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(564) High-frequency magnetic field generator for nuclear magnetic resonance detector

(57) In a saddle type coil assembly in which a coil is divided into two similar windings 9a, 9b having
power supply terminals at one axial end thereof and load terminals at a diametrically opposed position
at the other end thereof, a first impedance-matching capacitor 6 is connected between the power
supply terminals, a second impedance-matching capacitor 5 is connected between the load terminals,
and a coaxial cable 7 having an electrical length equivalent to a half wavelength is connected between
the power supply terminals, thereby acting as a balun converter between the coil assembly and a
terminal 4 connected to a transmitter /receiver, and matching their input and output impedances.
Cable 7 may be replaced by a quarter wavelength branch conductor transmission line or Sperrtopf
transmission line. The coil may be further divided, with further fixed or variable capacitors at the
division points.

FIG. 3
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SPECIFICATION

High-frequency magnetic field generator/-
dectector

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a high-fre-
quency magnetic field generator/detector
and, more particularly, to a type adapted for
use in a nuclear magnetic resonance appara-
tus.

Description of the Prior Art

Out of the conventional devices of such
type, there is known an example of Fig. 1.

Fig. 1 is an equivalent circuit diagram of a
conventiona} high-frequency magnetic field
generator/detector described in David G. Ga-
dian, ‘‘Nuclear Magnetic Resonance and its
Application to Living Systems’’, Oxford
University Press, p. 170. In the diagram are
shown an inductance 1 of a high-frequency
coil, a resistance 2 thereof, impedance-match-
ing variable capacitors 3a and 3b, and an
input-output terminal 4 connected to a high-
frequency transmitter /receiver (not shown).

In the above configuration, its operation is
performed in the following manner.

The impedance of a high-frequency coil is
generally different from the input-output impe-
dance of a high-frequency transmitter/receiver
(not shown) which is connected to such
known device for detecting the generation of
a high-frequency magnetic field, so that pro-
per impedance matching is necessary there-
between by means of variable capacitors 3a
and 3b to maximize the power transmission
efficiency.

In the circuit diagram of Fig. 1 where R is
an input-ouput impedance of the high-fre-
quency transmitter/receiver, and L and r are
an inductance and a resistance of the high-
frequency coil, respectively: static capaci-
tances C and C' of the variable capacitors 3a
and 3b are expressed as

X
1-Jr
(L)2L
Ji

R

(.dzL

Q
JA°

C'

where w is an angular frequency for achieving
the above impedance matching.

In an exemplary case of effecting the impe-
dance matching at an angular frequency of 40
MHz as w = 27 X 40 X 10%sec~'(H), r = 1(£2)
and R = 50():
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C = 14(pF)
C' = 2(pF)

Voltages Vc and V¢’ applied to the capaci-
tors 3a and 3b respectively are expressed as

,P
= V= L [—
Ve = Ve WL /7

where P is a high-frequency input power. The
values of Vc and V¢’ are obtained as follows
when w = 27 X 40 X 10%se¢~",

L=1X 10-¢H), P = 1000{W) and r = 1(f):

Ve = Vc' = 8000 (V)

Since the conventional high-frequency mag-
netic field generator/detector is so constituted
as mentioned above, the capacitances of the
variable capacitors employed for impedance
matching become extremely small and particu-
larly the value of C’ is on the order of 1 pF,
so that designing the matching circuit is ren-
dered difficult with another disadvantage that
satisfactory stability is not attainable.

SUMMARY OF THE INVENTION

It is a primary object of the present inven-
tion to achieve easy and stable input-output
impedance matching between a high-fre-
quency magnetic field generator/detector and
a high-frequency transmitter/receiver for use
in detecting generation of a high-frequency
magnetic field. And a second object of the
invention resides in enhancing the power
transmission efficiency. Accordingly, the pre-
sent invention provides an improved generator
detector comprising a high-frequency coil as-
sembly divided at one or more points with a
stray capcitance formed thereat, impedance-
matching capacitors connected to a load side
and a power supply side respectively between
the divided high-frequency coils, and a balun
converter for coupling a balanced load, which
consists of the high-frequency coil assembly
and the capacitors, to an unbalanced high-
frequency transmitter/receiver, thereby ensur-
ing a high power transmission efficiency and
enhancing the stability while facilitating de-
sign of the matching circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a circuit diagram of a conven-
tional high-frequency magnetic field genera-
tor/detector;

Figure 2 is a circuit diagram of an exem-
plary high-frequency magnetic field genera-
tor/detector embodying the present invention;
and

Figure 3 is a schematic perspective view of
the generator/detector shown in Fig. 2.

