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WIRELESS REMOTE SENSING 
THERMOMETER 

BACKGROUND OF THE INVENTION 
The present invention relates to a ring oscillator that 

senses temperature and transmits temperature information to 
a radio receiver. 
Thermometric oscillators are one of many devices used to 

sense temperature. Other temperature sensing devices 
include thermocouples. resistance temperature detectors. 
and junction diodes. Typically these devices are placed in 
close proximity to the point where the measurement is 
desired and are connected by wires to other electronic 
components that process the output of the sensing device. In 
many applications. however. the wires connecting to the 
sensing device are inconvenient. In a production line. for 
example. the sensing device may be moving while the other 
components preferably remain stationary. In other 
applications. a temperature sensing point may be di?icult to 
access. such as inside a nuclear reactor or some other harsh 
environment. where wired connections may be inconve 
nient. 

Another disadvantage is that the temperature range of the 
sensing device may not extend to the range of interest. 

Optical pyrometry is a Well known technique for measur 
ing temperature that does not require connecting wires to the 
point of measurement. Optical pyrometers measure the 
intensity of electromagnetic radiation from an object to 
determine temperature. However. the accuracy of the tem 
perature measurement is dependent on the accuracy of the 
emissivity given for the object. Also. intervening material 
between the object and the pyrometer may distort the 
temperature measurement. Furthermore, optical pyrometry 
is currently limited to elevated temperatures where emis siv 
ity is high. 

SUMMARY OF THE INVENTION 

The thermometric ring oscillator of the present invention 
addresses the problems described above. and may provide 
further related advantages. The following description of a 
thermometric ring oscillator does not preclude other 
embodiments and advantages of the present invention that 
may exist or become obvious to those skilled in the art. 
A temperature measuring device comprises a ring oscil 

lator having a nominal oscillating frequency positioned at a 
location where temperature is to be measured. The ring 
oscillator emits electromagnetic radiation to an antenna 
located at a convenient distance from the ring oscillator. The 
antenna transforms the electromagnetic radiation into an 
electrical signal. Areceiver receives the electrical signal and 
measures the frequency of the electrical signal to determine 
the corresponding temperature. The temperature may then 
be visually monitored from a display or electronically moni 
tored by other devices. 
An advantage of the thermometric ring oscillator is that 

both temperature sensing and wireless transmission of tem 
perature data are performed with a minimum of parts. 

Another advantage is that the thermometric ring oscillator 
may be incorporated with other electronic devices and 
circuits for measuring temperature under actual operating 
conditions. 
A further advantage is that the thermometric ring oscil 

lator may be miniaturized by standard microelectronic fab 
rication techniques to allow maximum thermal coupling. 

Still another advantage is that the frequency of the ring 
oscillator may readily be measured to 1 part in 1011. thus 
making possible extremely precise temperature measure 
ments. 
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2 
The features and advantages summarized above in addi 

tion to other aspects of the present invention will become 
more apparent from the description. presented in conjunc 
tion with the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of the thermometric ring 
oscillator. 

FIG. 2 is a detailed circuit diagram of a single inverter. 
FIG. 3 is an example of ring oscillator frequency versus 

temperature for higher temperatures. 
FIG. 4 is an example of ring oscillator frequency versus 

temperature for lower temperatures. 

DESCRIPTION OF THE INVENTION 

The following description is presented solely for the 
purpose of disclosing how the present invention may be 
made and used The scope of the invention is de?ned by the 
claims. 

Referring to FIG. 1. a thermometric oscillator 10 com 
prises an odd number of inverters 12 connected serially in a 
closed feedback loop. Other arrangements of an odd number 
of inverters 12 may be used. for example. a single inverter. 
Generally. a greater number of inverters has a lower ambient 
temperature oscillating frequency and a wider frequency 
variation over a percentage of temperature change than a 
smaller number of inverters. An optional feedback imped 
ance (not shown) may also be used. As the temperature 
environment of thermometric oscillator 10 changes. the 
switching speed of the transistors of which the inverters are 
comprised changes. causing the oscillating frequency to 
change. FIGS. 3 and 4 are plots of frequency versus tem 
perature for exemplary ring oscillator circuits. Thermomet 
ric ring oscillator 10 may be miniaturized by standard 
microelectronic fabrication techniques. Miniaturized ther 
mometric oscillator 10 may be placed in close proximity to 
the point where a temperature measurement is desired. for 
example. on an integrated circuit microchip to ensure opti 
mum thermal coupling. The nominal oscillating frequency 
of thermometric oscillator 10 may readily be measured to 1 
part in 10“. thus making possible extremely precise tem 
perature measurements. 
An antenna 14 may be located at a convenient location to 

transform electromagnetic radiation from thermometric 
oscillator 10 into an electrical signal. A receiver 16 is 
connected to antenna 14 to receive the electrical signal. 
measure the frequency of the signal. and determine the 
corresponding temperature of thermometric oscillator 10. 
The temperature may be determined. for example. from a 
lookup or calibration table. The temperature may be pre 
sented on a display 18 or from an output 19 in digital or 
analog form to other devices. 

FIG. 2 shows a detailed circuit diagram of an exemplary 
inverter 20 that may be used for making thermometric ring 
oscillator 10 in FIG. 1. A voltage source 22 biases inverter 
20 to operate as an ampli?er. Other oscillator circuits may be 
used. such as junction transistor circuits. The nominal oscil 
lating frequency may be chosen to accommodate a wide 
variety of applications by selecting the number of inverters 
comprising thermometric ring oscillator 10. and may range 
over the frequency spectrum from about 100 GHZ down to 
the sub-audio frequency range of about 1 Hz. A typical range 
for the nominal oscillating frequency is from about 10 MHZ 
to about 150 MHZ. Changes in temperature may be detected 
by measuring the corresponding changes in the nominal 
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oscillating frequency. Exemplary values of oscillating fre 
quency versus temperature for thermometric ring oscillator 
10 are plotted in FIGS. 3 and 4. 

Other modi?cations. variations. and applications of the 
present invention may be made in accordance with the above 
teachings other than as speci?cally described to practice the 
invention within the scope of the following claims. 
We claim: 
1. A device for remotely measuring a temperature at a 

selected location. comprising: 
a ring oscillator having a nominal frequency that changes 

with changes in said temperature. wherein said oscil 
lator is operably coupled to said location. and wherein 
said oscillator emits electromagnetic radiation at said 
frequency; 

an antenna operably coupled for transforming said elec 
tromagnetic radiation to an electrical signal; and 

5 

15 

4 
a receiver operably coupled to said antenna for receiving 

said electrical signal to measure said ?'equency from 
said electrical signal for determining said temperature. 

2. The device of claim 1. wherein said ring oscillator 
comprises a number of inverters serially connected in a 
closed loop. 

3. The device of claim 1. wherein said nominal frequency 
is in the range of approximately 1 Hz to approximately 100 
GHZ. 

4. The device of claim 1. fin‘ther comprising a display to 
display said temperature. 

5. The device of claim 1. wherein said receiver outputs 
said temperature as an analog waveform. 

6. The device of claim 1. wherein said receiver outputs 
said temperature as digital data 

7. The device of claim 1. further comprising a power 
source operably coupled to said oscillator. 
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