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ABSTRACT

Radio frequency (RF) amplifiers have extensive application in several communication systems. On the
other hand, the phase, magnitude, and volage gains of the standard analog RF were lessened. The design
and analysis of a single-stage variable gain amplifier (SSVGA) using cascaded linear transconductance
amplifier (Gm cell) and linear transimpedance amplifier (TIA) blocks with feedback via shunt resistors are
the main topics of this study, which summarizes a research article on the subject. Constant bandwidth and
controlled voltage gain are the goals of the SSVGA architecture, which makes it adaptable to a wide range
of input signal intensities. An efficient conversion of the input voltage signal to an output current is
achieved by the current mode TIA, which is the first step of the SSVGA. A Gm cell with source
degeneration is used in the second stage to improve transconductance at the supply voltage and bias
current efficiency. Because of its versatility and flexibility, the suggested SSVGA design can be applied to
a wide range of signal processing and communication devices. The integration of feedback control
guarantees uniform performance throughout various voltage gain configurations, culminating in a resilient
and effective resolution for fluctuating signal intensities.

Keywords: Variable Gain Amplifier, Transconductance Amplifier, Transimpedance Amplifier,
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1. INTRODUCTION linearity over the entire gain range to ensure

) ) ) accurate signal reproduction and minimize signal
With the . rapid advgncement of er?lessdegradation [10]. Modern RF receivers often
commun1cat19n technologies, modc'irnRFrejcelvers operate across a wide range of frequencies to
[1] are required FO operajce efﬁc?enﬂy, with .lowaccommodate multiple communication standards.
power consumption  while - maintaining - high-p,. yGA should be designed to cover the required

performancet characterl'stlcs.. One cruc.lalfr equency range without compromising its
component in an RF receiver is the VGA, Wthhp erformance. The VGA's noise figure directly

p.lays a vital role in dyn?lm.lcally adJ“S“nf?’ th'eimpacts the receiver's sensitivity and ability to
signal strength to optimize the receiver's detect ~weak signals. Minimizing  noise

performance under varying signal conditions [2]'contributions from the VGA is essential to
The VGA is responsible for controlling the gain of:

: - ) : improve the receiver's sensitivity and overall
the received signal, allowing the receiver to adaptsyst em performance.
to different input signal levels and noise
environments [3]. It enables the receiver toPanchal et al. [11] introduced a VGA using a
maintain a stable output signal with minimizedDynamic Threshold MOS transistor (Combined
distortion, maximizing the overall systemBulk-Gate Driven-DTMOS) to stabilize the varying
performance in terms of dynamic range, linearity,signal intensity received at the antenna, thereby
and signal-to-noise ratio (SNR). ensuring effective baseband processing. Santos et al.
[12] proposed a new low-power and low-voltage

This  rescarch  focuses  on the  design andconﬁgurable—gain small-signal amplifier based on an

implementation of a Low-Power Compact CMOS
VGA, emphasizing its suitability for modern RF
receivers. CMOS (Complementary Metal-Oxide-

i hnol 4] is ch for i . . . .
Semiconductor) technology [4] is chosen for ltSranges using a replica bias strategy. Ramakrishna et

dvant in t fl t, 1
advantages I terms O IoW COSt, low power,, [13] presented an Inductor Less Low Power Low

ti d tibilit ith int ti . . . L .
consumption, and compatibiity WIth Antegrationyy . e Amplifier for Wireless Applications. This

ingle chi ith ther RF circuitry [5].
Oft @ Sing'e CHp WItL anothet circuitry | .] inductor-less LNA, implemented in a 45 nm GPDK

Power efficiency is a critical requirement in ,
Y . . q. CMOS technology, is based on a common-gate
modern RF receivers, especially in battery-

operated devices such as smartphones, [oT devices
p p to enhance the overall transconductance of the

6], and wirel . Th d VGA aims | . .
[0] and wireless sensors. The propose almsmrcult. Khan et al. [14] conducted a correlative

active negative resistance circuit. The design
incorporates an improved technique for controlling
output common-mode voltage stability in all gain

configuration embedded with a common-source stage

to minimize power consumption while maintaining
high gain accuracy and linearity [7]. Modern RF
receivers demand miniaturization to meet the
requirements of portable and wearable devices.
The compact VGA design ensures a smaller
footprint, making it suitable for integration into
highly integrated RF systems [8]. The VGA must
provide a wide range of gain control to
accommodate different signal levels while
preserving a constant output signal level. Precise
and linear gain control is crucial to avoid distortion
and maintain the receiver's desired performance
metrics [9].

2. LITERATURE SURVEY

analysis of dissimilar mixer architectures,
investigating efficient methods to design mixers with
wideband operation, lower power consumption,
small size, high noise performance, minimal cost,
and high conversion gain (dB). Ceolin et al. [15]
introduced LNA capable of operating at 2.4 GHz
with a 0.4 V power supply. It utilizes an inverter-
based amplifier with improved gate bias voltage and
automatic forward bulk biasing to achieve moderated
channel inversion levels. The study explores a
biasing metric to analyze the best dimensions and
bulk bias voltages for the NMOS transistor.

