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The Liverpool RF module [1] was developed in the late 1970s for the polarized targetof the EMC experiment at CERN. It
is still in use in several laboratories. It has not been available for more than 10 years. And few components of the RF part are obsolete. A new developed Q-meter and its use in different experiments will be presented.

1.

Introduction

Asymmetry measurements with polarized solid state
targets and with polarized and unpolarized beams are
still important tools to disentangle the spin structure of
the nucleon. To determine the absolute value of the
target polarization, continuous wave nuclear magnetic
resonance (CW-NMR) is the current method of choice.
The development of the first Q-meter started 40 years
ago. The so called Liverpool-box, which is still the
standard Q-meter, was developed in the early 80ies [1].
The Liverpool-box is not available any more. The
schematics have to be changed, because a few circuit
components are obsolete. For replacement and spare a
new RF-part was developed. The module and its
performance will be presented. In other sciences like
geophysics, biophysics or medicine the pulsed-NMR is
the usual technique. The advantage in the measuring
time plays a minor role, because only a small amount of
the spins will be saturated so that the polarization will
be preserved. The same reason reduces the signal to
noise ratio. The main motive to prefer the CW-NMR
instead of the pulsed-NMR technique is: by pulsedNMR a short part of the FID a - signal must be ignored,
after the pulse was applied, because the ringing of the
pulse dominates the FID for a few -seconds. During
this time an important part of quadrupol broadened
signal vanishes and a deformed signal results after the
Fourier transformation, thus a line shape fit for
determination of the polarization is not possible [2, 3].
2.

CW-NMR

The minimum components of a Q-meter are shown in
Figure 1. For the excitation of the spin transition, a RFsignal generator is utilized. For the dynamic nuclear
polarization - process (DNP) the magnetic field must be
a

Free Inductance Decay.

constant, thus the RF-frequency must be varied over the
resonance line to detect the whole absorption signal.

Figure 1. Minimum components of a Q-meter.

The constant current resistor Rcc must be huge
compared to the impedance of the series resonance
circuit consisting of a variable capacitor, a dumping
resistor Rd, coaxial transfer cable between the warm
part and the induction coil, placed in the cryostat at low
temperature in or around the target material. The
polarization changes the inductance of the coil with that
the Q b of the circuit changes and this results in a voltage
variation which will be amplified and measured with a
diode - or phase sensitive - detector. The integrated
signal and therefore the area under the line shape is
proportional to the polarization:
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Quality factor of the resonance circuit.
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where A is the area under the line shape.
As target materials proton and deuteron target like
alcohols, ammonia, carbon hydrogen and lithiumhydrogen are mainly used [4]. Typical magnetic fields
are 2.5 to 5 T, hence the resonance frequencies are
between 10 MHz and 250 MHz.
Table 1. Larmor frequencies for protons and deuterons at different
magnetic fields
Nuclei

B = 2.5 T

B = 3.5 T

B=5T

2

16.3 MHz

22.8 MHz

32.6 MHz

1

106.3 MHz

148.8 MHz

212.6 MHz

H
H

The linearity of the Q-meter must be constant over
a huge range of a factor of up to (2000:1).
2.1. Q-meter
The RF - part is built of splitters, amplifiers and
attenuators in SMA connector cases from Mini-Circuits.
The
tuning
box
is
externally
connected
via SMA connector to provide a very flexible
arrangement. In Figure 2 a sketch of the RF-part is
presented. The RF to LF - converter with diode and
mixer for phase sensitive detection was newly designed
on a four-layer board. The linearity measurements are
performed without dc - offset compensation and further
amplification.

The resonance circuit has to be changeable or
should be tuneable in this frequency region. Because of
the very small deuteron signal a coil of 100 nH is
applied with a high filling factor c. Usually the proton
coil consists of one winding with a reduced filling
factor. The transfer cable is n
/ 2 or much shorter
than / 4 to minimize its influence on the circuit. The
capacitor is mechanically or voltage variably tuned to
the adequate Larmor frequency.
For phase sensitive measurement, in order to
increase the signal to noise ratio, the phase cable is
varied to zero phase between the two inputs of the
mixer (load and reference signal) [5].
The calibration of the CW-NMR is performed by
the TE d-method.
The area under the line shape is proportional to the
polarization. By measuring the area units of a signal
with a known polarization the proportional factor can be
calculated:
Pdyn

AU dyn

PTE
.
AU TE

(2)

The thermal equilibrium polarization for a given
magnetic field and temperature can be calculated via the
Brillouin function.
For instance the deuteron polarization at a magnetic
field of B = 2.5 T and a temperature of T = 1 K is
PTE = 0.052 % (Figure 2), maximum polarizations
values of Pdyn 80 % are reached [6, 7], thus an
enhancement factor matches to E 80/0.052 = 1538.

c
d

Inner volume of the coil is filled with material.
Thermal Equilibrium.

Figure 2. Sketch of the RF part of the Q-meter.

In Figure 3 the conditioning of an ammonia TEsignal is shown. The upper graph shows the raw signal
with a dc-offset of about 2.8 V sitting on the Q-curve.
The middle graph shows the signal after subtraction of a
background signal which was detected with a offresonance magnetic field at B = 0.95 × B0. The final
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Figure 4. Area units of NH 3 TE-signal vs RF input power from PSD.

Figure 3. NH3 Preparation of thermal equilibrium signal.

step can be obtained in the lower graph of Figure 3. A
baseline, fitted to the wings outside the signal which is
also subtracted from the signal. Finally the pure proton
NMR signal is left and can be analyzed.
2.2. Linearity measurements
To determine the linearity of the Q-meter the natural
thermal equilibrium signal of the protons in ammonia
(NH3) was measured at a constant temperature of about
T = 1 K by varying the excitation voltage in a range of
50 to 110 mVrms. In Figure 4 the result is presented
with a linear fit. The slope had an accuracy of 0.3 % at
which the main error results from the measurement of
the small excitation voltages.
A better procedure to measure the linearity is to
determine the polarization independently. This is
possible with a nuclei which has a spin 1 and a none
vanishing electrical field gradient. This is the case with
d-butanol and ND3, not for 6LiD where the electrical
field gradient is zero because of the fcc structure of the
lattice.
In Figure 5 a nondegenerated TE - signal of dbutanol is plotted. Dynamically polarized signals can be
seen in Figure 6.

Figure 5. TE signal of d-butanol at T = 1K and B = 2.5 T.

Figure 6. Positive and negative dynamically polarized d-butanol
signals are shown.
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With a line shape fit [2] the polarization can be
extracted. In Figure 7 the extracted polarization values
of dynamically polarized d-butanol versus its area units
are plotted. The accuracy of the slope is about 0.4 %.

The RF to LF - converter with a phase sensitive
detection was newly designed on a four layer board.
Linearity measurements are presented and showed a
very good performance. This module will be used in the
double polarization experiments at CB-MAMI in Mainz
and CB-ELSA in Bonn.
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Summary

A new continuous wave nuclear magnetic resonance Qmeter has been developed. The RF-part is modular
assembled with components from Mini-Circuits in
aluminium cases with SMA connectors. This provides a
flexible arrangement.
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