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Introduction

A fast ten-channel pulsed radar reflectometer has been built for the TEXTOR-94

tokamak. In the pulsed radar technique, the time of flight of short (duration ~ 1 ns)

microwave pulses, reflected at the cut-off electron density in the plasma is measured.

In this system ten channels are operated at fixed frequencies, while two additional

channels can be swept in frequency.

The present system is a follow-up of a four-channel system, which was built for

the RTP tokamak and later installed at TEXTOR. Although many of the original

components from that system are used, the ten-channel system is a complete rebuild.

In that way an increase of the number of channels could be reached from four to a total

of twelve, by employing each microwave oscillator both as RF and as LO source, and

by adding four new oscillators. This is combined with an increase of the pulse

repetition rate with a factor of ten, reached by multiplexing the pulses in the

waveguide system. Commissioning of the system is under way, and the aim of this

paper is to inform about the progress that has been made. A brief description of the

diagnostic is presented, followed by some remarks on the varactor modulators, which

actually form the very short microwave pulses. Some preliminary plasma

measurements are presented and discussed.

Experimental setup

The microwave scheme of the pulsed radar diagnostic is shown in Fig. 1. An

extensive description of the diagnostic setup can be found in [1] and [2]; here only the

main features are described.

Ten fixed-frequency IMP ATT oscillators are used for the profile measurement.

In addition, two sources are available that can be swept in frequency by an arbitrary

waveform generator during the plasma discharge. All sources are immediately

followed by a fast pulse-forming modulator, built-up of a circulator and a varactor, in

order to form the 1 ns wide radar pulses. The channels are combined into three



frequency bands, as shown in the figure. Each band has its own launching and

receiving antennae, as well as its own detection system. For the K band channels

homodyne detection can be used, because relatively high signal powers are available

and because the frequencies are already low. The Ka and U band channels are detected

in a heterodyne fashion, mixed down to an intermediate frequency of 18 GHz. For the

Ka band the U band channels are used as a local oscillator and vice versa, so that eight

oscillators play a double role as RF and LO. This is achieved by switching the

corresponding pulse-forming modulators on for a duration of 20 ns in the appropriate

time interval. After detection, the video signals from all frequency bands are added

and fed into a constant fraction discriminator (CFD). This CFD triggers on the leading

edge of the pulse, always at the 50% level of the pulse amplitude.

To reach the high pulse repetition rate of 20 MHz, microwave pulses are

multiplexed in the waveguide system. In combination with the heterodyne detection
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Fig. 1: Microwave set-up. All frequencies in
GHz. The sweepable sources are indicated by a
bar above the frequency.
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Fig. 2: Timing scheme. Both RF and LO pulses
reflect at the plasma, but only the relevant radar
pulse reflections fall inside the IF band, centred
around 18 GHz. This is illustrated by the detector
trace, shown below for four channels.



scheme this leads to a complicated timing scheme for the various pulse-forming

modulators. Various measuring modes have been defined for the diagnostic, ranging

from a full-profile mode, involving all ten fixed channels at a 2 MHz measurement

rate, to an ultra-fast mode for correlation measurement of fluctuations, involving just

one fixed and one sweepable channel and running at 10 MHz. In Fig. 2, where the

timing scheme for the full profile measurement mode is depicted. The resulting signal

after combination of the different detector signals will be a train of double pulses at 20

MHz. The first pulse of each pair is generated by a bypass waveguide loop between

the sending and the receiving waveguides, located near to the vessel, and functions as

a starting signal for the time of flight measurement. The pulse separation between each

pulse pair corresponds to the time of flight from the bypass loop to the critical density

layer and back. Currently four channels are operational and a measured signal is

shown below the timing scheme. This was measured by

reflection on the back wall of the vessel, therefore the

reflected pulses are rather low; plasma reflections are at

a much higher level.

Microwave pulse forming

A crucial part in any pulsed radar reflectometer

system using continuous-wave sources is the pulse-

forming modulator. For this diagnostic, fast varactor

diode switches have been developed by Ermak [3].

Varactors offer the advantage of high speed, but one

drawback is that they have only a narrow bandwidth.

This has proven to be of some concern for the present

diagnostic. Measurements of the isolation of the 39

GHz switch are presented in Fig. 3, which shows the

transmitted power as a function of frequency for two

slightly different values of the bias voltage. High

isolation values can clearly be reached, but only within

a very narrow bandwidth. This poses a problem

because the IMP ATT oscillators in the diagnostic do

not possess very good frequency stability. This was of
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Fig. 3: Transmission of the 39 GHz
varactor modulator as a function of
frequency for two different bias
voltages: -0.879 V (upper box) and
- 0.847 V (lower box). The upper
boundary of the striped black area
should be interpreted as the
transmission curve; the lower
boundary is the detection limit in
this measurement. Horizontal scale
50 MHz / division; vertical scale 10
dB / div. Measured in CW.



no importance when they were used in the four-channel pulsed radar system at the

RTP tokamak, because a broadband PIN-switch (by Millitech, but no longer available

in the market) was employed. And after pulse forming, the frequency spectrum of the

waves is largely determined by the spectral broadening, due to the 1 ns pulse length.

