁr%ipan& E %Eaegﬁﬂ‘fm“@%ﬁ?’ %"3‘8@%1‘% bg% %“gﬁn"% used in head
i magi ng. 25 including agppahatadio fidquendyicondictiwh ot end tidg aldlheredicoi | i ncl udes an
open end and, a closeq end, the c]osed %gg eing.closed by a conductive

0,

plane. 6. ThiEeaspeyrconductiye bagkandirng cppledioths pluralify offadip dicpusnsy capabl e of

bei ng used qgwkptegggg&inaging. 7. The apparatus of claim2, wherein the
vol unme coil 1nc uaes two open ends. 16 2 7 JAN 2005
10

19.  The apparatus of claim 2, further comprising a slotted shield or cavity wall

coupled to the plurality of radio frequency current elements.

20.  The apparatus of claim 2, further comprising means to actively detune/retune

15  the volume coil for use with a local receiver coil.

21. A apparatus of claim 2, wherein the volume coil is double tuned or multiple
tuned.

20 22.  The apparatus of claim 2, wherein the volume coil is double tuned by the
Vaughan method.

23.  The apparatus of claim 2, further comprising a mirror or prism mounted over
the window or aperture.

25
24,  The apparatus of claim 2, further comprising a window or aperture in shield

or cavity in approximate line with missing or displaced element or elements.

2§ " The apparatus of claim 24, wherein the volume coil includes an open end

30 and a closed end, the closed end being closed by a conductive plane.
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8. The apparatus of claim7, wherein the volume coil is capable of bgingaN 1005
Used in head imaging. 5 9. The apparatus of claim2, wherein the vol une
coil is capable of being used in head inmaging. 10. The apparatus of claim
2, wherein the volune coil is capable of being used in extremty imging.
10 11. The apparatus of claim 2, wherein the volune coil is capable of being
used in foot and ankle inmaging. 12. The apparatus of claim2, wherein the
vol unme coil includes an inpedance 15 and the inpedance is adjusted to
control currxnt iThetabparpius 6Bdlhiiny23)whetsin @8voRhRillcapabledef bEg Wapiar at us as
in 12, wherein_the inpedance is adjusted by adjusting a capacitance. 20 14.
The appar at J$2him3gingi>  wherein the inpedance is adjusted by adjusting an

i nduct ance. 15. The apparatus of claim2, further conprising a radio
frequency conductive front end ring coupled to the plurality of current

el ements and27a r aiheapparaqs eficlgin??4, sdheckire the weluliseadoil phelndes twol pparckride t he
plurality of current elenments. 16. The apparatus of claim?2, further
conprisirg a radi o frequency conductive front end ring including a gap, the
radio frequ y C L Is : iJqy of
current eleﬁgﬁtsrgﬁgﬁg&?gﬁPoaggiaﬁgﬁgﬁﬁﬂgﬁ u§#?&§95%§ﬁ£@%ogkgﬁgb%%upled to

t he pluralitihedd magignt el ements. 17 2 7 JAN 2005 17. The apparat us of
claim?2, further conprising a radio frequency conductive front end ring
coupled to the plurality of current elenents and a radi o frequency

conductive bggk eﬂi&a{p‘pﬁlﬁhﬁ%‘ﬂ?ﬂaﬁﬁﬂ,%ﬁe?&n RicHided 4 fop 488 of&Ibf Bbke dTiRTENtS. 5 18.
The apparatus of claim2, further conprising a radio frequency conductive

front endP riregulane sychimericpajiem ensarangament of durrenfadenagnteigmetneveiditonback end -

;;390 i ncl ud{hggopafog%gpmwfa&gsg|ﬁ%n}‘tti‘ggb%gncy conductive front end ring and the

30.  The apparatus of claim 29, wherein the volume coil is capable of being used
in head imaging.

15
31.  The apparatus of claim 24, wherein the volume coil is capable of being used

in body imaging.

32.  The apparatus of claim 24, wherein the volume coil is capable of being used

20 in extremity imaging.

33.  The apparatus of claim 24, wherein the volume coil is capable of being used

in foot and ankle imaging.

25 34,  The apparatus of claim 24, wherein the volume coil includes an impedance

and the impedance is adjusted to control current in the plurality of current elements.
35.  The apparatus of claim 24, wherein the impedance is adjusted by adjusting a

capacitance.

