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The automatic frequency control (AFC) circuit in conventional
electron paramagnetic resonance (EPR) spectrometers automati-
cally tunes the microwave source to the resonance frequency of the
resonator. The circuit works satisfactorily for samples stable
enough that the geometric relations in the resonance structure do
not change in a significant way. When EPR signals are measured
during in vivo experiments with small rodents, however, the dis-
tance between the signal source and the surface-coil detector can
change rapidly. When a conventional AFC circuit keeps the os-
cillator tuned to the resonator under those conditions, the result-
ant frequency change may exceed =5 MHz and markedly shift the
position of the EPR signal. Such a shift results in unacceptable
effects on the spectra, especially when the experimenter is dealing
with narrow EPR lines. The animal movement also causes a
mismatching of the resonator and the 50-ohm transmission line.
Direct results of this mismatching are increased noise; shifts in the
position of the baseline; and a high probability of overdriving the
signal preamplifier with consequent loss of the EPR signal. We
therefore designed, built, and tested a new surface-coil resonator
using varactor diodes for tuning the resonance frequency to the
fixed frequency oscillator and for capacitive matching of the res-
onator to the 50-ohm transmission line. The performance of the
automatic matching system was tested in vivo by measuring EPR
spectra of lithium phthalocyanine implanted in rats. Stability and
sensitivity of the spectrometer were evaluated by measuring EPR
spectra with and without the use of the automatic matching
system. The overall experimental performance of the spectrometer
was found to significantly improve during in vivo experiments
using the automatic matching system. Excellent matching between
the 50-ohm transmission line and the resonator was maintained
under all experimental circumstances that were tested. This
should allow us now to carry out experiments that previously were
not possible.  © 2000 Academic Press
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INTRODUCTION

The automatic frequency control (AFC) widely used ir
continuous-wave (CW) electron paramagnetic resonan
(EPR) spectrometers adjusts the frequency of microwaves
the resonance frequency of a resonafigr The change of the
microwave frequency, however, causes the position of the EF
spectrum to shift. If instead the resonance frequency of tt
resonator were tuned to a fixed microwave frequency, the EF
spectra would not be affected by the AFC. This would b
particularly valuable for increasing the signal-to-noise ratio ¢
EPR signals in animal experiments. An electronically tunabl
ceramic reentrant resonator for the L-band has already be
developed by Chzhamt al. (2). Its resonance frequency is
adjusted to a fixed microwave frequency by a voltage-col
trolled piezoelectric actuator. The relationship between tt
noise level of EPR spectra and the frequency deviation
obtain the error signal for the AFC has been discus8edlo
increase the sensitivity and the stability of the EPR exper
ments, some improved AFC systems have been report
(4-8).

Noise resulting from movement of animals is frequentl
observed duringn vivo experiments. The movement can be
due to both physiological factors (respiratory and cardiovasc
lar) and muscular activity, especially in unanesthetized ar
mals. This causes a mismatch between the resonator and
characteristic impedance of a transmission line (usually -
ohm). Compensating this mismatch could significantly im
prove the signal-to-noise ratio in vivo experiments. To keep
a good match for the resonator, the coupling between tl
resonator and the transmission line has to be adjusted. If t
CW-EPR spectrometer is equipped with an automatic matchil
control (AMC), the noise produced by movement can be con
pensated. The AMC should have a time constant that is short
comparison to the period of the movements.

' On leave from Department of Electrical Engineering, Yamagata Univer- There is no similar automatic matching system in “pulsed

sity, Johnan, Yonezawa, Yamagata 992-8510, Japan. E-mail: hhiratﬁ/lR and MRI

yamagata-u.ac.jp.

