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(57) ABSTRACT 

A magnetic resonance imaging (MRI) probe apparatus is 
described. The MRI imaging probe includes a coil section 
having an imaging coil, and a handle section connected to the 
coil section. The handle section having a phase shifter circuit 
With inductors, capacitors, and coax line electrically con 
nected and con?gured to provide appropriate phase shift. The 
handle section further having a coaxial cable Winding elec 
trically connected to the imaging coil, and Wound cylindri 
cally, and having a slot therethrough between the ends of the 
cylindrical Winding. The handle section further having a pre 
amp circuit mounted on a substrate and electrically connected 
to the cylindrical coax Winding. 

0% 

$30 



Patent Application Publication Sep. 27, 2012 Sheet 1 0f 11 US 2012/0242337 A1 

mmw 

.............\.................................................................$.. T i.’ , 

. X. ..wJ1J1J1J1._1._?i??i????i) J1._1J1.i????i?i?. m m. 

W, 

wmw i. . . 

g” m wwwwmg?i w. ?g g xx 

diiiiii . 



Sep. 27, 2012 Sheet 2 0f 11 US 2012/0242337 A1 

2; ' 

i 

Patent Application Publication 

WW“ 

M i 



Patent Application Publication Sep. 27, 2012 Sheet 3 0f 11 US 2012/0242337 A1 



Patent Application Publication Sep. 27, 2012 Sheet 4 0f 11 US 2012/0242337 A1 



Patent Application Publication Sep. 27, 2012 Sheet 5 0f 11 US 2012/0242337 A1 



Patent Application Publication Sep. 27, 2012 Sheet 6 0f 11 US 2012/0242337 A1 

m2. 



Patent Application Publication Sep. 27, 2012 Sheet 7 0f 11 US 2012/0242337 A1 



Patent Application Publication Sep. 27, 2012 Sheet 8 0f 11 US 2012/0242337 A1 



Patent Application Publication Sep. 27, 2012 Sheet 9 0f 11 US 2012/0242337 A1 

s 

“. 

v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v v : a? 

“ 

‘ MK» 555. 555. .5; .5; .5; .5.‘ .55. .1 , 

1...? 4 u , ,0... 

M wk” , 

.0)... 

.11: F3. . I %\<%:n¢ 

.iaaiahwkiiii?wii. lvW Y . . . . . . . . . . . 

,2. .www :7 



Patent Application Publication Sep. 27, 2012 Sheet 10 0f 11 US 2012/0242337 A1 



Patent Application Publication Sep. 27, 2012 Sheet 11 0f 11 US 2012/0242337 A1 



US 2012/0242337 A1 

MRI IMAGING PROBE 

RELATED APPLICATIONS 

[0001] This application claims priority from US. Provi 
sional Patent Application No. 61/417,270 ?led Oct. 25, 2010 
and US. Provisional Application No. 61/417,271 ?led Oct. 
25, 2010, the contents of each of Which are herein incorpo 
rated by reference. 

FIELD OF INVENTION 

[0002] This invention relates to the ?eld of medical imag 
ing and more speci?cally to the ?eld of magnetic resonance 
imaging (MRI). 

