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This paper presents a sub-threshold complementary metal-oxide-
semiconductor (CMOS) temperature sensor core for ultra-low-power
applications, with the key advantage of reliable operation over an
exceptionally wide temperature range from —100 °C to 100 °C, which is
rarely reported in existing CMOS-based designs. The proposed architecture
operates entirely in the sub-threshold region and is evaluated using circuit-
level simulations, with validation through comparison to a previously
reported temperature sensor. Simulation results show excellent linearity
across the full temperature range, achieving a coefficient of determination of
R2 = 0.99997 and a sensitivity of approximately 2.41 mV/°C. At a supply
voltage of 1.4 V and 25°C, the sensor core consumes only 22 nW,
highlighting its suitability for energy-constrained applications. These results
demonstrate the potential of sub-threshold CMOS temperature sensing for
wide-range, ultra-low-power sensing systems.
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1. INTRODUCTION

Temperature measurement plays a critical role across a wide range of fields, influencing physical,
electronic, chemical, mechanical, and biological systems [1]-[3]. Accurate temperature monitoring is
particularly essential for the storage and control of temperature-sensitive products, including food, vaccines,
and medical substances like plasma, especially at low temperatures [4]-[6]. In many modern applications,
especially in wearable health-monitoring devices and internet of things (loT) systems, ultra-small,
unobtrusive, and low-power sensors are required [7]-[9].

In industrial applications, various types of temperature sensors, such as thermocouples, resistance
temperature detectors (RTDs), and thermistors, are routinely employed. Each type offers specific advantages
and disadvantages in terms of accuracy, cost, sensitivity, and operating conditions [10]-[12].

Electronic temperature sensors can be implemented using various components such as resistors,
bipolar junction transistors (BJTs), or metal-oxide-semiconductor field-effect transistors (MOSFETS). BJTs
are widely used in industry due to their high resolution and broad temperature range; however, they typically
require a relatively high supply voltage [3], [13]-[17]. In contrast, MOSFET-based sensors offer advantages in
terms of reduced area and lower power consumption, making them suitable for compact, energy-efficient
systems [18]. In addition, MOSFET transistors, when operated in the sub-threshold region, enable ultra-low-
energy consumption, making them ideal for power-constrained applications. In this regime, the drain current
exhibits an exponential dependence on the gate-source voltage, even when the transistor is technically 'off '
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(i.e., Ves < V). Importantly, the sub-threshold current is highly sensitive to temperature due to its reliance on
thermally activated carrier diffusion. This temperature dependence is particularly advantageous in our design,
as the MOSFETS are used as temperature sensors, sub-threshold CMOS operation has rarely been studied over
a very wide temperature range, especially at extreme temperatures. The predictable and measurable variation
in sub-threshold current with temperature allows for accurate thermal sensing without the need for additional
power-hungry circuitry, aligning with the overall goal of low-power operation [19], [20].

Temperature sensor circuits often rely on voltage outputs that are either proportional to absolute
temperature (Vprat) or complementary to absolute temperature (Vcrar) [13], [14]. After temperature
detection, the resulting signal must be converted into a form that can be processed by an electronic system.
Common signal conversion methods include time-to-digital conversion (TDC), frequency-to-digital
conversion (FDC), and analog-to-digital conversion (ADC). TDC measures the propagation delay of a signal
and converts it into a digital output, while FDC relies on frequency variation. Both TDC and FDC methods
are advantageous in low-power applications. Nevertheless, ADC-based temperature sensors remain popular
due to their high resolution and accuracy. Recent advancements in ADC technology have also enabled low-
power designs that do not significantly compromise on area or energy requirements [4], [21]-[23].

This work presents a low-power CMOS temperature sensor core based on MOSFET technology,
designed for accurate and linear temperature sensing over a wide range from —100 °C to 100 °C. While most
sub-threshold CMOS temperature sensors reported in the literature operate over limited temperature ranges,
this work extends the operating range down to —100 °C, which is rarely reported. The proposed circuit
operates entirely in the sub-threshold region and is powered by a low-voltage DC supply, enabling ultra-low
power consumption with high linearity. Its performance is evaluated through simulations and compared with
a previously reported experimental design using both BJT- and MOSFET-based sensing elements. Owing to
its compact six-transistor architecture and low energy consumption, the proposed sensor is well suited for
wireless sensor networks and other energy-constrained applications.

