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METHOD AND APPARATUS FOR DECOUPLNG 
QUADRATURE PHASED ARRAY COILS 

BACKGROUND OF THE INVENTION 

0001. The present invention relates generally to the field 
of Signal amplification circuitry, Such as circuitry used in 
medical diagnostic Systems, and Stability techniques used to 
enhance performance of Such amplification circuitry. More 
particularly, the invention relates to the decoupling of 
receive coils to reduce crosstalk between signals originating 
in phased array and other coils. 
0002 Magnetic resonance imaging systems have found 
increasing applicability for a variety of imaging tasks, 
particularly in the medical field. Such Systems typically 
include coil assemblies for generating rf magnetic fields 
used to control and excite Spin Systems in a Subject of 
interest, Such as in Soft tissueS of a patient. A body coil is 
typically employed for generating a highly uniform rf mag 
netic field transverse to the direction of the main, DC, 
magnetic field. A Series of gradient coils generate Spatially 
varying magnetic fields to Select a portion of the Subject to 
be imaged, and to Spatially encode Sensed signals emitted by 
unitary volumes within the selected slice. The gradient fields 
may be manipulated to orient the Selected image Slice, and 
to perform other useful imaging functions. 
0003. Sensing coils are employed in conventional MRI 
Systems and are adapted to the particular type of image to be 
acquired. Such Sensing coils are highly Sensitive to emis 
Sions from the Subject positioned within the primary and 
gradient fields. Such emissions, collected during data acqui 
Sition phases of imaging, Serve to generate raw data Signals 
which may be processed to extract information relating to 
the nature and location of different tissue types in the 
Subject. Where the region to be imaged is relatively Small, 
a single channel Surface coil may be employed. For 
example, a linearly polarized shoulder coil is typically 
employed for producing images of a human Shoulder. For 
larger images, large Single coils may be employed, or 
multiple coils may be used, Such as in “phased array' 
arrangements. However, the use of large Surface coils tends 
to result in lower Signal-to-noise ratioS in the acquired image 
data. Phased array coil assemblies are, therefore, commonly 
employed to produce images of larger areas, while providing 
an acceptable signal-to-noise ratio. 
0004. In a typical phased array arrangement, several 
adjacent coils are provided for receiving the Signals emitted 
by the Spin Systems of interest during the Signal acquisition 
phase of imaging. In phased array coil Systems, output 
Signals from each of Several adjacent coils are independently 
amplified by preamplifiers prior to processing of the Signals 
for generation of the image data. 
0005. A problem arises in such systems from noise cou 
pling, both between adjacent and non-adjacent receive coils 
in the array, that lowers the Signal-to-noise ratio attained. 
Additionally, receive coil coupling can lead to artifact propa 
gation. In particular, non-linearities between the homoge 
neous and gradient magnetic fields may produce an intense 
localized signal. If this intense signal is close to an active 
array element, the associated energy may be transferred to 
other elements of the array, thereby causing the artifact to 
propagate into the imaging Volume. Both the general prob 
lem of noise coupling and the Specific problem of artifact 
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propagation can be eliminated by proper decoupling of the 
phased array receive coils during the receive period. 
0006 Adjacent coils may be geometrically decoupled by 
overlapping the coils. Due to the current-carrying paths 
established by each coil, Such overlapping reduces or can 
cels mutual inductive coupling between the coils, thereby 
reducing noise coupling. For non-adjacent coils, preampli 
fier decoupling may be employed. Preamplifier decoupling 
turns one of the Series capacitances of the coil into a parallel 
resonator network by applying a parallel inductor in Series 
with a low input impedance preamplifier. The parallel reso 
nator thus formed has high impedance, preventing current 
flow in the main body of the coil, and thereby providing Zero 
mutual inductance with neighbors. 
0007 Decoupling is further complicated in the case of a 
quadrature phased array in which each element of the array 
is comprised a quadrature coil pair with Orthogonally ori 
ented rf magnetic fields. One common quadrature phased 
array element consists of a loop/butterfly pair in which the 
loop element is typically Sensitive to fields perpendicular to 
the coil plane and the butterfly element is typically Sensitive 
to fields parallel to the coil plane. Other quadrature coil pairs 
exist however. The quadrature phased arrays are Sensitive to 
circularly polarized fields Since one coil of the element is 
typically Sensitive to fields perpendicular to the coil plane 
while the Second coil is typically Sensitive to fields parallel 
to the coil plane and the two coils are driven 90 degrees out 
of phase. 
0008. In the case of a loop/butterfly pair, adjacent quadra 
ture coils are decoupled by geometric means, i.e. Overlap. 
Non-adjacent butterflies do not need to be decoupled 
because the butterflies have a RF magnetic field that drops 
off quickly outside the coil region in the direction parallel to 
the main DC magnetic field, i.e. the Z-axis. The distance 
between non-adjacent butterfly loops therefore typically 
provides good Signal isolation. The distance between non 
adjacent loops, however, is typically insufficient to provide 
good Signal isolation and, therefore, preamplifier decoupling 
is used to achieve Signal isolation in conventional Systems. 
0009 If the low input impedance preamplifier is not 
integrated into the coil, the readout signals from the loop/ 
butterfly pair are sometimes combined by a 90 degree 
combiner which shifts one Signal 90 degrees before adding 
it to the other Signal before amplification. If a low input 
impedance preamplifier is applied in Series with the output 
from the combiner, the preamplifier will provide decoupling 
for only one coil of the quadrature pair Since the Signal from 
the other coil is phase shifted by 90 degrees and therefore the 
low input impedance of the terminating preamplifier will 
look like an open circuit on the coil Side of the combiner. 
The present invention addresses one or more of the problems 
discussed above. 

