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411 E_ WISCONSIN AVENUE Adecoupling circuit for decoupling an local coil during the 
SUITE 2040 application of an RF excitation signal in a magnetic reso 
MILWAUKEE, WI 532024497 (US) nance imaging system includes a passive switching circuit 

for switching an inductor in parallel with a capacitive circuit 
(21) Appl, No; 10/303,586 in the local coil, and a discharge circuit for discharging 

residual currents from the circuit, therefore allowing for 
(22) Filed: Nov. 22, 2002 rapid coupling and decoupling of the local coil. 
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DECOUPLING CIRCUIT FOR MAGNETIC 
RESONANCE IMAGING LOCAL COILS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] - - - 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] - - - 

BACKGROUND OF THE INVENTION 

[0003] The ?eld of the invention is magnetic resonance 
imaging (MRI) and in particular decoupling circuits for local 
coils for use in receiving MRI signals. 

[0004] In MRI, a uniform magnetic ?eld B0 is applied to 
an imaged object along the Z-axis of a Cartesian coordinate 
system, the origin of Which is approximately centered Within 
the imaged object. The effect of the magnetic ?eld B0 is to 
align the object’s nuclear spins along the Z-axis. 

[0005] In response to a radio frequency (RF) excitation 
signal of the proper frequency, oriented Within the x-y plane, 
the nuclei precess about the Z-axis at their Larmor frequen 
cies according to the folloWing equation: 

[0006] Where (0 is the Larmor frequency, and y is the 
gyromagnetic ratio Which is constant and a property of the 
particular nuclei. 

[0007] Water, because of its relative abundance in biologi 
cal tissue and the properties of its nuclei, is of principle 
concern in such imaging. The value of the gyromagnetic 
ratio y for Water is 42.6 MHZ/Tesla and therefore in a 1.5 
Tesla polariZing magnetic ?eld BO the resonant or Larmor 
frequency of Water is approximately 63.9 MHZ. 

[0008] In a typical imaging sequence, the RF excitation 
signal is centered at the Larmor frequency 00 and applied to 
the imaged object at the same time as a magnetic ?eld 
gradient GZ is applied. The gradient ?eld GZ causes only the 
nuclei in a slice through the object along an x-y plane to have 
the resonant frequency 00 and to be excited into resonance. 

[0009] After the excitation of the nuclei in this slice, 
magnetic ?eld gradients are applied along the x and y axes. 
The gradient along the x-axis, GX, causes the nuclei to 
precess at different frequencies depending on their position 
along the x-axis, that is, GX spatially encodes the precessing 
nuclei by frequency. The y axis gradient, GY, is incremented 
through a series of values and encodes y position into the 
rate of change of phase of the precessing nuclei as a function 
of gradient amplitude, a process typically referred to as 
phase encoding. 
[0010] A Weak nuclear magnetic resonance generated by 
the precessing nuclei may be sensed by the local coil and 
recorded as an NMR signal. From this NMR signal, a slice 
image may be derived according to Well-known reconstruc 
tion techniques. An overvieW NMR image reconstruction is 
contained in the book “Magnetic Resonance Imaging, Prin 
ciples and Applications” by D. N. Kean and M. A. Smith. 

[0011] The quality of the image produced by MRI tech 
niques is dependent, in part, on the strength of the NMR 
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signal received from the precessing nuclei. For this reason, 
it is knoWn to use an independent RF receiving coil placed 
in close proximity to the region of interest of the imaged 
object to improve the strength of this received signal. Such 
coils are termed “local coils” or “local coils”. The smaller 
area of the local coil permits it to accurately focus on NMR 
signal from the region of interest. The local coils are tuned 
With capacitors placed in series With the distributed induc 
tance of the coil conductors to create a series resonance near 

the NMR frequency that helps reject noise signals of other 
frequencies. 

[0012] A major technical problem in NMR systems is 
“decoupling” the local coil from the RF excitation signal 
from the transmit coil during stimulation of the magnetic 
resonance. Such decoupling reduces the distortion of the 
excitation ?eld by the local coil and prevents potential 
damage to the sensitive circuits connected to the local coil 
from possibly large induced voltages. Further, decoupling 
prevents high current How in the local coil such as may 
cause damage or heating of the local coil. 

[0013] One method of decoupling the local coil from the 
RF excitation ?eld is through the use of one or more diodes 
used as solid state sWitches and positioned along the local 
coil to be activated by an external electrical signal before the 
application of the RF excitation ?eld itself. In one such 
“active decoupling” technique, series connected pin diodes 
and inductors are placed in parallel across the tuning capaci 
tors With the inductors siZed to create a parallel resonance at 
the NMR frequency When the diodes are conducting. As is 
understood in the art, the created parallel resonance blocks 
current ?oW at that diode. 