2. ANALYTICAL STUDY OF THE PROPOSED SENSOR CORE CIRCUIT

The circuit operates with a low DC power supply and utilizes six MOSFET transistors, all biased in
the sub-threshold region to enable ultra-low power consumption. The sensor’s core architecture generates
two output voltages: Verat (proportional to absolute temperature) and Vcrar (Complementary To Absolute
Temperature), both of which exhibit linear dependencies on temperature, as illustrated in Figure 1 [24]. To
facilitate circuit analysis, we adopt an approximate expression for the drain current of a MOSFET operating
in the sub-threshold region. This current can be expressed as,

. vGs=Vtn —VUps
ip = lgo— exp(*E—)(1 — exp—2) (1)
Where: I ;_, is the sub-threshold saturation current,

Vg 1S the input gate-source voltage,

Vp, is the threshold voltage,

7 is sub-threshold swing parameter,

vpsis the drain-source voltage.

The thermal voltage ¢, is defined as,

Pt = ) (2

where k is the Boltzmann constant, T is the temperature, q is the elementary charge. Given that v,s>¢@;, the
second exponential term in (1) becomes negligible. Therefore, the drain current expression simplifies to,

, W Vgs—V
Ly = kn(?)(ptz exp(gnTtth) 3)

where kp = 1nCoyx is the process conduction parameter, W is the channel width and L is the channel length.
Vprar VOltage is the voltage difference between the gate-source voltages of transistors M, and Ms, hence,

kn
Vorar = Vgsz — Vgss =N, ln(é) + (Venz — Vins) 4)
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Verar Voltage is the complement to Vpp of the voltage difference between the gate-source voltages
of transistors M, and My,

kn
Verar = Vop + Vgs1 = Vygs2 = Vop =M@ ln(an:) + (Ven1 = Venz) )
In this paper, we focus on evaluating the linearity and measurement range of the proposed sensor.
We present the differential voltage Vi, defined as the difference between Verar and Vcrar, which serves as

the input to a voltage-to-time converter. Although the converter itself is not discussed in this work, Vit is
provided for completeness and future integration [24].

Vdiff = Vprar(T) — Verar (T) (6)

The x-coordinate of the intersection point between Verar(T) and Vcrat(T) defines the reference
temperature To. By reformulating (6) and incorporating (2), we obtain,

Vairr = a(T —Tp) (7)

where a is the sensitivity or the slope of the voltage V¢ Vs temperature curve.
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Figure 1. Vpr,r and Verar generator

3. RESULTS AND DISCUSSION
3.1. Simulation results of proposed circuit

The primary objectives of this work are to design a temperature sensor core that offers high
linearity, a wide temperature operating range, low supply voltage requirements, and minimal energy
consumption. The proposed sensor core generates two key output signals: Verat and Vcrar, as illustrated in
Figure 2. These signals are fundamental for accurate temperature measurement and control, and their
precision and stability are critical to the overall performance of the sensor.

Across the temperature range of -100 °C to 100 °C, the sensor core demonstrates excellent linearity,
with coefficients of determination R? = 0.9997 for Verar and R2 = 0.9994 for Vcrar. While the slopes of
these output signals slightly deviate from the theoretical values given by (7), this discrepancy is attributed to
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the temperature dependence of the threshold voltage and other transistor parameters. Figure 2 shows the
variation of Verar and Vcrat as functions of temperature over the full range. Specifically, Verar increases
from 746 mV to 986 mV Figure 2(a), while Vcrar decreases from 651 mV to 411 mV Figure 2(b). This
corresponds to an approximate sensitivity of 1.2mV/°C for both signals. These results highlight the
feasibility and effectiveness of the proposed design in achieving high linearity over a wide temperature range
with low power consumption.
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Figure 2. The simulation results of (a) Vprar, (b) Verar for temperature range of -100 °C to +100 °C

In practical applications, battery voltage may degrade over time, which can affect the long-term
stability of the sensor’s linearity and operational range. To investigate this behavior, an experiment was
conducted, with results shown in Figure 3. The test began with a supply voltage (Vpp) of 1.50V,
approximately three times the threshold voltage of the transistors used, placing the device at the edge of the
sub-threshold operating region. As Vpp was gradually reduced, the system approached the cutoff region,
resulting in a significant reduction in the linearity range of the sensor core. Both Verar Figure 3(a) and Vcrar
Figure 3(b) were notably affected by this drop in supply voltage. These findings suggest that the proposed
sensor core maintains good stability in terms of linearity and output range within a defined voltage window.
Therefore, for reliable long-term operation, it is essential to optimize and monitor the supply voltage
throughout the sensor’s lifespan.
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Figure 3. The effect of supply power on (2) Vprar and (b) Verar

