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Abstract:

This paper presents a fully integrated fractional-N frequency synthesizer for ISM frequency band. In this paper a new
linearization technique is presented for Charge Pump (CP) circuit that leads to enhance CP’s linearity and overall
frequency synthesizer. The presented frequency synthesizer is implemented in 180-nm CMOS technology by using
cadence-virtuoso cad tool. Simulation result of the proposed technique shows that the matching characterization of the CP
enhanced by role of 44% and the maximum mismatch in the range of 0.2-1.6 V of control voltage is equal to 0.4 pA. The
presented CP improves 25 dBc/Hz close-in phase noise of the overall synthesizer that eventually improved the receiver
sensitivity. Simulation results of the overall frequency synthesizer demonstrated that the loop is locked in 2 uS, the phase
noise in 1 KHz, 10 KHz, 100 KHz, and 1 MHz offsets are equal to -63 dBc/Hz, -90 dBc/Hz, -95 dBc/Hz, and -107
dBc/Hz, respectively, and the higher fractional-N spurs is 53 dBc below than carrier signal. Power dissipation of the
presented frequency from a 1.8 V power supply is 1 mW.
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1. Motivation of the work

Over the last decade, the integration of circuits using
CMOS technology has emerged as a highly significant
field, with advanced CMOS processes enabling the
development of high-data-rate wireless systems [1]. The
growing  demand  for  high-data-rate = wireless
communication systems is rapidly progressing toward
commercialization, necessitating the use of frequency
synthesizers based on phase-locked loops (PLLs) for
generating local signals [2, 3]. The spectral purity of the
local signal is a critical factor in the overall performance
of transceivers, and in such applications, frequency
synthesizers are employed to produce these signals.

2. Contributions

However, spurious tones in local signals are unavoidable
and significantly constrain transceiver performance.
Reducing the power of these spurious tones typically
increases the linearity requirements for circuit components
such as charge pumps, phase-frequency detectors, and
dividers. This, in turn, limits the choice of reference
frequency and reduces the loop bandwidth. Notably,
higher linearity requirements lead to increased power
consumption and larger circuit sizes, while restricting the
reference  frequency reduces design flexibility.
Additionally, reducing the loop bandwidth results in
higher in-band noise, longer settling times, and larger loop
filter sizes [4]. Furthermore, spurious tone reduction
techniques have become less effective in sub-100-
nanometer technologies, exacerbating the impact of
spurious tones on power consumption and chip costs. This
issue is further aggravated by Moore's Law scaling.

3. Procedures

To address the need for a frequency synthesizer in the
ISM band, a frequency range of 2.4-2.5 GHz with
quadrature outputs is required. This paper proposes the
use of a 24-2.5 GHz quadrature voltage-controlled
oscillator (QVCO) to achieve this goal. The oscillator's
output is connected to a dual-mode programmable divider,
whose output is then sent to a phase-frequency detector
(PFD) for comparison with a 5 MHz reference frequency.
The PFD outputs are fed into a charge pump circuit to
regulate the loop gain, and the charge pump's output is
connected to a second-order low-pass filter. This filter
ensures a smooth and distortion-free control voltage for
the oscillator. A linear-mathematical model is introduced
to describe the behavior of the injected charges from the
charge pump into the loop during the locked state,
followed by the presentation of the proposed charge pump
circuit and other related circuit designs.

4. Findings

This paper presents the design of a fully integrated
fractional frequency synthesizer operating in the 2.4-2.5
GHz range, implemented in 180 nm CMOS technology.
The synthesizer incorporates a linearization technique
applied to the charge pump circuit, enhancing both the

charge pump and synthesizer linearity. This improvement
ensures consistent and stable dynamic performance of the
synthesizer across a broad spectrum of control voltages.

5. Conclusion

Simulation results for the proposed technique demonstrate
a 44% improvement in the linearity of charge pump
current flows. Within the control voltage range of 0.2-
1.6V, the maximum current mismatch is 0.4 pA.
Additionally, the technique reduces in-band phase noise
by 25 dBc/Hz, highlighting the effectiveness of the
proposed design. Simulations of the entire synthesizer
loop reveal a loop lock time of 2 uS. The phase noise of
the synthesizer at frequency offsets of 1 KHz, 10 KHz,
100 KHz, and 1 MHz is measured at -63 dBc/Hz, -90
dBc/Hz, -95 dBc/Hz, and -107 dBc/Hz, respectively. The
maximum fractional spur power is 60 dBc below the
carrier tone. The proposed synthesizer, powered by a 1.8
V supply, consumes 1 mW of power.
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