A RF amplifier is never overdriven by the
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mission line in a NMR spectrometer. This is because th
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receiver of the spectrometer is not connected to the coil when 12kQ c
Ry »DT Tuning capacitors

microwave pulses are transmitted to the coil. -
A variety of matching structures in NMR/MRI and EPR VTT T o /]" c.
instruments has been reporte@-20. Some papers dealing Surface coil 200F /== 0 g4

! - >
with electronically controlled systems have suggested that vy~ %]..mciﬂ

actor diodes be used both to tune and to match a resoriftpr 2
éV; - Cfé Balun Ground

20). Many different surface coils have been discussed in pape(s b4
dealing with NMR/MRI and EPR experiment21-30. A .
E%I:DM

technique for the automatic matching control of surface-coil-
Parallel coaxial
type resonator, however, has not yet been reported. line
One problem related to use of varactors in EPR resonators is v,
that if a varactor is in a magnetic modulation field, the applied
reverse-bias voltage for the varactor will be modulated by an
electromotive force. This phenomenon will result in the mod- Matching capacitors
ulation of the matching of the resonator, and the spectrometer G Coni o of . | " .
will be unable to distinguish this modulation from EPR signals, FIG. 1. Configuration of a surface-coil-type resonator with matching an
. . . uning circuits. The length of the parallel coaxial line was 103.7 mm, the radit
This unwanted modulation Car_mOt be avoided l_mless the V8 the surface coil was 5.0 mm, and the thickness of wire used for the surfa
actor and the elements supplying the reverse-bias voltages @f@vas 1.0 mm. The values of the capacit@s C,, Cs, C, andCy were,
completely shielded from the magnetic field modulation. Aespectively, 1.0 pF, 1.0 pF, 0.5 pF, 20 nF, and 20 nF. The value of the resist
Ioop—gap type of resonator is Widely used in EPR measuf&-andRy were 12 K). The choke coils were made by quarter-wavelength thir
: P %ihes, and the diameter of the choke coil was about 4.0 mm. The commercia
ments, but its varactors cannot be shielded from the modulation: PN : .
. . . available “semi-rigid” coaxial cables were used for the parallel line and th
fleld because the modulation field has_ to penetrate the resonglQi of the prototype resonator.
in order to modulate the dc magnetic field. The fundamental

difference between a tunable surface-coil-type resonator pre-

sented in this article and a loop-gap resonator (LGR) is g npajanced transmission circuit (for example, a coaxi
location of the matching circuit for connecting the resonatorm]e)_ One varactor gives a capacitanGg, for tuning the
the spectrometer. For the tunable surface coil, the distanggsnance frequency of the tunable surface coil. The oth
_between the surface coil and the matching and tunlng_ circUitSyactor gives the capacitan@,, for changing the reactive
is more than a half-wavelength of the electromagnetic waygnegance of the input impedance of the tunable surface cc
employed in the measurement. For the LGR, the matchig@cayse the capacitance of a varactor varies with the rever
circuit (usually a coupling loop) is located in the RF electrog;aq potential applied to it, we can adjust the resonance fi
magnetic fields. The shielding of the matching circuit for th uency and the reactive impedance of the tunable surface c
LGR will disturb the RF magnetic field and the magnetic fiel y adjusting the voltages applied to the varactors. Choke co
modulation applied to the san_wple unless the matching circuit{S 4 the ceramic capacito®s; andC,, are used for supplying
isolated from the RF magnetic field. the reverse-bias potential to the varactors. The choke c
This article describes an electronically tunable surface-codlgnnected between the center point of the balun and the grot
type resonator that can be used for both AFC and AMC |Bye| decreases microphonic noise produced by the magne
CW-EPR spectrometer. The principles of the resonator and thg jyjation field. The surface coil, the parallel line, and th
AMC are described. The theoretical background for the inpykyyn form a closed loop, and the voltage level of this loop |
impedance of the resonator is presented. The advantages offigeq from the ground level. Since the electromotive force
AMC with this resonator are demonstrated in EPR measulige modulation frequency affects the degree of the matchi

—>

To EPR
spectrometer

ments in a model system. between the tunable surface coil and the spectrometer, |
baseline of the EPR spectrum is shifted by the modulation. TI

