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Abstract: In this paper a method is presented for the two-stage CMOS operational amplifier design, the amplifier that has to
reduces the noise on the transmission lines, increase the gain and improve stability. The two-stages of Op-Amp is made up of a
Differential Amplifier as the initial stage, followed by a second stage Common Source amplifier. By connecting a capacitor in
series with a resistor between the second stage amplifier's input and output, the Op-Amp is compensated. This approach leads to a
noticeable improvement in the gain, CMRR and phase margin, providing the ability to give high gain, reject common-mode
signals and improved stability.
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1. INTRODUCTION

Fundamentally, an amplifier is a device that increases input signal strength and is intended to be operated in
combination with external feedback elements between its output and input terminals, such as resistors and capacitors
[1]. The general term "amplifier" is used to describe a circuit that produces a more powerful version of its input
signal. Due to its capacity to amplify a relatively weak input signal, small signal amplifiers are frequently used
devices. The operational amplifier studied, often known as an OpAmp, is a high-gain electronic voltage amplifier
with differential input and that mostly has a single-ended output. The main goal of operational amplifier is to
provide better amplification along with high CMRR and greater phase margin for stability of amplifier [2-6]. With
the right choice of the components and their values, the OpAmp can be used as a current to voltage converter, active
rectifier, integrator, comparators, voltage follower, Differentiators, summing amplifier. Ideally an OpAmp should
have infinite input resistance, infinity voltage gain, and zero output resistance [7].
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Figure 1: Block Diagram of two stage CMOS Op-Amp

As shown in figure 1, a block model of a typical two-stage Operational Amplifier is displayed. The term "two
stages" refers to the Op-Amp's two gain stages. The three amplifiers in figure 1 are actually two gain amplifiers i.e.
the first and second amplifier and the third amplifier is a unity-gain output amplifier often known as buffer. The
third amplifier i.e., buffer is typically only needed to drive resistive loads. It is rarely provided if the load is purely
capacitive.

Page | 33



1csc International Journal of Computer Science & Communication (ISSN: 0973-7391)
Volume 13 « Issue 2 pp. 33-39  March- Sept 2022  www.csjournals.com

A 2-stage Op-Amp generally consists of three amplifier, namely:
a) Differential-input single-ended output amplifier.
b) The Common-Source amplifier output stage serves as the second gain stage.
c) Buffer stage.

2. DESIGN PROCEDURE

As shown in figure 2, the first stage of the schematic for a two-stage operational amplifier is an NMOS differential
amplifier (MOSFET M; and M,) with an active load PMOS current mirror (M3 and M, MOSFET). The Op-Amp
second stage is a common-source PMQOS amplifier (MOSFET Mg), in which Mg acts as an amplifier and M acts as

the current source for biasing. MOSFET M5 and Mg work together to create an NMOS current mirror, which is
utilized to bias the circuit and provide the proper current and voltages.
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Figure 2: Circuit diagram of two stage CMOS operational amplifier

A feedback capacitor Cc that is connected between the second stage amplifier’s input and the second stage
amplifier’s output is used as a miller capacitance to obtain pole splitting (increasing the distance between the first
and second pole) and that will provide better stability, along with capacitor Cc a resistor R that is called as nulling
resistor and is connected in series with capacitor Cc to provide greater phase margin to achieve greater stability.
With the nulling resistor, we can move the RHP (right half plane) zero to infinity. In this simulation we have chosen
resistor R such that the RHP zero moves towards infinity or practically we can say towards a very higher frequency.

2.1 Gain
The ratio of the output voltage to the input voltage is known as gain. Gain is frequency dependent. An ideal
amplifier has infinite gain. Gain is referred to as closed loop gain if there is any feedback connection between the

amplifier's output and input; otherwise, it is referred to as open loop gain. The bode plot is used to define the signal
gain and phase with respect to frequency.
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2.2 Phase Margin

Phase Margin of a system is defined to ensure the stability of a system. To increase the stability of an amplifier
phase margin should be increased. The phase margin is calculated from bode phase plot, it is the value of the phase
at a frequency known as the gain crossover frequency, where the gain is 0 dB.

PM = ¢ — (-180°): where ¢ < 0°

2.3 CMRR

The CMRR (common mode rejection ratio) of a device is used to measure how well it can reject common-mode
signals, those signals that occur simultaneously and in-phase on both inputs. A differential amplifier's CMRR should
ideally be infinite.

