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Spreading-Resistance Temperature
Sensor on Silicon-On-Insulator

P. T. Lai, Bin Li, C. L. Chan, and Johnny K. O. SiBgnior Member, IEEE

Abstract—A spreading-resistance temperature (SRT) sensor is S0
fabricated on silicon-on-insulator (SOI) substrate and achieves 2
promising characteristics as compared with similar SRT sensor ~
on bulk silicon wafer. Moreover, experimental results show that
the maximum operating temperature of thin-film (1.2 pm) SOI
SRT sensor can reach 450C, much higher than 350°C of thick-
film (10 xm) SOI SRT sensor under the same current level. With
complete oxide isolation, this sensor structure can be potentially
used in low-power integrated sensors operating at temperatures
as high as 450°C. (@) (b)

n-Si

Fig. 1. (a) Cross section of traditional SRT sensor. (b) Cross section of
I. INTRODUCTION novel SRT sensor.

ILICON temperature sensors have been well studied in _ i
ecent years because of their potential applications riﬁsults show that the maximum operating temperature of SOI

various areas. Conventional silicon temperature sensors baS&d S€NSor can go up to 43¢ even when the device operates

on the positive temperature coefficient of resistance can ofly /OW current levels.

be used for temperatures below 20CQ, due to excessive

thermal generation of charge carriers at intrinsic temperatures. IIl. DEVICE FABRICATION

Therefore, getting higher operating temperatures and integraSRT sensors were fabricated on commercially available
tion of sensing elements is always the target of investigatior®0I wafers formed by the separation by implantation of
To achieve these goals, the spreading-resistance temperatisgyen (SIMOX) technique with an n-typg00) silicon-film
(SRT) sensor shown in Fig. 1(a) has been proposed for ovkickness of 10:m or 1.2 m, and a buried-oxide thickness
ten years [1], [2], and its maximum operating temperature caf 0.4 xm. Conventional bulk wafers were also processed by
go up to 350°C. Moreover, with the bottom electrode movedhe same technology for the sake of comparison. The silicon
to the wafer surface, as in Fig. 1(b), the SRT sensor can filen and the bulk wafer both had a resistivity of 10-20cm.
integrated with other devices and/or circuits on a small piege SiO, layer with a thickness of 0.4im was obtained by

of silicon chip to form more complicated sensors [3]. means of thermal oxidation at 105@ (15-min dry+ 60-

The operating principle of the SRT sensor lies in the faetin wet+ 15-min dry). The i regions in Fig. 1(b) with a
that the minority-carrier exclusion effect occurs dt-n high- junction depth of 0.§:m for the SRT sensors were formed by
low junction under high current densities [4]. This effecthermal diffusion of phosphorus at 1000 for 15 min. Then, 1
suppresses the thermal generation of carriers and maintgins of aluminum was evaporated as electrodes. Finally, post-
extrinsic-carrier concentrations even at high temperaturesetallization annealing was done at 45Q for 30 min to
thereby increasing the maximum operating temperature of thake better contacts to the sensors. The sensor had a circular
device. One potential application of this novel SRT sensor it region at the center, with a ringtiregion (inner and outer
integrated flow sensor has been reported [3], [5]. Howeveliameters were 200 and 3@@n, respectively) surrounding it.
with pn junctions as isolation between the SRT sensors, tiike circular i region of the SRT sensor had a diameter of
chip cannot operate under ambient temperatures aboved,5020 ;m.
due to high leakage current of the pn junctions. In this letter,
silicon-on-insulator (SOI) with mesa isolation is adopted to I1l. RESULTS AND DISCUSSIONS

eliminate the pn junctions and SRT sensors are fabricated “Fhe sensor resistance versus temperature for different sam-
the silicon islands of the SOI wafer [6]. This new structura

. . . . ! . les under constant-current condition is measured using a
can also provide an extra dimension (silicon-film thicknes

o . ! nventional temperature-controlled oven, with a bias current
for optimizing the characteristics of the sensor. Experlmen%rough the sensors ranging frori. mA to 4 mA. Figs. 2 and
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Fig. 2. Temperature dependence of the resistance of thick-filnu (10SOI
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Fig. 4. Temperature dependence of the resistance of thin-filmu(h)RSOl
SRT sensor at different current levels I.

only 200 °C, just like conventional resistor structure. When
majority carriers flow from the lowly doped region to the
highly doped region and minority carriers move in the opposite
direction, the highly doped region cannot provide sufficient
minority carriers to sustain an equilibrium minority-carrier
flow in the lowly doped region. In other words, the electric
field in the lowly doped region extracts minority carriers from
the junction region faster than the highly doped region can
supply. Consequently, the minority-carrier concentration near
the junction decreases, resulting in the so-cakeatlusion
effect [4]. When the current is reversed, the lowly doped
region can supply enough minority carriers and hence, the
device behaves like an ordinary diffused resistor. Moreover, a
larger current can extract more minority carriers and remove
more thermally generated minority carriers, thus raising the
temperature at which thermal generation begins to take control
on the sensor resistance. Similar results can also be obtained
for the bulk SRT sensor in Fig. 3, indicating that the silicon
film of the SOl SRT sensor has comparable quality and
sufficient thickness to approximate the current flow in the
bulk sensor.

Due to the special structure of the SOI SRT sensor, the
thickness of the silicon film should significantly affect the
resistance-temperature characteristics of the sensor. In Fig. 4,
experiments on SOI wafers with a thinner silicon film indeed
show a higher maximum operating temperature. For forward
bias, the R-T characteristics of the thin-film SOI SRT sensor

%fd similar to those of the thick-film SOI SRT sensor, but

displays a maximum operating temperature as high as’@50
under the same bias current of 4 mA. The resulting higher

at a higher potential than the ring"megion) can increase themaximum operating temperature of the sensor is due to the
maximum operating temperature. On the other hand, with tfet that the thinner silicon film increases the current den-
bias current reversed, the maximum operating temperaturesity, and thus enhances the exclusion effect. On the other
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hand, for reverse bias, the maximum operating temperat@recellent temperature sensor, especially suitable for integration
is about 30C°C, higher than that of a conventional diffusednto more complex forms of sensors or devices.

resistor. This phenomenon indicates that the exclusion effect
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