EXPERIMENTAL only way this modulation can be avoided is by making sure th

the varactor and the elements supplying the reverse-bias |

Electronically Tunable Surface-Coil-Type Resonator tentials are completely shielded from the magnetic modulatic

) ) ) ) field. We therefore contain the sensitive elements inside a so
Figure 1 shows the configuration of an electronically tunabjg oo casingiinch thickness).

surface-coil-type resonator that uses varactors in its tuning and
matching systems. The tunable surface coil consists of a SW
face coil, a parallel coaxial line formed by 50-ohm coaxial
cables, and a half-wave line baludlj. The balun is an  AFC is a conventional technique in CW-EPR spectroscor
impedance transformer designed to couple a balanced line and is therefore important for our tunable surface coil. If th

{itomatic Frequency Control System
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FIG. 2. An automatic matching control circuit for the tunable surface-coil-type resonator. The values of the elements marked with an asterisk ard det
by the characteristics of a spectrometer.

microwave frequency is not changed by the operation of thesonator. When the transmission line has an open-circ
AFC, the lineshape of the EPR signal is not affected by thermination, the microwave is reflected in the same phas
action of the AFC. Almost all of the electronic circuits used iwhen the line has a short-circuit termination, the phase of tt
our AFC system are similar to those used in a conventionaiflected microwave is changed by 180°. The degree of matc
AFC system, but in our system the feedback voltage of theg during a measurement is obviously intermediate betwe
AFC is applied to the tunable surface coil instead of thge open and short terminations. If we can detect the change
microwave oscillatorZ). The range over which the frequencythe phase of the reflected wave, feedback control of the mat
can be controlled depends on the characteristics of the tunalplg is possible.
surface coil. In particular, the type of varactors used and theFigure 2 shows our automatic matching control circuit
value of capacitance connected in series with the “tuningthase-sensitive detection is a technique that is widely used
varactor govern the range over which the frequency can Bficrowave engineering. When the phase of the reflected wa
shifted. The frequency tuning range 06 MHz is necessary to s the same as that of the reference wave, the amplitude of |
obtain a good stability of the AFC fan vivoEPR experiments. symmed microwaves increases. This means that the out
voltage of the diode detector increases. On the other hat
when the phase of the reflected wave is opposite that of t
Impedance matching between the resonator and the trafgference wave, the output voltage of the diode detector ¢
mission line in EPR experiments can be adjusted by manuatifeases. Consequently, the phase of the reflected microwa
turning a knob to move an iris or a coupling loop or a couplingan be determined from this voltage shift. The voltage shift «
capacitor. Duringn vivo measurement, however, it is difficultthe diode detector is amplified by the summing operation
to keep a good match manually and automatic matching anplifier, and then the output voltage of the amplifier is fe
justment is preferable. The degree of matching affects thack to the port of the matching control of the tunable surfac
amplitude and phase of the microwaves reflected from theil. The matching is initially adjusted by using the resistive

Automatic Matching Control System



162 HIRATA, WALCZAK, AND SWARTZ

divider to set the reference voltage in the summing operatioreherea andb are, respectively, the inner and outer radii of the
amplifier. When the switch SW is in “manual” setting, arcoaxial line ande, is the dielectric constant of the insulator
optimal matching can be set by a 10-turn 1Q-kariable between the inner and outer conductors.

resistorR,. The resistoR, serves to adjust the voltage at the When the resonance angular frequency is specified in &
test point to a value of O for ideal matching. The switch SW imance, the line length can be calculated as

the “auto” position provides an error signal for automatic

matching, and the amplifier adds the output voltage of the 1 Zoncatel A
diode detector to the reference voltage. The cutoff frequency of | = Etan‘l < > L ) o
the AMC was 660 Hz, and it is mainly governed by the RC @

circuit in the input port of the tunable surface coil. This cutoff

frequency is sufficient to compensate for the animal moviherel is the wavelength of electromagnetic wave in the line
ments. Since the first term on the right-hand side of Eq. [3] is ver

small, the practical length of the line is obtained by adding
half-wavelength.