[0014] Alternatively, it may be desirable to also employ 
“passive decoupling” that does not require the application of 
a direct current to the diodes from an external source. In 
passive decoupling, parallel back-to-back diodes may be 
used to produce a circuit element that conducts at voltages 
above the level of the NMR signal but beloW the level of the 
RF excitation signal. 

[0015] In a combined active and passive decoupling sys 
tem, these back-to-back diodes are placed in parallel With 
the pin diode to activate at times When the pin diode is not 
conducting and thus, With the pin diode, to provide both 
active and passive decoupling. A direct-current blocking 
capacitor is placed in series With the back-to-back diodes to 
block the direct current used to activate the pin diodes. 

[0016] NeW MRI techniques require repeated RF excita 
tion at a high repetition rate. With these techniques, it is 
important that the coil be returned to a normal state as soon 
as possible after decoupling. Unfortunately, sloW recovery 
time, particularly of the combined active and passive decou 
pling circuits, limits the speed at Which NMR signals may be 
acquired. 

BRIEF SUMMARY OF THE INVENTION 

[0017] The present inventors have determined that the 
recovery time of the combined active and passive decou 
pling circuit can be signi?cantly improved by providing a 
discharge path shunting the passive decoupling circuit. 
Although the inventors do not Wish to be bound by a 
particular theory, it is believed that the discharge path 
provides an alternative, loWer impendence discharge path, 
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than the diodes of the passive decoupling circuit. The 
discharge path allows discharge of the charge accumulated, 
for example, on the blocking capacitor used to separate the 
active and passive components. By discharging this energy 
faster, the diodes are returned more quickly to a non 
conducting state suitable for detection of an NMR signal. 

[0018] Speci?cally, the present invention provides a cir 
cuit for decoupling a local coil used in a magnetic resonance 
system Where the local coil includes at least one series 
capacitor. The circuit provides a decoupling inductor siZed 
to create a parallel resonance at an NMR frequency When 
connected in parallel With the series capacitor. A passive 
decoupling circuit connects the decoupling inductor in par 
allel With the series capacitor upon the occurrence of an RF 
excitation signal. Adischarge circuit is provided to discharge 
the passive decoupling circuit after conclusion of the RF 
excitation signal. 

[0019] It is thus is one object of the invention to provide 
faster recovery of a passive decoupling circuits to alloW 
faster acquisition of a series of NMR signals enabling the 
use of local coils With a variety of neW MRI techniques. 

[0020] The passive decoupling circuit may be connected 
in series With the decoupling inductor and the series com 
bination of the passive decoupling circuit and the decoupling 
inductor may be placed in parallel With the series capaci 
tance. 

[0021] Thus, it is another object of the invention to pro 
vide a system that Works With Well-knoWn passive decou 
pling circuits. 

[0022] The passive decoupling circuit may include a 
capacitor connected in series With ?rst and second diodes in 
parallel back-to-back con?guration. 

[0023] Thus, it is another object of the invention to pro 
vide a circuit that discharges the blocking capacitor used 
When a passive decoupling circuit is combined With active 
decoupling. 

[0024] The discharge circuit may be a discharge inductor 
coupled in parallel across the ?rst and second diode. 

[0025] Thus, it is another object of the invention to pro 
vide a discharge path that compliments the diodes in the 
circuit (that provide decreased discharge current ?oW With 
time) the inductor providing an increasing discharge current 
?oW With time per normal inductor characteristics. 

[0026] The local coil may be any type of MRI local coil 
having series capacitances and requiring decoupling includ 
ing local coils, birdcage coils, quadrature coils and phased 
array coils. 

[0027] Thus, it is another object of the invention to pro 
vide improved imaging speed to a variety of coil types. 

[0028] These particular objects and advantages may apply 
to only some embodiments falling Within the claims and thus 
do not de?ne the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a simpli?ed schematic of an example 
local coil having series tuning capacitors tuning the local 
coil to a resonant frequency; 
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[0030] FIG. 2 is a schematic diagram of a decoupling 
circuit constructed in accordance With the present invention 
as attached to the local coil of FIG. 1; 

[0031] FIG. 3 is a perspective vieW of a birdcage coil 
shoWing possible locations of the decoupling circuit of the 
present invention; 

[0032] FIG. 4 is a perspective vieW of a quadrature coil 
shoWing possible locations of the decoupling circuit of the 
present invention; and 

[0033] FIG. 5 is a perspective vieW of a phased array coil 
shoWing possible locations of the decoupling circuit of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0034] Referring noW to FIG. 1, a local coil 10 may 
include a loop 12 providing an antenna to receive a changing 
magnetic ?ux from an NMR signal 14. 