SUMMARY OF THE INVENTION 

0010. The invention provides a novel technique for 
decoupling quadrature phased array elements for use in a 
magnetic resonance imaging System using low input imped 
ance preamplifiers and combiners. The technique permits 
the loop and butterfly signals to be combined such that the 
loop signal is phase shifted 180 degrees, resulting in no 
impedance transformation. The combiner typically consists 
of four Sections connected in a bridge configuration. Suffi 
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cient low impedance is maintained looking from the loop 
element through the combiner at the low input impedance 
preamplifier Such that the decoupling functionality of the 
preamplifier is maintained for that loop element. Looking 
from the preamplifier through the combiner at the coil 
elements, 5092 is maintained if both coil elements are 
matched to 50S2 such that noise figure of the preamplifier is 
minimized. 

0011. In accordance with one aspect of the present inven 
tion, a System is provided for decoupling receive coil 
Signals. The System possesses a MR Scanner including a 
receive coil assembly comprising quadrature coil pairs. The 
System also possesses a control and acquisition circuit 
connected to the Scanner which comprises a coil control 
circuit and a data acquisition circuit. The System also 
possesses one or more System control circuits and an opera 
tor interface Station. 

0012. In accordance with another aspect of the present 
invention, a System is provided for decoupling receive coil 
Signals. The System possesses a phased array coil assembly 
comprising elements of butterfly and loop coils. The System 
also possesses a combiner connected to each element which 
receives a Signal from the butterfly coil and the loop coil and 
which generates an output signal comprising a butterfly coil 
component shifted 90 degrees and a loop coil component 
shifted 180 degrees. The System also possesses a preampli 
fier connected to the combiner which receives the output 
Signal. 

0013 In accordance with another aspect of the present 
invention, a combiner is provided for combining receive coil 
Signals. The combiner comprises four Sections which are the 
equivalent of one-quarter wavelength long transmission 
lines with different characteristic impedances which are 
connected in a bridge configuration in Such a way that the 
combiner shifts one input signal by 90 degrees and a Second 
input Signal by 180 degrees. 

0.014. In accordance with another aspect of the present 
invention, a combiner is provided for combining receive coil 
Signals. The combiner comprises two equivalent inductances 
and two equivalent bridge capacitances connected as a loop 
with the two inductances disposed Such that each inductance 
is adjacent to each bridge capacitance. Due to this configu 
ration, a signal which enters the combiner at one corner and 
exits through the diametrically opposed corner traverses an 
inductance and a capacitance. 
0.015. In accordance with another aspect of the present 
invention, a method is provided for combining receive coil 
Signals. The method comprises transmitting a butterfly coil 
Signal and a loop coil signal from the phased array coil 
assembly to a combiner which combines the two signals to 
form an output signal. The combiner combines the Signals in 
such a way that the butterfly coil signal is phase shifted 90 
degrees and the loop coil Signal is phase shifted 180 degrees. 
The output Signal is then processed in a low input impedance 
preamplifier to decouple loop coil Signals. 

