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Temperature Sensing Elements for Harsh
Environments in a 4H-SiC CMOS Technology

Jiarui Mo , Jinglin Li , Graduate Student Member, IEEE, Alexander May , Mathias Rommel ,
Sten Vollebregt , Senior Member, IEEE, and Guoqi Zhang , Fellow, IEEE

Abstract— The demand for accurate temperature sens-
ing in extreme temperatures is increasing. Traditional
silicon-based integrated temperature sensors usually can-
not survive above 200 ◦C. Many researchers have started
to focus on semiconductors with a large bandgap. Among
them, silicon carbide (SiC) is the most promising one.
Nevertheless, most reported SiC sensors are in the form
of discrete components and are not compatible with inte-
grated electronics. In this work, we demonstrate an open
4H-SiC CMOS technology, and the fabrication steps are
detailed. The temperature sensing elements in this tech-
nology, including resistors based on different implanted
layers and MOSFETs, are characterized up to 600 ◦C.
At room temperature, the resistive-based elements demon-
strate large negative temperature coefficients of resistance
(TCRs). With increasing temperature, the TCR starts to
decrease and even becomes positive. The TCR change is
due to the interplay between increasing dopant ionization
rate and decreasing mobility as a function of temper-
ature. The resistance change with temperature fits well
into the Steinhart–Hart model and second-order polynomial
equation. The p-type diode-connected MOSFET has a sen-
sitivity of 4.35 mV/◦C with a good linearity. The nMOS-based
sensor has a maximum sensitivity of −9.24 mV/◦C but a
compromised linearity. The characterization of these sens-
ing elements provides important results for potential users
who will work on SiC integrated temperature sensing with
this technology.

Index Terms— Complementary metal–oxide–
semiconductor, high temperature, sensor, silicon carbide
(SiC).
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I. INTRODUCTION

ACCURATE temperature sensing is crucial for numerous
applications from consumer electronics to industrial

fields [1], [2]. Traditional temperature sensors, such as
thermocouples, thermistors, and resistive temperature
detectors (RTDs), are accurate and reliable [3]. Nevertheless,
they are relatively large in dimension. When a measurement
system needs to be highly integrated and miniaturized,
these bulky sensors are unsuitable. Thanks to the rapid
development of silicon (Si) technology, people can make
use of temperature-dependent layers or Si components in the
mature Si technology as temperature sensing elements. For
example, in a Si CMOS process, resistors based on different
layers (metal layer, poly-Si layer, diffusion layer, and silicide),
p-n diode, and MOSFET are commonly used for temperature
sensing. Due to the continuous scaling down of the technology
node, Si sensors can be fabricated in increasingly smaller
dimensions compared to their macroscopic counterpart.
Another advantage of the Si temperature sensor is that it
can be incorporated with desired on-chip signal conditioning
circuits to fit different applications. Such an integrated
sensor is very attractive in terms of cost, dimension, and
performance [4].

In recent years, the demand for high-temperature sensing,
e.g., for combustion control and chemical processing, has
grown rapidly. In these emerging applications, the operation
temperature of the sensor usually needs to be far beyond
the limit for bulk Si CMOS technology and even silicon-on-
insulator (SOI) technology. As a result of the narrow bandgap
of Si, the intrinsic carrier concentration of Si is high and
increases rapidly with elevated temperatures [5]. As summa-
rized by Makinwa [6], the maximum operation temperature
of most Si technology-based temperature sensors is below
200 ◦C. Due to this limitation, many researchers have now
turned to devices that are based on wide bandgap materials to
obtain reliable performances at elevated temperatures [5].

Silicon carbide (SiC) is one of the most important materials
in the family of wide bandgap semiconductors. Thanks to its
large bandgap, it has a much lower intrinsic carrier concen-
tration than Si. The mechanical and chemical stability also
makes it suitable for harsh environment applications. In recent
years, many researchers have put much effort into developing
temperature sensors with SiC for high temperatures by taking
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Fig. 1. Cross-sectional view of temperature sensing element studied in
this work. (a) Resistive elements. (b) MOSFET devices. (Some layers,
such as field oxide, silicide, intermetal isolation, second metallization,
and passivation, are omitted in the schematic.)

advantage of its excellent physical properties; however, most
work focuses on discrete components, and few of them are
compatible with existing SiC IC technologies. In the past
decade, there have already been some low-voltage IC technolo-
gies based on SiC reported in the literature, such as SiC bipolar
junction transistor (BJT) technology developed by the KTH
Royal Institute of Technology and SiC CMOS technology
developed by the University of Arkansas and Raytheon, U.K.
[7], [8], [9]. These reported SiC circuits showed a much higher
operation limit than the Si-based circuit despite the complexity
being far less than the Si counterpart. This proves the great
potential of implementing the integrated temperature sensor
system for high-temperature applications. However, the tem-
perature sensing elements compatible with the corresponding
technology were not comprehensively studied in the previous
work.