30
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frequency conductive back end ring coupled to the plurality of radio27 jaN200s
frequency current elenments. 10 19. The apparatus of claim?2, further
conprising a slotted shield or cavity wall coupled to the plurality of
radi o frequency current elenents. 20. The apparatus of claim2, further
conprising nmeans to actively detune/retune 15 the volume coil for use with
a local receiver coil. 21. A apparatus of claim2, wherein the volune coi

is double tuned or multiple tuned. 2022. The apparatus of claim 2, wherein

the vol une cyy.| iﬁe@ﬁﬂﬁhﬁsbﬂaﬁiﬂ;@4{\ﬁﬂéﬁéiﬂ/ﬂdé%ﬁéﬁaﬁ@cti@ﬁ%ust@byId]@stﬁ@_par atus of

claim2, further conprising a mrror or prismnmounted over” the w ndow or
aperture. 2mnjinductsee.apparatus of claim2, further conprising a w ndow or
aperture in i el ar._ cavi in roximate.line with mssin r displ aced
el ement or el’enent's _apgggﬁ‘xsrﬁgéﬁgl%%ﬁgﬁtj T §PRISing & B0 ‘f?&ﬁ‘é‘?féﬁyr%" ‘ﬂ'@%%l une coil

i ncl udes an Mﬁﬂn@ﬂdgc&%l@lﬂd tige plhiaEgbIeitlent ltthealsane d ralisl frqicngy cl osed by a
conductive plane. 18 2 JAN 2005 26. The apparatus of claim 25, wherein the

vol une coi | @agusive bagk planagguplisd ip the pluselifnof ¢Hstgnhejements. The appar at us of
claim 24, wherein the volunme coil includes two open ends. 5 28. The
apparatus of claim 27, wherein the volune coil is capable of being used in
head i magi ng38.29. Thetuppapmabiitldsn 04, fottledr domgsising @ 6en flonctnddaig; a top and one
or nore of the 0 reqgular or. symmetric pattern or arrangenent of current

ol ements i s SRS ARy CYIEE FlgmentspRdy Eadioy %@gcwqoaﬁa'qt%b@f&p.

plane coupled to the plurality of current elements.

10
39.  The apparatus of claim 24, further comprising a radio frequency conductive
front end ring coupled to the plurality of current elements and radio frequency

conductive back end ring coupled to the plurality of current elements.

15 40. A apparatus of claim 24, further comprising a front end ring including a gap
coupled to the plurality of current elements and a back end ring including a gap

coupled to the plurality of current elements.

41.  The apparatus of claim 24, further comprising a slotted shield or cavity wall.
20
42.  The apparatus of claim 24, further comprising a mirror or prism mounted

over the window or aperture.

43.  An apparatus comprising: a radio frequency magnetic field unit for magnetic

25  resonance including a plurality of current elements that are asymmetrically
arranged, wherein at least one current element includes a transmission line segment
having a first current path and a parallel return current path for the first current path
and at least one current element is physically disconnected from another current
ei::}nént and at least two current elements are reactively coupled.

30
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30. The apparatus of claim 29, wherein the volune coil is capable ofz?ghﬂg@5
used in head imaging. 15 31. The apparatus of claim 24, wherein the v

coil is capable of being used in body imaging. 32. The apparatus of claim
24, wherein the volune coil is capable of being used 20 in extremty

i magi ng. 33. The apparatus of claim 24, wherein the volunme coil is capable
of being used in foot and ankle imagi ng. 25 34. The apparatus of claim 24,
wherein the volunme coil includes an inpedance and the inpedance is adjusted

to control arrenthelappdri@s Bf dlhigd 43, Whefeirtwol @ Hor€ L@F@NEBmenR is atP€ appar at us
of claim 24, wherein ?he i npedance is adjusted by adjusting a capacitance.
30 19 2 7 Jmhysicaly dwonmastednnae ar moreoindgl ai m 24, wherein the inpedance is
adj usted by adjusting an inductance. 37. The apparatus of claim 24, further
conprising a radio frequency conductive front end ring coupled to the

plurality ofd4scur ritiatapparatie 6f Slaiai 4B, avhefih Be pledlitg bEMrfenclBdat bee back plane
coupled to the pluraflty of current elenents. 38. The apparatus of claim 24,
further donmmsymmgtically anged abowt a substaptiglly cylindriabferme t he plurality of
current elenments and a radi o frequency conductive back plane coupled to the
plurality of current elenments. 10 39. The apparatus of claim 24, further

conpri si ng adq; adiThefappsrams of claimnély) Giliekttn edch ofi theghdalitly of careanpklemhesito t he
plurality of current elenents aqd radio frequency conductive back end ring
coupl ed to tPEPESERATCSINENLIUTEHt FEREMte| ements. 15 40. A apparatus of claim
24, further conprising a front end ring including a gap coupled to the
plurality of current elenents and a back end ring including a gap