0016. In accordance with another aspect of the present 
invention, a System is provided for decoupling receive coil 
Signals. The System includes a means for transmitting a 
butterfly coil signal and a loop coil Signal from a phased 
array coil assembly to a combiner. The System also includes 
a means for combining the butterfly coil signal and the loop 
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coil signal to produce an output Signal in which the butterfly 
coil Signal is phase shifted 90 degrees and the loop coil 
Signal is phase shifted 180 degrees. The System also includes 
a means for processing the output Signal Such that the loop 
coil component is decoupled from other loop coil signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017. The foregoing and other advantages and features of 
the invention will become apparent upon reading the fol 
lowing detailed description and upon reference to the draw 
ings in which: 
0018 FIG. 1 is a diagrammatical representation of a 
magnetic resonance imaging System incorporating a multi 
channel receiving coil for creating images of a Subject of 
interest; 
0019 FIG. 2 is a diagrammatical representation of the 
multi-channel receiving coil of FIG. 1 and associated com 
biners and preamplifiers for processing Signals received by 
the individual coils; 
0020 FIG. 3 is a diagrammatical representation of a 
combiner of the type included in FIG. 2 with transmission 
lines, and 
0021 FIG. 4 is a schematic representation of a combiner 
circuit with lumped elements. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0022 Referring now to FIG. 1, a magnetic resonance 
imaging System, designated generally by the reference 
numeral 10, is illustrated as including a Scanner 12, control 
and acquisition circuitry 14, System controller circuitry 16, 
and an operator interface Station 18. The Scanner 12, in turn, 
includes coil assemblies for Selectively generating con 
trolled magnetic fields used to excite Spin Systems in a 
Subject of interest. In particular, the Scanner 12 includes a 
primary coil 22, which will typically include a Supercon 
ducting magnet coupled to a cryogenic refrigeration System 
(not shown). The primary coil 22 generates a highly uniform 
magnetic field along a longitudinal axis of the Scanner. A 
transmit coil assembly 24 consisting of a Series of gradient 
coils and a rf body transmit coil is also provided for 
generating controllable magnetic fields having desired ori 
entations with respect to the Subject of interest. In particular, 
as will be appreciated by those skilled in the art, the transmit 
coil assembly 24 produces fields in response to pulsed 
Signals for Selecting an image Slice, Orienting the image 
Slice, and encoding excited Spin Systems within the Slice to 
produce the desired image. 
0023. A receiving coil assembly 26 is provided for detect 
ing emissions from Spin Systems during data acquisition 
phases of operation of the System. A table 28 is positioned 
within the scanner 12 to support a subject 30. While a full 
body Scanner is illustrated in the exemplary embodiment of 
FIG. 1, the technique described below may be equally well 
applied to various alternative configurations of Systems and 
Scanners, including Smaller Scanners, and Scanners incorpo 
rating Single channel, phased array and Similar receiving coil 
Structures. Moreover, the Signal combining techniques 
described below may find application outside of the field of 
magnetic resonance imaging, and outside of the field of 
medical imaging in general. 
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0024. In the embodiment illustrated in FIG. 1, the control 
and acquisition circuitry 14 includes coil control circuitry 32 
and data acquisition circuitry 34. The coil control circuitry 
32 receives pulse Sequence descriptions from the System 
controller 16, notably through the interface circuitry 36 
included in the system controller 16. As will be appreciated 
by those skilled in the art, Such pulse Sequence descriptions 
generally include digitized data defining pulses for exciting 
the transmit coil assembly 24 during excitation and data 
acquisition phases of imaging. Fields generated by the 
transmit coil assembly 24 excite the Spin System within the 
subject 30 to cause emissions from the material. Such 
emissions are detected by a receiving coil assembly 26 and 
are filtered, amplified, and transmitted to data acquisition 
circuitry 34. Data acquisition circuitry 34 may perform 
preliminary processing of the detected Signals, Such as 
amplification of the Signals. Following Such processing, the 
amplified signals are transmitted to the interface circuitry 36 
for further processing. 
0.025 In addition to the interface circuitry 36, the system 
controller 16 includes central processing circuitry 38, 
memory circuitry 40, and interface circuitry 42 for commu 
nicating with the operator interface Station 18. In general, 
the central processing circuitry 38, which will typically 
include a digital Signal processor, a CPU or the like, as well 
as associated Signal processing circuitry, commands excita 
tion and data acquisition pulse Sequences for the Scanner 12 
and the control and acquisition circuitry 14 through the 
intermediary of the interface circuitry 36. The central pro 
cessing circuitry 38 also processes image data received via 
the interface circuitry 36, to perform 2D Fourier transforms 
to convert the acquired data from the time domain to the 
frequency domain, and to reconstruct the data into a mean 
ingful image. The memory circuitry 40 Serves to Save Such 
data, as well as pulse Sequence descriptions, configuration 
parameters, and So forth. The interface circuitry 42 permits 
the System controller 16 to receive and transmit configura 
tion parameters, image protocol and command instructions, 
and so forth. 

