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Abstract

This paper presents the design and fabrication of a bulk silicon temperature sensor based on the characteristic tt
tivity of lightly doped silicon increases linearly with temperature. The sensor was fabricated on silicon wafer anc
ohmic contacts taken across the sensor. The front contact was of a few micrometers in diameter and the back
covers the whole counter surface of the sensor. A special technique of resistance measurement was used, which v
on the difference in size between the electrodes. The fabricated sensor has good repeatability, sensitivity an
response with temperature in the range-6ff C to 150C. Apart from these qualities, it is CMOS compatible, light-
weight, small in size and comparatively cheaper than other temperature sensors.
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1. Introduction

Temperature measurement is required in applications ranging from industrial processes anc
to biomedical instrumentation.Various types of temperature sensors have been develope
used for a variety of applications. These include resistance thermometers, thermistors, th
couple angb-njunctions. The principal characteristics of temperature sensors are precision, line
sensitivity, repeatability, long-term stability, calibration procedures and dimensions.

In the temperature range of —2Z30 3006C, thermocouples are the most versatildiereas
metal resistance thermometers can be employed for temperatures fré@ t2ZB800C. Both
types of sensors suffer from low sensitivity. Thermistors are usable over a rang¥aib-BR0C
and exhibit good sensitivity. However, their resistance-temperature characteristic is expont
In this range, one may employ a bulk silicon temperature sensor. Temperature coefficient of
tance (defined as the change in resistance per unit resistafCeat fegree rise of temperature;
and sensitivity of this type of sensor can be much larger than metal thermometers and comy
with thermistors. Also, it is light in weight, small in size, much cheaper than other temper:
sensors and can be integrated with signal processing chip.

2. Theory
Resistivity ofn-doped bulk silicon is given by SZe
p = 1(uen.e€) 1)

whereeis the charge of electron (G}, the free electron density (cHin silicon,u. the mobility
of electron (cri'V-s) in silicon andp the resistivity 2 cm) of silicon. Bothu.andn, are the
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Fic. 1.Resistvity vs tempeature plot of Si &various doping Fic. 2. Cross-section of bulk silicon temperature sensor
concentrations.

functions of temperature and doping concentration. Extremely low-doped bulk silicon mat
shows a dierent mechanism of resistivitht low temperatures (400°C), the thermal engy in
the crystal is not sfi€ient to ionize all the donor impurity present. Some electrons are ‘frozen
the donor level and free electron concentration is less than the donor concehiatiba.tem-
perature is further increased, the free electron concentration approaches the same as th
concentration over a temperature range of®*.o 15°C.

Free electron mobility is also a function of temperature and doping concentiiatiolightly
doped samples (e.g. the sample with doping &+10* cn®), the lattice scattering dominates,
and the mobility decreases as the temperature increases. For heavily doped samgks, dhe
impurity scattering is most pronounced at low temperatures. Therefore, mobility increases
temperature increases. For a given temperature, the mobility decreases with increasing in
concentration, because of enhanced impurity scattering.

In short, at lower doping (#0cm™) the concentration of free electron is almost constant a
electron mobility decreases with temperature in the range®€+& 15°C. Therefore, resistivity
increases with temperature in this range. Figure 1 shows the resistivity vs temperature cu
silicon in the extrinsic region at diérent doping concentratiofsn this region, resistivity of the
lightly doped sample increases with temperature whereas the resistivity of heavily doped s
is almost constant. This is because of théedsht scattering mechanisms affefiént doping
concentrations at a given temperature. The plot of resistivity vs temperature on the linear s
doping concentration of around 1@ni® is linear in the temperature range of*Gto 13°C.
This linear increase in resistivity with temperature is exploited for bulk silicon-based temper:

sensor
4



-

DESIGN AND FABRICATION OF BULK SILICON-BASED TEMPERAURE SENSOR 559
= . . T ————e——
|:| n-si Sio D Photoresist |Z n+ region - Metal (A1)
(a) Oxidation om-type <100> silicon(b) Lithography and oxide etching. (c) Phosphorus difision and metalli-
wafer. zation.

Fic. 3. Fabrication steps for bulk silicon temperature sensor

3. Design

The mechanism described above was used practically to design the bulk silicon temperatu
sor. A special technique of resistance measurement was implemented baséstemces in size
between the electrodes used for measurefriéigure 2 shows the basic layout of such a sens
made by using microelectronic technolotyythis sensgione electrode is only a few micrometer
in diameterwhile the other covers the whole back surface of the semiconductof piemecor-
dance with the geometry of the sensor shown in Fig. 2, the resistance of the sensor is give

R= (p/2) /1 2 dr = pl2mr, = pld @)

where R is the resistance of the sens@ndd are the radius and diameter of smaller electrod
respectivelySince the radius of curvaturgs very small (4&m) the spreading resistance woulc
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Fic. 4. Resistance vs temperature plot of the sensor Fic. 5. |-V Characteristic of the sensor &0
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Fic. 8. Transient response of the sensor in air

have attained higher valuest/n contact was made by phosphorusfdiion to form an ohmic
contact between the metal and the semicond€ictor

4. Fabrication

The sensor was fabricated using microelectronic technoltgymajor fabrication steps are giver
in Fig. 3.

5. Results and discussion

Temperature vs resistance plot (Fig. 4) shows that the resistance of the temperature ser
creases linearly from 268 to 519 ohm with increase in temperature f@® teb13°C. Resis-
tance value at a particular temperature was found to be the same in all the measurement
shows that the fabricated sensor has a good repeataflityperature coé€ient of resistance
and sensitivity of the sensor were found to be 7B K and 1.24Q/K, respectively

Figure 5 shows that current vs voltage (I-V) characteristic of the sensor is perfectly i
indicating the contact between the metal and the semiconductor is perfectly ekeicat low
current.

Figures 6 and 7 show a slight increase in the resistance of the sensor with increase in temp
This is due to self-heating of the senddris variation in resistance was found to be slightly mo
at higher temperature as compared to lower temperature as expected. These figures also sl
the change in resistance is negligible up to 1 mA. After that, the increase in resistance is s
higher Hence, the operating current of the sensor should be less than 1 mA.

Transient response time of the sensor in air was calculated by the transient response ch:
istic (Fig. 8). Response time angtime of the sensor was 18 and 55 s, respectigaly the time
taken by the sensor to reach its final value widsslin air and less than 1 s in water

6. Conclusion

The fabricated sensor has good repeatapdinpsitivity and linear response with temperature
the range of-50°C to 18FC. It is also light in weight, small in size, and comparatively chear

than other temperature sensors.
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