(3]

Testing of Automatic Matching Control

The performance of the AMC system was testedivo by Formulas for Input Impedance

measuring EPR spectra of lithium phthalocyanine (LiPc) im- . ] .
planted in rats. Two rats were tested. The effectiveness t?f?;,?orriz-r\,\éal\)/e'r“r?eeigatjti}nglaeydsat:fzrmoef ?;:ti'nzagf;n::ft"
automated matching was evaluated in the first animal while i Lo P P in

was under general anesthesia and without any anesthesia inf?ﬁg coil is given by
second. Stability and sensitivity of the spectrometer were ap-

praised by measuring EPR spectra with and without the AMC

1
being active. CiZi=iy

1
C, 1 Co1j0C.CZ, ) wCoy’ [4]

Zin =

THEORY
_ _ whereZ, is the load impedance at the input of the balun (th
Basic Design load impedance at the primary port of the transformer). Tt
The resonant circuit consists of the surface coil, the paralf |p<|adanc%at the s_ttaccél:wdan:j%rt ISa dc?r:nb_lnau:)r_l of tr:jat due
coaxial line up to the balun, and the tuning and matchirlg® urfnpr:e Capﬁlcl' or 3_a|n|_ DTS".’m he |np|u 'mpe zli_nge
capacitor circuits. The operating frequency of the tunable s gans OF € € parallel coaxial fine. since the voltage applied )
face coil was designed to have a resonance frequency apf} _capa_cltors is half _tha'; applied to the parallel coaxial line
priate to the spectrometer. Because a resonance circuit gload impedancg, is given by
formed by the surface coil and the parallel coaxial line, the

resonance frequency of the tunable surface coil is determined 7 - } 1 5]
by the length of the parallel coaxial line and the inductance of 74 joCyCrp 17
the surface coil. When one end of the parallel coaxial line is 2(Cs+ Cro)  Zuans
connected to the surface coil and the other end is an open-
circuit termination, the resonance condition of the tunable 7 7 Z_ + Z tanhyl [6]
surface coil is given by trans - =e 7+ Z, tanhyl’
joL — jZ paraiec0t Bl = 0, [1] Wwhereyis the propagation constant of the parallel coaxial lin

(33). Since the parallel coaxial line is a lossy line, the prope

- . . L gation constant should be treated as a complex number
where j is the imaginary number unitp is the resonance ;

! . - . The real partx is the attenuation constant, in nepers pe
angular frequencyL,. is the inductance of the surface caill, an({lé3 P pets b

. >HC eter. The load impedancg_ of the surface coil is first
B is the phase constant of the parallel coaxial liB8)(Two . <t0mad into the input impedand,.. by the parallel

coaxial lines operate as a balanced transmission line Wh(&%%xial line, and the impedan@,. is then transformed into

characteristic impedanc®, i is given by the impedancé, by the balun.

The load impedance of the parallel coaxial lide, is given
b by
276 log, a

Zoaralle = Ty (2] Z =R+ R+ R+ joL, [7]
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TABLE 1 1220 T T T T T I T T T

Specifications of an Electronically Tunable - ~— .

Surface-Coil-Type Resonator § 1210 + C,=0.25 pF, C,, =L.11 pF -

Radiusr of surface coil 5.0 mm é 1200 k N

Thicknesst of wire used for surface coil 1.0 mm 5 |
Lengthl of parallel coaxial line 103.7 mm 2 [

Inner radiusa of coaxial line 0.5 mm g 1190 | C.=0.5 pF, C.. =1.17 pF |

Outer radiush of coaxial line 1.68 mm “3 L ; oM .