The other conclusion that can be drawn from Fig. 3 is that the bias voltage on the

switch needs to be stable within 10 mV. So, if good isolation in the switches is

desired, which is important for the overall power dynamic range of the system, the

microwave frequencies as well as the bias voltages of the switch drivers need to be

stable enough.

First plasma results

The following section describes some of the measurements that have been

obtained up to now. Of course, the commissioning and further technical development

of the diagnostic is still under way, so that only a flavour of the expected results can

Fig. 4: Time of flight (T.o.F.) measurements during a discharge. The time of flight in vacuum for
reflection on the back wall of the vessel has been chosen to be zero; for the 29 GHz channel, this
could until now only be done with 1 ns accuracy. For reasons of clarity, only one out of 6000
measured pulses has been plotted.



be given here. In particular, no measurements have been obtained yet with more than

four channels working simultaneously, therefore no full ten-channel profile

reconstruction can be shown yet.

In Fig. 4 measured pulse flight times are plotted for a standard TEXTOR

discharge, for reasons of clarity showing only one out of 6000 measured points. The

time of flight of pulses that are reflected on the back wall of the vessel, in the absence

of plasma, has been chosen to be zero in the figures shown here.

The traces show the occurrence and disappearance of reflecting layers in the

plasma for different channels, one after the other. The density ramp-up at the

beginning of the discharge, as well as the density ramp-down at the end of the pulse is

clearly visible in the data.

In the 33 GHz channel two distinct traces of points can be seen, one slightly

above the other. Multiple traces sometimes occur as a consequence of multiple

reflections inside the vessel, where the first plasma reflection does not always hit the

receiving antenna with sufficient intensity to be detected. In this case, however, the

cause seems to be a different one. Reflections in the (provisional) video amplification

part of the detection circuit are a likely

candidate. ~54

Of the traces shown in Fig. 4, there -5.6 h

seems to be more scatter on the data ! -5.8

points of the 18 GHz channel than on s _6 0 f.

those of the other channels. This is g . „,
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actually not a noisy scatter, as we will see

after zooming in. In Fig. 5 the 18 GHz.

trace is plotted once more, now over a

time interval of 0.5 s and after (median

and boxcar-average) filtering. This

produces a much clearer picture, in which

Fig. 5: Upper box: filtered time-of-flight
measurements of 18 GHz pulses. Lower
box: horizontal plasma position in cm,
measured by interferometric (upper trace)
and magnetic (lower trace) diagnostics. This
oscillation is seen by the reflectometer from
the low field side, i.e. high position values
correspond to low time of flight.
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we see that the larger scatter in the data points is actually an oscillation. Comparison

with magnetic and interferometric measurements of the horizontal plasma position

shows good agreement in frequency and phase with an oscillation in plasma position,

which is caused by an instability in the feedback control system. The position

oscillation amplitude is at the lower limit of the resolution of the reflectometer (0.5

cm), and is therefore not seen on the high-density channels. The relatively large

oscillations on the 18 GHz channel might indicate changes in the outermost edge

density gradient; careful analysis, including information on edge density profiles from

diagnostic He and Li beams, is needed to correctly evaluate the density profile.

As a final illustration of the present status of the diagnostic, measurements of a

magnetic island are shown. The four-channel pulsed radar system was put to use at

TEXTOR-94 with great success for the investigation of large rotating magnetic islands

[3, 4]. A secondary reflecting density layer was observed inside the islands, in

evidence of strong density peaking in the island. With the new ten-channel pulsed

radar system these secondary reflecting layers have now again been observed, as

shown in Fig. 6. The quality of the signals seems to be comparable or even better than

before, and we can now measure at up to a factor of twenty higher time resolution or

use this to gain, by filtering, in time-of-flight resolution. When all ten fixed channels

and the two sweepable channels will come on line, this opens the way to a more

detailed analysis of the perturbation of the density profile.
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Fig. 6: Large rotating magnetic island, as observed by the 36 GHz channel. The trace structures
fall into two distinct levels, of which the lower is associated with a secondary layer of critical
density inside the islands. The upper level structures go to very long flight times as the pulses have
to pass over a region of density that is, over an extended region inside the island, just below the
cut-off density for their frequency.



Concluding remarks

The new ten-channel pulsed radar reflectometer is coming into operation. Many

technical problems have to be or have already been solved. The main problem areas

seem to be related to the fast pulse repetition rate (every 50 ns, which enables

averaging over multiple pulses), the new type of pulse-forming modulators used, and

to the use of multiple switched local oscillators. Once the reflectometer is fully

operational, density profiles can be reconstructed from the ten time-of-flight

measurements. The possibility to retrieve more information about the reflected pulse,

like pulse amplitude or pulse broadening, will be investigated. This could provide

even more information about the density distribution in the plasma [5,6].
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