Temperature Effects on Pseudo-resistor Analysis
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Abstract— The aim of this work is to present the results of
experimental measures in the effective resistance of the pseudo-
resistor at temperatures higher than the room temperature.
This study was based on the RC constant in a testing circuit,
through four different voltage levels (50 mV, 100 mV, 250 mV
and 500 mV) along with eight temperature levels (from room
temperature to a scale ranging from 30 to 60 degrees Celsius in
5-degree steps). The equivalent pseudo-resistance become lower
as the temperature increases, reducing the RC time constant of
the testing circuit.
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I. INTRODUCTION

The pseudo-resistor was introduced by T. Delbruck [1] as
an "adaptive element", used in a photoreceptor circuit with
dynamic range input. Such an adaptive element is a resistor-
like device, with its transistors biased in deeply sub-threshold
region connected in an unusual way. It has a monotonic |-V
relationship, and acts as a pair of diodes, in parallel, with
opposite polarity [2]. As the transistor gates are not biased
with fixed voltages, the effective resistance is huge for small
signals and small for large signals.

A. Basic Operation of the Pseudo-resistor

The pseudo-resistor shown in this paper consists in an
active resistor implemented in CMOS technology,
characterized by transistors connected in an unusual way. As
the transistor gates are not biased with fixed voltages, the
effective resistance of the pseudo-resistor is huge for small
signals and small for large signals, as can be seen in its
characteristic curve demonstrated by Fig. 1.
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Fig. 1. Example of characteristic curve of the adaptive element.
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At PMOS configuration, the transistors body is connected
to the source and the gate to the drain, leading the circuit to
act as a PMOS diode for positive VGS and a BJT diode for
negative VGS. In order to achieve a symmetrical behavior for
both positive and negative bias, two devices can be connected
in a back-to-back configuration.

B. Performance

The pseudo-resistor (adaptive element) [1] has been
widely used as a solution when very large time constants and
a reduced active die area are required, as low pass filter, ac
coupling, common mode feedback, ultrasonic transducers [3]
and bioelectric signal acquisition [4]-[7].

However, pseudo-resistor behavior, besides been highly
dependent of process and voltage, also suffers with distortions
when subjected to temperature levels greater than room
temperature (approximately 27 degrees Celsius). To do so, the
characterization methodology proposed in [8] was used. The
temperature dependency of the pseudo-resistor effective
resistance will be shown experimentally, providing a relevant
data so that the PVT compensation circuits (voltage, process
and temperature variations) can be designed.

This paper is organized as follows: In section Il, the
methodology used to acquire and analyze the extracted data
from the pseudo-resistor will be described. Section 111 shows
experimental results and treated signals obtained in proposed
study.

Il. METHODOLOGY

To acquire data on the effective resistance of the pseudo-
resistor, two main steps were required to ensure accuracy: the
experimental acquisition of data and its treatment. Both will
be described below.

A. Signal acquisitiont

In order to acquire the data of the effective resistance of
the pseudo-resistor, it was necessary to develop a prototype
for temperature control that supports the interconnected
encapsulated circuit in a protoboard, since the available
equipments carries out temperature measurements only in
integrated circuits (ICs) rather than in encapsulated
components.



To do so, a wooden box, partly covered with a metal plate
and a heating resistor, was built, and as a tool for temperature
control, a Digital Thermostat was coupled to the box. Once
the desired temperature is reached, a relay is triggered, causing
the system temperature to drop back into the set range, and
triggered again soon after, maintaining the temperature inside
the box constant. The prototype described above can be seen
as the box presented in the right side of Fig.2.

Fig. 2. Equipment used to perform pseudo-resistor measurements.

In addition, was also provided a function generator (upper
middle), used to set the desired input frequency and voltage, a
source (lower middle) for powering the circuit, and finally an
oscilloscope (on the left) for measure acquirement. All
described can be seen in Fig.2.

Having set all the necessary equipment, the connections
were made according to the test circuit shown in Fig. 3.
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Fig. 3. (a) Pseudo-resistor evaluation circuit, (b) Implemented layout.

The circuit was powered by the source with 2.5V, while
the pseudo-resistor with 1.4V. Such values were chosen due
to the amplifier polarization, allowing the variation of the
input signal (and consequently the output) for positive and
negative voltages, from the polarization point.