Dielectric constant, of the insulator between the 2 1180 | -

inner and outer conductors 2.1 = | i
Attenuation constant of coaxial line (at 1.2 %

GH2) 4.46% 10°? neper/m v 1170 | C,=1.0 pF, C;,=1.24 pF 7
Phase constarg of coaxial line (at 1.2 GHz) 36.4 rad/m i 1
Conductivity of surface coil 5.% 10’ S/m 1160 L 1 . L . L 1
For the prototype resonator used in the measurements 0.0 1.0 20 3.0 4.0 5.0

CapacitanceC, 1.0 pF Capacitance C__ [pF]

Capacitance, 1.0 pF T

CapacitanceC, 0.5 pF FIG. 3. Calculated resonance frequency of the surface-coil-type resona

as a function of the capacitand®,;. The capacitance€, and C, were,
respectively, assumed to be 0.7 and 1.0 pF.

whereR;, is the ohmic resistanc®, is the radiation resistance

of the surface coil, an®. is the equivalent resistance of thecoil is in a vacuum. The capacitan,, which results in a

dielectric loss in the sample. These resistances can be obtaigedd matching depends on the capacitances of the fixed

from simple assumptions (see the Appendix in Re€]). pacitors. If the capacitances chosen for the matching circuit ¢
] ) __appropriate for the samples in EPR measurement, the match

Numerical Calculations of Input Impedance Characteristics patween the tunable surface coil and the transmission line

The tuning and matching characteristics of a tunable surfa@@od.

coil whose specifications are listed in Table 1 were calculated

using the formulae described in the previous section. For a RESULTS AND DISCUSSION

surface coil 10 mm in diameter the frequency which shows the ) o

minimum reflection at the input port of the tunable surface collUNing and Matching Characteristics

isabout 1.2 GHz, and the minimum reflection frequency can beBefore eva|uating the performances of the AFC and AM(
calculated as a function of the tuning capacitaftg. The systems, we measured the resonance-frequency and scattet

1SV186 varactor diode (Toshiba, Japan) can provide a capggrameter characteristics of a 1.2-GHz prototype tunable s
itance of 0.7 to 4.0 pF, and curves showing the resonance

frequency over this range are shown in Fig. 3 for various
values ofC;. The range of the frequency shift depends on the 0

: , 4 )
fixed capacitanc€;, and a frequency shift of 36 MHz should =2 -
be obtained whel®; = 1.0 pF. If a wide range of frequency v:‘ -10
shift is not needed, the capacitanCe can be small. £ g
The matching circuit consists of two fixed capacitors and a 5 -20
varactor, and the degree of matching for the tunable surface § 3
coil is adjusted by changing the reverse-bias potential on the & -30 -

varactor. Figure 4 shows the degree of matching as a function i
of the capacitanc€,,. For a one-port junction, a scattering- g 40 +
matrix parametet,, is defined by g L

@50 ;

0.0

ref

P
Si=1010g, 5-, (8]

Capacitance CDM [pF]

h P is the incident B s th flected FIG. 4. Calculated results showing, for various value€gf the degree of
wherer, IS the incident power ani..; IS the refiected power. matching between the surface-coil-type resonator and the transmission line

Thus, the scattering-matrix parame&y indicates the degree 3 function of the capacitand@o,. The capacitance€,, Cs, and Cor were,
of matching. It was assumed in this calculation that the surfaegpectively, assumed to be 1.0, 0.56, and 2.0 pF.
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1205 —————7— T 0 = Compensation for Impedance Mismatching Due
_ [ Resonance frequency - =) to Perturbation
N [ 2 ] —
% ..0"" 10 (g A tunable surface coil working in a spectrometer equippe
g 1200 .." 1 20 E with the AFC and AMC systems was evaluated experimel
2 ..° i g tally. The AFC and AMC were simultaneously working in the
£ ..‘ s 0 & following experiments. Crystals of LiPc implanted in rats wer
g 1195 b, ..' . “‘; i § used as the EPR signal source and a 1.2-GHz spectrometer:
g TV Aaatfaants & used for CW-EPR measurements. Estimates from the initi
K [ VS ‘ 740 b preliminary theoretical analysis are that the generated RF m
. § netic flux density in the surface coil is T when the applied
1190 o — 1'0 — 2'0 — 30‘50 microwave power is 25 mW. The energy dissipation in th

parallel coaxial line, the balun, and the coil is, respectively
Reverse-bias potential V_[V] approximatelys, 7, and; of the total energy dissipation in the
tunable surface coil when the sample is not present.