10 47.  The apparatus of claim 46, further comprising a static-field magnetic field

unit having a bore, the radio frequency magnetic field unit inserted in the bore to

form an imaging unit.

48.  The apparatus of claim 43, wherein each of the plurality of current elements

15 is inductively coupled to at least one of the plurality of current elements.

49.  The apparatus of claim 43, wherein the each of the plurality of current

elements is capacitively coupled to at least one of the plurality of current elements.

20 50.  An apparatus comprising: a radio frequency magnetic field unit for magnetic
resonance having a plurality of current elements wherein each current element
includes a transmission line segment having a first current path and a parallel return
current path for the first current path, the radio frequency magnetic field unit
adapted to generate a desired magnetic field, the radio frequency magnetic field unit

25  having a first aperture formed at an end of the radio frequency magnetic field unit
and a second aperture that is substantially unobstructed, wherein the first aperture is

contiguous to the second aperture.

51. ' The apparatus of claim 50, wherein the second aperture has an arc having an

30 arc length of between about 0° and about 90°.
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coupled to the plurality of current elenents. 41. The apparatus of CZ?LﬂﬁNﬁﬁ
further conprising a slotted shield or cavity wall. 20 42. The appar 5
claim?24, further conprising a mrror or prismnounted over the w ndow or
aperture. 43. An apparatus conprising: a radio frequency magnetic field unit
for magnetic 25 resonance including a plurality of current el enents that
are asymmetrically arranged, wherein at |east one current elenent includes a
transm ssion |line segnent having a first current path and a parallel return
current pat hof or 1HaGpharksl ofHAHENT fiRfePcordiiflifila daRSlicl@HBghdtcRId el ement s
physi cal | y- di sconnecFed from another current “element and at |east two
current el ensithaviaga boes thei redib yreqeanoy edgnesio 261 whizingetgdd 2008 baek to The
apparatus of.claim43. wherein two or nore current elenents is are

physi cal |y dPYRBRHMBUEIYY one or more ends. 45. The apparatus of claim 43,
wherein the plurality of current elenents are 5 asymetrically arranged
about a substantially cylindrical form 46. The apparatus of claim 45,

wher ei n dachof thhe apparptys pf glaigs 5¢ durthen coraprisingnng or mywpapesiares formedonant
current el enent.. - i m 46 . f r d sing a
static-fiel go% %asd(ri\%&l tﬁzﬁdg]@eq%gﬁ(i%{rﬁé@\%}lwgéelgL@Ct)Eg ep e%n’r‘{éaleééasgfooa %ﬁgﬁﬁgency
magnetic fiedagk.unit inserted in the bore to forman inmaging unit. 48. The
apparatus of claim43, wherein each of the plurality of current elenents 15
is inductively coupled to at |east one of the plurality of current elenents.
49 The appait uspfapflahidlof dnint B2 e bR PhudhtBfy ehithdficalign Of cur rent
el enments is capacitively coupled to at | east ohe of the plurality of current
el enent s10 20de5(ke té\norampaicate tleogginte pss orgnora apatiires. f r equency nmagnetic field
unit for nmagnetic resonance having a plurality of current el enents wherein
each current elenment includes a transm ssion |line segnent having a first

current pathsand Phdapatatilof ERInY5H wherein the communication device provides

active or passive auditory protection.

15 56.  An apparatus comprising;: a radio frequency magnetic field unit for magnetic
resonance having a plurality of current elements wherein each current element
includes a transmission line segment having a first current path and a parallel retum
current path for the first current path, the radio frequency magnetic field unit having
a first side aperture, a second side aperture and a pair of end apertures, the first side

20  aperture and the second side aperture contiguous with each of the pair of end

apertures.

