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Abstract—This work presents the design and characterization
of an analog-to-digital converter (ADC) with silicon carbide (SiC)
for sensing applications in harsh environments. The SiC-based
ADC is implemented with the state-of-the-art low-voltage SiC
complementary-metal-oxide-semiconductor (CMOS) technology
developed by Fraunhofer IISB. Two types of ADCs, i.e., a 4-
bit flash ADC and a 6-bit successive-approximation (SAR) ADC,
are designed and simulated up to 300 degrees Celsius. The mea-
surement results show that the 4-bit SiC flash ADC can operate
reliably up to at least 200 degrees Celsius, which outperforms the
Si counterpart regarding the maximum operating temperature.

Index Terms—silicon carbide, analog-to-digital converter,
harsh-environment

I. INTRODUCTION

In a smart sensing system, the on-chip data conversion
from the analog signal to the digital signal is crucial be-
cause the digital signal is less vulnerable to interference and
noise along the signal path [1]. Thanks to the mature silicon
(Si) technology, most data converters are implemented with
standard Si integrated circuit (IC) technologies provided by
the foundry [2]-[4]. Undeniably, ADCs fabricated with the
Si platform have many advantages, such as small area, high
yield, and high performance. However, increasing applications,
such as space exploration, geological drilling and aviation
engine manufacturing, require smart sensors to be placed in
harsh environments where the ambient temperature can easily
exceed 200°C [5], [6]. At such temperatures, Si electrical com-
ponents will suffer from significantly higher leakage current
and increased intrinsic carrier concentration, which leads to
compromised circuit performance [6]—[8].

Silicon carbide (SiC), a well-known wide bandgap semicon-
ductor, has great potential to be the platform for electronics in
high-temperature environments. In previous publications, we
have demonstrated various sensors and analog/digital circuits,
including a 2-bit flash ADC, in an emerging SiC CMOS
technology developed by Fraunhofer Institute for Integrated
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Systems and Device Technology IISB [7], [9]-[11]. The
reported flash ADC operated from room temperature to 200°C
[9]. However, an ADC with only 2-bit is insufficient in
practical use. In addition, the flash ADC is unsuitable for
a higher number of bits as it will consume an exponential
amount of area with the increasing number of bits.

In this work, we have expanded the flash ADC from 2-bit
to 4-bit for better resolution in practical use. The total number
of transistors in the circuit increases from 68 to 266 (from
1400 x 2300 um? to 8809 x 1907 um?). The 4-bit ADC
showed stable operation up to 200°C. To implement ADC
with more bits, a 6-bit successive-approximation (SAR) ADC
is also designed. The simulation result suggests that the SAR
ADC can work up to 300°C. The total area of the SAR ADC
is 4850 x 4850 um?, consisting of 821 transistors.

II. S1IC CMOS TECHNOLOGY

A cross-sectional view of the SiC CMOS is shown in Fig.
1. The process starts with the 4H-SiC wafer with an n-type
epitaxial layer. This technology is a double-well process (n-
well and p-well) and contains heavily doped n- and p-type
regions (sn and sp). Dedicated ohmic contact processes are
developed for the sn and sp regions. Thanks to the thick gate
oxide (approximately 55 nm), the gate voltage can be up to
25 V. The minimum channel length is 2 pm, which is limited
by the lithography tool. Two metal layers and a poly-Si layer
are available for interconnection.
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Fig. 1. The cross-sectional view of the SiC CMOS technology.
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Fig. 2. NMOS and PMOS characteristics under different temperatures (Solid
curves and dotted curves indicate simulation result and experimental result,
respectively). The measured devices have a size of 100 um width and 6 pm
length

Along with the process, a process design kit (PDK) is also
developed by Fraunhofer IISB, which allows users to carry
out circuit simulation and layout, layout versus schematic, and
design rule checks on commercial EDA software. However, the
current version of PDK does not support components other
than MOSFETs. Passives like capacitors and resistors will be
available in the next Europractice run in 2024.

IIT1. DEVICE LEVEL EVALUATION

In this section, the I-V characteristic of the discrete SiC
MOSFET was measured to verify the correctness of the model.
To compare the difference between NMOS and PMOS, both
types of devices with same dimension (W/L = 100 pm /
6 pm) were measured. The measurement was done with a
probe station equipped with B1500A Semiconductor Device
Parameter Analyzer. The device under test was heated by the
chuck to 25°C, 100°C, and 200°C.

