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Abstract: 
This work describes a design process, simulation, and analysis of a CMOS-based common source amplifier 

circuit in the Cadence Virtuoso environment at the 45nm technology node. The suggested CMOS circuit may be 

useful in the op-amplifier or other circuits.The circuit is designed to work with a 1.8V DC power source. The 

circuit is constructed from two complementary NMOS and PMOS transistors having a 45 nm gate length. The 

gate widths are chosen as 1 and 2 m, respectively. Transistors are selected from the gpdk045 library of the 

Cadence. For the simulation purpose, we have used two sources from the AnalogLib library- one is a DC bias 

source and the other is a pulse source for the input signals. After designing the circuit, the circuit was simulated 

to test and assess various performance factors, including gain, phase margin, gain bandwidth, power 

dissipation, etc. Simulation results confirm that the designed circuit works well at this node. This type of design 

and simulation experience can give confidence to fabrication engineers regarding its functionality and 

reliability. 
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I. Introduction 
In the VLSI circuits,MOSFET is the basic functional unit [1]. The size of this device is being reduced 

gradually to accommodate more transistors in the same area of an integrated circuit following Moor’s law [1, 2]. 

However, the reduced transistors have several detrimental effects, such as short channel effects [3, 4], noise 

problem [5, 6], subthreshold drain current effect [7, 8], mobility degradation [9], surface potential barrier 

lowering issue [10, 11], impact of temperature [12, 13], etc. Therefore, before using the MOS transistors at the 

reduced scale, we must observe the behavior of the circuits in an actual case. 

A common-source amplifier circuit is one of the three fundamental single-stageComplementary Metal-

Oxide-Semiconductor Field-Effect Transistor (CMOS)-based amplifier topologies in electronics [14]. It is 

frequently employed as a voltage or transconductance amplifier. However, due to the downsizing of the 

transistor, its supply voltage has been cut down, too. As a result, dynamic voltage range and voltage gain are 

also reduced [15].In this work, we aim to examinethe design of a common source CMOS amplifier topology at 

the 45 nm CMOS technology node. We worked using the Cadence Virtuoso simulation tool’s 

gpdk045.Currently, the available working technology nodes in Cadence are 180, 90 nm, 65 nm,and 45 nm [16]. 

In thisarticle, we designed a common source CMOS amplifier circuit at a 45 nm technology node, then 

simulated the amplifier circuit to get various outputs and parameters, and evaluated their performances. 

 

II. Literature Review and Problem Statement 
In the literature, it was found that a method based on transconductance versus normalized drain current 

was developed to design a transconductance by drain current with active load. They used this method to model 

the device dimension and keep the assumed design specifications, such as gain, bandwidth, the product of gain 

and bandwidth, supply voltage (1.8 V), intake power, etc. within the desired ranges. To design their circuit, they 

used the Cadence Virtuoso tool at various technology nodes of 180nm, 90nm, 45 nm, etc. [14]. 

Another research paper examined the transconductance-boosted common source amplifier circuit with 

source degeneration. They investigated a thorough small signal analysis of the mid-band characteristics of this 

circuit having high input impedance. They also discussed the structural transformation of their circuit and they 

compared their results with other circuits through simulations [17]. 
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In another research paper, the memristor device was modeled for a common source amplifier circuit in 

theCadence Virtuoso simulation environment at 180 nm technology. This device establishes a relationship 

between the flux and charge [18]. 

In a recently published research paper, the authors have presented a method for designing a common 

source amplifier circuit for an operational amplifier that usesa differentialamplifier also in the Cadence Virtuoso 

design environment based on a 180nm CMOS technology node [19]. 

In another paper, the behavior of a multiple-stage amplifier for anop-amp circuit was observed using 

Cadence based on CMOS technology. They designed the op-amp-based differential amplifier and gain 

amplifier. Theprimary stage is a differential amplifier to eliminate the noise signal and amplify the input signal. 

To meet the requirements, the gain amplifier, which is a common source amplifier,boosts the signal level further 

[20]. 

 

III. Common Source Amplifier Design 
The goal of an amplifier is to produce an output signal that is an exact reproduction of the input signal 

but with a higher magnitude. Without altering the input signal or information, an amplifier amplifies or 

strengthens the weak signal. Amplifiers employ negative feedback to produce a stable output signal. 

A block diagram of the Common Source (CS) amplifier circuit drawn in Cadence is portrayed in Fig. 1. 

In this illustration, we applied four sources to four different input terminals, such as input and bias signals for 

the different MOS terminals. Two sources at the drain and source terminals used are DC voltage sources from 

the analog library of the Cadence tool, and the applied voltages for these two sources are +2.5 V and -2.5 V, 

respectively. The applied input voltage at the input terminal is an AC voltage source with 4 mV at 1 kHz 

frequency. The third bias voltage at the bias voltage terminal is -900 mV, DC. 