57.  The apparatus of claim 56, wherein the radio frequency magnetic field unit

comprises a substantially cylindrical volume having a curved arrangement of current
25  elements with the first side aperture and the second side aperture located along the

curved arrangement and the first side aperture located substantially opposite from

the second side aperture.

5'8’.' " The apparatus of claim 57, wherein the first side aperture has a first width
30 and the second side aperture has a second width that is about equal to the first width.
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current path for the first current path, the radi o frequency nagneti 7‘]5&@'2[?55
unit adapted to generate a desired magnetic field, the radio frequency
magnetic field unit 25 having a first aperture forned at an end of the radio
frequency magnetic field unit and a second aperture that is substantially
unobstructed, wherein the first aperture is contiguous to the second
aperture. 51-. ' The apparatus of claim50, wherein the second aperture has
an arc having an 30 arc length of between about 0 and about 90. 21 2 7 JAN
2005 52. Thes%appdaihetapparatus of elhim S8, further tdigprishastatii-figld maghalc feld 1 el d
magnetic field unit having a bore, the radi o frequency magnetic field unit

i nserted in tWdapwea boge. thegpdio dipanensy magnaiisifield wnitmserted dn dedaretous of cl ai m
50, further GOk isid or nore apertures forned on a side of the radio
frequency nafgnetl E:Iﬁ%%@nﬁnit to permt access to a subject's ears. 54. The
apparatus of claimb53, further conprising an auditory communication 10

device to co nigate throu t he one or nor pertures. 55. The_ appar atus
of ol ai m 54, Oaher HICAPPHENS BHAAHA S TGFE TG ko E%W@églag%eeﬁf\?@ Wit passi ve

audi tory prohaeldsnop-halfakd aﬁemﬁﬂmff,%yﬁ)ﬁ%mﬁﬁa}l@&ibeﬁagﬁﬁéﬁhﬁnﬂ:ﬂ uency
magnetic field unit Tor magnetic resonance having a plurality of current

el ement s wheatechedend deohaddn thediottrmetialf 4t thel furslesidecapertena onileseomdlsidee  segnent
having a first current path and a parallel return current path for the
first currenP’gdfh, the radio frequency magnetic field unit having a first
side aperture, a second side aperture and a pair of end apertures, the first
side 20 aperture and the second side aperture contiguous with each of the
pai r of &hd 6hperhmeathipd @Mpriving: repywEmgons cwrent plamantsd a plyralityiof eyt r adi o -
frequency ma .cnf]el [ [ .antd al | [ i cal vol une
havi ng a cur%gﬁ&ggﬁg}ﬁgaeﬁn%ﬁ{;d%)fﬁeéﬁ%&rﬁa%ag%e c(lg&r)rér]éll?{s& fl\cl)\llﬁ{l ﬁ)é?c%hfrﬁm?(gt si de

apert ur e andfrédignoenagrtis fidkl vmitdod Mignetiofsdratcahaving dnhpertard) whdeiar r angenent

and the first side aperture | qcated substantially opposife from
each current element includes a transmission line segment having a first current path
and a parallel return current path for the first current path.
15
62.  The method of claim 61, further comprising:
calculating and implementing a set of currents for each current element to

generate a desired magnetic field in the second radio frequency magnetic field unit.

20 63. A method comprising: removing two or more adjacent current elements of a
plurality of current elements from a first radio frequency magnetic field unit to form
a second radio magpetic field unit for magnetic resonance and having an aperture,
wherein each current element includes a transmission line segment having a first
current path and a parallel return current path for the first current path.

25
64.  The method of claim 63, further comprising:

calculating and implementing a set of currents for each current element to

generate a desired magnetic field in the second radio frequency magnetic field unit,

30 65: A method comprising: removing two oppositely positioned current elements

circuits from a first radio frequency magnetic field unit to form a second radio
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the second side aperture. 5S. The apparatus of claimb57, wherein the TijABe0,
side aperture has a first width 30 and the second side aperture has a second
width that is about equal to the first width. 22 2 7 JAN 2005 59. The
apparatus of claim58, further conprising a static-field rmagnetic field

