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Abstract:

In recent years, process parameters in industry or power plant must be continuously monitored and controlled.
Temperature is one of the most important parameters that must be controlled by the RTD, which is used to adjust the
signal amplitude from the amplifier at the output of the Wheatstone bridge. In this paper, a new design for three-stage
CMOS operational transconductance amplifier is proposed. The proposed structure eliminates the feedforward path and
strengthens the feedback path in the compensation network at the same time. Also, the presented circuit uses only a
small compensation capacitor, which alleviates the chip area. The simulation of the proposed circuit has been done
using 0.18 pm CMOS technology in the HSPICE simulator and it has been validated by theoretical analysis, and the
simulation results confirm the correctness of the theoretical analysis. The frequency response of the proposed amplifier
shows that the DC gain of the circuit is on the order of 120 dB and the bandwidth of the circuit is 18.8 MHz with a
phase margin of 88°. The power dissipation of the proposed circuit is fairly very small and is about 515 uW in 1.8 V
power supply, which shows that the proposed circuit has high efficiency and efficiency coefficients.
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1. Motivation of the work

Making an RTD out of platinum would be too expensive
for most applications. As a result, only small RTD
elements are made from platinum. To use the resistance
value of the RTD element, this resistance must be
transferred to the measuring device. To do this, an
insulating copper wire is used to connect the RTD
element to the measuring device. Like platinum, copper
also has electrical resistance. The resistance along the
copper wire can affect the resistance value measured by
the device connected to the RTD. In two-wire RTDs,
there is no means to calculate the resistance of the copper
wire so that the resistance of the copper wire can be
reduced and the measured resistance can be correctly
related to the temperature of the RTD element. As a
result, two-wire RTDs are usually used for approximate
temperature measurements. Three-wire RTDs are more
commonly used in industrial applications. The RTD is a
transducer that converts temperature into an electrical
signal. If high energy is required to drive the actuator, the
controller command is amplified by the amplifier and
then sent to the actuator. In this paper, we present a new
compensator method that uses a differential feedback
path to eliminate the leading path and increase the
frequency response with respect to PM and GBW. The
frequency response analysis of the proposed circuit
shows that the values of the compensator network
elements for phase margin and bandwidth can be
controlled and tuned. The proposed circuit was simulated
using 0.18 um CMOS technology in the HSPICE
simulator and was analyzed theoretically, and the
simulation results confirmed the accuracy of the
theoretical analysis.

2. Contributions

With the reduction of channel length and supply voltage,
standard arrangements such as cascades are not useful in
OTA designs based on CMOS technology, while multi-
stage amplifiers can be used [1-3]. However, due to the
increase in DC gain, such arrangements exhibit low
phase margin (PM) and high impedance nodes, which
affect the frequency stability of the amplifier, which
requires the development and wuse of frequency
compensation techniques [1]. In the case of a three-stage
amplifier, one of the widely used conventional frequency
compensation methods is the RNMC (Renunciation
Resonance Modulation), in which the first two stages
must have negative gain. This technique is notable for its
simplicity of design and no additional power
consumption. However, this frequency compensation
method adds a zero in the right half of the amplifier
transfer function, which leads to stability problems [2-5].
Over the past few years, several techniques such as
current and voltage buffers [6], forward paths [7-9],
AFFC [10, 11] ACBC have been proposed to solve this
problem, but they failed to achieve unconditional stability
and improve GBW simultaneously. This is due to the
presence of RHP in the transfer function. In general,

NMC and RNMC are two common methods for
frequency compensation of three-stage OTAs. These two
methods use two capacitors as the compensation network.
NMCNR, which is an improved version of NMC, is
based on the use of resistors to eliminate the RHP zeros
in the transfer function. Double pole-zero elimination
(DPZC) is another technique that forms the compensation
network using cascaded resistors with each capacitor,
which almost eliminates two poles with two zeros and
improves the frequency response [11-13]. The frequency
control compensator is another suitable method that uses
a block added to the second stage of the attenuator circuit
to control the circuit. All these methods require large
compensation capacitors. The active feedback frequency
compensator (AFFC) offers a new type of feedback that
involves a cascade structure of a capacitor with a gm
stage. This method requires fewer compensation
capacitors and shows relatively good frequency
responses. Finally, the frequency control compensator
(ACBC) is one of the most suitable techniques for
frequency compensation. In this method, the gain of the
second stage is increased at high frequencies, which
improves the frequency response of the OTA. In this
paper, we present a new compensation method that uses a
differential feedback path to eliminate the leading path
and increase the frequency response with respect to PM
and GBW.