0026. The operator interface station 18 includes one or 
more input devices 44, along with one or more display or 
output devices 46. In a typical application, the input device 
44 will include a conventional operator keyboard, or other 
operator input devices for Selecting image types, image Slice 
orientations, configuration parameters, and So forth. The 
display/output device 46 will typically include a computer 
monitor for displaying the operator Selections, as well as for 
Viewing Scanned and reconstructed imageS. Such devices 
may also include printers or other peripherals for reproduc 
ing hard copies of the reconstructed images. 
0027. As shown in the diagrammatical representation of 
FIG. 2, the receiving coil assembly 26 of a quadrature 
phased array is composed of a number of array elements 50. 
In FIG. 2, three such elements, A, B and C, are depicted. 
Each array element is in turn comprised of a quadrature coil 
pair with orthogonal orientations of rf magnetic fields. The 
quadrature coil pairs are typically paired loop 58 and but 
terfly 56 receiving coils, with orthogonal orientations of RF 
magnetic fields. For the Sake of Simplicity, the following 
discussion assumes that the quadrature coil pairs are loop/ 
butterfly pairs, though, as one skilled in the art will realize, 
other such pairs are possible and would benefit from the 
present invention. 
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0028. As depicted in FIG. 2, the adjacent loop coils 58 
overlap, allowing the mutual inductance of the loop coils 58 
to be cancelled by, i.e. geometric decoupling. Likewise, the 
adjacent butterfly coils 56 overlap and are geometrically 
decoupled. The non-adjacent loop coils 58, i.e. 58A and 
58C, are decoupled by means of the preamplifiers 48. 
0029. Each array element 50 is coupled to a combiner 54 
and a low input impedance preamplifier 48 for combining 
and enhancing Signals detected by the receiving coils 56 and 
58. The loop coil 58 and butterfly coil 56 may be coupled to 
the combiner 54 directly or by means of coaxial cables 62, 
60 respectively. Similarly, butterfly coil 56 may be coupled 
to the combiner 54 directly or by means of a butterfly coaxial 
cable 60. The combiner 54 is coupled to the preamplifier 48 
directly or by means of a preamplifier coaxial cable 64. If the 
combiner 54 is not coupled directly to either of the loop coil 
58 or preamplifier 48, the sum of the length of the coaxial 
cables 62 and 64 should be chosen such that the total phase 
shift through the combiner and cables 62, 64 is an integer 
multiple of 180 degrees. For example the integer multiple 
would be 1 in the event that the loop coil 58, combiner 54 
and preamplifier 48 are all directly connected, eliminating 
the need for coaxial cables 62, 64. However if the combiner 
54 is not directly connected to loop coil 58 or preamplifier 
48 but is instead connected via coaxial cable 62 or 64, the 
sum of the lengths of coaxial cables 62 and 64 must 
introduce Some integer multiple of 180 degrees of phase 
shift to the loop coil signal in addition to the phase shift 
introduced by combiner 54. Similarly, the sum of the phase 
shifts of coax cables 60 and 64, if present, should also be 
n* 180 degrees to maintain the 90 degree phase introduced 
into the butterfly coil signal by combiner 54. In addition, an 
isoport resistor 52 is coupled from the remaining combiner 
port to ground. 