SUMMARY OF THE INVENTION 

[0003] In an aspect of the present invention, there is a MRI 
imaging probe comprising a coil section having an imaging 
coil and a handle section connected to the coil section. The 
handle section having a phase shifter circuit comprising a ?rst 
set of inductors and capacitors electrically connected, a 
coaxial cable Winding electrically connected to the imaging 
coil and Wound cylindrically, and having a slot therethrough 
betWeen the ends of the cylindrical Winding. The handle 
section further having a pre-amp circuit mounted on a sub 
strate and electrically connected to the cylindrical Winding, 
Wherein at least a portion of the substrate is contained Within 
the slot of the coaxial cable Winding. 
[0004] The imaging coil may have a passive tuning circuit. 
The probe may further comprise a ?ducial marker in the coil 
section. The coil section and the handle section may be sub 
stantially cylindrical. The MRI probe may further comprise a 
substantially cylindrical neck section connecting the coil sec 
tion to the handle section. The neck section may have a 
smaller diameter than that of the coil and handle sections. The 
coil section, handle section and neck portion may be aligned 
along a longitudinal axis. The substrate may be substantially 
planar and may be parallel to the longitudinal axis. The slot 
may be aligned along the longitudinal axis. 
[0005] The MRI imaging probe may further comprise a 
second imaging coil in the coil section. The second imaging 
coil may have a second passive tuning circuit, and may be 
electrically connected to the ?rst imaging coil through a 
decoupling circuit. There may also be a second set of induc 
tors and capacitors electrically connected, a second coaxial 
cable Winding electrically connected to the second imaging 
coil and Wound cylindrically around the slot of the ?rst cylin 
drical Winding. There may also be a second pre-amp circuit 
mounted on the substrate electrically connected to the second 
cylindrical Winding. 
[0006] The ?rst and second coaxial cylindrical Windings 
may be Wound radially relative to each other. The ?rst and 
second cylindrical Windings may also be Wound side-by-side. 
The decoupling circuit may comprise a decoupling capacitor. 
[0007] The MRI imaging probe may further comprise a coil 
shell substantially surrounding the coil section and the neck 
section. The coil shell may comprises a slot therethrough, the 
slot permitting passage through the coil section of the probe. 
The coil section may also have a passage therethrough, the 
passage being aligned With the slot of the coil shell. The slot 
may extend from a ?rst surface region of the coil shell at the 
neck section, to a second surface region of the coil shell at the 
coil section. 
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[0008] The coil shell may have a smaller diameter around 
the neck section than around the coil section. The MRI imag 
ing probe may further comprise a handle shell substantially 
surrounding the handle section, and the handle shell may be 
connected to the coil shell. 

BRIEF DESCRIPTION OF THE FIGURES 

[0009] For a better understanding of embodiments of the 
system and methods described herein, and to shoW more 
clearly hoW they may be carried into effect, reference Will be 
made by Way of example, to the accompanying draWings in 
Which: 
[0010] FIG. 1 shoWs an exploded vieW of an embodiment of 
an MRI imaging probe; 
[0011] FIG. 2 shoWs a circuit diagram of an embodiment of 
an MRI imaging probe; 
[0012] FIG. 3 shoWs a circuit diagram of an alternative 
embodiment of an MRI imaging probe; 
[0013] FIG. 4 shoWs an embodiment of a tWo channel MRI 
coil of an MRI imaging probe; 
[0014] FIG. 5 shoWs an alternate vieW of the MRI coil 
shoWn in FIG. 4; 
[0015] FIG. 6 shoWs an embodiment of the connection of 
the MRI coil shoWn in FIG. 4 With transmission cables; 
[0016] FIG. 7 shoWs an alternative embodiment of a MRI 
coil having a ?ducial marker; 
[0017] FIG. 8 shoWs an embodiment of a phase shifting and 
pre-amp circuit for use With an MRI imaging probe; 
[0018] FIG. 9A to 9D shoWs an embodiment of an MRI 
imaging probe in a protective casing; and 
[0019] FIG. 9E shoWs an alternate embodiment of a pro 
tective casing. 

