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Abstract

The paper introduces a N-path filter with high-quality factors for GSM and LTE standards. The filter is constructed from a Sallen-Key low-pass filter,
LNA, and simple N-path filter. It operates in the frequency range of 0.1 to 3 GHz with a 20 MHz bandwidth and exhibits quality factors of 45 and 135
for frequencies of 0.9 and 2.7 GHz, respectively. Furthermore, an inductor-free LNA with resistive feedback is designed. It belongs to the class AB
type with a 1 mA current bias and offers 35.4 dB gain in the frequency range of 0 to 4.5 GHz. This amplifier, built using 180nm CMOS TSMC
technology, consumes 7.2 mW of power, and an IIP3 of 6.4 dBm. The proposed N-path filter utilizes 16 ohm switches on-resistance with 180nm CMOS
TSMC technology, and at clock frequencies of 0.9 and 2.7 GHz with an input amplitude of 0.1 V, it provides gains amplitude of -6.7 dB and -15.81 dB.
The overall gain of this filter is 8.37 dB, with a noise of 8.24 dB, an IIP3 of 9.2 dBm, consumes 10 mW of power, and S;; =-26.9 dB. In comparison
to similar works, this filter exhibits significant improvements in terms of gain, frequency range, bandwidth, and power consumption while maintaining
noise and IIP3 levels consistent with other filters. For clock generation, the filter is designed using a two-bit quadrature generator comprising 11
transistors, alongside a Johnson counter and D-type flip-flops with TSPC logic.
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Introduction

This research addresses the growing demands of wireless communication across diverse standards like GSM, LTE, WCDMA, and GPS. To achieve
this, the focus is on creating wider frequency bands, employing filters with high linearity and quality factors, and exploring cognitive radio technology
and adjustable chipsets. The study investigates adjustable RF filters with various topologies (active and passive) and analyzes SAW and FBAR filters
commonly used in communication devices. However, limitations in integration, tunability, and multi-band coverage necessitate exploring alternative
methods. Frequency shift filtering emerges as a promising on-chip RF pre-filtering approach due to its adjustability, high-quality factor, and reliance
solely on switches and capacitors. Consequently, this research aims to design and simulate a high-quality, adjustable bandpass filter for GSM and LTE
standards using the frequency shift filtering method.

Proposed Work and Methodology

To solve the challenges of high-quality bandpass filters, including integration limitation and sensitivity to element fluctuations, a new bandpass filter
for GSM and LTE standards is designed and simulated using the combination of a N-path filter and a low-pass Sallen-Key filter. This innovative filter
offers several advantages including a wide frequency range, good bandwidth, and channel selectivity, and significantly improves the performance of
existing filters.

Conclusion

The N-path filter with high-quality factors present for GSM and LTE standards. This filter was designed by combining a Sallen-Key low pass filter,
low noise amplifier, and simple N-path filter and implemented in 180nm CMOS TSMC technology. The simulation results show that the proposed filter
has a bandwidth of 20 MHz, high-quality factor, optimal gain, wide frequency range, and low power consumption. It also offers acceptable noise and
IIP3 and has a adjustabile center frequency with fixed bandwidth. In addition, a clock pulse with a duty cycle of 25% and a frequency dependent on the
clock signal was designed using D flip-flop type TSPC.
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