0030 FIG. 3 illustrates an embodiment of the present 
technique using a combiner 54 with transmission lines. The 
combiner 54 is comprised of four sections 65, which are the 
equivalent of one-quarter wavelength (2/4) long transmis 
Sion lines with different characteristic impedances which are 
connected in a bridge configuration. The Sections 65 are 
each comprised of an inner conductor 61, which carries the 
respective Signals, and a Shield layer 63, which Shields the 
conductor 61. The shield layers 63 associated with each 
Section 65 are typically at ground potential due to connec 
tion to a grounded part 68. Typically the sections 65 are 
portions of coaxial cable. An isoport resistor 52 is connected 
from the combiner 54 to ground and Serves to dissipate any 
reflected power resulting from connection mismatches. The 
isoport resistor 52 typically provides a 50S2 resistance. 
0031 Two of the sections 65 are throughput sections 65A 
which run between the Signal inputs and Signal outputs. The 
remaining two sections 65 are bridge sections 65B which 
bridge together the throughput Sections 65A. The throughput 
Sections 65A typically have a characteristic impedance (Z) 
of 35C2, i.e. 50/V2, while Z=5092 for the bridge sections 65B. 
The respective impedances provide a 50S2 impedance look 
ing toward the coils 56, 58 from the preamplifier 48 when 
coils 56 and 58 are properly matched to 50 ohms. This 
minimizes the noise figure of the preamplifier. When 
present, each coaxial cable 60, 62 is typically connected to 
the combiner 54 by means of a balun (not shown) which 
makes the cables positioning insensitive but is otherwise 
unimportant to the present technique. The Signal from loop 
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coil 58 is input into the combiner 54, either via loop coaxial 
cable 62 or directly, So that the incoming Signal must 
traverse a bridge section 65B and a throughput section 65A 
in order to reach the preamplifier 48, possibly via coaxial 
cable 64. AS noted above, if coaxial cables are employed, the 
Sum of the length of the coaxial cables in the Signal path 
should impart a phase difference of 180 degrees, or Some 
integer multiple thereof, to the Signal in order to preserve the 
effects of the combiner. 

0.032 The butterfly coaxial cable 60, is connected to the 
combiner 54, either directly or via coaxial cable 60, so that 
the butterfly coil Signal only traverses a throughput Section 
65A to reach the output port to the preamplifier 48. The 
butterfly coil signal is therefore phase shifted 90 degrees, i.e. 
2/4, and cannot be electrically decoupled by the preamplifier 
48. However, preamplifier decoupling of the non-adjacent 
butterfly coil Signals is unnecessary Since these signals are 
instead decoupled by the rapid falloff of the RF signal along 
the longitudinal axis of the coil assembly 26. As with the 
loop coil Signal, if coaxial cables are employed in the path 
of the butterfly coil signal, the sum of the length of the 
coaxial cables in the Signal path should impart a phase 
difference of 180 degrees, or Some integer multiple thereof, 
to the Signal in order to preserve the effects of the combiner. 
0.033 Looking from the loop coil through the combiner at 
the preamplifier a low impedance, typically 2S2 is seen while 
a different impedance, typically 50C2, is seen looking from 
the preamplifier to the combiner at either of the two coils 
which are properly matched to 50 ohms. The result is that a 
low input impedance is seen looking from the loop coil 58, 
which is necessary for Successful preamplifier decoupling. A 
high impedance, however, is seen looking from the butterfly 
coil 56 at the preamplifier, due to the 90 degree phase shift. 
0034 FIG. 4 depicts a sample circuit embodying the 
present technique. The represented Sample circuit depicts a 
combiner 54 with lumped elements. AS depicted, the Sample 
circuit may consist of an inductance 70, L, between the 
butterfly signal 76 and the preamplifier signal 78 and another 
inductance 70 between the loop signal 80 and the isoport 
resistor 52. Two bridge capacitances 72, C, span the region 
between the two inductances 70, one upstream and one 
downstream. Similarly, a ground capacitance 74, C, exists 
both upstream and downstream of each inductance 70 
between the inductance 70 and a ground element 68. In FIG. 
4, the capacitances 72, 74 and the inductances 70 replace the 
coaxial cable Segments 65 associated with the transmission 
line embodiment discussed above. 