3.2. Experimental results

To evaluate the performance of the proposed temperature sensor circuit, a series of experimental
measurements were conducted and compared with those of an integrated CMOS temperature sensor reported
in [13]. For validation, two reference sensors were used: a PT100 resistance thermometer and a
thermocouple. The complete measurement setup was placed inside a temperature-controlled chamber to
ensure accurate and consistent thermal conditions.
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Figure 4. Overview of the integrated circuit and test setup

To record the output voltage as a function of temperature, a cryostat system equipped with an
intelligent temperature controller (ITC-502s) was employed, working in conjunction with both the PT100 and
a thermocouple. This configuration enabled precise thermal monitoring and reliable data acquisition. The
experimental setup, including the integrated sensor and measurement instruments, is shown in Figure 4.

The experimental results exhibit a nearly linear variation of the output voltage (Vou) with
temperature Figure 5, consistent with the behavior of a Verar circuit. This linearity arises from the generation
of a voltage proportional to absolute temperature (AVge), developed between two BJTs operating under
different bias conditions. The resulting AVge signal is amplified by a MOSFET stage, yielding an output
voltage that ranges from 0.55 V to 2.35 V across a temperature span of 20 °C to 100 °C. This corresponds to
a sensitivity of approximately 22.5 mV/°C.
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Figure 5. Variation of output voltage Vout with temperature in a Vpy 4 Circuit

3.3. Experimental and simulation comparison of the BJT-based integrated circuit and the proposed
CMOS-based circuit

Figure 6 presents the experimental results of a temperature sensor integrated circuit utilizing BJT
transistors associated to a differential amplifier, tested over a temperature range from room temperature to
100°C. For practical implementation, we employed a cryostat, ITC-502s, thermocouples, and PT100 sensors
to measure the corresponding temperature-to-voltage output, as shown in Figures 4. The experimental data
reveals an impressive linearity, with a correlation coefficient (R) of 0.997 Figure 6(b). The simulation results
of the integrated sensor demonstrate that the curve exhibits excellent linearity with an R value of 0.9997 after
reaching a temperature of 10°C Figure 6(a). However, the curve displays poor linearity below this
temperature, as observed visually, as shown in Figure 6.

To evaluate the performance of the proposed MOSFET-based temperature sensor core, we
compared its simulation results with those of an integrated BJT-based temperature sensor (Figure 6(c)). The
simulation results reveal that the proposed sensor core exhibits superior linearity and a wider measurement
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range compared to the BJT-based reference. Notably, the circuit architecture demonstrates accurate
temperature sensing across a broad range from —100 °C to 100 °C, with a high coefficient of determination
R2=0.99997 for the Vs versus temperature relationship. This exceptional linearity indicates that the output
voltage remains highly predictable across the entire temperature span. In addition to its wide range and
accuracy, the sensor core operates with ultra-low power consumption, making it highly energy-efficient.

The combination of high linearity, wide temperature measurement range, and ultra-low power
operation underscores the suitability of the proposed sensor core for a wide range of practical applications,
particularly in power-constrained environments such as battery-operated, wearable, and implantable devices.
To validate the effectiveness of the proposed design, a comparative analysis with state-of-the-art temperature
sensors reported in the literature is presented in Table 1. This comparison considers key parameters including
process technology, power consumption, supply voltage, sensitivityterimakasih mas and operating
temperature range.
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Figure 6. Experimental and simulation results of output voltage (Vout) versus temperature: (a) simulation
BJT response, (b) experimental BJT response, and (c) our MOSFET-based simulation

Table 1. Sensor performance comparison with state-of-the-art

Ref Process Power consumption Supply Sensitivity ~ Temperature
technology [nm] [pW] voltage [V] [mV/°C] range [*C]
[1] 130 558.2 1.2 - 0/80
[13] 350 495 33 19.1 20/90
[17] 180 3.8-5.7 1.5-2 150-440 -50/180
[19] 65 - 1.2 18 -20/120
[20] 130 18.9-23.6 1 - -40/90
[25] 55 9.8 0.8 5.76 -40/ 125
[26] 55 0.86 0.8 5.8 -40/ 85
[27] 65 0.0064 0.8 2.8 -30/70
[28] 180 0.020 0.8-1.6 900 0/100
This work 180 0.022 14 241 -100/100