3. Procedures

The proposed circuit consists of a differential input stage,
while the second and third stages consist of common
source amplifiers. The fourth stage is another differential
amplifier that forms the output stage. Also, the output
resistance and parasitic capacitor of each stage are
specified by Ri.3 and C,.3, respectively. Cy is also the load
capacitor. In this structure, a differential feedback stage is
used to achieve two goals. The first differential feedback
stage forms the compensation network, and in the second
stage, the output signal from this stage is driven, so it can
reach the maximum DC gain. These two issues make the
proposed method very effective in achieving the desired
GBW and PM. The proposed circuit consists of a small
compensation capacitor that has the Miller effect and
should be placed in the negative gain loop. According to
the Roth-Horowitz criteria, the transfer function of the
proposed method is stable if the following two conditions
are met. First, all the coefficients S exist and second, all
the coefficients must be of the same sign, i.e. all are
negative or positive. These two conditions hold in both
open-loop and closed-loop transfer functions, so stability
is guaranteed in both cases. Also, according to the open-
loop transfer function, the DC gain of the proposed
amplifier 1S gmigmegmagmirarary, which shows that the
proposed method also increases the DC gain because the
gain of the proposed circuit increases the circuit gain by
gitrr compared to the conventional three-stage amplifier
Zmi1Zm2Zm3r1r2r3.
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4. Findings

To test the proposed method, a three-stage amplifier with
0.18 um CMOS technology is designed and simulated
using HSPICE. The supply voltage is set to 1.8 V. One of
the most important factors that plays an important role in
the design of the amplifier is the feedback performance.
First, the stability of the unit feedback structure should be
considered because sometimes some amplifiers in the
open-loop structure cannot satisfy the closed-loop
stability conditions. According to the results obtained, in
fact, after removing the non-dominant coefficients, a
simplified transfer function is obtained. These non-
dominant coefficients usually appear due to the effects of
parasitic capacitors. Therefore, another advantage of the
proposed method is that this compensation method is
independent of parasitic capacitors and the estimated
transfer function accurately leads to improved frequency
response. Additionally, the Temperature Element
Response Time Test is designed to measure the response
time of a remote RTD when the sensor is installed in the
process. The test involves applying an electrical current
to the end of the sensor (thermocouple). The electrical
current causes the sensor to heat up and a transient
temperature change occurs within the sensor. A
Wheatstone bridge is used to measure the response time.
This test is performed in power plants using a heating
current of about 40 mA. To provide the current required
for the test, the power supply is regulated in the
Wheatstone bridge, so the high current should be
between 30 and 50 mA. The RTD is stable in a process
up to only 30 mA. On the other hand, if the RTD is in a
process with large temperature fluctuations, a current
higher than 50 mA is required to improve the signal-to-
noise ratio (S/N). For this reason, an amplifier is used at
the output of the Wheatstone bridge to adjust the signal
amplitude. As a result, the output voltage of the
Wheatstone bridge (V) changes linearly with the changes
in the RTD resistance (0R) during the experiment.
Simulation results show the effectiveness of the proposed
method.

5. Conclusion

In this paper, a new frequency compensation method is
proposed for the compensation and frequency stability of
three-stage amplifiers. The proposed structure eliminates
the forward path and simultaneously amplifies the
feedback path in the compensation network, and the
output voltage of the Wheatstone bridge (V) changes
linearly with the changes in the RTD resistance. The
circuit simulation is performed using HSPICE with
0.18um CMOS technology. As can be seen, the
simulation results prove the accuracy of the theoretical
analysis of the circuit. Also, the proposed OTA shows
better performance than other methods.
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