0035) In a preferred embodiment, the inductance 70, in 
Henrys, and the capacitances 72, 74, measured in Farads, are 
defined by the equations: 

50 1 
L = - H (1) 

cow 2 

1 (2) 
C = -F 1 50 

V2 - 1 (3) 
C = F 2 - so 

0.036 in which () represents the radial frequency, 27tf. 
Similar to the previously described embodiment, the tra 
versal of the loop signal 80 through bridge capacitance 72 
and inductance 70 provides a 180 degree phase shift of the 
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loop signal 80. Likewise, the traversal of the butterfly signal 
76 through only the inductance 70 introduces a 90 degree 
phase shift in that signal. Due to this phase shift of 180 
degrees, the loop signal 80 is decoupled by the preamplifier 
48, which has a low input impedance. By this technique, 
decoupling of the loop signal 80 by the preamplifier 48 can 
be achieved along with the combination of loop and butterfly 
signal 80, 76 into a single preamplifier signal 78. 
0037. While the invention may be susceptible to various 
modifications and alternative forms, specific embodiments 
have been shown by way of example in the drawings and 
have been described in detail herein. However, it should be 
understood that the invention is not intended to be limited to 
the particular forms disclosed. Rather, the invention is to 
cover all modifications, equivalents, and alternatives falling 
within the spirit and scope of the invention as defined by the 
following appended claims. 

What is claimed is: 
1. A System for decoupling receive coil Signals in a 

magnetic resonance imaging System, the System comprising: 
a magnetic resonance Scanner comprising: 

a primary coil; 
one or more gradient coils, 
a quadrature phased array receive coil assembly com 

prising one or more receive coil elements wherein 
each element comprises: 
a quadrature coil pair; 
a combiner circuit connected to the quadrature coil 

pair Such that the combiner circuit receives a first 
Signal from a first member of the quadrature pair 
and a Second Signal from a Second member of the 
quadrature pair wherein the combiner phase shifts 
the first Signal by 90 degrees and the Second Signal 
by 180 degrees and combines the first signal and 
the Second Signal to produce a combined Signal; 

a preamplifier connected to the combiner circuit 
which processes the combined Signal Such that a 
component of the combined signal attributable to 
the Second signal is decoupled from one or more 
other Signals produced by the Second members of 
other receive coil elements, 

a control and acquisition circuit operatively connected to 
the magnetic resonance Scanner; 

one or more System controller circuits operatively con 
nected to the control and acquisition circuit, and 

an operator interface Station operatively connected to the 
one or more System control circuits. 

2. The system of claim 1, wherein the first member is a 
butterfly coil and the Second member is a loop coil. 

3. The system of claim 1, wherein the combiner circuit 
comprises four Sections connected in a bridge configuration 
wherein the Sections are equivalent to one-quarter wave 
length long transmission lines. 

4. The system of claim 3, wherein the four sections have 
different characteristic impedances. 

5. The System of claim 4, wherein two opposing trans 
mission line Sections have a characteristic impedance of 
approximately 50S2 and the remaining two opposing trans 
mission line Sections have a characteristic impedance of 
approximately 35C2. 
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6. The System of claim 1, wherein an isoport resistor is 
connected from the combiner to ground. 

7. The system of claim 1, wherein the combiner circuit 
comprises two equivalent inductances and two equivalent 
bridge capacitances disposed as a loop Such that each 
inductance is adjacent to the two bridge capacitances. 

8. The System of claim 6, wherein the inductances equal 
50/(cov2) H and the bridge capacitances equal 1/co50 F. 

9. The system of claim 8, wherein the combiner circuit 
further comprises four equivalent ground capacitances dis 
posed Such that a ground capacitance is connected in Series 
between each end of the impedances and a grounded region. 

10. The system of claim 9, wherein the ground capaci 
tance equal (V2-1)/()50 F. 

11. A System for decoupling receive coil signals in a 
phased array coil assembly, the System comprising: 

a phased array coil assembly comprising one or more 
receive coil elements wherein each element comprises 
a butterfly coil and a loop coil; 

a combiner connected to each element Such that the 
combiner receives a butterfly coil Signal and a loop coil 
Signal and generates an output Signal comprising a 
butterfly coil component shifted 90 degrees and a loop 
coil component shifted 180 degrees, and 

a preamplifier connected to the combiner Such that the 
preamplifier receives the output signal and decouples 
the loop coil component from one or more other loop 
coil components generated by other receive coil ele 
mentS. 

