
A NONPERTURBING TEMPERATURE PROBE SYSTEM 
DESIGNED FQJf HYPERTHERMIA MONITORING 

ABSTRACT 

As electromagnetic energy becomes more and more utilized as 
the heating source for hyperthermia therapy trials, the need for 
accurate and convenient thermometry becomes more critical. We have 
developed a nonmetallic fiber-optic temperature probe with a semi
conductor sensor at its tip for use in microwave and radio wave en
vironments where metallic-bearing temperature probes may lead to 
large measurement errors. The sensor, fabricated from a small 
single crystal block of gallium arsenide, absorbs light whose nar
row spectrum is near the band edge of the semiconductor. As the 
temperature of ~the sensor varies, the amount of light absorbed 

· will vary. For the GaAs sensor, near infrared light at A= 907 nm 
is used. · 

The probe consists of a bundle of 0.085-mm diameter glass 
fibers; some are used for transmission of the light.from the LED 
and the remainder used for reception by a photodiode after passage 
through the sensor. In the tip region, the probe diameter is such 
that it is less than the outer diameter of a 25-gauge needle, 
facilitating implantation in tissue. A unique insertion set employ
ing a Teflon sleeve has been designed to ease the .implantation pro
cedure. The range of the instrument is 15°-55°C, sufficient for 
practically all hyperthermia experiment.s. 

The overall system is designed to support up to a total of 
six probes whose displays are integrated into a single package. 
An 8085 microprocessor board controls the linearization, display, 
and calibration of the system. Calibration of each probe is de
signed to be accomplished either by a built-in calibrator module 
under control of the microprocessor monitor, or by a single-point 
external temperature reference supplied by the user. 
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SUMMARY 

We describe the development of a system specifically designed 
for use in monitoring temperature during the production of hyper
thermia by electromagnetic means. In such cases, ordinary thermom
eters containing metallic parts may cause artifactual temperature 
errors due to induced currents in the conducting regions. These 
lead to reradiation of energy, and to abnormal temperature increases 
from ohmic loss and distortion of the deposition field distribution. 
To avoid these disadvantages; we have developed a fiber-optic probe 
system utilizing glass fibers carrying light to and from a semicon
ductor sensor fabricated from GaAs. Since the light used has a 
wavelength near the absorption edge between the valence and conduc
tion bands of the gallium arsenide in the temperature range of 
interest (A= 907 run), the amount of light transmitted will change 
as the band gap energy changes with temperature. The received 
light is detected and a corresponding temperature displayed. The 
overall range of the present unit is 15°-55°C, with a resolution 
of 0.01°C. Absolute accuracy is better than 0.1°C. 

For ease of insertion into tissue or phantom materials, we 
have designed a special insertion set comprised of a 3-1/2-inch 
long 25-gauge needle with a 0.032-inch outside diameter Teflon outer 
sleeve. The unit is placed in the tissue and the needle is with
drawn leaving the Teflon sleeve behind. The probe is then inserted 
into the sleeve until it automatically registers with its tip pro
truding slightly beyond the end of the sleeve. 

A total of six probes are intended to be accommodated simul
taneously by the system, so that several points in the heating pat
tern of the electromagnetic field may be monitored continuously. 
For hyperthermia applications, such coverage is desirable to ensure 
proper temperature control.· An Intel 8085 microprocessor board is 
utilized to control the entire system. Tasks performed by the 
microprocessor includ8;collection of detected light powers, 
linearization of the transfer function, and calibration of the 
probes. A built-in calibration unit has been designed for con
venient recalibration of the probes, or the user may employ an 
external temperature reference for one-point calibration. A block 
diagram of the microprocessor control and peripheral units of the 
system is shown in Fig. 1. 
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Fig. 1. Block diagram of multiprobe fiber-optic temperature monitor
ing system. 