unit having a bore, the radio frequency magnetic field unit inserted in the
bore to forman imaging unit. 5 60. The apparatus of claimb56, wherein the
radio frequency magnetic field unit includes a top-half and a bottom half,
the top- hal ffrgaamRinfaghbridSdid anit st haiph&a! redonaidela8 ReAng R ird apaaieshd 0 the
bottomhal f at thé first side aperture or the second side aperture. to 61.
A met hod corﬁﬁep@drﬂyﬁﬂﬁrénﬂ\ﬁqn@ewg(@u@wrelmtenb'timrilwluﬁesa tighsmiasipn lineof current
elements froma first radio fr ncy. magpstic fiel d uni o forma second
Fadio frequbimisr hidhet RS PrnhG ARG » BRIRE G SRRy bR A8 N an
aperture, whementpatteach current el enent includes a transm ssion |ine segnent
having a first current path and a parallel return current path for the
first current path. 15 62. The nethod of claim 61, further conprising:

cal cul ati ng d i [ Of r el ement to
generate a desi régpgarr‘gggﬁg%ie@%%@gﬁlﬁé%lﬁ%wstg@%ﬁl&i“%acgﬁg&% #%ﬁ(@{f magneti c
field unit. t2dhstedse eledthiagnketicanil forahapmietic esmmancgandinviap windovsad] acent
current el enents of lurality. of curr?nt el enents froma first radio
frequency na@%meecwtﬁ@ e FhErent slemsnis to allow acsies Epeh ey FERt Sentsnist d uni t
for magneti Cyh&SRRANEGARRAIBAY LIRS FRSAIMESon INRERLA HAMGHE aGHkr ent el enent
i ncludes a transm ssion |ine segnent having a first™ current path and a

par al | el 10 et enrrentpath amd a parelie] fewmtcngertipatht foc the festcupentipath25 64. The net hod
of claim®63, further conprising: calculating and inplenenting a set of
currents for each current elenent to generate a desired magnetic field in
the second rédi o Aratieéagyenmaemibtomprisingl d uni t .

a plurality of magnetic resonance current elements including a first current
element, a second current element and a third current element, each current element
15 having an inner conductor and a outer conductor separated by a dielectric, each
inner conductor for carrying a current and each outer conductor for providing a
return path for the current, the current elements arranged in a parallel alignment and
enclosing a volume and the current element unequally spaced from each other and at

least one current element having an individually adjustable impedance.

20
68.  The coil of claim 67 wherein a field generated within the volume is a
function of the current in each current element.
69.  The coil of claim 67 wherein at least one outer conductor includes a slotted
25 shield.
70.  The coil of claim 67 wherein the current elements are asymmetrically
arranged.
30 71.  The coil of claim 67 wherein the volume is cylindrical.
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30 65. A nethod conprising: renoving two oppositely positioned curraq:
elements circuits froma first radio frequency magnetic field unit t o JANHIE
a second radio 23 27 JAN 2005 frequency magnetic field unit for magnetic
resonance and having a first aperture and a second aperture wherein each
current element circuit includes a transm ssion line elenent having a first
current path and a parallel return current path for the first current path.
5 66. A transverse el ectromagnetic coil cavity including current elenents,
the transvense dheebiloftl@net? wheein at st tWe@fieie dirresiSddndigearand havi ng

w ndows or- apertures cut between current elenments to all ow access through
the current "é¥divglyceuplgther ei n each current el enent includes a transnission

| ine segnment having a first 10 current path and a parallel return current
path for the first current path. 67. A radio frequency coil conprising: a
plurality of73ragrigieicoiliof shaita 6t evherein thabutet emdadtsr ofrat leastiong carréritr st curr ent

el ement, a second. current elenent and a third current el enent, each current
el enent 15 Herosmgnclufies amesh-conduct or and a outer conduct or separated by a
di el ectric, each inner conductor for carrying a current and each outer
conductor for providing a return path for the current, the current elenents
arranged in a paraIIeI al i gnnent and enclosing a volune and the current

el ement une 1y ..,spa om,each. ot her and east ,ope current el enent
having an in vi dUi 94@ g&i g23$§r E 4N %ﬁﬁﬁgcuﬁﬂg EﬂFP 'St claim 67
wherei n a fighndolfNehabahdiitidpi ctuh‘@nt\{ﬁ’hié%'@cdna clrredtléeidn@n Of the current in
each current elenent. 6 The coil of claim67 wherein at | east one outer

conduct ot0 i ncl udes a slotted 25 shield. 70. The coil of claim®67 wherein the

current el enﬁ;fﬁ eco (é‘%ﬁt&lﬁl?g\gljﬂlle\{ mc?ud'i & eglo ilse%ugnlcy C-(I)-I?CFUCE\(?(% | of claimé67

wherein the
backplane afﬁxed to at least one of the current ¢lements.