In this article, we report the characterization of various
CMOS-compatible temperature sensing elements in an emerg-
ing SiC CMOS technology. This technology is developed by
the Fraunhofer Institute for Integrated Systems and Device
Technology IISB and is available through Europractice. The
resistors based on different layers in this technology and
diode-connected MOSFETs are characterized up to 600 ◦C.
The temperature response of these sensing elements is dis-
cussed. The reported characteristics of different temperature
sensing elements are relevant for IC designers who plan to
work on SiC integrated temperature sensors in this SiC CMOS
technology.

II. TEMPERATURE SENSING ELEMENT IN THE SiC
CMOS TECHNOLOGY

The resistor is the most basic component in any IC tech-
nology. These resistors can be used as temperature sensors
by taking advantage of their temperature-dependent resistance.
In traditional Si CMOS technology, various resistors are
available for temperature sensing, including metal resistors,
polysilicon resistors, diffusion resistors, and silicide resistors.
In our SiC CMOS technology, the metal layer, poly-Si layer,
silicide layer, and implantation layer are potential options for

Fig. 2. Doping profiles of NW, PW, SN, and SP layers.

TABLE I
IMPLANTATION PARAMETER USED IN THE FRAUNHOFER IISB’S SIC

CMOS PROCESS

temperature sensing; however, we will focus on SiC implanted
layers, which are unique in this process. The cross section of
these devices is given in Fig. 1(a).

The SiC CMOS technology contains four implantation
layers, i.e., n-well (NW), p-well (PW), shallow-n (SN), and
shallow-p (SP) layers. All implantations are performed into
an n-type SiC epitaxial layer with a thickness of 9 µm and
a doping concentration of ∼1 × 1015 cm−3. First, the NW
layer is formed by five overlapping implantations with nitrogen
(N). Similarly, the PW is formed by seven implantations of
aluminum (Al) dopants. Based on NW and PW layers, the
highly doped regions, i.e., SN and SP layers, are defined by
three additional implantations with nitrogen and aluminum,
respectively. The ion energy and dose of every ion implan-
tation are listed in Table I. After implantation, a 30-min
annealing step at 1700 ◦C is done to restore the crystal lattice
damage and activate the dopants. During the post-implantation
annealing, the SiC wafer is encapsulated by a carbon cap to
prevent Si sublimation and the formation of step bunching.
The resulting doping profiles of different layers are plotted in
Fig. 2.

Poly-Si (n-type) is patterned on top of thermally grown gate
oxide as the gate terminal, and the minimum length of the gate
is 2 µm. Then, by fabricating the ohmic contact on both sides
of a stripe, resistors based on different implantation layers can
be produced. NiAl and Ti/Al are used to make ohmic contact
with SN and SP regions, respectively. For contacting lightly
doped layers (PW and NW), the corresponding heavily doped
layer is fabricated at the contact region to ensure proper ohmic
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contact. Finally, the wafer is patterned with Ti/Al/Ti stack to
interface with instruments. It needs to be mentioned that in this
technology, all the n-wells are shorted together via the n-type
epi layer and are biased at the supply voltage. As a result, the
NW-based resistor is not feasible for practical use and will
not be discussed. In this work, all resistors’ dimensions are
kept the same: the width of the resistor (w) is 30 µm and the
length (l) is 200 µm.