FIG. 5. Measured resonance frequency of the prototype tunable surfaceFigure 7 shows typical baselines of EPR spectra collect
coil as a function of the applied reverse-bias poter¥ial The reverse-bias ith d without th f AMC. Thi . ¢ .
potential for the matching\{,,) was 18.5 V. with ana withou e use o . IS experiment was In-

tended only to test the noise levels introduced by the automa

face coil, the specifications of which are listed in Table 1. Thne1atch|ng. Because the electric load of the tunable surface c

values of the capacitors for tuning and matching were selected time-invariant, even without the AMC operating the goo

t0 obtain a wide matching range. The scattering-matrix param_atchmg of the tunable surface coil was maintained during t

eterS.. for the prototvpe tunable surface coil was measur easurement. The root-mean-square values of the baseline

. P yp . 090 for the top trace and 0.092 for the bottom trace i
with a vector network analyzer (Anritsu, MS620J) and a SWarbitrar units. These results indicate that no additional noi
bridge (Wiltron, 60NF50, directivity 46 dB). y ' ‘

. - was added by the AMC circuit and there is no difference in th
The measured resonance frequency is shown in Fig. 5 as a

function of the applied voltag¥:. When the resonance fre resultant baselines.

PP 9% . Figure 8 shows the EPR spectrum of LiPc implanted in th
quency was measured, the applied voltage for matchfg ( . : C

e rain of a rat. The rat was unanesthetized in this measureme
was 18.5 V. A shift in resonance frequency of about 10 M : :

. : he rat was constrained by a plastic tube and was able
was obtained. The range of the frequency shift can, as shown_ . ; :
I . . . . sometimes move its head. The surface coil was touching t
in Fig. 3, be adjusted by choosing a different capacitaDge

. . : . head of the rat. In the top trace measured without the AMC, tf
The resonance frequency increases linearly with applied volt-

. e rat moved significantly when the scan reached the magne
ages up to 20 V, abov_e which the shift in the resonanel |y of 412.8 G. The measured signal contains a spike due
frequency shows saturation because the change of the CalO?\%_significant movement of the rat. The perturbation by thi
tance of the varactor decreases. The low-voltage region in Ft|g. '

5 corresponds to the large-capacitance region in Fig. 3 because
the capacitance of the varactor is inversely proportional to the

; . . . 1205 ——— ——— — 0 _
applied reverse-bias potenti@4j. Good matchingS,, more [ ' ' g
than —30 dB, was obtained throughout the wide range of theg {, 5 1 10 =
frequency shift. This decoupling between the resonance fres LA,

quency and the matching is very important for the AFC systemgz 1200 N
Without it, the operation of the AFC would affect the matching g_ i
during the measurement. & i e * "’
Figure 6 shows the matching characteristics of the prototypé& 1195 & N
tunable surface coil. The resonance frequency is little influ-g - ﬁ:;fl'e’ig;e R
enced by differences in voltagé,, between 18 and 20 V. & I
When the applied voltage was changed from 18 to 20 V, the : A
frequency shift was only 320 kHz. If this frequency shift can be 119010 — 1'5 — 2'0 — ’s -0
decreased, the AMC operation will be independent of the

readjustment of the frequency. The frequency shift due to the Reverse-bias potential V, [V]
change of matching is a fundamental limit of the present _ , )
FIG. 6. Scattering-matrix parameteés,, (for the matching between the

tunable surface coil. However, this shift is not a problem I[.I;}ototype tunable surface coil and a 50-ohm transmission line) as a function

practice, because the AFC simultaneously adjusts the reg@applied reverse-bias potentia) when the reverse-bias potential for tuning
nance frequency of the tunable surface coil. (V+) was 10 V.

