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Abstract: This work presents a resistor-based temperature
sensing chip which is designed for applications that require
temperature sensing. The core of the design is a poly-resistor
bridge, which generates two distinct outputs: one varies with
temperature and the other provides a constant reference [2]. These
outputs are then processed by a differential amplifier, ensuring
reliable signal amplification and enhanced separation of the
temperature-dependent signal from the reference. The amplified
signal is then digitized using a compact 3-bit ADC, that is realized
using an 8:3 encoder. The simplified integration of the resistor
bridge, differential amplifier, and ADC demonstrates a practical
approach for temperature sensing, offering a versatile solution for
systems where basic thermal monitoring is essential [3].

Keywords:  Poly-Resistors, ADC (Analogue to Digital
Converter), Resistor-Bridge, FDDA (Fully Differential Difference
Amplifier).

Abbreviations:

SAR: Successive Approximation Register
CMFB: Common-Mode Feedback

ADC: Analogue-to-Digital Converter

FDDA: Fully Differential Difference Amplifier

I. INTRODUCTION

Temperature sensing is a critical element in industrial

automation, consumer electronics, and medical applications.
The crucial part in determining the reliability, efficiency, and
safety of electronic systems relies on proper thermal
monitoring. Along with compact and power-efficient
designs, temperature sensors are crucially integrated with
signal processing and digital conversion. Resistor-based
temperature sensors, especially those utilizing poly resistors,
are relatively CMOS-compatible and straightforward.
Therefore, these sensors are appropriate for integration in
semiconductor-based systems. Temperature sensing based
on a resistor relies on the principle that resistance varies with
temperature [1]. The output signals from a poly-resistor
bridge structure are two: one is proportional to temperature,
and the other is a constant reference.
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These signals are processed by a differential amplifier,
which amplifies the temperature signal in proportion to the
temperature while suppressing noise and unwanted variations
[4]. For easy digital integration, the amplified output is
converted into a digital output through a 3-bit ADC designed
with an 8:3 encoder [6].

The proposed design strikes a balance between simplicity,
reliability, and digital compatibility in applications where
basic temperature monitoring is required [3]. With the
capabilities of poly-resistor technology and efficient
analogue and digital processing, this work presents an
approach toward effective temperature sensing while
maintaining a compact and practical implementation.

II. DESIGN ARCHITECTURE AND FUNCTIONAL
BLOCK DIAGRAM

A. Block Diagram

Fig. 1 illustrates the proposed block diagram for the
poly-resistor-based temperature sensing system, which
incorporates a temperature sensor, a signal conditioning
circuit, and an ADC circuit to produce a digital output. First,
the proposed system comprises a poly-resistor bridge as its
element. The of the

with  temperature, causing a
temperature-sensitive differential voltage, called Vin, which
is applied to the following stage.

A differential amplifier amplifies the weak sensor signal
while rejecting common-mode noise, thus ensuring the signal
is robust enough for further conversion without much loss of
accuracy. The amplified output voltage Vda is then
forwarded to the ADC for digitization.

The ADC forms a string of resistors, acting as voltage
dividers. Those dividers produce reference voltages that one

temperature-sensing resistance

poly-resistors  varies

may compare to. The amplified signal is compared by (2N-1)
comparators against these reference voltages, making a
thermometer code. The priority encoder then converts that
thermometer code to an N-bit digital representation of the
sensed temperature [6].

This architecture ensures reliable temperature measurement
while maintaining a compact design, which is suitable for
integration into low-power applications. The wuse of
poly-resistors enhances the linearity and stability, making
this approach ideal for embedded and loT-based temperature
monitoring systems.
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[Fig.1: Architecture of the Proposed Temperature
Sensing Chip]

B. Poly-Resistor Based Temperature Sensing Bridge

The temperature-sensing mechanism in this design is based
on the predictable temperature-dependent resistance
behaviour of polyresistors. In CMOS technologies such as
SCL180, poly resistors exhibit a negative temperature
coefficient, meaning their resistance decreases with
increasing temperature. This behaviour is commonly
exploited in compact analogue sensors, as shown in [2]. This
property is exploited to convert temperature variations into
measurable voltage changes.

The sensing block consists of a voltage divider using two
poly resistors, one with exact specifications on one side and
the other with different specifications on the other side (refer
to Fig. 2). One of the resistors is exposed to the ambient
temperature. At the same time, the second serves as a
reference or balancing component.

As the temperature changes from -25 °C to 125 °C, the poly
resistor’s resistance shifts accordingly, causing the output
voltage of the sensor to vary. This voltage serves as the input
to the amplification stage, making it crucial to preserve signal
integrity at this level. This approach keeps the sensor design
compact, passive, and easy to lay out during the process,
while still delivering a voltage signal that effectively encodes
temperature.
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[Fig.2: Poly-Resistor Based Temperature Sensing Bridge]

Retrieval Number:100.1/ijvlsid. B123205020925
DOI:10.54105/ijvisid.B1232.05020925
Journal Website: www.ijvisi.latticescipub.com

C. Amplification Stage (FDDA Design)

To enhance the voltage signal generated by the temperature
sensor and prepare it for analogue-to-digital conversion, a
Fully Differential Difference Amplifier (FDDA)-inspired
architecture is used (refer to Fig. 3). While the design
preserves differential inputs, it outputs a single-ended signal
for compatibility with a single-ended ADC. The differential
architecture offers benefits such as improved common-mode
noise rejection and better linearity.