4. CONCLUSION

This paper provides a comprehensive analysis and the design topology of a low-power temperature
sensor, created utilizing CMOS technology. The sensor's core is designed to operate over a broad temperature
range, from -100 °C to 100 °C, catering to various applications. To gauge the performance of our
architecture, we conducted both experimental and simulation studies, contrasting the results with those from
a previously established circuit in existing literature.

The simulation results demonstrated exceptional linearity and accuracy, with all MOSFET transistors
of the sensor core functioning optimally in the sub-threshold region. The collected data indicated that linearity
is primarily influenced by the power supply voltage (Vdd) and the inherent characteristics of the
transistor.Operating at 25 °C, the core sensor's power consumption registers a mere 22nW with a power supply
of 1.4V. The sensor's sensitivity, a crucial metric in temperature sensing applications, stands at approximately
2.41 mV/°C. Although the proposed sensor achieves ultra-low power consumption, its sensitivity is lower than
that of BJT-based designs, which may limit applications requiring high-resolution measurements.
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Future research will focus on integrating the sensor with an analog-to-digital converter and
embedding the design into a single chip for RFID and other ultra-low-power sensing applications, as well as
performing experimental validation under process and temperature variations to ensure robustness and
practical applicability.

ACKNOWLEDGMENT

The authors would like to sincerely thank Professor Francesco G. Della Corte, Dr. Massimo Merenda,
and the Department of Information Engineering, Infrastructure and Sustainable Energy (DIIES), Reggio
Calabria, Italy, for their valuable guidance and for providing their sensor to enable a comparison with ours.

FUNDING INFORMATION
The authors state no funding is involved.

AUTHOR CONTRIBUTIONS STATEMENT
This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author
contributions, reduce authorship disputes, and facilitate collaboration.

Name of Author C M So Va Fo | R D O E Vi Su P Fu
Abdelhakim v v v v v v v v v v v v
Megueddem

Khaled Bekhouche v v v v v v v v v v v v

C . Conceptualization I Investigation Vi : Visualization

M : Methodology R : Resources Su : Supervision

So : Software D : Data Curation P : Project administration

Va : Validation O : Writing - Original Draft Fu : Funding acquisition

Fo : Formal analysis E : Writing - Review & Editing

CONFLICT OF INTEREST STATEMENT
The authors state no conflict of interest.

DATA AVAILABILITY
Derived data supporting the findings of this study are available from the corresponding author [AM]
on request.

REFERENCES

[1] L. Che Yang and W. Mat Jubadi, “CMOS based thermal detector for processor,” Indonesian Journal of Electrical Engineering
and Computer Science, vol. 18, no. 1, p. 276, Apr. 2020, doi: 10.11591/ijeecs.v18.i1.pp276-283.

[2] M. F. Noor, S. H. Sumarlan, Y. Hendrawan, B. D. Argo, and H. Abdillah, “Implementation and analysis of temperature and gas
sensor datalogger in multi-stage condenser pyrolysis,” Indonesian Journal of Electrical Engineering and Computer Science, vol.
37, no. 3, p. 1497, Mar. 2025, doi: 10.11591/ijeecs.v37.i3.pp1497-1505.

[3] J. Shor, “Compact thermal sensors for dense CPU thermal monitoring and regulation: a review,” IEEE Sensors Journal, vol. 21,
no. 11, pp. 12774-12788, 2021, doi: 10.1109/JSEN.2020.3029852.

[4] R. Dastanian, E. Abiri, and M. Ataiyan, “A 0.5 V, 112 nW CMOS temperature sensor for RFID food monitoring application,”
Iranian Journal of Science and Technology - Transactions of Electrical Engineering, vol. 41, no. 2, pp. 145-152, 2017, doi:
10.1007/540998-017-0026-4.

[5] Z. Chen, F. Deng, Y. He, Z. Liang, Z. Fu, and C. Zhang, “A self-powered RFID sensor tag for long-term temperature monitoring in
substation,” Journal of Electrical Engineering and Technology, vol. 13, no. 1, pp. 501-512, 2018, doi: 10.5370/JEET.2018.13.1.501.