 

 
Figure 1.Block diagram representation of a common source amplifier circuit 
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We used NMOS and PMOS transistors in the CMOS circuit from the gpdk045 library of the Cadence 

design tool. The Table 1 presents the design parameters including the library and cell view names used for the 

common source amplifier circuit. 

 
Table 1.Design and simulation parameters used in the Cadence environment 

Library Name Cell View Name Properties 

gpdk045 pmos1v Total Width = 2u, Length = 45n 

gpdk045 nmos1v Total Width  = 1u, Length = 45n 

analogLib vpulse (as input signal) voltage1=0, voltage2=1.8, period =20n, pulse width= 10n 

analogLib vac Start Frequency = 100 Hz, End Frequency = 1 GHz 

analogLib vdc DC voltage =1.8 

analogLib vdd  

analogLib vss  

analogLib gnd  

 

The completeschematiccircuit diagram of the CS amplifier circuit is shown in Fig. 2. The drain of the 

PMOS transistor is connected to the Vdd source, the source of the NMOS transistor is connected to the Vss 

source, the gate of the PMOS transistor is connected to the Vbiassource, the gate of the NMOS transistor is 

connected to the Vin source. Besides, the source of the PMOS and the drain of the NMOS transistors are 

connected to the output terminals of the amplifier circuit. The biasing of the amplifier circuit helps to keep away 

the transistor from going into the saturation regime and to permit thesignals to obtain a larger gain. 

 

 
Figure 2.The detailed schematic circuit diagram of theCS amplifier circuit 
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To design the amplifier circuit with MOS transistors’ length of 45 nm, we used the gpdk045 library and 

attached its technology file to our design library. After that, we opened the schematic window and inserted 

various components like transistors by creating various instances from various component libraries, pins, 

sources, ground, etc. from various libraries. We changed the parameter values and properties of them based on 

our design requirements shown in Table 1. Then we connected those using wires. 

 

IV. Results and Discussions 
To simulate the designed amplifier circuit, we used Analog Design Environment (ADE). We executed 

our analysis for a duration of 5 ms time to obtain the simulation results of the transient analysis for the input 

voltage of 5 mV peak at a frequency of 1 kHz. We obtain the output voltage of 1.8255 V peak after running the 

simulation. Therefore, the voltage gain (well-defined as the quotient of the output voltage to the input voltage on 

the same measurement scale) that we obtain through this simulation is approximately 365. It indicates how the 

amplifier circuit boosts the strength of an analog input signal.The transient analysis result is shown in Fig. 3. 

 

 
Figure 3.Simulated output voltage for an applied input voltage obtained by the transient response analysis 

 

We also performed the DC analysis from -2.5 V V to +2.5 V, that is, to determine the output of the 

circuit when the input of the circuit goes from the OFF state to the ON state.The DC analysis result is shown in 

Fig. 4. Since the input voltage is connected to the input of the NMOS transistor, the output voltage decreases 

from 2.5 V to 1.5 V. The voltage is not exactly zero voltage when the input is completely turned ON, this is 

because of the body effect of the transistor. 

We then performed the AC analysis. It gives the quantitative analysis of the output spectrum of a 

circuit or device in response to an input signal. It gives a measure of the magnitude (for example, the 

amplitude/gain in decibels) and the phase angle response concerning the frequency variation of the input 

signal.We chose the logarithmic scale on the frequency axis and the linear scale on the magnitude axis to display 

the results. For every decade, 10 points were taken. The result of AC analysis is shown in Fig. 5. We observe 

that for a constant input signal, the output voltage remains constant for a wide range of frequencies. 

Similarly, the phase response of a circuit shows how the phase of the output signal changes as the input 

signal passes through the amplifier circuit with a varying frequency. In the phase response graph, the phase 

difference between input and output is 180
0
 due to the storage elements present in the MOS transistors. 
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Figure 4.Simulated output voltage for an applied input voltage from 0 to 2.5 V obtained by the DC analysis 

 

 
Figure 5. Simulation result of AC response analysis from 100 Hz to 1 GHz 
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Figure 6. Simulation result of phase response analysis 

 

V. Conclusions and Future Directions 

In this design and investigative research paper, we designed, simulated, and analyzeda CMOS-based 

common source amplifier circuit using a 45 nm technology node in Cadence Virtuoso design and simulation 

tool. It provides high performance with a gain of 51.25dB, bandwidth of 400 MHz, and output phaseangle of -

180
0
. A common source amplifier circuit is crucial for electronic circuits and systems. It can be made 

inexpensively.However, before using a common source amplifier circuit, it is vital to take into account the 

limitations of the circuit-making parameters and the particular requirements of the application. 

In the future, further analysis will be executedfor the same circuit with the latest technology node as 

well as for multiple stages at the same node. Besides, a comparison of the same circuit may be made for 

different technology nodes. Suchtypes of design and simulation tasksmay be helpful in teaching and learning the 

VLSI Circuit Design laboratorycourse works. 
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