DETAILED DESCRIPTION 

[0020] It Will be appreciated that for simplicity and clarity 
of illustration, Where considered appropriate, reference 
numerals may be repeated among the ?gures to indicate cor 
responding or analogous elements or steps. In addition, 
numerous speci?c details are set forth in order to provide a 
thorough understanding of the embodiments described 
herein. HoWever, it Will be understood by those of ordinary 
skill in the art that the embodiments described herein may be 
practiced Without these speci?c details. In other instances, 
Well-knoWn methods, procedures, and components have not 
been described in detail so as not to obscure the embodiments 
described herein. Furthermore, this description is not to be 
considered as limiting the scope of the embodiments 
described herein in any Way, but rather as merely describing 
the implementation of the various embodiments described 
herein. 
[0021] Prostate diseases represent a signi?cant health prob 
lem. In the United States, metastatic prostate cancer is cur 
rently the third leading cause of death among the American 
men over ?fty years, resulting in approximately 31,000 
deaths annually. The de?nitive diagnostic method of pro state 
cancer tends to be core needle biopsy. Currently, transrectal 
ultrasound (TRUS) guided needle biopsy is a technique being 
utiliZed for the diagnosis of pro state cancer and contemporary 
intraprostatic delivery of therapeutics tends to be also prima 
rily performed under TRUS guidance. This technique has 
been popular due to its speci?city, real-time nature, loW cost, 
and apparent simplicity. At the same time, hoWever, TRUS 
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guided biopsy also tends to fail to correctly detect the pres 
ence of prostate cancer in approximately 20% of cases. 
[0022] Magnetic resonance imaging (MRI) detects faint 
nuclear magnetic resonance (N MR) signals given off by pro 
tons in the presence of a strong magnetic ?eld after excitation 
by a radio frequency signal. The NMR signals are detected 
using antennae termed “coils”. NMR signals are extremely 
faint, and so the ability for a coil to detect these signals tends 
to decrease With increasing distance betWeen the coil and the 
tissue being imaged. 
[0023] In typical operation, coils are be tuned to the Larmor 
frequency associated With the magnet ?eld strength of the 
main MRI ?led (or B O ?eld) in Which it is meant to operate. 
For example, an MRI magnet having a 1.5 T main ?eld 
requires a coil tuned to 63.86 MHZ, and an MRI magnet 
having a main ?eld of 3.0 T requires 127.7 MHZ. In current 
commercial coils, the coil elements or antenna are typically 
inseparable from the patient support structure, or are insepa 
rable from the coil housing. 
[0024] Coils local to the tissue being imaged, such as the 
prostate, tend to have a higher signal-to-noise ratio (SNR) 
than coils positioned further aWay from the tissue, even if the 
coils that are positioned close to the tissue of interest are 
smaller than those positioned further aWay; hoWever, due to 
the physical location of a person’s prostate many existing 
MRI coils, such as surface coils, are ineffective at obtaining 
images of a prostate With a high SNR. HoWever, if a coil can 
be inserted With a cavity of a patient such that it is closer in 
proximity to the prostate, or other tissue of interest, this can 
tend to be advantageous to improve SNR of the resulting MRI 
image obtained. 
[0025] Additionally, in current MRI applications, due to the 
loW currents and signals obtained by the coils due to the faint 
NMR signals, the signal obtained are boosted and/or ?ltered 
by a pre-amp circuit. HoWever, in such MRI coil applications, 
the pre-amp circuits are not located proximate to the MRI 
coil, due to space constraints, especially for MRI coils 
intended for insertion inside an ori?ce of a patient, such as the 
rectum of a patient. To improve SNR of the resulting image it 
Will tend to be advantageous to position the pre-amp circuit 
proximate the coils to avoid signal losses through lengthy 
transmission cables from the coil to the pre-amp circuit. 
[0026] Another consideration for imaging is varying the 
position in Which the tissue is imaged, for example being able 
to image a tissue in a patient When the patient is in multiple 
positions, such as the prone position (lying on their stomach), 
in the supine position (lying on their back) or When lying on 
their side. 
[0027] Therefore, it may be desirable to have an improved 
MRI coil that having improved SNR capabilities that is por 
table and is capable of use Within a cavity of a patient to image 
tissue that is otherWise dif?cult to obtain through traditional 
external MRI coils. 
[0028] Referring to FIG. 1, MRI imaging probe 100 is 
shoWn in an exploded vieW. In the embodiment shoWn, MRI 
imaging probe has coil section 102 and handle section 104, 
With coil section 102 having imaging coil 110 and handle 
section 104 having phase shifting circuit 106 and pre-amp 
circuit 108. 
[0029] In the embodiment shoWn, MRI imaging probe 100 
is a tWo channel MRI imaging probe, having tWo MRI coils; 
hoWever, in FIG. 1, only one of the tWo coils, coil 110, is 
visible With the other coil being hidden from vieW. In the 
embodiment shoWn in FIG. 1, coil 110 has passive tuning 
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circuit 112 Which operates as an impedance choke, andblocks 
out high induced currents, When activated by a PIN diode 
sWitched on by voltages induced by the RF transmit ?eld of 
the MRI magnet When in use. 
[0030] As discussed above, While not shoWn in FIG. 1, MRI 
imaging probe has tWo channels, having imaging coil 110 and 
a second imaging coil that is not visible. The tWo imaging 
coils are decoupled physically With a small overlap and 
through a decoupling capacitor (as discussed further beloW), 
con?gured to decouple the tWo coils and reduce signals in one 