[0035] The loop 12 provides a continuous path of conduc 
tors 16 (having distributed inductance) joined by capacitors 
18 to provide a series resonant loop tuned to the frequency 
of the expected NMR signal 14. Leads 20 may be attached 
to the local coil 10 to communicate a signal detected by the 
antenna of loop 12 to signal processing circuitry of a 
magnetic resonance imaging (MRI) machine and to provide 
a path for the introduction of direct current used to activate 
active portions of the decoupling circuit as Will be described 
beloW. 

[0036] Referring noW to FIG. 2, decoupling circuitry 22 
may be placed in parallel With one or more of the series 
capacitors 18‘. The decoupling circuitry 22 includes a decou 
pling inductor 24 that, When connected in parallel to one of 
the capacitors 18‘, creates a parallel resonance at the fre 
quency of the NMR signal 14. The parallel resonance blocks 
current ?oW through the portion of the local coil 10 bridged 
by that capacitor 18. 

[0037] In the decoupling circuitry 22, a pin diode 26 is 
connected in series With the decoupling inductor 24 and the 
combination of the series-connected decoupling inductor 24 
and pin diode 26 is connected in parallel across the capacitor 
18‘. As is understood in the art, a direct current (DC) 
introduced through leads 20 may bias diode 26 into con 
duction essentially sWitching decoupling conductor 24 into 
parallel con?guration With capacitor 18‘. As is understood in 
the art, this DC bias through leads 20 is introduced before 
the RF excitation signal and turned off before the acquisition 
period for the NMR signal 14. 

[0038] Referring still to FIG. 2, in situations Where the 
diode 26 cannot be activated, for example, When the coil has 
become disconnected from the MRI machine and yet is still 
Within the in?uence of the RF excitation ?eld, a passive 
decoupling may be provided by parallel connected back-to 
back diodes 28. As Will be understood in the art, these diodes 
provide a conduction path for current above a nominal 
voltage, for example, 0.7 volts passing in either direction 
through this parallel connection. Generally, this threshold 
voltage Will be higher than the voltage induced by the NMR 
signal and loWer than the voltage induced by the RF exci 
tation signal. Thus decoupling inductor 24 may belsWitched 
into parallel con?guration With the capacitor 18‘ by either 
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the pin diode 26 (receiving a DC biasing signal) or the 
back-to-back diodes 28 (activated by the RF excitation 
signal). 

[0039] In order that the biasing current for diodes 26 not 
be diverted through the back-to-back diodes 28, the back 
to-back diodes 28 are normally connected in series With a 
blocking capacitor 30 and the series connected back-to-back 
diodes 28 and blocking capacitor 30 placed in parallel With 
diode 26. Blocking capacitor 30 is siZed to provide essen 
tially a short circuit at the desired RF excitation frequency. 

[0040] At the conclusion of the RF excitation period, the 
blocking capacitor 30 may be charged and begins discharg 
ing through one of back-to-back diodes 28. This discharging 
holds the diode of the back-to-back diodes 28 in conduction 
prolonging the decoupling action and thereby continuing to 
block reception of the NMR signal 14. 

[0041] The present invention reduces this discharge time 
by the addition of a discharge inductor 32. The discharge 
inductor 32 is siZed to provide essentially an open circuit at 
the RF excitation frequency. Charge on blocking capacitor 
30 may noW be conducted through discharge inductor 32 
Which, in contrast to back-to-back diodes 28, Where declin 
ing voltage provide asymptotically decreasing current ?oW, 
the discharge inductor 32 provides increasing current con 
duction over time as opposed to the diodes With. 

[0042] This decoupling circuitry 22 may be duplicated for 
others of the capacitors 18. 

[0043] Referring noW to FIG. 3, a Well-knoWn birdcage 
style coil 40 may include end rings 42 and rungs 46 along 
Which tuning capacitors 18 may be placed so as to tune the 
coil properly to the desired operating frequency. These 
capacitors provide sites of location for passive active decou 
pling circuitry 22 of the present invention. 

[0044] LikeWise referring to FIG. 4, a quadrature coil 48 
having perpendicular loops 12a and 12b and phased array 
coil 50 having multiple loops 12a-12c may provide similarly 
capacitors 18 that may be bridged by the decoupling cir 
cuitry 22 of the present invention. 