Apart from the resistor-based temperature sensors, MOS-
FET devices are widely used as temperature sensors. The
performance of the MOSFET device strongly depends on
temperature, and a diode-connected MOSFET is a common
way for temperature sensing applications. In this configuration,
the gate/drain and source/bulk terminals are shorted together.
Under the constant current bias (Ibias), the voltage drop (VF )
across the device is monitored. The expression of VF can be
written as

VF =

(
2IbiasL
µcCoxW

)1/2

+ Vth (1)

where W and L are the width and channel length of the MOS-
FET, respectively; Vth is the threshold voltage; and µc and Cox
are channel mobility and gate oxide capacitance per unit area,
respectively. As both Vth and µc are temperature-dependent,
VF can reflect the temperature. Here, diode-connected SiC
nMOS and pMOS are measured, and again, different types of
devices are with the same dimension, i.e., W/L equals 100/6
µm. The schematic of the SiC MOSFET is shown in Fig. 1(b).
The n-wells are shorted together as mentioned before, while
the p-wells can be biased individually.

It is worth mentioning that a diode-based temperature sensor
is also available in this technology, and this is detailed in our
previous work [10].

III. RESULTS AND DISCUSSION

A. Methodology
All the devices are characterized on chip level with

a Nextron microprobe station. The microprobe station is
equipped with multiple rhodium probes for high-temperature
measurement. The probes are connected to Keithley 2612B
Sourcemeter to measure the electrical characteristics. For resis-
tive devices, the four-probe method is performed to eliminate
the wire resistance. The device under test can be heated up
by the ceramic chuck up to 750 ◦C. Nevertheless, the devices
are only measured until 600 ◦C because the metallization layer
melts above 600 ◦C. Due to the high temperature, the chamber
is pumped in a rough vacuum to prevent the oxidization of the
probes and devices’ pads during measurement. For each type
of device, five samples are chosen from different locations on
a SiC wafer, i.e., from the center, left, right, top, and bottom
of the wafer.

B. Resistor-Based Temperature Sensor
The I –V curves of resistors based on different layers are

plotted in Fig. 3(a)–(c). For SN, SP, and PW resistors, linear
I –V relations can be observed at all measured temperature
points up to 600 ◦C. This confirms that the contact from the

heavily doped layer to the metallization is ohmic. At room
temperature, the sheet resistance of SN, SP, and PW layers
are 1.04 ± 0.01 k�/sq, 39.36 ± 0.19 k�/sq, and 400.66 ±

3.40 k�/sq, which aligns with the values reported in [11]. The
standard deviation is lower than the previous run, indicating a
better uniformity across the wafer even with the 6-in substrate.
Fig. 3(d)–(f) demonstrates the sheet resistance and resistivities
of different layers as a function of temperature.

In Fig. 3(d), the resistivity of the SN layer experiences a
drop from room temperature to 250 ◦C. In this temperature
range, the temperature coefficient of resistance (TCR) varies
from −1965 to −173 ppm/◦C. The Steinhart–Hart equation
is applied to approximate the nonlinear temperature response
of this region [12]. This equation is an empirical model that
has the best mathematical fit with a thermistor with a negative
TCR, and it is expressed as follows:

1
Tk

= A + B ln R(Tk)+ C[ln R(Tk)]3 (2)

where A, B, and C are Steinhart–Hart coefficients and need
to be extracted for different devices. R(Tk) is the resistance
in ohm at a certain temperature in kelvin Tk . For SN resistor
operating below 250 ◦C, the best fit is obtained when A =

−0.84, B = 0.14, and C = −5.88 × 10−4, as shown by the
solid curve between room temperature and 250 ◦C in Fig. 3(d).

Above 250 ◦C, the TCR of the SN resistor becomes positive.
For a more linear temperature response, the resistance can be
modeled as follows [13]:

R(T ) = Rref
(
1 + α11T + α21T 2) (3)

where α1 and α2 are the first- and second-order temperature
coefficients, respectively; Rref is the resistance at reference
temperature (250 ◦C in this case); and 1T is the temperature
difference compared to the reference. Here, the best fit is
obtained when α1 = 188 ppm/◦C, α2 = 0.93 ppm/(◦C)2,
and Rref = 5601 �. At temperatures above 400 ◦C, the
resistor demonstrates excellent linearity with a positive TCR
of 614 ppm/◦C. This makes it a suitable element for
high-temperature monitoring applications.