coil that are induced from current, such as noise current, 
?oWing in the other coil, Which can tend to improve the SNR 
of MRI imaging probe 100. 
[0031] With reference to FIGS. 4 and 5 alternative vieWs of 
coil section 102 is shoWn, Where the tWo imaging coils 110 
and 402 are shoWn. As shoWn in FIG. 4, coil 110 has passive 
tuning circuit 112 and While not visible, coil 402 has a corre 
sponding passive tuning circuit positioned in a similar posi 
tion in the other side of section 102 (not shoWn). 
[0032] Additionally, as shoWn in FIG. 4, coil section 102 
contains passage 410, Which can be used to position or alloW 
a medical instrument or instruments to pass through, such as 
a biopsy needle, to alloW a user to take biopsy samples from 
a tissue of interest in a patient through an ori?ce that coil 
section 102 is positioned Within. For example, When coil 
section 102 of MRI imaging probe 100 is positioned Within a 
patient’s rectum through their anus, a user can position a 
biopsy needle through passage 410 to obtain biopsy tissue 
samples of a patient’s prostate. 
[0033] Referring to FIGS. 4 and 5, coils 110 and 402 
decoupled physically With a small physical overlap and con 
nected With a decoupling capacitor 404 Which, as discussed 
above, is con?gured to decouple the tWo coils and reduce 
signals in one coil that are induced from current, such as noise 
current, ?oWing in the other coil, Which can tend to decrease 
the SNR of MRI imaging probe 100. 
[0034] Reference Will noW be made to various positions on 
coil section 102 that are visible in the Figures (such as the top, 
bottom and side relative to the vieW of the elements shoWn in 
the Figures); hoWever, skilled persons Will appreciate that the 
coil is not limited by the speci?c positional references made, 
and that the positional references are only referred to for the 
purpose of describing the elements in the Figures. 
[0035] As shoWn in FIG. 4, coil 110 is position on the top of 
coil section 102 close to and along one side (referred to as the 
back side for convenience) of passage 410 While coil 402 is 
positioned close to an along the path of the other side (referred 
to as the front side for convenience) of passage 410. Decou 
pling capacitor 404 is positioned close to the tip of coil section 
102 Which, in the embodiment shoWn is a curved tip that can 
tend to provide improved patient comfort When inserted into 
an ori?ce of the patient. 
[0036] Coil 110 and coil 402 are each decoupled physically 
With a small overlap of the coils and decoupled electrically by 
decoupling capacitor 404, With coil 110 continuing through 
decoupling capacitor 404 along the front side of coil section 
102 and coil 402 continuing through decoupling capacitor 
404 along the back side of coil section 102 (not visible in FIG. 
4). 
[0037] With reference to FIG. 6, coil 110 is electrically 
connected to transmission line 120 throughbackplate 602 and 
coil 402 is electrically connected to transmission line 122 
through backplate 602; hoWever, skilled persons Will appre 
ciate that in some embodiments, backplate 602 may not be 
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used and transmission lines 120 and 122 may be electrically 
connected or coupled directly to coil 110 and 402 respec 
tively. 
[0038] Referring back to FIG. 1, in the embodiment shoWn, 
handle portion 104 has substrate 130 on Which pre-amp cir 
cuit 108 is mounted, and handle portion 104 additionally 
includes shifting circuit 106. In the embodiment shoWn, a 
second pre-amp circuit (not shoWn) is mounted on the reverse 
side (or underside, as shoWn) of substrate 130, each pre-amp 
circuit being associated With one of the tWo channels of MRI 
imaging probe 100; hoWever, in other embodiments the sec 
ond pre-amp circuit can be mounted on substrate 130 in 
another position. In the embodiment shoWn, pre-amp circuit 
108 (as Well as the second pre-amp circuit (not shoWn)) is a 
loW input impedance device that has additional circuitry, to 
provide pre-amp decoupling Which can tend to reduce current 
in coil 110 or 402 and reduce the coupling betWeen coils 110 
and 402. 
[0039] With additional reference to FIG. 8, phase shifting 
circuit 106 shifts the phase of the received input signal so that 
the input to pre-amp circuit 108 has the desired inductance 
such that it resonates With the capacitance in line With coil 
110. This can tend to decouple the pre-amp from the coil to 
increase SNR and ?lter any unWanted noise generated by 
currents, such as noise currents, or other undesired signals. In 
the embodiment shoWn, phase shifting circuit 106 consists of 
an inductor and a capacitor for each input signal received (in 
the embodiment shoWn, being tWo input signals, one for each 
channel of MRI imaging probe 100) maintains the character 
istic 50 ohms impedance Which is necessary to proper noise 
matching for the preamp in the embodiment. It Will be appre 
ciated that in other embodiments, alternate circuits may be 
provided to shift the phase. 
[0040] In the embodiment shoWn, phase shifting circuit 106 
consists of tWo coaxial cables 134 and 136 Wound cylindri 
cally around cylinder 144 having groves therein to seat 
coaxial cables 134 and 136 in their desired position, and 
cylinder 144 further has end-caps 140 and 142, that are com 
prised of a substrate Whereby further electrical components 
can be applied (in the embodiment shoWn, the capacitors of 
phase shifting circuit 106 are mounted on end-caps 140 and 
142). In this embodiment, coaxial cables 134 and 136 form an 
inductance With their coax shields that can be resonated With 
appropriate capacitance to provide high impedance to surface 
currents on the coax shield. Additionally, in such embodi 
ments, coaxial cables 134 and 136 can convert the signal 
generated by coils 110 and 402 from a balanced signal or 
output to an unbalanced signal or output. 