[0045] Coils of these designs and others are shoWn gen 
erally in US. Pat. Nos. 4,734,647; 5,136,244; 5,166,618; 
5,277,183; 5,370,118; 5,256,791; 5,370,118; 5,619,996; and 
6,438,402 all assigned to the assignee of the present inven 
tion and hereby incorporated by reference. 

[0046] It should be understood that the methods and 
apparatuses described above are only exemplary and do not 
limit the scope of the invention, and that various modi?ca 
tions could be made by those skilled in the art that Would fall 
under the scope of the invention. For example, although the 
circuit is shoWn as including both an active and passive 
sWitch, the invention can also be applied to passive decou 
pling netWorks alone. It is speci?cally intended that the 
present invention not be limited to the embodiments and 
illustrations contained herein, but include modi?ed forms of 
those embodiments including portions of the embodiments 
and combinations of elements of different embodiments as 
come Within the scope of the folloWing claims. 
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We claim: 
1. A circuit for decoupling a local coil used in a magnetic 

resonance system, the local coil including at least one series 
capacitor, the circuit comprising: 

a decoupling inductor siZed to provide a parallel reso 
nance at an NMR frequency When connected in parallel 
With the series capacitor; and 

a passive decoupling circuit connecting the decoupling 
inductor in parallel With the series capacitor upon the 
presence of an RF excitation signal; 

a discharge circuit for discharging the passive decoupling 
circuit after conclusion of the RF excitation signal; 

Wherein the local coil is quickly ready to detect an NMR 
signal after conclusion of the RF signal. 

2. The circuit as recited in claim 1 Wherein the passive 
decoupling circuit is connected in series With the decoupling 
inductor and the series combination of the passive decou 
pling circuit and the decoupling inductor is placed in parallel 
With the series capacitance. 

3. The circuit as recited in claim 2, Wherein the passive 
decoupling circuit comprises a capacitor connected in series 
With ?rst and second diodes in parallel back-to-back con 
?guration. 

4. The circuit as recited in claim 1, Wherein the discharge 
circuit comprises a discharge inductor coupled in parallel 
across the ?rst and second diode. 

5. The circuit as recited in claim 1, Wherein the local coil 
comprises a birdcage coil. 

6. The circuit as recited in claim 1, Wherein the local coil 
comprises a local coil. 

7. The circuit as recited in claim 1, Wherein the local coil 
comprises a quadrature coil. 

8. The circuit as recited in claim 1, Wherein the local coil 
comprises a phased array coil. 

9. A circuit for decoupling a local coil used in a magnetic 
resonance system, the local coil including at least one series 
capacitor, the circuit comprising: 

a decoupling inductor siZed to provide a parallel reso 
nance at an NMR frequency When connected in parallel 
With the series capacitor; and 

an active decoupling circuit connecting the decoupling 
inductor in parallel With the series capacitor upon the 
application of a decoupling signal; 

a passive decoupling circuit connecting the decoupling 
inductor in parallel With the series capacitor upon the 
presence of an RF excitation signal; 

a discharge circuit for discharging the passive decoupling 
circuit after conclusion of the RF excitation signal; 

Wherein the local coil is quickly ready to detect an NMR 
signal after conclusion of the RF signal. 

10. The circuit as recited in claim 9 Wherein the passive 
decoupling circuit is connected in series With the decoupling 
inductor and the series combination of the passive decou 
pling circuit and the decoupling inductor is placed in parallel 
With the series capacitance. 

11. The circuit as recited in claim 10, Wherein the passive 
decoupling circuit comprises a capacitor connected in series 
With ?rst and second diodes in parallel back-to-back con 
?guration. 



US 2004/0100260 A1 

12. The circuit as recited in claim 9, wherein the discharge 
circuit comprises a discharge inductor coupled in parallel 
across the ?rst and second diode. 

13. The circuit as recited in claim 9 Wherein the active 
decoupling circuit is connected in series With the decoupling 
inductor and the series combination of the active decoupling 
circuit and the decoupling inductor is placed in parallel With 
the series capacitance. 

14. The circuit as recited in claim 13, Wherein the active 
decoupling circuit comprises a diode. 

15. The circuit as recited in claim 14, Wherein the diode 
is a PIN diode. 
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16. The circuit as recited in claim 9, Wherein the local coil 
comprises a birdcage coil. 

17. The circuit as recited in claim 9, Wherein the local coil 
comprises a local coil. 

18. The circuit as recited in claim 9, Wherein the local coil 
comprises a quadrature coil. 

19. The circuit as recited in claim 9, Wherein the local coil 
is a phased array coil. 


