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Abstract—This paper deals with the designing of Low Power
PLL by reducing power consumtion of VCO  to  generate
well-timed on chip clock signals for digital signals. Switching of
digital system introduce power supply or substrate noise which
perturb the more sensitive blocks in VCO and clock buffer.
Since power dissipation in PLL is small fraction of total active
power but it increase with increasing operating frequency of
digital system. This  paper is  describing  the design  of  a
fully-integrated low-jitter PLL for low power application. To
achieve the low jitter performance, our work is proposed on
jitter reduction method on both system and circuit level. The
results are verified for both circuit and system level. The PLL is
implemented in 0.25μm CMOS technology and consumes
10mW from a 2.5V supply.

Index Terms—Low Power, Low Jitter PLL, CMOS
technology , Voltage-controlled oscillator (VCO).

I. INTRODUCTION

Phase-locked loops (PLLs) generates well-timed on-chip
clocks for various applications such as clock-and-data
recovery, microprocessor clock generation and frequency
synthesizer. High-performance PLL’s are widely used within
a digital system for clock generation, timing recovery, and to
efficiently sequence operations and synchronize function
units and ICs. With ever increasing performance
requirements of microprocessor, more stringent requirements
have been placed on clock generation networks. At heart of
the clock generation networks is the phase-locked loop
(PLL). For system-on-a-chip (SOC) portable system
requirement on PLLs includelow-area, low-power
consumption, wide and flexible operating frequency range
and lowest possible jitter performance. In this paper, a
compact low-power, low-jitter digital PLL (DPLL) is
presented. In contrast to most other DPLL implementations,
this DPLL is capable of having similar, if not better,
performance than the analog charge-pump based PLLs. This
has been made possible through a combination of several
techniques. Low power has been made possible by the
elimination of extra overhead usually associated with analog
PLLs, such as current for charge pumps, current generators,
voltage-to-current converters etc. The overall power savings
result in 45%.
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Low-area has also been made possible by the elimination of
the large analog-based loop filter and replacing it with a
compact digital filter. The block diagram of PLL is shown in
Fig.1.

Fig. 1 Block diagram of PLL

A PLL is a closed-loop feedback system that have   fixed
phase relationship between its output clock phase and the
phase of a reference clock. A PLL tracks the phase changes
that are within the bandwidth of the PLL. A PLL also
multiplies a low-frequency reference clock CKref, to produce
a high-frequency clock CKout. PLL is designed with Phase
detector, charge pump circuit, loop   filter,   VCO   and
frequency divider.

II. PLL COMPONENTS

A basic block of PLL as shown in Fig. 2 consists of five
fundamental blocks namely Phase detector, Charge pump,
Loop filter, voltage controlled oscillator and the divider
network. The individual building blocks are explained to
understand the generic block diagram representation of a
basic PLL in a much wider sense .

Fig.2 Basic Compoments of PLL

A. Phase Detector

The primary purpose of the phase detector (PD) is to compare
the phase of the periodic input signal against the phase of the
voltage controlled oscillator (VCO) and accordingly
generates a subsequent error signal which is proportional to
the phase deviation between them. The difference of voltage
(error signal) is then filtered by the loop filter and applied to
the divided down output from VCO.
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B. Charge Pump

The charge pump coupled to a phase detector block is a vital
building block in the design topology. It helps provide an
effective controlling mechanism for the charging and
discharging of the low pass filter. It is used to manipulate the
amount of charge on the loop filter’s capacitors depending on
the lead (UP) and lag (Down) error signals generated from
the phase detector .

C. Loop filter

The Loop filter included in design architecture is a passive
device comprising of two capacitors and a resistor. The
output voltage generated from the loop filter informs the
VCO to adjust its frequency (increase/decrease) in such a
manner that the voltage output is maintained proportional to
the charge of the capacitors. The introduction of additional
capacitor serves to reduce the incoming noise from the
previous components and further helps in the reduction of the
lock time.
It is imperative to note that the output translated from the
phase detector consists of a DC component and a
superimposed AC component. Thus, the low pass filter is one
of the key design components which serve to effectively filter
out the undesired AC component and provides a steady
control voltage for the VCO to operate with.

D. Voltage Controlled Oscillator

The voltage controlled oscillators is the most important
device component of this prolific feedback system that helps
produce the essential frequency output (Fout) of the PLL.
Depending on the control voltage of the low pass filter, the
VCO generates the  frequency that matches  the  reference
signal.

E. Loop Divider

An  efficient Divider  circuit provides  a  greater degree of
flexibility to the design engineers by allowing them to
effectively operate a given PLL at a higher frequency. Being
an integral part of the feedback loop, the divider
configuration also serves as an optimum solution to reduce
the frequency from the VCO into a value that can be
comparable to the reference signal. Thus, as the operation
range for the crystals is usually not more than a few 100
MHz, while the VCO’s generally works in the range of a few
tens of GHz, the loop divider block completes the dynamic
design of a basic PLL

III. MATHEMATICAL ANALYSIS OF PLL

In this section we’ll perform mathematical analysis of a
conventional PLL shown in Fig.3. we assume an input
sinusoidal signal

Fig.3 Conventional PLL

si(t) = Ai sin(ωt + θ(t)) = Ai sinψ(t), (1)

where ω is the angular frequency and θ(t) is the unknown
phase of input signal. The signal generated by VCO is

svco(t)=Aocos( + (t)) = Ai cos ( ). (2)

where is the estimation of angular frequency of VCO and
(t) is the estimated phase of VCO.