420
y

1
L2
=3
Scattering-matrix parameter S
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L L S S S R R The 300 measured points from 408 to 411 G were used for tf
- computation. We conclude that the noise level in the baselil
1 ] of the bottom trace was reduced about 30% in comparison wi

tr MWWMWWMWWMWMWWWW ] the top trace. The decrease of 30% for the noise level means
i without AMC ] improvement of about 40% for the signal-to-noise ratio in thi

ol ] measurement/ (1.0 — 0.3)N =~ 1.4 S/N, whereS is the

a.u.

signal amplitude, andll is the noise amplitude). Although the
absolute sensitivity of the spectrometer did not improve, tf
practical sensitivity inin vivo measurements did. This is be-
cause the AMC was able to maintain good impedance matc
ing during the measurement. Both measurements were mg

with AMC

1 b A

2 o within an interval of a few minutes. There was no difference i
390 400 410 420 430 0 the animal physiology for both measurements. Since the r
Magnetic field [Gauss] flected microwaves were reduced by maintaining a good in

pedance matching, the noise level of the baseline was i

FIG. 7. Typical baselines of EPR spectra collected with and without t

use of AMC. The bottle containing physiological saline solution was n roved. . . -
moving and the EPR signal source was absent. The measurement conditiorfg‘lthoUQh these studies were done with a SpeCIfIC type «

are as follows: microwave power 25 mW, sweep time 10.0 s, scan range 4tesonator, the AMC is expected to be a useful technique for :
G, magnetic field modulation 0.2 G, and time constant 20 ms. in vivo EPR measurements. The resonator used in this stu
has no exceptional sensitivity to physiological movements ¢
movement exceeded the dynamic range of a RF amplifier aadjmals; we are not aware of other types of resonators that
as a result, an EPR signal could not be discerned due to
saturation of the RF amplifier. The bottom trace was measured 29 ———T T 1
with the AMC on. In this case, the measured spectrum does not -
show spikes such as those evident in the top trace. Even when I without AMC
the experimental animal moved significantly, the good imped- 15 [
ance matching between the tunable surface coil and the trans- [
mission line was maintained by the AMC. Therefore measure- r H ]
ment could be continued over a long period of time without 10 i m WPWW ]
readjusting the matching, even though the rat often moved in . 1
that time span. s F il l\ .
Figure 9 shows the EPR spectrum of LiPc implanted under I ” ' ]
the skin on the neck of a rat. The rat was anesthetized in this i
measurement; however, the movement due to the respiration®df o [ ‘
the rat could not be avoided. The movement of the rat caused
impedance mismatching between the tunable surface coil but
the impedance mismatching due to the respiration was within -5 [
the dynamic range of the RF amplifier and therefore the signal I
was not lost entirely (compare with Fig. 8). When the AMC 10 [ gwwmwm WWWMMWMWW
was turned on, the noise level visible in the baseline decreased. I MWMW
While in fMRI it has been found that some of the “noise” i )
. . F with AMC 1
actually reflected resolvable physiological processes (and _i5 - a
therefore with proper analysis could add important informa- [ ]
tion), this is unlikely to be the case for the noise attributed to
physiological motions of animals in our vivo measurements. -20
The effects of the motion predictably lead to most or all of the
noise that is observed. It does seem possible that when the
effects of motions in the animal are sufficiently minimized by Magnetic field [Gauss]
the AMC and other means, we then will be able to resolve
some true physiological fluctuations of p@at are currently = "™ > _ _ _

. LiPc) implanted in the brain. The rat was constrained by a plastic tube. T
obscured by the noise. The root-mean-square value of the n surement conditions were as follows: microwave power 25 mW, swe
in the top trace without the AMC is 0.325 in arbitrary unit§ime 5.0 s, scan range 1.0 G, magnetic field modulation 0.1 G, and tin
while the value for the bottom trace with the AMC is 0.230constant 20 ms.

T
1

412.4 412.6 412.8 413.0 413.2 413.4 413.6

FIG. 8. EPR spectra of an unanesthetized rat with lithium phthalocyanir
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