An Op-Amp should only amplify differential input voltage, common-mode output voltages must not be visible at the
output. However, some common-mode voltage Vocy Will be visible at the output due to flaws in an actual Op-Amp.

Practically, In equation form,

Vocm
Vewm

Acm =

Generally, the ratio of the differential gain Ap to the common-mode gain Acy, also known as CMRR is used to
describe this phenomenon:
A

CMRR= -
ACM

Using above two equations, we can determine the connection between the Vocv and CMRR:

Ap Ap
MRR= =
¢ Acw~ Voow ! Von
Ap* V.
CMRR= %
OCM

Above equation shows that smaller the value of output voltage (Vocm) amplitude that is generated by common-
inputs, higher the value of CMRR.

CMRR in decibels (dB):
Ap
ACM

CMRR in dB = 20log

Thus greater CMRR Op-Amp’s should be used because they have a superior ability to reject common-mode voltage.

Table 1: Different components and their values

Components Values
Vo 1.2V
R 3.4 kQ
Cc 4.5 pF
C. 10 pF
Vin " DC=1 Volt: AC= -1 Volt
Vin DC=1 Volt: AC=1 Volt
Vss 0 Volt
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Table 2: Width and Length of all the MOSFET

Mosfet’s Practical values (W) | Practical values (L)
M, M, 11p 1p
Ms, My 10 1p
Ms. Mg 8u 1p
Ms 50u 1y
M, 20p 1y

3. SIMULATION OF PROPOSED DESIGN
Make the connections as shown in the figure 3. Put in the component values and mosfet parameter values (W and L)
as shown in tables 1 and 2, respectively.

Figure 3: Two stage CMOS Op-Amp Schematic

The schematic of a two stage differential and common mode Op-Amp input is shown in figure 4(a) & 4(b)

Figure 4(a): A 2-stage Operational Amplifier Figure 4(b): A 2-stage Operational
with differential input Amplifier with common input
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4. RESULTS AND DISCUSSION

In this section, the results of AC and DC simulations are presented, along with a discussion of the proposed two-
stage operational amplifier. With 90nm technology, a wide variety of frequencies were covered while simulating and
inspecting the OpAmp using the cadence virtuoso EDA tool.

As shown in Figure 5, the graph of phase in degree and gain in dB shows that the gain is of 82 dB at M91 mark and
the unity gain frequency at 0dB is 22.6228 MHz at M92 mark. The previous result for gain was 72 dB and now it is
82 dB which is increased by 10 dB, which is an increment of 13% from the previous value [16]. The phase margin at
mark M93 where the gain bandwidth product is 22.6228 Mhz comes to be 69°. The previous result for phase margin
was 61°and now it is 69° which is increased by 8°, which is an increment of 13% from the previous value [16].
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Figure 5: Gain & Phase Plot for Op-Amp
As shown in figure 6, the CMRR comes to be 86dB. The previous result for CMRR was 60dB and now it is 86dB
which is increased by 26dB, which is an increment of 43% from the previous value [16].
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Figure 6: The CMRR waveform of two stage Op-Amp
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Table 3: Comparison between previous and proposed result.

Parameters Previous Proposed Improvement
Results[16] Results
Gain 72 dB 82 dB Increased by 13 %
Phase Margin 61° 69° Increased by 13 %
CMRR 60 dB 86 dB Increased by 43%
Unity Gain 16.6 MHz 22.6 MHz Increased by 10 MHz
Frequency

The results of the 90 nm technology-based simulation of a two-stage CMOS operational amplifier are much better
than those of the earlier simulation. Table 3 shows that the gain and phase margin is raised by 13%, and the CMRR
is increased by 43%. As a result, the operational amplifier's gain, stability and CMRR increased, making the
amplifier more stable and noise-tolerant.

5. CONCLUSION

To overcome the stability issue that second order system experience, the integrated circuit system is made to behave
like single-pole systems over a broad frequency range. To fulfill the demands of the design specification, the Miller
compensating approach is used. The gain comes to be 82 dB and the CMRR has been increased and obtain a value
of 86 dB. This Op-Amp circuit is suitable for high performance. The unity gain frequency comes to be 22.6228
MHz. The phase margin of Op-Amp comes to be 69° which makes the proposed operational amplifier appropriate
for greater stability, higher amplification and it has ability of better tolerance against noise.
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