12. The system of claim 11, wherein the combiner circuit 
comprises four Sections connected in a bridge configuration 
wherein the Sections are the equivalent of one-quarter wave 
length long transmission lines. 

13. The system of claim 12, wherein the combiner circuit 
has a uniform impedance of 5092 when properly terminated 
with 5092. 

14. The System of claim 12, wherein two opposing 
transmission line Sections have a characteristic impedance of 
approximately 502 and the remaining two opposing Sec 
tions have a characteristic impedance of approximately 3592. 

15. The system of claim 11, wherein a grounded isoport 
resistor is connected to the combiner. 

16. The system of claim 11, wherein the combiner circuit 
comprises two equivalent inductances and two equivalent 
bridge capacitances disposed as a loop Such that each 
inductance is adjacent to the two bridge capacitances. 

17. The system of claim 16, wherein the inductances equal 
50/(cov2) H and the bridge capacitances equal 1/co50 F. 

18. The system of claim 17, wherein the combiner circuit 
further comprises four equivalent ground capacitances dis 
posed Such that a ground capacitance is connected Serially 
between each end of the inductances and a ground region. 

19. The system of claim 18, wherein the ground capaci 
tance equals (V2-1)/(050 F. 

20. The system of claim 11, wherein the combiner pro 
duces the combined Signal by adding the butterfly coil Signal 
and the loop coil signal. 

21. A combiner for combining receive coil signals from a 
phased array coil assembly, the combiner comprising: 

four Sections which are the equivalent of one-quarter 
wavelength long transmission lines with different char 
acteristic impedances which are connected in a bridge 
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configuration in Such that the combiner phase shifts a 
first input Signal 90 degrees and a Second input Signal 
180 degrees. 

22. The combiner of claim 21, wherein the combiner has 
a uniform impedance of 5092 when properly terminated with 
50SD. 

23. The combiner of claim 21, wherein two opposing 
transmission line Sections have a characteristic impedance of 
approximately 50S2 and the remaining two opposing trans 
mission line Sections have a characteristic impedance of 
approximately 35C2. 

24. A combiner for combining receive coil signals from a 
phased array coil assembly, the combiner comprising: 
two equivalent inductances, 
two equivalent bridge capacitances connected as a loop 

with the two inductances Such that each inductance is 
adjacent to each bridge capacitance So that a signal 
entering the combiner at a first corner and exiting the 
combiner at a diametrically opposed Second corner 
must traverse one of the two inductances and one of the 
two bridge capacitances. 

25. The combiner of claim 24, further comprising four 
equivalent ground capacitances disposed Such that a ground 
capacitance is connected in Series between each end of the 
inductances and a grounded region. 

26. The combiner of claim 25, wherein the ground capaci 
tance equals (V2-1)/(050 F. 

27. A method for combining receive coil Signals in a 
phased array coil assembly, the System comprising: 

transmitting a first receive coil signal and a Second receive 
coil signal from an element of the phased array coil 
assembly to a combiner; 

combining the first receive coil signal and the Second 
receive coil Signal to produce an output Signal in which 
the first receive coil signal is phase shifted 90 degrees 
and the Second receive coil signal is phase shifted 180 
degrees; 

processing the output signal in a preamplifier Such that a 
component of the output Signal attributable to the 
Second receive coil Signal is decoupled from one or 
more other like receive coil Signals generated by one or 
more other elements of the phased array coil assembly. 

28. The method of claim 27, wherein the first receive coil 
Signal is generated by a butterfly receive coil and the Second 
receive coil signal is generated by a loop receive coil. 

29. A System for decoupling receive coil signals in a 
phased array coil assembly, the System comprising: 
means for transmitting a butterfly coil signal and a loop 

coil signal from the phased array coil assembly to a 
combiner, 

means for combining the butterfly coil signal and the loop 
coil Signal to produce an output Signal in which the 
butterfly coil signal is phase shifted 90 degrees and the 
loop coil signal is phase shifted 180 degrees, 

means for processing the output Signal Such that a com 
ponent of the output Signal attributable to the loop coil 
Signal is decoupled from one or more other loop coil 
Signals. 