The SP device has a monotonically decreasing resistance
with increasing temperature, as shown in Fig. 3(e). The
observed trend is similar to the heavily Al-doped SiC layer
reported in [14]. The resistance of the SP resistor is much
larger than that of the SN resistor, though they have a similar
doping profile. This is partly due to the high ionization energy
of the p-type dopant. The ionization energies of Al acceptors
occupying hexagonal sites (1E Ah ) or cubic sites (1E Ak ) are
180 and 260 meV, respectively [15]. On the contrary, the
nitrogen donor has a much lower ionization energy of around
61 meV (1EDh ) and 126 meV (1EDk ) at the corresponding
sites [16], [17]. In addition, the lower mobility of holes in
4H-SiC is also responsible for the larger resistivity of the SP
layer [17]. Near room temperature, the SP resistor has the
largest sensitivity to temperature (TCR = −8581 ppm/◦C),
and the absolute value of TCR keeps decreasing with the
temperature and reaches its minimum of −803 ppm/◦C at
600 ◦C. Since the TCR is negative in the full measured
range, only the Steinhart–Hart model is applied to describe
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Fig. 3. I–V characteristics of (a) SN, (b) SP, and (c) PW resistor from room temperature to 600 ◦C. Sheet resistance and layer resistivity of (d) SN,
(e) SP, and (f) PW from room temperature to 600 ◦C (the error bars represent the standard deviation from five devices).

the resistor with negative TCR. The fitting curve is given in
the solid line in Fig. 3(e), where A = −0.018, B = 2.08 ×

10−3, and C = −2.35 × 10−6.
Fig. 3(f) demonstrates the temperature-dependent resistance

of the PW resistor. Similar to the SN resistor, TCR changes
from negative to positive. The resistor has very similar resis-
tance at 350 ◦C and 400 ◦C, which indicates that the TCR
changes from negative to positive between 350 ◦C and 400 ◦C.
When the TCR is negative, the Steinhart–Hart model has the
best fit to the measured data when A = −0.066, B = 6.89 ×

10−3, and C = −1.02 × 10−5. Above 400 ◦C, the resistance
can be predicted by applying (3), given that α1 = 335 ppm/◦C,
α2 = 2.66 ppm/(◦C)2, and Rref = 426.6 k�.

The transmission line method (TLM) is used to determine
the contact resistance of the resistive device at room temper-
ature. For n-type and p-type resistors, the contact resistances
are 285 � and 21.8 k�, respectively. It is expected that these
resistances decrease as a function of temperature [18], [19].
Compared to the enormous resistance of the device, the contact
resistance is negligible.

To better understand the change of resistance with respect
to temperature for different layers, we express the resistance
as follows:

R =
1
σ

·
l
wd

=
1

e
(
µnn + µp p

) ·
l
wd

(4)

where σ is the layer conductivity; d is the depth of the
layer; e is the elementary charge; µn and µp stand for the
mobilities of free electrons and holes, respectively; and n
and p are the concentrations of free electrons and holes,
respectively. Due to the wide bandgap of 4H-SiC, the intrinsic
carrier concentration (ni ) is approximately 1011 cm−3 even
at 600 ◦C, i.e., our highest measured temperature [20], [21].

Considering the doping concentration given in Fig. 2, the
minority carriers are negligible and have a limited contribution
to the conduction. Hence, σ can be simplified to eµnn for the
SN layer and eµp p for the SP and PW layers. n and p can be
approximated as the density of ionized donors and acceptors,
which can be calculated using the neutrality equation [15],
[22], [23]

n =
NDh

1 + gD
n

NC
exp

(
1EDh
kB Tk

) +
NDk

1 + gD
n

NC
exp

(
1EDk
kB Tk

) (5)

and

p =
NAh

1 + gA
p

NV
exp

(
1E Ah
kB Tk

) +
NAk

1 + gA
p

NV
exp

(
1E Ak
kB Tk

) (6)

where ND and NA represent the donor and acceptor density
in n-type and p-type material, respectively, and the subscript
indicates the hexagonal site (h) and cubic site (k). For 4H-
SiC, the impurity occupies both sites equally [15], [22], [24].
As the doping density is not a constant in the implanted
layers, ND and NA are approximated by averaging the net
doping concentration from the surface to the junction depth.
Parameters gD and gA, with a typical value of 2 and 4, are
degeneracy factors of the donor and acceptor in 4H-SiC. kB is
Boltzmann’s constant. NC and NV are the effective densities
of states in the conduction and valence bands and have a
temperature dependency of ∼T (3/2). We consider NC = 1.7 ×

1019 cm−3 and NV = 2.5 × 1019 cm−3 at room temperature.
The ionization energies have a strong dependency on the
doping concentration due to the screening effect, which can
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Fig. 4. (a) Number/fraction of the ionized dopants with respect to
temperature is expressed with double y -axis. (b) Extracted mobility
of different layers from room temperature to 600 ◦C. The 1st-order
derivative of the curves is equal to −m.