DESCRIPTION OF THE PREFERRED EMBODI-
MENT
Hereinafter an exemplary embodiment of
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the present invention will be described with
reference to the accompanying drawings.
Figs. 2 and 3 are respectively a circuit dia-
gram and a perspective view of a high-fre-
quency magnetic field generator/detector em-
bodying the invention.

in the figures, there are shown in induc-
tance 1 of a high-frequency coil assembly 9
divided into individual coils 9a, 9b, 9¢ and 9d
at one or more points with a stray capacitance
formed thereat; a resistance 2 of the high-
frequency coil assembly 9; and an impedance-
matching variable capacitor 5 disposed on the
load side between the divided high-frequency
coils and connected to an electrode 11 at the
point of division of the coil assembly 9. In this
embodiment, the high-frequency coil as-
sembly 9 is of a saddle type as illustrated in
Fig. 3 and has one point of division which is
coincident with the midpoint of its impedance.
Also shown are another impedance-matching
variable capacitor 6 disposed on the power
supply side between the divided high-fre-
quency coils and connected to an electrode
10 on the power supply side of the coil
assembly 9; and a balun converter 7 for
coupling a balanced load, which includes the
high-frequency coil assembly 9 and the capa-
citors b and 6, to an unbalanced high-fre-
quency transmitter/receiver. The balun con-
verter 7 is composed of a coaxial cable having
an electrical length equivalent to a half wave-
length to enhance the power transmission
efficiency.

The high-frequency coil assembly 9 is
shaped into a saddle type as illustrated in Fig.
3 and has a length L and a diameter D in a
relationship of 0.6D=L=2.4D. In the coil as-
sembly of Fig. 3, an opening angle @ is set
within a range of 100°=0=140". Further
shown is a coaxial cable 8 for connecting the
saddle-shaped coil assembly 9 to the variable
capacitors 5 and 6.

Now the operation of this detector will be
described with reference to Fig. 2. Since the
impedance of the high-frequency coil as-
sembly 9 is generally different from the input-
output impedance of a high-frequency
transmitter /receiver (not shown) connected to
the coil assembly 9, it is necessary to match
the impedance values thereof with each other.
Such impedance matching maximizes the in-
tensity of the high-frequency magnetic field
generated from the above coil assembly and
simultaneously maximizes the sensitivity as
well in detecting the high-frequency magnetic
field with the coil assembly, thereby achieving
a maximal efficiency in transmission of high-
frequency energy.

For this purpose, the impedance of the
high-frequency coil assembly is set to, e.g.
200 ohms equivalently by the impedance-
matching variable capacitors 5 and 6 of Fig.
2.

In the next stage, the high-frequency coil
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assembly having a balanced impedance is
coupled by means of the balun converter 7 to
the high-frequency transceiver having an un-
balanced input-output impedance.

This converter is also essential for maximiz-
ing the high-frequency energy transmission
efficiency.

Since the balun converter 7 further has a
function of 1:4 impedance conversion, the
impedance as viewed from the input-output
terminal 4 to the high-frequency coil assembly
becomes 50 ohms. Normally the input-output
impedance of the high-frequency transmitter/-
receiver is greater than 50 ohms, so that
desired impedance matching is achieved as a
resuit of the above arrangement. It is a matter
of course that the method mentioned is effec-
tive even when the input-output impedance of
the high-frequency transmitfer/ receiver is of
any value other than 50 ohms, and the same
matching is attainable merely by changing the
constant of the variable capacitor.

In Fig. 2 where R is an input-output impe-
dance of the high-frequency transmitter/re-
ceiver, L is a combined impedance of the
high-frequency coil assembly 9, and r is a
combined resistance thereof: static capaci-
tances C and C’ of the variable capacitors 5
and 6 are expressed as

1
C TN eer———————
w(wl — +/4Rr)
1
C=
w\/4Rr
where w is a frequency for achieving the

impedance matching.