[0041] In alternative embodiments, coaxial cables 134 and 
136 can be Wound cylindrically such as around substrate 104, 
but may not be mounted or positioned around any additional 
components (such as cylinder 144). In such embodiments, the 
stiffness of coaxial cables 134 and 136 may be such that they 
Will not deform under normal operation. 
[0042] In the embodiment shoWn in FIG. 8, coaxial cables 
134 and 136 are Wound side-by-side and held together by 
solder applied in betWeen them; hoWever, in alternative 
embodiments, coaxial cables 134 and 136 can be mounted 
radially, With one coaxial cable being mounted on top of the 
other in the cylindrical Winding. In such alternative embodi 
ments, coaxial cables 134 and 136 may be further soldered 
together. 
[0043] In the embodiment shoWn, end-caps 140 and 142 
have slots substantially centered in them and a portion of 
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substrate 108 is inserted into end-caps 140 and 142 With a 
portion of substrate 130 projecting out of each slot. In such 
embodiments, the portion of substrate that is positioned 
betWeen end-caps 140 and 142 can be serpentine shape, 
Which can provide strain relief during thermal expansion. 
[0044] In other embodiments, for example, in those 
embodiments having no end-caps 140 and 142, substrate 108 
can be positioned in a slot, or cavity, formed Within the 
cylindrical Windings of coaxial cables 134 and 136 such that 
a portion of substrate 130 is positioned With the Winding, and 
may project out of one or both sides of the Windings. 
[0045] Coil 110 is electrically connected to coaxial cable 
134 by transmission line 120 and connector 150. In the 
embodiment shoWn, transmission line 120 is a coaxial cable 
and is connected to connector 150 through a threaded engage 
ment; hoWever, skilled persons Will appreciate that the other 
means of electrically connecting transmission line 120 to 
coaxial cable 134 can be implemented. 
[0046] Additionally, the second channel of MRI probe 100 
comprising coil 402 that is not shoWn in FIG. 1, is connected 
to coaxial cable 136 through transmission line 122 and can be 
connected to coaxial cable 136 through a connector that is 
similar to connector 150 that, in the embodiment shoWn in 
FIG. 1 is positioned on the other side (or underside) of sub 
strate 108 and is not shoWn. 

