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ABSTRACT
A simple technique is proposed for low range terapge measurement using a Schottky
barrier diode. A square root circuit is appliedrégulate the thermionic current of the
diode into a linear relationship with ambient temgpare variation. The experimental data
observed from the work using a Schottky diode ING8Rows a notable temperature
sensitivity of 6.2mV/K over a temperature rangel3@0 400K.

Keywords: Temperature sensor, Schottky diode, Square romfiti

1. Introduction

The metal-semiconductor junction diodes find a wégeead applications in electronic
devices and circuits especially in high frequenayd amicrowave applications. In
electronic devices the metal-semiconductor juncimrgenerally used to provide the
ohmic metal contact to the connecting wires [1]cilcuit applications Schottky contacts
are often used in high frequency circuits [2], losise amplification, microwave and
optical signal detection. Besides the above apphics, a metal-semiconductor contact
can also be used as a sensing probe for in terpenaeasurement. A number of works
have been carried out earlier to study the perfanaaf a metal-semiconductor diode in
temperature sensing [3-5]. G.Brezeanu et al haseritbed that the forward voltage of a
Schottky diode over a temperature range varies stlifivearly with temperature [3] at a
fixed current value. They have designed a temperajprobe which can sense
temperature from 2C to 400C having sensitivity from 1.3mV/K to 2.8mV/K, whe
Andrews, Jr. et al have developed a sensing citdiitg two Schottky diode connected
in series [4]. An another arrangement was propdsed&hadikikar et al where an
adjustable constant current source is connected reverse biased Schottky diode and
output is taken from the voltage drop across tmetjan which is a direct function of
temperature [5]. All these above arrangements hisevdriations of voltage drop accross
the diode with temperature for sensing applicatidn this work we have proposed a
simple technique using a metal-semiconductor darttea square root circuit which can
effectively sense and measure the low range amt@ergerature. In section 2 the details
of the experimental process have been discussethasdtion 3 the results are analyzed
and explained.

2. Experimental process
A simple and low cost technique to apply a metatisenductor diode in temperature
sensing is presented here with the help of a squoatecircuit. The forward current of a
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metal semiconductor junction is generally domindigdhermionic current model given
by [6]

~q%n ﬂ
J=A*T?e K [eKT —1] (1)

where A* is the effective Richardson constant faertnionic emissiong,, is the barrier
height at the metal semiconductor junction and \this applied forward bias voltage
across the junction. The term ‘1’ in equation (&h de neglected for elevated value of
‘V'. Thus the forward current density at the metamiconductor junction is proportional
to T? when barrier height is equal to the applied fodwhias. In addition a linear
temperature dependent current density can be fiiuhd current density of equation (1)

at a condition ofg_ =V, is passed through a square root circuit. Theswtic diagram of
the experimental set up is presented in figure 1.
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Figure 1. Schematic representation of our work Figure 3: characteristic of the

sguare root circuit

The square root circuit is made of one logarithamuplifier, inverting amplifier of gain
0.5 and anti-logarithmic amplifier presented inufig 2. The performance of the square
root circuit is compared with the simulated resiftfigure 3. We have used IN5822
Schottky diode in our work and using activation rggemeasurement method we have
determined its barrier height equal to 0.4 volt.stiady the temperature dependence, the
diode is placed inside the oven of a PID tempeeatamtroller. The voltage drop;vV
across the resistance R is proportional to thenttogiic current of the diode. The value of
R is chosen to be very small @Pto avoid the loading effect with the square rciotuit.

The voltage V, is applied to a square root circuit as input \gdtand \, is measured
from the output of the square root circuit.

190



Supply voltage

+12V

1

—1v

A2V

Application of a Schottky diode as a temperature sensor

+2V

AV

T

AV

2N2222A

2N2222A

My
ik %
=]

o]

H2v

Inverting
4| -| amplifier
(gain=112)

Figure2: Square root circuit

191

- Final output
of anilog amp.
YVout=exp(Viog/2)
| =Vin™/2
L
= A2V
+2v
2N2222A
3 02 S
I 5000 S
W > o H2v
7 Di €
188
: i3s
s &P 5 —
5 3% Vref=AV IT 1
A s — L
£ 1kQ
L &
I l A2y
2N2222A
J
Input to the
antilog amp.
=-Vlogi2



Sutanu Dutta, Sayantan Sinha and Arijit Panda

3. Resultsand discussions
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Figure4: Variation of \j, with temperature  Figure5: Variation of \j,,; with
temperature

The output voltage M is measured for different temperatures from 310 R80K.
In this analysis, the variation of barrier heighithvtemperature is neglected as the
measurements are performed for low temperatureesafj. Figure 4 shows the variation
of Vi, with ambient temperature for different appliedd#iovoltages ranging from V =
0.2V to 0.5V. The measured data at various tenpers is fitted with non-linear
equation having Tdependence for each diode bias. It is observedtibditting error is
found to be minimum for V = 0.4V, which is equal ttte barrier height of the metal
semiconductor junction. It signifies that that tdede current shows a bette? T
dependence if junction voltage is equal to theibalreight of the junction. In figure 5
the variation of \, with ambient temperature is presented. It is alsserved from the
figure that \,,: depends on temperature almost linearly and theatiritting error is
minimum for junction voltage equal to 0.4V. The iasion of output voltages with
ambient temperatures are observed to be a lindatiore from the figure and the
applicability of the entire system becomes moresifda in temperature sensing at the

condition whery,, =V . From figure 1 it is also noted that the voltalyep across the

diode (\b) is given by,v, =V - I(T)R, where () is the temperature dependent diode
current. For a particular applied voltage V theddiovoltage changes with temperature
and consequently diode current changes. As a redthlthe increase of temperature the
diode voltage decreases. Thus it is very difficaltmaintain a fixed junction voltage
across the diode which is required to be equal thiehbarrier height of the diode for its
application as a temperature sensor. This probsmbe minimized choosing a low value
of resistance R, so that diode voltage cannot dmmguch with the change of diode
current. We have also calculated the temperatunsitegty and fitting error for a
temperature range from 310K to 380K for differempléed voltages and it is presented in
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table 1. This table shows the temperature sengittecreases with junction voltage
whereas the linear fitting error is minimum whewd# voltage is equal to the barrier
height of the metal-semiconductor contact.

\% Sensitivity Error

0.2 8.26mV/K 3.52551E-4
0.3 8.15mV/K 3.56564E-4
0.4 6.21mV/K 2.92576E-4
0.5 5.10mV/K 4.07955E-4

Table 1. Temperature sensitivity and fitting error for difént junction voltage

4. Conclusion

In conclusion, a simple laboratory technique haenba@eveloped to measure low range
temperature using a Schottky barrier diode (IN§8Zhe sensing arrangement shows a
good temperature sensitivity of 6.21mV/K for an mpmate temperature range 300K to

400K, though for high temperature sensing the apfibin of this system becomes
limited.
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