[6] M. O.Jusu et al., “Rapid Establishment of a Cold Chain Capacity of -60°C or Colder for the STRIVE Ebola Vaccine Trial during
the Ebola Outbreak in Sierra Leone,” Journal of Infectious Diseases, vol. 217, pp. S48-S55, 2018, doi: 10.1093/infdis/jix336.

[71 J. Li, Z. Fang, D. Wei, and Y. Liu, “Flexible pressure, humidity, and temperature sensors for human health monitoring,”
Advanced Healthcare Materials, vol. 13, no. 31, 2024, doi: 10.1002/adhm.202401532.

[8] F. R. Syaputra, “The utilization of iot in real-time temperature and humidity monitoring using microcontroller: a literature
review,” Journal of Computation Physics and Earth Science (JOCPES), vol. 3, no. 2, 2023, doi: 10.63581/jocpes.v3i2.05.

[91 N. Garulli, A. Boni, M. Caselli, A. Magnanini, and M. Tonelli, “A low power temperature sensor for IOT applications in CMOS
65nm technology,” IEEE International Conference on Consumer Electronics - Berlin, ICCE-Berlin, vol. 2017-Septe, pp. 92-96,
2017, doi: 10.1109/ICCE-Berlin.2017.8210600.

Indonesian J Elec Eng & Comp Sci, Vol. 42, No. 1, April 2026: 40-47



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 47

[10]
[11]
[12]
[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]
[23]
[24]

[25]

[26]

[27]

[28]

S. Xie, “The design considerations and challenges in MOS-based temperature sensors: a review,” Electronics (Switzerland),
vol. 11, no. 7, 2022, doi: 10.3390/electronics11071019.

E. J. P. Santos and 1. B. Vasconcelos, “RTD-based smart temperature sensor: process development and circuit design,” “2008 26th
International Conference on Microelectronics, Proceedings, MIEL 2008, pp. 333-336, 2008, doi: 10.1109/ICMEL.2008.4559289.
S. P. Panchangam and V. N. A. Naikan, “Reliability analysis of temperature sensor system,” International Journal of Reliability,
Quality and Safety Engineering, vol. 20, no. 1, 2013, doi: 10.1142/S0218539313500034.

M. Merenda, C. Felini, and F. G. Della Corte, “A monolithic multisensor microchip with complete on-chip RF front-end,”
Sensors (Switzerland), vol. 18, no. 1, 2018, doi: 10.3390/s18010110.

H. Park and J. Kim, “A 0.8-V resistor-based temperature sensor in 65-nm CMOS with supply sensitivity of 0.28 °c/V,”
IEEE Journal of Solid-State Circuits, vol. 53, no. 3, pp. 906-912, 2018, doi: 10.1109/JSSC.2017.2788878.

S. Tewari and K. Singh, “Intuitive design of PTAT and CTAT circuits for MOSFET based temperature sensor using inversion
coefficient-based approach,” 19th International Symposium on VLSI Design and Test, VDAT 2015 - Proceedings, 2015,
doi: 10.1109/ISVDAT.2015.7208077.

J. P. M. Brito and A. Rabaeijs, “CMOS smart temperature sensors for RFID applications,” Chip in Curitiba 2013 - SBCCI 2013:
26th Symposium on Integrated Circuits and Systems Design, 2013, doi: 10.1109/SBCCI.2013.6644858.

B. Wang and M. K. Law, “Subranging BJT-Based CMOS Temperature Sensor With a +0.45 °C Inaccuracy (30) From -50 °C to
180 °C and a Resolution-FoM of 7.2 pJ-K? at 150 °C,” IEEE Journal of Solid-State Circuits, vol. 57, no. 12, pp. 3693-3703,
2022, doi: 10.1109/JSSC.2022.3208770.

H. Wang and P. P. Mercier, “Near-zero-power temperature sensing via tunneling currents through complementary metal-oxide-
semiconductor transistors,” Scientific Reports, vol. 7, no. 1, 2017, doi: 10.1038/s41598-017-04705-6.

S. Ota, M. Islam, T. Hisakado, and O. Wada, “Wide-range and low supply dependency MOSFET-basXDed temperature sensor
utilizing statistical properties of scaled MOSFETs,” Japanese Journal of Applied Physics, vol. 62, no. SC, 2023,
doi: 10.35848/1347-4065/ach94e.