[0047] In the embodiment shoWn, coaxial cable 134 is elec 
trically connected to transmission line 120 at end-cap 140 and 
coaxial cable 136 is electrically connected to transmission 
line 122 at end cap 142. In this embodiment, When a ?rst 
current (or signal) ?oWs through coaxial cable 134 and a 
second current (or signal) ?oWs through coaxial cable 136, 
each Will be ?oWing in the opposite direction When MRI 
imaging probe 100 is in use. 
[0048] Pre-amp circuit 108, in the embodiment shoWn, is 
electrically connected to signal output component 160 Which 
can be electrically connected to a transmission cable or other 
signal line (not shoWn) for transmitting signals to an MRI 
Workstation (not shoWn) for signal processing in order to 
generate an image of the tissue being imaged With MRI probe 
100. In the embodiment shoWn, the second pre-amp circuit 
(not shoWn) that is positioned on the underside of substrate 
108 has an additional signal output component (not shoWn) 
for transmitting signals generated by the second channel of 
MRI probe 100 for processing and generation of an MRI 
image of the tissue being imaged. 
[0049] Referring again to FIG. 1, protective shell 160 is 
shoWn, having coil shell 170 and handle shell 172. MRI 
imaging probe 100 can be enclosed Within protective shell 
160 to protect the tissue of a patient that is being imaged by 
MRI imaging probe 100 from interfering With electrical com 
ponents and to provide for the sterility of MRI probe 100. In 
the embodiment shoWn, coil shell component 170 is cylindri 
cally shaped for a snug ?t over coil section 102. In the 
embodiment shoWn, coil shell 170 further includes an integral 
neck shell 174 having a smaller diameter. In the embodiment 
shoWn, transmission lines 120 and 122 are positioned With 
neck shell 174 and extend out the end of coil shell 170. Skilled 
persons, hoWever, Will appreciate that neck shell 174 can be 
the same diameter as coil shell component 170, or may not be 
necessary for certain applications. 
[0050] Handle shell 172 ?ts over handle section 104 and 
covers substrate 108 and phase shifting circuit 106 to protect 
the electronics and to alloW an operator to grip MRI imaging 
probe 100 When in use. In the embodiment shoWn, coil shell 
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component 170 is removably connected to handle shell 172, 
and as shown coil shell component 170 has a ?tment ?ange 
extending therefrom that is inserted into an end of handle 
shell 172 to form a frictional engagement; hoWever, skill 
persons Will appreciate that other means of attachment can be 
used, such as for example, a threaded connection. An embodi 
ment of MRI imaging probe 100 contained in protective shell 
160 is shoWn in FIG. 9A to 9D. In FIG. 9E, an alternate 
embodiment having a shell casing comprising coil shell 970 
and handle shell 972 is shoWn. 
[0051] In the embodiment shoWn, neck portion 174 
includes slot 176 that can be used to position medical instru 
ments therethrough, such as biopsy needles, so that When 
MRI imaging probe is in use, a biopsy needle can be inserted 
through the ori?ce that probe is inserted Within to obtain a 
biopsy of a tissue being imaged by MRI imaging probe 100. 
In some embodiments, slot 176 can be aligned With passage 
410 of coil section 102, shoWn on FIG. 4 and on other embodi 
ments, slot 176 may not be necessary, for example in embodi 
ments that are for imaging only or Where alternative biopsy 
tools may be used. 
[0052] In use, coil section 102 of the embodiment shoWn in 
FIG. 1, once encased in coil shell component 170, can be 
inserted through an ori?ce of a patient, such as the anus, and 
extended into the patient’s rectum such that coil 110 is posi 
tioned close to the tissue near the patient’s prostate or other 
tissue being imaged. In such uses, the anus may contract 
around neck portion 174 Which can tend to offer additional 
patient comfort and to assist in preventing slippage of MRI 
imaging probe 100 When in use. 
[0053] In such embodiments, at least a portion of neck 
portion 172 can be inserted past the anus and into the rectum 
of the patient such that slot 176 may have at least a portion of 
it (and in some embodiments, the aligned passage 410 of coil 
section 102) is Within the rectum of the patient. When this is 
the case, medical instruments, such as a biopsy needle, can be 
inserted through the portion of slot 176 that is outside of the 
patient and can be positioned along the slot such that they pass 
through the slot beyond the patient’s anus and into the rectum, 
Where such medical instruments can be then manipulated so 
that the end of such instruments are delivered to the tissue of 
interest to, in some embodiments, obtain a biopsy sample 
(such as from the patient’s prostate) for later analysis. 
[0054] With reference to FIG. 2, a circuit draWing repre 
sentative of an MRI imaging probe is shoWn, the circuit 
comprising coil 202, transmission line 204, phase shifter 
circuit 206 and pre-amp circuit 208. In the embodiment 
shoWn, phase shifter circuit 206 consists of inductor 208 and 
capacitor 21 0, that operate such that the phase of the electrical 
input signal is shifted and a desired impedance is input into 
the pre-amp circuit that resonates With capacitor 212 and 
capacitor 214 of coil 202. For example, in some embodi 
ments, such as in MRI applications, an impedance of 50 ohms 
