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Theory/Description :

Envelope detection is an enabling technique in contemporary communication and sensing systems used
extensively in low-power radios, wireless transceivers, biomedical monitoring, and power amplifiers
used for envelope tracking. With communication standards like LTE and 5G requiring broader
bandwidths and greater linearity, traditional rectifier-based envelope detectors struggle to keep up due
to limited speed, limited linearity, and high power consumption. To bypass these limitations, CMOS-
based linear detectors offer a lucrative alternative by taking advantage of the quadratic -V behavior of
MOSFETs. Not only do such designs obtain accurate envelope extraction over a broad frequency range,
but integration with current RF front-ends at low cost is also possible. In this regard, a very linear and
power-efficient envelope detector is proposed that can accurately track wideband modulated signals
with limited energy overhead, proving to be applicable to future wireless and portable systems.
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Circuit Diagram and output waveform

Working : Using a CG-CS preamplifier, the circuit first amplifies the RF input before applying it to two
MOSFETS, which use their quadratic I-V characteristic to produce a current proportional to the envelope
of the signal. After filtering out high-frequency components,
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the current is transformed into a clean envelope voltage by a MOSFET that is saturated. The detected envelope is
then delivered to the output by a buffer with low power consumption and high linearity. In order for the envelope
detector to function, the entering AM signal must first be rectified through a diode so that only half of the carrier
waveform can pass. The necessary envelope and high-frequency carrier components are still present in this
corrected signal. After that, a parallel RC network is employed as a low-pass filter, in which the capacitor rapidly
charges to the signal's peak value and then gradually discharges through the resistor. The circuit can reproduce the
original message or modulating signal by tracking the carrier's slowly changing amplitude thanks to this charging
and discharging activity. Selecting R and C values is essential because they need to be both large enough to block
out the carrier frequency and tiny enough to precisely track the message signal's fluctuations.
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Summary:
In this study, an envelope detector circuit is designed and simulated using ngspice and eSim. MOSFETS, resistors,
capacitors, and a sinusoidal input source are used in the circuit's implementation. The rectifier and filter stages are
responsible for extracting the modulated signal's envelope. To get the input and output waveforms, the schematic
was made in KiCad-based eSim, a netlist was built, and the simulation was run in ngspice. The project shows how
to design a circuit, integrate a model, and plot waveforms in an open-source EDA environment.

Results :

Using a 0.18 um CMOS process, the suggested envelope detector tracks a 120 MHz LTE signal at a 3 GHz
carrier frequency with little distortion, demonstrating high linearity and wideband performance. The
circuit uses only 18 mW of static power, of which the detection core uses about 4 mW, and runs on a
1.8 V supply. Simulation results validate the output envelope’s suitability for low-power, wideband, and
portable wireless applications by confirming that it follows the input signal closely and accurately.
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Conclusion : The low-power envelope detector design proposed here is a power-aware architecture
that achieves an effective trade-off between accuracy, bandwidth, and power consumption. Using its
standard process technology for integrated circuits in CMOS technology, it has demonstrated the
capability to track and detect wideband signal shapes without distortion and at very low power
consumption levels, paving the way for possible implementations in real-world applications, such as
wireless communications, biomedical tracking and monitoring, and low-power loT devices. Its
compatibility with open-source eSim tools has greatly contributed to its reproducibility and likely
efficacy, which leaves it positioned for inclusion into next-generation low-power RF systems.
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