76.  The coil of claim 67 further including an auditory communication device

15  disposed proximate a current element.

77.  The coil of claim 67 further including an imaging unit disposed proximate

two adjacent current elements.
20 78.  The coil of claim 77 wherein the imaging unit includes a mirror.
79.  The coil of claim 77 wherein the imaging unit includes a prism.

80.  An apparatus comprising:

25 a plurality of magnetic resonance current elements, each current element
having a shield and an inner conductor separated by a dielectric and at least one
current element individually controllable; and

wherein the current elements are arranged to define a surface about a volume
w;t‘h the inner conductors disposed towards an interior of the volume and the shields
30  disposed towards an exterior of the volume, the volume having a first side aperture

devoid of a current element, the volume having an axis and wherein a current path

25




24 2.7 JAN 2005 72. The coil of claim67 wherein at |east two of tHel di fent
el enments are reactively coupled. 73. The coil of claim®67 wherein the outer
conductor of at |east one current 5 elenent includes a nmesh. 74. The coil of
claim 67 wherein the current in the first current elenment is controllable

i ndependent of the current in the second current elenent. 10 75. The coil of
claim67 further including a radio frequency conductive backplane affixed
to at | east one of the current elenents. 76. The coil of claim®67 further

i ncl udi ng_amkraiigh daeh ¥ueiTEleRieAd fitROpIdRYILCE cukeni @l SRAGSS aRgRY Mt e a current
el ement. 77. The coil of claim67 further including an inmaging unit disposed

proxi mate tWestantipBy eopxiadlyrwidrthe atienents. 20 78. The coil of claim 77
wherein the imaging unit includes a mrror. 79. The coil of claim77 wherein
the imagi ng unit includes a prism 80. An apparatus conprising: 25 a
plurality ofs1magmatagpdreaoofdisim S0fufthbatindtdiat&on@adb agatuieintthel ement
havi ng a shield and an i nhner conductor separated by a dielectric and at

| east oné c@lumstheseendrvide apantyre devaid 9f zomtepbelemeite; and wherein the
current elenments are arranged to define a surface about a volume with the

i nner conductors di sposed towards an interior of the volunme and the shields
30 di sposed &owarlte apparapst of ¢laim &I futther ivellding an tikkitomodontreurieationg a fir st

si de aperturge devoi f a current elenent, the volume havjng an axis and
wherein a CLﬂe?”éﬁPO‘fPi t°2’5°“2fe‘7"eW@WSBTCIW6@%‘°%W%W‘F%WP YiErEnt of the

plurality ofadgl_l,{g(g %gcﬂ%ﬂgﬁfr&e&{&ngned substantially coaxially with the
axis. 81. The apparatus of cl’'dim80 further including a second side aperture
inthe 10 )
83.  The apparatus of claim 80 further including an auditory communication
device coupled to a current element wherein the auditory communication device is

adapted for passive auditory protection.

i5 84,  The apparatus of claim 80 wherein the first side aperture subtends an arc of
less than about 90 degrees.

85.  The apparatus of claim 80 further including a radio frequency conductive
first backplane coupled to at least one current element.

20
86.  The apparatus of claim 85 wherein the first backplane includes a first end

aperture.

87.  The apparatus of claim 86 wherein the first end aperture is contiguous with

25  the first side aperture.

88.  The apparatus of claim 87 further including a radio frequency conductive
second backplane coupled to at least one current element.
30 89.  The apparatus of claim 88 wherein the second backplane includes a second

end aperture.




5 volume, the second side aperture devoid of a current elenent. 82.2 They
apparatus of claim80 further including an auditory conmunication device
coupled to a current el enment wherein the auditory comrunication device is
adapted for active auditory protection. 10 83. The apparatus of claim 80
further including an auditory conmuni cation device coupled to a current

el ement wherein the auditory conmmuni cati on device is adapted for passive
auditory protection. 15 84. The apparatus of claim80 wherein the first side
aperture subtends an arc of |[|ess than about 90 degrees. 85. The apparatus
of claim860 further including a radio frequency conductive first backpl ane
coupl ed to 0| edde aapﬁéat&apfgw%‘i@h%rﬁm.thez@cwfl endRRCTAE P &Y WPHEUWF ¢l ai m 85

