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Abstract: In this work a low noise power efficient parallel-PFD PLL is proposed. Parallel circuit configuration improves the SNR of
the circuit. The proposed circuit includes delay circuit with 8/9 frequency divider and a 3 stage VCO. For reducing more noise time
shifted circuit by using VCO is proposed. The proposed design is simulated using Tanner EDA in 180nm technology. In terms of power
consumption, band phase noise the new current comparison domino offers significant improvement compared to existing system.
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1. Introduction
Low noise PLL is an active area of research. The phase locked
loop has a wide variety of applications. Various applications
like applications, such as high level modulation scheme [1]
satellite communication [2] and clock generator [3], radar,
biomedical instruments require a very low noise performance
for their oscillators. Low-jitter low-phase-noise phase-locked
loop (PLL) is an essential building block hence obtaining a
low noise PLL circuit is a challenging issue.

The output phase noise of the PLL is usually contributed
from the phase noises of the voltage-controlled oscillator
(VCO), the phase frequency detector (PFD) and the input
reference signal. In general, the phase noise of the VCO to
the output of the PLL is a high-pass response, while the PFD
and reference to the output are a low-pass response. To
achieve a low-jitter low-phase-noise PLL, the loop
bandwidth should be properly designed [3]. However, the
phase noise of the VCO degrades as the operation frequency

timing shifted operation of parallelized PFDs, both VCO and
reference signal have to be delayed independently. The two
inputs to the PFD are maintained independently to obtain the
same phase. Fdiv is delayed by using divider circuit and Fref is
maintained using a comparator and VCOfb.

2. System Preliminaries
A) PFD and a Charge Pump
The phase frequency detector (PFD) is one of the main parts
in PLL circuits. PFD produces an error output signal which
is proportional to the phase difference between the phase of
the feedback clock and the phase of the reference clock. A
PFD as shown in figure (1) is used for this design. The PFD
use only 10 transistors, whereas a conventional PFD uses 54
transistors. It has been observed that the PFD could operate
up to frequencies about 4.6 times higher than that by
conventional PFD.

Increases toward microwave and MMW bands. Therefore, a
wide loop bandwidth can be chosen for suppressing the
phase noise of the VCO, but the widest loop bandwidth is
usually limited by the input reference frequency due to the
consideration of stability.
Distributed Wireless Sensor Networks (WSN) and actuators
are emerging as a viable solution for home automation,
environment monitoring and many other industrial,
healthcare and consumer applications. Three major design
considerations in WSN applications are power consumption,
volume and costs [4]. Reducing the power-consumption will
increase the lifetime and reduce the battery size, resulting in
lower volume and costs.
There are several reasons which motivate to design a low
power low noise PLL. Critical component to the phase noise
of PLL is phase frequency detector (PFD) [5], [6]. Hence
this work proposed a method to equate the phases of two
inputs to the PFD ( Fref and Fdiv) by using a time shifted
circuit and using another VCO at the output of LF. It reduces
the SNR of PFD by parallelizing the circuit. However
generally, the SNR improvement will degrade due to the
noise correlation. To avoid the noise correlation of PFDs,
the proposed PLL adopt a timing shifted architecture. For a
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Figure 1: Phase Frequency Detector
The Charge Pump (CP) is another important part of PLL. CP
converts the phase or frequency difference information of two
input signals into a voltage which is used to tune a Voltage
Controlled Oscillator (VCO) toward reference input frequency.
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B) Loop Filter
The Loop Filter (LF) is necessary to generate necessary control
signals into the VCO and is also necessary to store the charge
from the CP. Figure (2) shows the passive filter which is used
for this design.

Figure 4 shows the proposed architecture of parallel PFD
PLL. Two PFD’s are parallelized with charge pump and
loop filter. The output voltage of loop filter is added by
summing amplifier and given to the VCO as control voltage.
The PFD detects the rising edges of the input signals, and
generates a pulse whose width is a time difference of rising
edges of input signals. The pulse width of PFD output
should be short from a view point of output noise, because
output pulse contains a voltage or current noise. In other
words rising edges of two input signals of each PFD must be
in same time. For this reason both the inputs to the PFD are
delayed independently.
A) Parallel-PFD
Parallelizing n circuits can improve the SNR with a factor n
[7]. Therefore, in proposed design by parallelizing the two
PFD noise will reduce to 4db. Practically these PFD’s are
closely placed on the die to avoid the correlation between
noises produced by each PFD.

Figure 2: Loop Filter
C) Votage controll oscillator
Figure 3 shows a 3 stage VCO. The purpose of the VCO is
to either speed up or slow down the feedback signal
according to the error generated by the PFD, if the PFD
generates an up (UP) signal, the VCO speeds up. On the
contrary, if a down (DN) signal is generated, the VCO slows
down. The output of the VCO is then fed back to the PFD in
order to recalculate the phase difference, thereby forming
the closed loop frequency control system.

B) Time shifted mode for Division Signal
One of the inputs to the PFD is Fdiv signal. This signal is
adjusted by frequency divider and delay circuit in time
shifted mode. Frequency divider is composed of 8/9 dual
modulus prescalar (DMP) and counter. Time delay is
generated by D-Flip Flop (DFF) with the clock of DMP
output signal. Therefore the delay time Δt is 8 or 9 times a
period of VCO signal. This re-timing by DFF also has an
advantageous effect of reducing PLL phase noise, because
noise of the counter is cancelled.

Figure 5: Frequency Divider and delay circuit
Figure 5 shows the frequency divider and delay circuit. This
delay circuit has a function to switch the delay mode by a
control signal “Delay_cont”, for the measurement of the
effect of timing shift operation. When “Delay_cont” is
logically high, selector (SEL) transfer the upper input signal,
then all output signals Divi has same output timing, this is
“in phase mode”. In contrast, if “Delay_cont” is logically
low, output timing of Divi and Divi-1 has a delay of Δt, which
is called “timing-shifted mode”. In each case, output edge is
determined by the clock of DFF, therefore output signal has
a same noise performance, and strict comparison of noise
reduction effect of timing-shifted mode is possible.

Figure 3: 3-stage VCO

3. System Description

c) Self adjusting by VCOfb:
Second input to the PFD is Fref. The delay of Fdiv is
generated by frequency divider and DFF. But the delay of
reference signal cannot be done by DFF, for the delay of
reference signal a different method is used. In addition, the
delay of reference signal must be equal to the delay of VCO
signal as described above.
Figure 4: Multi-PFD PLL with time shifted Circuit
Reference signal is adjusted by using a comparator and
another VCOfb at the feedback of LF. Control voltage to
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VCOfb is given by a comparator at the output of LF as
shown in fig 4. Manually the phase of reference signal can
be adjusted.

4. Simulation Results
Simulation is performed to verify the effectiveness of
proposed PLL design,

operation of parallelized PFDs, both VCO and reference
signal have to be delayed independently. To realize this
function, the PLL includes a delay circuit of VCO signal and
a mechanism to adjust the phase of reference signal
automatically. Also by using this design the power
consumption minimized up to 23mW.
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5. Conclusion
There are many applications which require PLL. But the
basic problem is phase noise. This project presents a new
architecture of PLL with multi-PFD. However, normally the
SNR improvement will degrade due to the noise correlation.
To avoid the noise correlation of PFDs, the proposed PLL
adopt a timing shifted architecture. For a timing shifted
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