The implemented FDDA-inspired amplifier features a
differential NMOS input pair that senses the voltage
difference from the poly-resistor-based temperature sensing
bridge. This differential signal is converted into a
single-ended output using active PMOS load devices, which
also contribute to voltage gain. A tail current source, formed
by an NMOS transistor biased with a constant voltage
(VBIAS), ensures stable biasing and controls the overall
current through the input stage. Transistor sizing and bias
current were selected based on analogue design principles
[5]-

Unlike a traditional FDDA, this design does not incorporate
a common-mode feedback (CMFB) circuit, as the output is
single-ended and does not require active common-mode
regulation. This configuration simplifies the design while
still leveraging the benefits of differential sensing, such as
noise rejection and improved linearity.

[Fig.3: Amplification Stage (FDDA Design)]

D. ADC Interface and Digital Readout

After amplification by the FDDA stage, the analog voltage
corresponding to the sensed temperature is digitized using a
Successive Approximation Register (SAR)
Analogue-to-Digital Converter (ADC), as illustrated in Fig.
4. The SAR ADC was chosen for its accuracy and energy
efficiency, making it suitable for temperature sensing where
moderate speed is sufficient. The differential output from the
FDDA is directly fed to the SAR ADC input, which performs
a binary search to generate a digital word representing the
sensed temperature. This
digital output can then be
easily processed, stored, or

Published By:
Lattice Science Publication (LSP)
© Copyright: All rights reserved.

www.ijvisi.latticescipub.com


http://doi.org/10.54105/ijvlsid.B1232.05020925
http://www.ijvlsi.latticescipub.com/

OPENaACCESS

transmitted within the system.
Ve  —

COMPARATORS

]

Vg —

R

i

R -
DECODE
LOGIC

N

,
| |
YLy r
.
4

L

Fag-i
"""\-\.
Az * :k:> J
. R
n§ b=
v

[Fig.4: ADC Architecture]

The clock signal in this system is utilized solely to control
the temperature sensing bridge, enabling a clock-gated
operation that activates the sensing path only when required.
This helps reduce power consumption by turning off the
bridge during idle periods when the clock is low. In contrast,
the ADC operates independently of this gating and is
triggered as needed based on system-level control, ensuring
flexibility and energy efficiency in the overall sensing and
conversion process.

Below is the full ADC Implementation:-
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[Fig.5: Full Design of ADC]

III. SIMULATION, VERIFICATION AND RESULTS

The designed temperature sensing system was simulated
using Cadence tools with the SCL 180 nm technology node.
Simulation analyses were conducted at various levels,
starting from the resistor bridge alone, extending to its
combination with a fully differential difference amplifier
(FDDA), and finally integrating the entire system (refer to
Fig. 6).
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[Fig.6: Full Design Integration]

A. Resistor Bridge Configuration

The initial simulations evaluated the behaviour of the
resistor bridge independently. A transient analysis was
conducted using only a clock waveform oscillating between 0
V and 1.8 V to examine the timing behaviour. The
temperature was set to 40°C, resulting in VIN+ and VIN—
values of approximately 1.62 V and 1.6089 V, respectively,
as determined by the simulated output of the bridge (refer to
Fig. 7).

To investigate temperature sensitivity, a DC analysis was
performed over a temperature range of 40°C to 120°C. The
differential voltage between VIN+ and VIN— demonstrated
minimal variation across the temperature sweep, indicating
the necessity for further signal amplification to enhance
system responsiveness [2].

B. Resistor Bridge with Differential Amplifier

In the second stage, the resistor bridge output was
interfaced with a fully differential difference amplifier.
Transient simulations revealed amplified output voltages in
the range of approximately 1.02534 V to 1.31658 V in
response to the same input conditions. This clearly shows a
significant improvement in voltage swing compared to the
bridge-only configuration.

This validates that the Differential Amplifier not only
preserves the temperature-dependent characteristics of the
resistor bridge but also provides a substantial gain, thereby
enabling easier interfacing with digital stages, such as ADCs
or comparators.

mo  me e wan neo

[Fig.7: Resistor Bridge behaviour with the Differential
Amplifier]

C. ADC Output Behaviour

The analogue-to-digital converter (ADC) section of the
design was verified through transient simulations. The
outputs q0, ql, and g2 represent a 3-bit digital encoding of
the analogue input signal
derived from the differential

amplifier output.  These
outputs update
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synchronously with the clock signal, effectively digitizing
the analog input levels into corresponding binary values. As
observed in the simulation, the transitions in q0, ql, and g2
reflect the variations in the input signal, confirming the
correct functionality and resolution of the ADC (refer to Fig.
8) [6]. This validates the system’s ability to translate
temperature-dependent analogue signals into usable digital
data.

[Fig.8: Full Design’s Simulation]

D. Summary of Simulation Results

Configuration Input Range | Output Observations

V) Swing (V)
Resistor 1.55 — 1.63 | ~80mV Weak temperature
Bridge Only (VIN+) sensitivity
With FDDA 1.02 - 1.31 | ~300mV Enhanced

(VIN+) temperature-dependent

gain
Full  Design | 1.02 — 1.31 | Based on System-level
Integration (VIN+) the verification successful
temperature

IV. CONCLUSION

The simulations confirm that the inclusion of a differential
amplifier is critical in translating the small differential signals
from the resistor bridge into discernible voltage levels
suitable for digital interpretation. The system exhibits
temperature-dependent behaviour with improved linearity
and an amplified response, forming a reliable analogue front
end for digital temperature sensing.
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