on either side of phase shifter circuit 206 may be desirable. 
[0055] In the embodiment shoWn, capacitor 214 Will 
exhibit a high impedance, or Z, value, Which can assist in 
decoupling in coil 202, and Which can tend to increase the 
SNR of the coil and improve the MRI image generated using 
the MRI imaging probe. 
[0056] With reference to FIG. 3, an alternative embodiment 
of a circuit draWing representative of an MRI imaging probe 
is shoWn, the circuit comprising coil 302, transmission line 
350 and ampli?er 330. In the embodiment shoWn, coil 302 is 
an MRI receive coil and comprises passive blocking circuit 
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304, Which, in the embodiment shoWn, is comprised of an 
inductor and capacitor operating in parallel With cross diodes 
electrically connected to each. In the embodiment shoWn, 
passive blocking circuit 304 operates to reduce current ?oW 
Which may be induced into coil 302 during the transmit phase 
of an MRI acquisition, and Which can be activated by the body 
RF transmit ?eld. 
[0057] Coil 302, in the embodiment shoWn, further 
includes active blocking circuit 306, comprising an inductor, 
capacitor and diode in series. In the embodiment shoWn, 
active blocking circuit 306 additionally operates to reduce 
current ?oW Within coil 302 during the transmit phase of an 
MRI acquisition using coil 302, to reduce current, and Which 
can be enabled during the transmit phase of the MRI image 
acquisition. 
[0058] Coil 302 further comprises coil decoupling circuit 
308, Which comprises one or more capacitors, some of Which 
may be variable capacitors, electrically connected in parallel. 
In the embodiment shoWn, decoupling circuit 308 is com 
prised of one variable capacitor and one non-variable capaci 
tor, electrically connected in parallel. Coil decoupling circuit 
308 operates to decouple currents, such as noise current, 
and/or other signals that may be induced from other elec 
tronic components positioned proximate to coil 302. In some 
embodiments, such as applications having tWo coil channels, 
coil decoupling circuit 308 can decouple coil 302 from 
another coil channel to reduce any induced current in coil 302 
caused by currents, such as noise current, in the other coil 
channel. 
[0059] Coil 302 further comprises coil tuning circuit 310 
and coil matching circuit 312. Coil tuning circuit 310 operates 
to tune the resonance frequency of coil 302 and in combina 
tion With coil matching circuit 312 gives coil 302 an output 
impedance of 50 ohms in the embodiment. 
[0060] Coil 302 is connected to ampli?er 330 by transmis 
sion line 350, Which, in some embodiments, can be a coaxial 
cable that electrically connects coil 302 to ampli?er 330. 
[0061] In the embodiment shoWn, ampli?er 330 is com 
prised of coil tuning circuit 332, decoupling and choke circuit 
332, phase shifting circuit 336, pre-amp protection circuit 
338, pre-amp 340 and output line 342. 
[0062] Circuit 332 is formed by the inductance of the shield 
With appropriate capacitance. This combination of the 
embodiment is a tank circuit that Will insert a high impedance 
on the shield to common mode currents that may be induced. 
Construction of this circuit, as explained above, Will tend to 
provide the appropriate protection to the circuitry of ampli?er 
330 from the RF induced voltages and currents. In the 
embodiment, the con?guration as shoWn tends to be advan 
tageous to permit circuit 332 to dissipate su?icient heat dur 
ing RF transmit pulses. 
[0063] Decoupling and choke circuit 323 comprises a 
capacitor and inductor electrically connected in series and 
operates as an impedance choke to block out high induced 
currents in ampli?er 330. [NOTE TO KEN: Please con?rm 
that this is correct] 
[0064] In the embodiment shoWn, phase shifter circuit 336 
consists of an inductor and tWo capacitors, connected in shunt 
across the inductor, pi con?guration, that operate such that the 
phase of the electrical input signal through the phase shifter 
circuit 336 is shifted, While maintaining an input and output 
impedance of 50 ohms. In other embodiments, a T con?gu 
ration may be used. In either case, the circuit is to adjust the 
phase lag introduced by the transmission line 350 and circuit 
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332, to a phase equal to a phase necessary to resonant With 
matching circuit 312 and circuit 310 of coil 302. 
[0065] Pre-amp protection circuit 338, as shoWn in the 
embodiment, forms a voltage limiter that operates to prevent 
voltage spikes into pre-amp circuit 340. 
[0066] In the embodiment shoWn, ampli?er 340 ampli?es 
the received signal and outputs the ampli?ed signal through 
output line 342, Which can be connected to an MR receiver. 
This signal can then be ampli?ed and converted to digital 
form so MRI imaging softWare can interpret the ampli?ed 
signals output through output line 342, and use such signals to 
generate an MRI image of the tissue being imaged. 
[0067] The present invention has been described With 
regard to speci?c embodiments. The scope of the claims 
should not be limited by the preferred embodiments set forth 
in the examples, but should be given the broadest interpreta 
tion consistent With the description as a whole. It Will be 
obvious to persons skilled in the art that a number of variants 
and modi?cations can be made Without departing from the 
scope of the invention as described herein. 