wherein the fi L, 30§, ncl udes a first end aperture. 87. The
appar at us of&% g%%?%éheﬁ@FEI% the first end aperture is contiguous with 25

the first side aperture. 88. The apparatus of claim87 further including a

radi o frequency nducti ve econd_ backpl ane coupled. to at | east one current
el ement . 330 ‘89. apparas of) aigh 9 fusies 1B OgIAB A 8Fopn ﬁ@eée%r&mmdﬁwm ane

el udes 2 SREgd tEREoRAR dfefturcdvdid br 4 dRORRR: arkhigh@ppaRat us of claim

89 wherein the second end aperture is contiguous wth the first side
aperture. 5 ®dondHide apeyiuncas crmtighous|vathnth® Grst emd dpertuterapt gdintrgypows wtkkond si de

aperture in Lhe v&que, t he second side aperture devoid of a current
el enent, andPGAEPRY ARG HE™MEecond side aperture is contiguous with the first

end aperture and contiguous with the second end aperture. 10 92. The

apparatus of claim80 wherein the plurality of current elenments are
10 92.  The apparatus of claim 80 wherein the plurality of current elements are

adapted for head imaging.

93.  The apparatus of claim 80 wherein the plurality of current elements are
adapted for extremity imaging.

15
94,  The apparatus of claim 80 wherein the plurality of current elements are

adapted for foot and ankle imaging.

95.  The apparatus of claim 80 wherein the plurality of current elements are

20  adapted for body imaging.

96.  The apparatus of claim 80 wherein a field generated within the interior is a

function of the controllable element.

25 97.  The apparatus of claim 80 wherein the controllable element includes an

adjustable impedance.

98.  The apparatus of claim 80 wherein the controllable element includes a PIN
diode:

30
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adapted for head inmaging. 93. The apparatus of claim80 wherein the 2; JAN.IZP]UE
plurality of current elenments are adapted for extremty inmaging. 15 94, e
apparatus of claim80 wherein the plurality of current elenents are adapted
for foot and ankl e imagi ng. 95. The apparatus of claim 80 wherein the
plurality of current elements are 20 adapted for body imging. 96. The
apparatus of claim80 wherein a field generated within the interior is a
function of the controllable elenent. 25 97. The apparatus of claim80

wherein the ggont nmelagpdr@m@bﬁmmi WEérbil@he Ajustatid Msfeablce indiRsance. 98. The
apparatus of claim80 wherein the controllable elenent includes a PIN

di ode. 30 27nguclAngAN 2005 99. The apparatus of claim 97 wherein the

adj ust abl e i npedance includes an inductance. 100. The apparatus of claim 97
wherein the adjustabl e i npedance includes a 5 capacitance. 101. The

appar at us of100| aiThe@Ppavars ot claiai 91 @hGtintthOadjistadnimmldareiicdudeee reactivel y
coupl ed. 10 102. The apparatus of claim80 further including an imging unit
di sposed ¥ pr@RIGEIE t wo adj acent current el ements. 103. The apparatus of
claim 102 wherein the imaging unit includes a mrror. 15 104. The apparatus
of claim 102 wherein the imaging unit includes a prism 105. The apparatus
of cl ai m 80 Wer eThe dpparats bf elaim 80 edremweinat drast tas\cormeitrelengdntsyare ar r anged about

the volune. 20 106. The.apparatus of claim80 wherein the current el enents
are doubly tigagtyely coupled.

10 102. The apparatus of claim 80 further including an imaging unit disposed

proximate two adjacent current elements.
103.  The apparatus of claim 102 wherein the imaging unit includes a mirror.
15 104, The apparatus of claim 102 wherein the imaging unit includes a prism.

105. The apparatus of claim 80 wherein the current elements are asymmetrically

arranged about the volume.
20 106. The apparatus of claim 80 wherein the current elements are doubly tuned.

107. The apparatus of claim 80 wherein the current elements are tuned to multiple

frequencies.