First, the data were acquired at peak-to-peak voltages of
50 mV, 100 mV, 250 mV and 500 mV at room temperature
(approximately 27 degrees Celsius). With the four waveforms
saved separately in ASCII format (*.csv), the same procedure
was repeated for each temperature, from 30 to 60 degrees
Celsius, with 5-degree steps. Fig. 4 shows an example of
screen generated by the oscilloscope in one of the
measurements performed, showing both the input and output
waveforms of the circuit.
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Fig. 4. Input and output pseudo-resistor waves comparison.

The channel represented by the superior wave corresponds
to the input wave, which is composed of a sum of the input
voltage, generated by the source, in the pseudo-resistor with
one of the four analysis voltages and the frequency, provided
by the function generator, that best fits visually in the rise time
of the capacitor. The channel represented by the inferior wave
corresponds to the wave resulting from the output of the
pseudo-resistor. Unlike the previous one, it does not have the
characteristic shape of a square wave, demonstrating the
charging and discharging time of the internal capacitor
connected to the testing circuit. From there, the resistance
value of the pseudo-resistor was extracted from the
methodology presented in [8], that will be discussed in the
next section.

B. Data Analysis

The characterization methodology [8] proposes the use of
atest circuit, composed of a low pass RC filter, along with two
source follow amplifiers, which can be seen in Fig. 3a In
addition, the low-frequency filter consists of two pairs of
parallel-connected pseudo-resistors (Rp), a built-in capacitor
(C) and the M2 port capacitance, and the source followers
provide functional isolation, that avoid direct contact of the
high impedance circuit with the electrodes and the external
environment. Fig. 3b shows the layout used for experimental
implementation in the Global Foundries technology (0.13pm).

To obtain the equivalent resistance for a voltage
variation, the Rp resistance can be considered as constant in a
small-time interval, where the resistance dependency with the
bias can be neglected. For each small range of time (At), the
Rp can be calculated using (1). This range (At) is defined by
Vci(t), output voltage at the beginning of the range, and
Vci+1(t), voltage at the end, that extracted from waveform
measured at output (Vo).



The used formula and its graphic are shown in Fig.5,
generating the result that is shown in Fig. 6.
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Fig. 5. Example of an experimental waveform used for equivalent
resistance analysis.
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Fig. 6. Example of the average effective resistance graphic.
. EXPERIMENTAL RESULTS
To evaluate the RC constant behavior with the temperature

variation, the experimental responses of the circuit

characterization shown in Fig. 4 were analyzed and smoothed
by a percentage filter in Origin8 software. They are shown,
divided by voltages steps 50 mV (Fig. 7), 100 mV (Fig. 8),
250 mV (Fig. 9) and 500 mV (Fig. 10), so that it becomes
possible to perform the analysis of both the linear and non-
linear behavior of the pseudo-resistor, and characterized by
temperature. With the results showed, it is possible to observe
that as the temperature gets higher, the equivalent resistance
of the pseudo-resistor become lower.
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Fig. 7. Pseudo-resistor equivalent resistance curves for 50mV.
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Fig. 8. Pseudo-resistor equivalent resistance curves for 100mV.
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Fig. 9. Pseudo-resistor equivalent resistance curves for 250mV.
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Fig. 10. Pseudo-resistor equivalent resistance curves for 500mV.

As can be seen in Fig. 10, for a temperature increase of
approximately 30 degrees Celsius the equivalent pseudo-
resistance falls almost one order in its value. The resistance
decrease showed can be harmful for the performance of any
circuit that use pseudo-resistors. Therefore, the resistance
variation must be predicted during the project design and
balanced by a compensation circuit, so that any project which
uses pseudo-resistor technology is not harmed by temperature
at the environment it lies.



CONCLUSION

The aim of this work was to present the results of
experimental measures in the effective resistance of the
pseudo-resistor from room temperature to a scale ranging
from 30 to 60 degrees Celsius in 5-degree steps, along with
four different voltage levels: 50 mV, 100 mV, 250 mV and
500 mV. After an analysis based on the RC constant in a
testing circuit, it was shown that the equivalent pseudo-
resistance become lower as the temperature increases,
reducing the RC time constant of the testing circuit.
Therefore, during the project design of any circuit, the
resistance variation must be predicted and corrected by a
compensation circuit, avoiding that circuits with this
technology present different characteristics.
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