1. A MRI imaging probe, comprising: 
a coil section having an imaging coil; 
a handle section connected to the coil section, the handle 

section having: 
a phase shifter circuit comprising a set of inductors and 

capacitors electrically connected, a coaxial cable 
Winding electrically connected to the imaging coil 
and Wound cylindrically and having a slot there 
through betWeen the ends of the cylindrical Winding; 
and 

a pre-amp circuit mounted on a substrate and electrically 
connected to the cylindrical Winding, Wherein at least 
a portion of the substrate is contained Within the slot 
of the coaxial cable Winding. 

2. The probe of claim 1, Wherein the imaging coil having a 
passive tuning circuit. 

3. The probe of claim 2, further comprising a ?ducial 
marker in the coil section. 

4. The probe of claim 3, Wherein the coil section and the 
handle section are substantially cylindrical. 

5. The probe of claim 4, further comprising a substantially 
cylindrical neck section connecting the coil section to the 
handle section, the neck section having a smaller diameter 
than that of the coil and handle sections. 
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6. The probe of claim 5, Wherein the coil section, handle 
section and neck portion are aligned along a longitudinal axis. 

7. The probe of claim 6, Wherein the substrate is substan 
tially planar and is parallel to the longitudinal axis. 

8. The probe of claim 7, Wherein the slot is aligned along 
the longitudinal axis. 

9. The probe of claim 8, comprising: 
a second imaging coil in the coil section, the second imag 

ing coil having a second passive tuning circuit and elec 
trically connected to the ?rst imaging coil through a 
decoupling circuit; 

a second set of inductors and capacitors electrically con 
nected, a second coaxial cable Winding electrically con 
nected to the second imaging coil and Wound cylindri 
cally around the slot of the ?rst cylindrical Winding; and 

a second pre-amp circuit mounted on the substrate electri 
cally connected to the second cylindrical Winding. 

10. The probe of claim 9, Wherein the ?rst and second 
coaxial cylindrical Windings are Wound radially relative to 
each other. 

11. The probe of claim 10, Wherein the ?rst and second 
cylindrical Windings are Wound side-by-side. 

12. The probe of claim 9, Wherein the decoupling circuit 
comprises a decoupling capacitor. 

13. The probe of claim 12, further comprising a coil shell 
substantially surrounding the coil section and the neck sec 
tion. 

14. The probe of claim 13, Wherein the coil shell comprises 
a slot therethrough, the slot permitting passage through the 
coil section of the probe. 

15. The probe of claim 14, Wherein the coil section further 
having a passage therethrough, the passage being aligned 
With the slot of the coil shell. 

16. The probe of claim 15, Wherein the slot extends from a 
?rst surface region of the coil shell at the neck section, to a 
second surface region of the coil shell at the coil section. 

17. The probe of claim 16, Wherein the coil shell has a 
smaller diameter around the neck section than around the coil 
section. 

18. The probe of claim 17, further comprising a handle 
shell substantially surrounding the handle section, the handle 
shell being connected to the coil shell. 

* * * * * 