The drain current (I;) as a function of the drain-source
voltage (Vys) under different gate-source voltages (V) is
plotted in Figure 2. From the experimental results, SiC-based
MOSFET exhibits a notable advantage by operating reliably
at 200°C, where typical Si devices would already fail. As also
can be seen, the actual measurement exhibits a good degree of
alignment compared to the simulation, as indicated by solid
curves in Fig. 2.
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Fig. 3. (a) Overall Structure of the 4-Bit Flash ADC. (b) Overall Structure
of the SAR ADC

Fig. 2 also shows that the NMOS has a larger drain current,
primarily due to the electron having higher mobility than
that of holes. At the same time, the drain current of the
NMOS is more significantly affected by temperature variations
compared to the PMOS. Therefore, when designing circuits
operating over a wider temperature range, it is advisable to
consider this effect during device size selection for better
performance and stability.

IV. CIRCUIT DESIGN AND MEASUREMENT

A. 4-Bit flash ADC

The basic structure of the flash ADC used in this paper
is shown in Fig. 3(a). It mainly consists of a resistor ladder,
comparators, and digital encoding circuitry. The flash ADC
employs a linear voltage ladder with comparators placed at
each step to compare the input voltage with a series of
successive reference voltages. The resistors in the ladder are
implemented using the sn region, with a nominal resistance
of 20 k€2 at room temperature. Although the resistance of the
ladder resistors depends on temperature and the manufacturing
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Fig. 4. The simulation result of the 4-bit flash ADC at room temperature,
100, 200, and 300°C.
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Fig. 5. An optical image of SiC flash-ADC in the SiC CMOS technology.

process, the absolute resistance value is not the key factor in
ensuring the precise output of the ADC.

1) Simulation: Fig. 4 shows the Flash ADC design simu-
lation result at 25, 100, 200, and 300 °C. From the simulation
results, it can be observed that the SiC-based ADC maintains
relatively good linearity up to 300°C. However, when the input
voltage approaches the circuit’s power supply voltage, the
output of the ADC fails to reach the expected maximum value,
resulting in a missing code. This is caused by the relatively
high threshold voltage of the MOSFETs used in the adopted
process. Therefore, the allowable input voltage range of the
ADC will be smaller than the circuit’s supply voltage unless
an additional compensation design is implemented.

2) Measurement: The fabricated flash-ADC is illustrated
in Fig. 5. The input/output characteristic was measured with
the same setup described in the previous section. Due to
the limited temperature of the hotplate, the ADC was only
measured up to 200°C instead of 300°C. Figure 6 illustrates the
measurement results of the device at various temperatures. The
flash ADC shows good stability and linearity over a wide range
of temperatures. It can be observed that there are abnormal
spikes at specific voltages. During the sweeping of input
voltages, only one bit of the flash ADC output can be measured
each time (due to the limited number of probe needles), and
the data obtained from multiple scans are combined to obtain
the complete output of the ADC at each voltage. When the
input voltage approaches the critical value of output voltage
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Fig. 6. The measurement result of the 4-bit flash ADC at six temperature
points (25, 100, 125, 150, 175, and 200°C).
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Fig. 7. (a) The layout of 6-bit SiC SAR ADC (4850 x 4850 um? with 821
transistors); (b) The simulation result of the 6-Bit SAR ADC under 300°C.

variation, inconsistencies in the output of a particular bit may
occur in multiple sweeps. Therefore, it is inferred that this is
not due to significant errors in the ADC output but rather a
limitation of the measuring instruments used.

B. 6-Bit Successive Approximation Register (SAR) ADC

Compared to flash ADCs, SAR ADCs require more complex
control circuits and have timing requirements. For the current
technology, due to the significant variation in the characteris-
tics of individual devices over a wide operating temperature
range, the exploration of SAR ADCs will not only verify the
feasibility of this ADC implementation but also to some extent,
validate whether the technology can be used to implement
more complex circuits or even general-purpose processing
chips.

Fig. 3(a) represents the basic structure of the Successive
Approximation Register (SAR) ADC. Figure 7 displays our
SAR ADC design’s layout and simulation results, which
exhibit good linearity across the entire measurement range.
The SAR ADC is currently in fabrication, and its measurement
will be in future work.

V. CONCLUSIONS

In this work, the 4H-SiC CMOS technology is introduced
and regarded as a promising platform for on-chip data con-
version in high-temperature environments. The single MOS-
FET transistor was measured and was proved to function as
predicted by the PDK. Two types of ADCs, i.e., 4-bit flash
ADC and 6-bit SAR ADC, are designed and simulated up
to 300°C. The SiC flash ADC was measured up to 200°C
and showed good stability and linearity over a wide range
of temperatures. The testing at higher temperatures will be
reported in the future to further validate the potential of SIC
CMOS platform devices for operation in high-temperature and
high-radiation environments. These results enable that multiple
sensors and readout circuits can be integrated to address more
challenging application scenarios and reduce system costs.
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