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Abstract. The temperature dependence of the Seebeck coefficient of polycrystallineβ-SiC
films deposited on quartz substrates by laser ablation and of commercially availableα-SiC
wafers is reported in a temperature range of 300–533 K for the first time. The Seebeck emf of
α-SiC substrates andβ-SiC samples ranges between−9µV ◦C−1 and−108µV ◦C−1 which
is higher than that of commercial Pt thermocouples.

SiC has a strong potential for sensors operating at high
temperatures and in chemically aggressive environments. In
particular, SiC thermal sensors which utilize the Seebeck
effect to measure nonthermal signals are very promising
due to both their reliability and simplicity [1–3]. Although
some work was reported on the values of the thermoelectric
potential of monocrystallineβ-SiC at 350–600 K [4],
no work has been reported so far on the temperature
dependence of the Seebeck coefficient of polycrystalline
β-SiC and monocrystallineα-SiC. In this paper, we report
measurements of the Seebeck coefficient of polycrystalline
n-typeβ-SiC films and monocrystallineα-SiC substrates in
a temperature range of 300–533 K for the first time.

Polycrystallineβ-SiC films (1000–4500 Å thick) were
deposited on 3×2 cm2 quartz substrates using the laser abla-
tion method as described elsewhere [5–7]. These films have
room temperature electron concentrations and Hall mobilities
in the range of 1018–2×1020 cm−3 and 0.1–3.0 cm2 V−1 s−1,
respectively. The commercially available monocrystalline
4H- and 6H-SiC wafers (0.0569–0.1143 cm thick) have room
temperature electron concentrations and Hall mobilities in the
range of 2× 1016–2× 1019 cm−3 and 20–100 cm2 V−1 s−1,
respectively. The Seebeck coefficientQ(T )was obtained by
measuring the temperature and voltage differences (1T and
1E, respectively) at both ends of the sample under test. Both
ends were first brought to the required temperature (using a
heater) then the temperature of one end is further increased
(using another heater) by a small increment1T < 5 K. The
temperature difference1T was measured using two thermo-
couples connected to both ends of the sample through metal
contacts. The Seebeck emf1E is measured between the

§ Currently at Electronic and Avionics Systems, AlliedSignal Inc.,
Redmond, WA 98073-9701, USA.

Figure 1. Measured thermoelectric power for three
polycrystalline 3C-SiC films (solid symbols) and three hexagonal
samples (hollow symbols).

two ends of the sample and the Seebeck coefficientQ at
(T +1T/2) is computed byQ(T +1T/2) = 1E/1T . The
measured Seebeck emf1E has to be corrected for the ther-
mocouple Seebeck emf and thermal resistance unless their
values are negligible compared to the measured1E.

Figure 1 shows the measured Seebeck coefficient versus
temperature for polycrystalline 3C-SiC (solid symbols)
and monocrystalline 4H-SiC and 6H-SiC samples (hollow
symbols) in a range of 27–260◦C. These values of the
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Figure 2. The absolute value of the Seebeck emf forβ-SiC (solid
symbols) andα-SiC (hollow symbols) and a platinum
thermocouple [8].

Seebeck coefficient range from−9 to −30 µV ◦C−1 for
the cubic samples and from−108 to −20 µV ◦C−1 for
the hexagonal samples. The Seebeck coefficient shows
n-type conduction for all samples which is in agreement
with the conduction type obtained from Hall measurements
in this temperature range. The Seebeck coefficient of
monocrystallineβ-SiC was reported earlier at 350–600 K
with its value being-106µV ◦C−1 [4], which is larger than
that of our polycrystallineβ-SiC samples. As shown by
figure 1, the Seebeck coefficient of the monocrystalline
hexagonal samples is higher than that of the polycrystalline
3C-SiC samples near room temperature which might be
due to the large difference in the carrier concentration.
The carrier concentration of the polycrystalline samples
is in the range of 1019–1020 cm−3 at 23◦C whereas the
carrier concentration of the monocrystalline samples is

in the range of 1016–1019 cm−3 at 23◦C. However, as
temperature increases the absolute value of the Seebeck
coefficient of the hexagonal samples decreases due to the
increase in the electron concentration and approaches that
of the polycrystalline samples. We observe also that the
hexagonal sample A with the highest electron concentration
(∼1019 cm−3 at 23◦C) has the lowest Seebeck coefficient
compared with samples E (∼1017 cm−3 at 23◦C) and D
(∼1016 cm−3 at 23◦C).

The Seebeck emfE(T ) of thermocouples and
semiconductors reflects their potential for temperature
sensors. Figure 2 shows the obtained output voltage
E(T ) of polycrystallineβ-SiC and monocrystallineα-SiC
and that of a platinum thermocouple (Pt–10Ir versus Pt
[8]). The Seebeck voltageE(T ) of SiC is obtained
by integrating the thermoelectric powerQ(T ) over the
corresponding temperature range. For simplicity, an
average value of thermoelectric powerQave is used to
obtain E(T ) = (T − Tref )Qave where Tref is the room
temperature. Crystallineα-SiC has higher Seebeck emf
compared to platinum and polycrystallineβ-SiC. Twoβ-SiC
samples show higher Seebeck emf than that of the platinum
thermocouple. This indicates that SiC has a good potential
for temperature sensing at least in a temperature range of
300–533 K.

References

[1] Pons P and Blasquez G 1994Sensors ActuatorsA 41/42398
[2] Nagai T, Yamamoto K and Kobayashi I 1982J. Phys. E: Sci.

Instrum.15520
[3] Wasa K, Tohda T, Kasahara Y and Hayakawa S 1979Rev. Sci.

Instrum.501084
[4] Pohl R G 1960Proc. Conf. on Silicon Carbide (Boston, MA,

1959)ed J R O’Connor and J Smiltens (New York:
Pergamon) p 312

[5] Rimai L, Ager R, Hangas J, Logothetis E M, Abu-Ageel N
and Aslam D 1993J. Appl. Phys.738242

[6] Rimai L, Ager R, Weber W H, Hangas J, Samman A and
Zhu W 1995J. Appl. Phys.776601

[7] Abu-Ageel N, Aslam D, Ager R and Rimai L 1998J. Vac. Sci.
Technol.B 16142

[8] Kinzie P A 1973Thermocouple Temperature Measurement
(New York: Wiley–Interscience) p 20

33