Non-linearities in the amplifier's gain response can
lead to distortion, intermodulation, and unwanted
signal artifacts. The VGA should exhibit high

3. PROPOSED METHODOLOGY
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Figure 1 depicts the component parts that will
make up the SSVGA circuit that has been
suggested. A VGA is an electronic component
used in communication systems, receivers, and
other applications where the incoming signal's
strength may vary. The purpose of a VGA is to
provide controllable gain to the input signal,
allowing the system to adapt to different signal
strengths and maintain a consistent output level. A
SSVGA typically consists of two amplification
stages, each responsible for a portion of the total
gain. The first stage is often a transconductance
amplifier (Gm cell), which converts the input
voltage signal into an output current proportional
to the input voltage. The second stage is typically a
TIA, which converts the output current of the first
stage back into an output voltage signal. This two-
stage design allows for greater flexibility in
controlling the overall gain of the amplifier. The
feedback via shunt resistors in each stage helps
maintain a constant bandwidth regardless of the
amount of voltage gain applied. This feedback
mechanism stabilizes the amplifier's frequency
response, ensuring that the amplifier operates
consistently across different gain settings. The
control circuitry in the VGA allows the gain to be
adjusted based on the input signal's strength or
other system requirements. By adjusting the gain,
the VGA can handle signals with a wide range of
amplitudes while still delivering a stable and
consistent output.

Figure 2 shows the diagram of the VGA circuit's
single stage. The first stage is a Current Mode TIA,
which is responsible for converting the input voltage
signal into an output current. It is represented by
transistors P1 to P6 and N3 to N6 in the circuit
diagram. The TIA's primary function is to provide
transimpedance, which means the output current is
directly proportional to the input voltage. The second
stage is a Gm cell with source degeneration,
represented by transistors N1 and N2 along with
resistor Rs in the circuit. The cell's main function is
to convert the output current from the first stage back
into and enhancing transconductance ( ) at a given
supply an output voltage signal. Source
degeneration using resistor

helps in improving bias current efficiency
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Figure 1. Circuit design of vafid®&Shin amplifier.
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Figure 2: Transistor layout of VGA.

4. RESULTS AND DISCUSSION providing insights into how well the SSVGA

_ , , _ _ , _ performs under simulated conditions.
This section gives a detailed analysis of simulation

results, which are developed using Cadence Figure 5 shows the simulation results of the
software. Figure 3 illustrates the circuit diagram orSSVGA for different feedback resistor (R f)
schematic of the SSVGA, providing a visualvalues. It may demonstrate how changing the
representation of its internal components,feedback resistor affects the performance
connections, and topology. It might includecharacteristics of the amplifier, such as gain,
transistors, resistors, capacitors, and otherbandwidth, or distortion. Figure 6 displays the
electronic components arranged in a specificrelationship between frequency and gain of the
configuration ~ to  achieve  variable  gainSSVGA. It helps visualize how the amplifier's gain
amplification. Figure 4 presents the results ofvaries across different frequencies, providing
simulating the SSVGA circuit. It could includeinsights into its frequency response characteristics.
metrics such as frequency response, gain,Figure 7 illustrates the magnitude response of the
distortion, or other performance parameters,SSVGA across different frequencies. It shows how
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the amplitude of the output signal changes withof the output signal changes with frequency, which
frequency, which is essential for understanding theis crucial for applications where phase coherence
amplifier's frequency-dependent behaviour. Figureis essential, such as in communication systems or
8 depicts the phase response of the SSVGA acrossaudio processing.

different frequencies. It shows how the phase shift

Figure. 3: Schematic diagram of SSVGA.

Figure. 5: Simulation outcome of SSVGA for various  values.

Figure. 6: Frequency vs Gain plot.

Figure. 7: Frequency vs Magnitude plot.
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Figure. 8: Frequency vs Phase plot.

5. CONCLUSION

The proposed SSVGA design offers flexibility,
adaptability, and improved performance over[5]
conventional analog RF amplifiers. Its ability to
provide constant bandwidth and controllable voltage
gain makes it an excellent choice for a wide range of
communication systems and signal processing
applications. The combination of the TIA and Gmi¢]
cell stages, along with the incorporation of feedback
control, results in a powerful and reliable amplifier
solution for handling varying input signal strengths
efficiently. This research work presents a significant
contribution to the field of RF amplifier design and
holds promising potential for future advancements inl’]

communication technology. The SSVGA design can
be further optimized and tailored to meet the specific

requirements of 5G systems, such as wider
bandwidths, higher data rates, and varying signal
strengths. [8]
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