TABLE II
PARAMETERS USED FOR ESTIMATING DOPING-DEPENDENT

IONIZATION ENERGY

be written as [16], [16], [24], [25], [26]

1ED = 1ED0 − αD N
1
3
D (7)

1E A = 1E A0 − αA N
1
3
A (8)

where 1ED0 and 1E A0 denote the ionization energy of lightly
doped 4H-SiC, and αD and αA are parameters describing the
doping dependency. The parameters used to estimate the ion-
ization energy are summarized in Table II. In our calculation,
the influence of doping level spreading and the density of state
smearing on the ionization are neglected because the impact
was found to be minor. The more extensive theoretical model
of ionization considering these effects can be found elsewhere
in [27].

The densities of ionized dopants in different implanted
layers at elevated temperatures are given by solid lines in
Fig. 4(a), and the broken line indicates the ionization rates
(n/ND and p/NA). The calculation results show that none
of these layers reaches complete ionization even at 600 ◦C.
Therefore, at the low-temperature region, the negative TCR
is attributed to the increasing ionized dopants. However, the
layer conductivity does not keep increasing because the carrier
mobility decreases as a result of scattering. The impact of
temperature-dependent ionization and carrier mobility on TCR
can be expressed as

∂σ

∂T
∼ µn

∂n
∂T

+ n
∂µn

∂T
or
∂σ

∂T
∼ µp

∂p
∂T

+ p
∂µp

∂T
(9)

where (∂σ/∂T ) that equals zero is the temperature when the
TCR changes from negative to positive. Equation (9) reveals
the competing mechanism between the increasing ionization
and mobility degradation with respect to temperature.

Fig. 5. I–V characteristic of diode-connected (a) nMOS and (b) pMOS
from room temperature to 600 ◦C.

For both SN and PW resistors, the TCR changes from
negative to positive at a certain temperature. For SN resistors,
the increase of ionization tends to have less increase rate at
a higher temperature, which is indicated by the monotonical
decrease of ∂n/∂T with increasing temperature. This is more
obvious when looking at the PW resistor, where ionized
dopant density rises rapidly with temperature and then tends
to saturate. In these situations, the carrier mobility reduction
induced by the scattering effect starts to dominate, which turns
the TCR positive. The SP resistor, however, has a negative
TCR and does not turn positive as the SN and PW resistors
do. From Fig. 4(a), the ionization ratio of the SP layer is
still less than 0.4 even at 600 ◦C due to the high doping
concentration and large ionization energy. It suggests that there
are still a large number of dopants that can be ionized and can
compensate for the decrease in mobility. It can be inferred
that the TCR will become positive if a higher temperature is
applied to the SP resistor.

The extracted mobility of different charge carriers is plotted
in Fig. 4(b). The temperature dependency of mobility can be
described by µ ∼ T −m

k , where m is a parameter depending
on the scattering mechanism. It can be seen from Fig. 4(b)
that m changes with temperature, implying a combination
of different scattering mechanisms. For heavily doped layers
(SN and SP), m keeps increasing with the temperature. This
indicates that the scattering is more influenced by the acoustic
phonon, and neutral impurity scattering is less pronounced at
higher temperatures [28]. A mobility drop can be observed
for the PW layer with decreasing temperature. This might be
due to the effect of ionized impurity scattering, where the
temperature dependency follows ∼T 1.5

k [29], [30].

C. MOSFET-Based Temperature Sensor
The I –VF curves of the diode-connected NMOS and PMOS

are given in Fig. 5(a) and (b). From room temperature to
600 ◦C, both types of MOSFETs show characteristics similar
to a diode, where the current increases significantly after a
threshold. As mentioned in (1), the variation of VF with respect
to temperature depends on the channel mobility and the tran-
sistor’s threshold voltage. Unfortunately, in SiC MOSFETs,
these two parameters do not follow a linear relationship with
temperature, especially for the channel mobility [31], [32],
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Fig. 6. Ideal Vth and temperature response (VF versus temperature)
of diode-connected (a) nMOS and (b) pMOS from room temperature
to 600 ◦C (the error bar shows the standard deviation of the output
voltage).