25 108. The apparatus of claim 80 wherein the current elements generate a circularly

polarized field.
109. The apparatus of claim 80 wherein the current elements are actively

d&luné.ble.
3
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107. ., The apparatus of claim80 wherein the current elenents are tua¢qANQMS
nul tiple frequencies. 25 108. The apparatus of claim80 wherein the current
el enents generate a circularly polarized field. 109. The apparatus of claim
80 wherein the current elenents are actively detunable. 30 28 2 7 JAN 7005
110. A nethod conprising: froma radio frequency volune coil having a
plurality of nagnetic resonance current elenents, each current el enent
having a pair of adjacent conductors separated by a dielectric and having
an indivi dualiby admesoabbeptisimgdance, renoving 5 one or nmore current

elements to yield a plurality of remaining current elenents; calculating a
current for each ffoanaradinfeaigneernlumns eqibhavingapjuglityed maggetigresqnapgdance f or

oo e
cach {7 80k, SR ko KNEAITHES Bl th bR g 0

udes sel ecti ng onant Trequency for
tuni ng. 112.sefdrstedrby bditleatriccdndihavihg @n widevidually adjusnable gmpedanoy, redvéngc ur r ent
el ements includes renoving two adjacent current elenents. 15 113. The

net hod of c|&F /F IPEP quarephelpmenfe fuasiA g Phuplie of f?@’a&“%&‘m“@/%le%ﬁﬁonent of at
| east one remmi U'c@&u&%é%ﬁn@ﬂt Freath reﬂr%ﬂﬁnog-réﬁ?ﬁﬂﬁl%}ﬂgn %d%l::l%;tm O further
al 't the plu of e

i ncludi ng appl ying an excitation sign rality mai ni ng
current el enepedanc (orkich refinagpamahudersonpri sing: a plurality of magnetic
resonance current elenments, each current elenent having a shield and an

i nner conductor separated by a dielectric; and a radi o frequency conductive

first backplane criérh@fod 6f Miml BASFheRAE cAIARRla cudenEhEliBA seleit) a

10  resonant frequency for tuning.

112.  The method of claim 110 wherein removing one or more current elements

includes removing two adjacent current elements.

15 113.  The method of claim 110 further including adjusting a reactive component

of at least one remaining current element.

114. The method of claim 110 further including applying an excitation signal to
the plurality of remaining current elements.
20
115.  An apparatus comprising:
a plurality of magnetic resonance current elements, each current element
having a shield and an inner conductor separated by a dielectric; and
a radio frequency conductive first backplane coupled to at least one current
25  element; and
wherein the current elements are arranged to define a surface about a volume
with the inner conductors disposed towards an interior of the volume and the shields
disposed towards an exterior of the volume, the volume having a first side aperture
d;\{oid of a current element, the volume having an axis and wherein a current path

30 tlfrough each current element of the plurality of current elements is aligned

29



wherein the current elenents are arranged to define a surface abouuaﬂghggne
with the inner conductors disposed towards an interior of the volu the
shi el ds disposed towards an exterior of the volune, the volunme having a
first side aperture devoid of a current element, the volume having an axis
and wherein a current path 30 through each current elenment of the plurality
of current elenents is aligned 29 27 JAN 2005 substantially coaxially with
the axis, and wherein the first backplane includes a first end aperture.
116. The appabsintiallgtoaxidiyrwiihlthe whie) i wHebein thie Tt backplanp endludes aifisstcont i guous
with 5 the first side aperture. 117. The apparatus of claim 116 further
i ncl udi ng a M"4dPHW-equency conductive second backpl ane coupled to at |east
one current elenment. 10 118. The apparatus of claim 117 wherein the second
backpl ane i ncludes a second end aperture. 119. The apparatus of claim118
wher ei n t he décoritheapparatpe nf claien 15 wientin ghedfirst endiapérhirb & dontigious mdth apert ure.
15 120. The Parat us of claim 119 further including a second side aperture
in the Vol &ﬁg,lfﬁﬁéegm side aperture devoid of a current elenent, and
wherein the second side aperture is contiguous with the first end aperture
and contiguous with the second end aperture. 20 30

117. The apparatus of claim 116 further including a radio frequency conductive

second backplane coupled to at least one current element.

10 118. The apparatus of claim 117 wherein the second backplane includes a second -

end aperture.

119. The apparatus of claim 118 wherein the second end aperture is contiguous

with the first side aperture.

15
120.  The apparatus of claim 119 further including a second side aperture in the
volume, the second side aperture devoid of a current element, and wherein the
second side aperture is contiguous with the first end aperture and contiguous with
the second end aperture.

20
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