There are several design and construction methods for phase
detector. For the present discussion, we assume that phase
detector is a multiplier. Input signal is multiplied by the VCO
output, then

sd(t) = km si (t) svco(t)

= [sin((ω− )t + θ(t) − (t)) + sin ((ω+ )t

+θ(t)+ (t))]

= kd [sin (ψ (t) - (t)) + sin ( ψ (t) + (t))], (3)

where km is the gain of phase detector with dimension [1/V],

kd = ,

In the simplest case we assume that low-pass filter remove
the upper sideband with frequency ω+ but passes the lower
sideband ω− . VCO’s tuning voltage will be

Si(t) =kd sin(ψ (t) - (t)) = kd sin ψe (t ), (4)

Where ψe (t) is the phase difference between input and output
VCO signals
ψe (t) = ψ(t) (t) (5)

This difference will be used to control the frequency and
phase generated by VCO. If the error signal is zero, VCO
produces just its free running frequency (ωc, centre
frequency). If the error signal is other than zero, then VCO
responds by changing its operating frequency.

(t) = ωc + ko sf (t), (6)

Where the constant ko is the gain of VCO in units (2πHz / V).
After integration of the above equation and substituting into
(5), the phase difference is

ψe (t) = ψ (t) − ωc − οsf (τ) dτ (7)

This can be rearranged as folllows:

ψe (t) = ωt - ωct - o kd sinψe (τ) dτ. (8)

Differentiating (8 )

ψe (t) = ω − Κ sin ψe (t) (9)

where ω = ω − ωc and K = ko kd is the gain of PLL having
units [2πHz].

The PLL continues to vary the phase of VCO until locked
, that is, frequency and phase of the input signal are the same
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as those generated by VCO. After getting locked, PLL
follows the changes in frequency and phase of input signal
[9,10].

It can be concluded from the above analysis that the phase
lock arrangement is described by the nonliner equation (9).

Solution of this equation is not known for arbitrary values
ω,    and k without an aperiodic solution, The feedback

system (PLL) cannot achives phase stability,   i.e. Output
frequency of VCO will never be equal to input frequency
( ω ). Simplifications are needed to solve the equation. One
solution is the linear solution, in which we assume that, for
small values of ψe (t)
sin ψe (t) ψe (t) (10)

Substituting in (9)

ψe (t) = ω − Κψe (t) (11)

if θ (t) = 0, solution of this differential equation is

ψe (t)= e-kt ( ψeo − ) + (12)

where ψeο = ψe (0) = θ (0) − (0).

For steady state, that is, for t → ∞, the left hand side of (11) is
equal to zero, with result that

ψe∞ = (13)

Ιn the above analysis we assumed that LPF completely
suppressed the high frequency term in (3). This operation is
not easy for a first order low pass filter and requires a higher
order. However, the LPF is part of a feedback control system
and instability of the system will increase in this case. Our
proposed improvement of PLL aims to reduce noise inside
the loop without using higher order LPF.
.

IV. CMOS ARCHITECTURE OF PLL & LOW POWER

DESIGNING

Fig.4 CMOS Architecture of PLL

The power consumption in digital CMOS circuit can be
described by:
Pavg = Pdynamic +Pshortcircuit + Pstatic + Pleakage

Where Pavg is the average power consumption, Pdynamic is the
dynamic power consumption due to swiching of transistors,
Pshortcircuit is the short-circuit current dissipation when there is
direct path from the power source down to ground, Pstatic is

the static power consumption, and Pleakage is power
consumption due to leakge currents. For Low power
designing we need to follow certain steps to implement low
power device at each level of abstraction by following the
low power designing techniques.
1)Voltage Scaling
2)Threshold Voltage Scaling
3) Reduction of swiching activity

V. SIMULATION RESULTS

The simulation results are taken with 0.125µm technology
and the implementation is done with Microwind 3.1. The
Software Microwind 3.1 used in paper allows us to design
and  simulate  an  integrated  circuit at physical description
level. Fig.4 shows the PLL using 0.125µm technology and Vt
= 1.0v.The PLL is design with 7 GHz. For low power, low
leakage BSIM4 transistors are used. This  PLL  include
current mirror, precharge and charge pump circuit with filter,
phase detector and VCO.

Plot between Ids for L= 0.25µm and width W=2.0µm

Fig.5 Plot between Ids for L= 0.25µm and width W=2.0µm

Plot between Ids vs Vds for L= 0.025µm and width W=0.2µm

Fig.6 Plot between Ids vs Vds for L= 0.025µm and width W=0.2µm

The power dissipation at L= 0.025 µm and width W = 0.2 µm
P = Idd*Vds

1.20V × 0.120mA
= 0.14 µW

The power disssipation at L = 0.25µm and width W= 2.0µm
is 0.46Mw. It means that by reducing the dimension of PLL
from 2/0.025 to 0.2/0.025 the power dissipation decrease
three times.

VI. CONCLUSION

This paper reviews various low power design techniques and
methodologies designing of low power PLL. Supply voltage,
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capacitance, switching activity and frequency are the main
factors of low power design flow. Low power design
techniques are needed at each and every design level but their
application at higher abstraction level may be more effective.
There are a variety of considerations that have been taken
into account in low-power design which include the logic
style, the technology used, and the logic implemented.
Appropriate choice has to be made between logic style,
technology and logic implementation. One has to make
careful tradeoffs for good and efficient design.
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