[33], [34]. The channel mobility dominates the temperature
dependency of VF when Ibias is large. Conversely, when Ibias
is small so that VF approaches the threshold voltage, the
threshold voltage will dominate the change of VF [35], [36].
In the measurement, the bias current is kept low to minimize
the effect of channel mobility as well as the voltage drop on the
series resistance (mainly contributed by the contact resistance)
to VF . By doing this, we assume that the change in the first
term of (1) becomes negligible. The ideal expression for Vth
of a nMOS can be written as

Vth = φms + 2ψB +

√
4eεSiC NAψB

Cox
(10)

where φms is the work function difference of the SiC
substrate and the n-type poly-Si gate, ψB represents the
temperature-dependent Fermi potential of the substrate, and
εSiC stands for the permittivity of SiC. When the temperature
increases, ψB decreases due to the increase of the intrinsic
carrier concentration. Despite the increase of φms with tem-
perature, the ideal Vth experiences a drop with increasing
temperature in general, as reported in literature [31], [37], [38],
[39], [40]. For Vth of pMOS transistors, a similar expression
can be written, and the magnitude of the threshold voltage
also decreases with temperature [41]. The ideal Vth of SiC
MOSFETs is calculated and plotted in Fig. 6.

The measured I –VF curves of the diode-connected nMOS
and pMOS are also given in Fig. 6(a) and (b), respectively.
The bias current for the diode-connected nMOS is 1 µA, and
for the diode-connected pMOS, it is 0.05 µA. The chosen
bias current is lower for pMOS because the p-type device has
weaker driving capability for current. From room temperature
to 600 ◦C, both types of MOSFETs show characteristics
similar to a diode, where the current increases significantly
after a threshold. In comparison to the ideal Vth calculated
by (1), the measured VF has a lower magnitude as well as a
smaller slope. The reason is that the charge carrier trapped at
interface states Qit and fixed oxide charge Q f is not included
in (1). Although Q f is often considered as a constant with
respect to temperature [42], Qit is sensitive to the temperature.
At low temperatures, charge carriers in the conductive channel
are trapped by the interface states, which makes the threshold
voltage higher than the theoretical value. As the temperature
increases, these trapped charge carriers are released due to the
movement of the Fermi level toward the center of the forbidden

band, and this contributes to the drop of threshold voltage. The
observed effect of trapped charges on Vth is similar to [31].

The sensitivity of the n-type MOSFET experiences a con-
tinuous drop from −9.24 mV/◦C at room temperature to
−1.44 mV/◦C. The pMOS-based sensor presents a more linear
temperature response than nMOS devices, and the linear fit
suggests an overall sensitivity of 4.35 mV/◦C in the measured
range, with a coefficient of determination (R2) of 99.6%. The
measured VF versus T of the pMOS and nMOS devices show
a similar trend of Vth versus T as reported in [41], where Vth of
the nMOS seems to decrease exponentially with temperature,
while Vth of the pMOS has a more linear trend. This confirms
that Vth plays a major role in VF under this bias condition.

IV. CONCLUSION

This work introduces the 4H-SiC CMOS technology as
a promising platform to realize temperature sensing in
high-temperature environments. The technology features a
double-well process with a minimum gate length of 2 µm.
Resistors based on different implanted layers and diode-
connected MOSFETs, which are commonly used for tempera-
ture sensing in IC technology, are characterized at elevated
temperatures up to 600 ◦C. A transition where the TCR
changes from negative to positive can be observed in the
measured temperature range. This is due to the interplay
between incomplete ionization and carrier mobility degrada-
tion. The SP resistor has a negative TCR up to 600 ◦C due
to the large ionization energy and the high doping density.
The temperature dependency of the implanted layers can be
well fitted by combining the Steinhart–Hart model and first-
/second-order temperature coefficients. The MOSFET-based
temperature sensors are also measured. VF of n-type MOSFET
showed a large temperature sensitivity up to −9.24 mV/◦C;
however, the response has poor linearity. The temperature
response of the pMOS device is more linear. The linear fit
of the result indicates a sensitivity of 4.35 mV/◦C with R2 of
99.6% across the measurement range.
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