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Abstract. One-channel bolometric diagnostic has been designed and built for the TBR-I
tokamak to measure the machine radiation power loss. The detector, a thinistor, was calibrated
and its characteristics experimentally determined. In this work the first results obtained with

'the bolometer are presented and discussed.

The radiation power loss measurement has great importance on tokamak research. It can
be used in the study of the machine energy balance(l|, to detect the plasma instabilities^], and
also to estimate the plasma impurity density[3]. A bolometric diagnostic with one channel has
been designed, built and installed in the TBR-I[4], a small tokamak in operation at the physics
Institute of the São Paulo University.

The working principle of the bolometric diagnostic is based on the conversion of the energy
radiated by the plasma that reaches a detector in thermal energy. This thermal energy increases
the detector temperature and changes the electric resistance of the detector. There are many
types of bolometers based on different detectors that are commercially available[5]. The bolome-
ter in use in this experiment is based on a silicon detector that has the advantage of higher
sensibility and short time, characteristics that are compatible with the low energy contents and
short time duration of the TBR-I plasma discharge.

The main paru of the detector are the absorber layer, where the incident radiation is con-
verted in thermal energy, and the semiconductor (Silicon) layer that has an electric resistance
that increases with the temperature. An electric current i generated by a constant current source
generates a voltage drop in the semiconductor layer thac is detected by an electronic circuit. The
energy balance equation for the detector is given by:

+ JfcAT - i'R » P{t)

where C is the detector heat capacity, AT is the temperature difference between the detector
and the environment, k is the heat conduction coefficient. R the electric resistance of the silicon
layer. and'P(t) the incident radiation power from the plasma.
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Two different types of calibration had been made for the characterization of Che detector: a
thermal calibration and an absolute calibration. With the thermal calibration it was possible to
determine the temperature dependence of the silicon layer resistance that obeys the following
expression:

R{T) as floexpíaJ}

where A> is the detector resistance for T = 0°C and a is the detector temperature coefficient.
/2Q and a, both shown in the table 1, were determined by the fitting of an exponential curve to
the measured values of R and T

The absolute calibration was made with an Argonium laser with an adjustable output power
(0 to 300 mW). During the calibration the detector was placed in a vacuum chamber[6j to
minimize the thermal conduction and convection effects. The calibration curve showing the
dependence of the tocai incident radiation energy to the detector voltage drop is in the figure
1. With these procedures and the expression A £ = -CAT ( A £ is the energy increment), it
was possible to determine the heat capacity of the detector. The main detector characteristics,
experimentally determined in this work, are shown in the table 1.

The detector was installed in the upper window of the TBR-I on the flange with a collimator
tube as shown in the figure 2. Due to the detector low signal intensity and the consequent
small signal to noise ratio, a special electronic circuit based on the lock-in amplifier principle
was designed and built[7j. The circuit was used to register the variation in the detector voltage
drop. The output signal of the circuit was connected to a CAMAC digitizer module where a
200kHz sampling rate were used. The digitized data were stored with the aid of a PC computer
system. Simultaneously with the bolometer signal the temporal profiles of the plasma current,
loop voltage, vertical and horizontal plasma position, and hard and soft X-rays.

It was expected that the characteristic signal of the detector would correspond to the inte-
grated energy received by the detector. The derivative of this signal is the absorbed power by
the detector during the discharge.

Although the calibration procedure showed very good results, the preliminary temporal pro-
files obtained with the bolometer in the TBR-I showed some problems as can been seen in the
figure 3. In this figure, we can see a tokamak shot with plasma time duration of 8.5ms and
current about Ilk A, the bolometer signal increases during the plasma current rise as expected
but the signal decays during the plasma current plateau exhibiting an unexpected effect that
may be related to the plasma current or to direct effects of the soft X-rays on the detector signal-.
Nevertheless, the bolometer signal amplitude for first 1.3m* corresponds to the expected energy
loss for this discharge. Therefore, we are now investigating the source of this unexpected effect
and new experimental set up is in course to find out the real influence of X-ray as fotoconductor
effect on the detector[8].
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Figure 1: Absolute power calibration curve for the bolometer.
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Foil Size (mm2)
Eletrical Resistance (ifl)

R (r = 20°C)
rto (T = 0°C)

Cooling Time (ms)
Response Time (ms)

Temperature Coefficient (K~l)
Heat Capacity (mJ/K)

2 x 2

12 i
2S.5

(1
-4.2 x IO'2

0.35

Table I. Characteristics of the bolometer.

Figure 2: Squexnatic draw showing the tokamak view with the detector and the coilimaior tube.

t I!

•I.

• • •

M-

u-
MF

• > » T I

Figure 3: Temporal behavior of the plasma current (Ip), loop voltage (VI), soft X-ray, and
bolometric signal.
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