E. Moisello, C. M. Ippolito, G. Bruno, P. Malcovati, and E. Bonizzoni, “A MOS-based temperature sensor with inherent
inaccuracy reduction enabled by time-domain operation,” IEEE Transactions on Instrumentation and Measurement, vol. 72,
2023, doi: 10.1109/T1M.2023.3276016.

D. C. Lott and D. M. Colombo, “An ultra-low-power CMOS smart temperature sensor based on frequency to digital conversion,”
Analog Integrated Circuits and Signal Processing, vol. 112, no. 2, pp. 209-223, 2022, doi: 10.1007/s10470-022-02046-7.

A. Aprile, E. Bonizzoni, and P. Malcovati, “Temperature-to-digital converters’ evolution, trends and techniques across the last
two decades: a review,” Micromachines, vol. 13, no. 11, 2022, doi: 10.3390/mi13112025.

Z. Cai, Z. Wang, W. Zhang, X. Wang, and Z. Wang, “A pipeline-tdc-based cmos temperature sensor with a 48 fj-k2 resolution
fom,” Electronics (Switzerland), vol. 10, no. 13, 2021, doi: 10.3390/electronics10131542.

K. Megueddem, Abdelhakim; Bekhouche, “Wide range and high linearity CMOS temperature sensor core circuit for RFID
applications .,” International Conference on Electronics, Energy and Measurement (IC2EM 2018), pp. 242-245, 2018.

Z. Tang, Y. Fang, Z. Shi, X. P. Yu, N. N. Tan, and W. Pan, “A 1770-p2 leakage-based digital temperature sensor with supply
sensitivity suppression in 55-nm CMOS,” IEEE Journal of Solid-State Circuits, vol. 55, no. 3, pp. 781-793, 2020,
doi: 10.1109/JSSC.2019.2952855.

Z. Tang, Z. Huang, X. P. Yu, Z. Shi, and N. N. Tan, “A 0.26-pJ-K22400-um2 digital temperature sensor in 55-nm CMOS,”
|IEEE Solid-State Circuits Letters, vol. 4, pp. 96-99, 2021, doi: 10.1109/LSSC.2021.3072989.

T. Someya, A. K. M. M. Islam, and K. Okada, “A 6.4 nW 1.7% relative inaccuracy CMOS temperature sensor utilizing sub-
thermal drain voltage stabilization and frequency-locked loop,” IEEE Solid-State Circuits Letters, vol. 3, pp. 458-461, 2020,
doi: 10.1109/LSSC.2020.3025962.

J. Li et al., “A 20 nW +0.8°C/-0.8°C Inaccuracy (3c) Leakage-Based CMOS Temperature Sensor With Supply Sensitivity of
0.9°C/V,” |EEE Transactions on Circuits and Systems I: Regular Papers, vol. 70, no. 8, pp. 3142-3153, 2023,
doi: 10.1109/TCSI.2023.3276196.

BIOGRAPHY OF AUTHORS

Abdelhakim Megueddem Bl 2 is a Ph.D. student in electronics engineering at
department of electrical engineering, faculty of sciences and technology, University of Biskra,

4 = Algeria. He got her master's degree in Instrumentation and Micro-Computing in 2016. He has
' y good skills in materials engineering, instrumentation engineering, and electronic Engineering.
e He has mastered using Cadence Virtuoso for analog and mixed-signal IC design. He can be
\ /r contacted at email: a.megueddem@univ-biskra.dz.

Khaled Bekhouche © B4 B8 € s a lecturer in Biskra University. He got his engineering degree
in electronics in 1996. Then, in 2010 he got his doctorate in the field of electronics and
semiconductor devices. He has good skills in analyzing data from LHC detectors using ROOT
software from CERN. He is interested in the simulation of semiconductor devices such as
particle detectors and solar cells using SILVACO-TCAD software. He is very interested in using
the robot operating system (ROS) for mobile robots. He can be contacted at email:
k.bekhouche@univ-biskra.dz.

A sub-threshold CMOS temperature sensor circuit core with 2.41 mV/°C ... (Abdelhakim Megueddem)


https://orcid.org/0000-0002-9069-4725
https://scholar.google.com/citations?hl=ar&user=AI64EfcAAAAJ
https://orcid.org/0000-0002-2787-0968
https://scholar.google.com/citations?hl=ar&user=eJJIeSUAAAAJ