In an exemplary case of effecting the impe-
dance matching at a frequency of 40 MHz as
w =27 X 40 X 10%ec~!, the values of C and
C’ are obtained as follows when
L=1X10-8H), r= 1(2) and R = 50(£2):

C A 7(pF)
C' 2280(pF)

Voltages Vc and Vc' applied to the capaci-
tors 5 and 6 respectively are expressed as

1_[E
wC Yr

4RP

Ve =

where P is a high-frequency input power. The
values of Vc and V¢’ are obtained as follows
when w= 27X 40 X 10%ec~1, C= 17(pF),
P =1000(W), r=1 (£) and R = 50({2):

Vc £ 7400 (V)

Ve' & 450 (V)
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Although in the foregoing embodiment the
coaxial cable 8 is used for connecting the
variable capacitor to the electrode of the high-
frequency coil assembly, the capacitor may be
connected directly to the electrode as well.
Also the coaxial cable having an electrical
length equivalent to a half wavelength and
used as a balun converter may be replaced
with a branch conductor having an electrical
length equivalent to a quarter wavelength or
with a Sperrtopf transmission line having an
electrical length equivalent to a quarter wave-
length.

Furthermore, the length L, diameter D and
opening angle 8§ of the saddle type coil as-
sembly shown in Fig. 3 are not limited to the
aforesaid ranges alone, and some other values
may be selected as well.

In addition, the one point of division of the
high-frequency coil assembly 9 in the above
exemplary embodiment may be changed to
two or more points, and at least either of
variable and fixed capacitors may be con-
nected to such points. Due to the modification
mentioned, there arises the possibility of fur-
ther facilitating design of the matching circuit.

As described hereinabove, according to the
present invention where the static capacitance
of each impedance-matching variable capaci-
tor is increasable to be greater than the
known value, design of the matching circuit is
rendered easier to eventually enhance the
circuit stability. Since the withstand voltage of
one of the variable capacitors is permitted to
be lower than the known level, it becomes
possible to attain a dimensional reduction with
respect to the matching circuit. Besides the
above, employment of the aforesaid balun
converter is effective to enhance the power
transmission efficiency.

CLAIMS

1.A high-frequency magnetic field genera-
tor/detector comprising: a high-frequency coil
assembly divided at one or more points with a
stray capacitance formed thereat; impedance-
matching capacitors connected to a load side
and a power supply side respectively between
the divided high-frequency coils; and a balun
converter for coupling a balanced load, which
comprises said high-frequency coil assembly
and said capacitors, to an unbalanced high-
frequency transmitter /receiver.

2. The generator/detector as defined in
claim 1, wherein said high-frequency coil as-
sembly is of a saddle type.

3. The generator/detector as defined in
claim 1 or 2, wherein said balun converter
comprises a transmission line having an elec-
trical length equivalent to a half wavelength.

4. The generator/detector as defined in
claim 3, wherein said transmission line is
composed of a coaxial cable.

5. The generator/detector as defined in
claim 1 or 2, wherein said balun converter
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comprises a transmission line having an elec-
trical length equivalent to a quarter wave-
length.

6. The generator/detector as defined in
claim 5, wherein said transmission line is
composed of a branch conductor.

7. The generator/detector as defined in
claim 5, wherein said transmission line is of
Sperriopf type.

8. The generator/detector as defined in
claim 1, wherein said high-frequency coil as-
sembly is divided at one point in such a
manner that said point becomes coincident
with the midpoint of the impedance of said
coil assembly, and said impedance and said
impedance-matching capacitances are so ar-
ranged as to form a balanced configuration.

9. The generator/detector as defined in
claim 2, wherein the length L and the dia-
meter D of said saddle type coil assembly are
in a relationship of 0.6D=L=2.4D, and the
opening angle @ of said coil assembly is set
within a range of 100°=6=<140°.

10. A high-frequency magnetic field gen-
erator/detector comprising: a saddle type coil
assembly which comprises a combination of
two similar windings having power supply
terminals at one axial end thereof and load
terminals at diametrically symmetrical posi-
tions of the other axial end thereof, a first
impedance-matching capacitor connected be-
tween said power supply terminals; a second
impedance-matching capacitor connected be-
tween said load terminals; and a transmission
line having an electrical length equivalent to a
half wavelength and connected between sald
power supply terminals.

11. The generator/detector as defined in
claim 10, wherein said transmission line is
composed of a coaxial cable.

12. The generator/detector as defined in
claim 11, wherein said first and second impe-
dance-matching capacitors are connected be-
tween the power supply terminals and the
load terminals respectively through coaxial
cables.

13. The generator/detector as defined in
claim 10, wherein the axial length L and the
diameter D of said saddle type coil assembly
are in a relationship of 0.6D=L=2.4D, and
the opening angle 6§ of said coil assembly is
set within a range of 100°=0=140".

14. A high frequency magnetic field gen-
erator/detector substantially as herein de-
scribed with reference to Fig. 2 of the accom-
panying drawing.
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