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ABSTRACT:The needs for low power and high speed circuits are increasing in modern electronics. The carrier
generation and phase locking are very important for transceiver circuits. The frequency synthesizer based on the phase-
locked loop (PLL) is a basic building block of the transceiver. The frequency synthesizer that generates carrier for the
down-conversion/up-conversion operations, it operates at high frequency and it consumes a very large portion of the
total power of the circuit. The frequency synthesizer based on phase lock loop consists of voltage controlled oscillator,
phase detector; low pass filter and N frequency divider. The voltage controlled oscillator (VCO) and N frequency
divider consumes the maximum power. This paper presents a frequency synthesizer which is designed with low power
consumptions voltage controlled oscillator (VCO) circuit and frequency divider circuit. Finally we proposed a phase
lock loop N frequency synthesizer using the proposed low power building blocks and results of our low power PLL
frequency synthesizer.
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I. INTRODUCTION

Phase lock loops are very essential part of the transceiver, they lock the phase of the feedback signal to the reference
signal. phase lock loops (PLLs) are mixed signal building elements which are widely used in integrated circuits (IC)
design [1]. The phase lock loop systems are widely used in many applications such as synchronization circuits carrier
generation circuits, N-frequency synthesizers, phase modulation and demodulation, clock recovery and clock
generation circuits. The phase lock loops are commonly embedded and they are used in highly integrated cellular RF
CMOS circuits. Moreover, they are important block for embedded systems like wireless phones, micro-computers,
chain transceiver of RF sensor and is even expected to appear soon on other purely digital circuits such as digital signal
processing and field effect transistors gate arrays[2]. N-frequency divider Pump and Phase Frequency Detector circuits
are essential building blocks of frequency synthesizers based on phase lock loops. This paper proposed a CMOS
frequency synthesizer using phase lock loops with low power consumption for low power and low supply circuits using
0.25um CMOS technology. The objective of this research paper is to design and implement the critical blocks such as
voltage controlled oscillator (VCO) and frequency divider which consume maximum power in the phase lock loop
systems. The proposed circuit has simple structure and implemented in 0.25 um CMOS technology. It provides more
stable operation. This circuit uses relatively small devices dimensions and low voltage supply 1V to operate in a large
range frequency.
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1. FUNDAMENTALS OF FREQUENCY SYNTHESIZERS BASED ON PLL
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Fig 1.1 Basic phase lock loop

Il. PROPOSED WORK

This section describes the proposed work. The main objective of this proposed work is to design and implement the
critical blocks like phase and frequency detector (PFD) block and voltage controlled oscillator (VCO), charge pump
and frequency divider for the frequency synthesizer with low power consumption. The performance in power
consumption and channel selection of frequency synthesizer are limited by the two most important building blocks,
namely the voltage-controlled oscillator (VCO) and the high frequency divider. The main idea of this proposed phase
lock loop is that only voltage controlled oscillator (control voltage) or loop dynamic will controlled the switch control
and hence no external control is required. The power consumption and channel selection of frequency synthesizer are
limited by the two most important building blocks, namely the voltage-controlled oscillator (VCO) and the high
frequency divider.

11l. DESIGN METHODOLOGY

Fig.3.1 shows the schematic diagram of proposed frequency synthesizer using phase lock loop designed in tanner eda
tool. The main components of frequency synthesize are phase detector, charge pump, voltage controlled oscillator and
N frequency divider.In this work the components of frequency synthesizer are designed individually for low power
consumption. After the PLL circuit analysis from the previous studies and documentation, it is implemented and
simulated on Tanner tool. The results are extracted and recorded for the comparative study of PLL. Vin is referred as
input frequency and the output frequency is obtained from the V,port of the proposed circuit shown in fig.3.1.

MN-flreguency divifer

Fig 3.1 Schematic diagram of frequency synthesizer
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1. PLL Design and Simulation

The first block of PLL is phase and frequency detector (PFD) shown in fig. 3.2 is designed and implemented and then it is simulated
in tanner tool. The simulation experiment results are shown in fig. 3.3. In this unit, The blocks like phase and frequency detector
(PFD), Charge Pump (CP) and Low pass loop filter are implemented as shown in fig. 3.2. The first block phase and frequency
detector (PFD) consists of two D flip flops and a NAND gate the output NAND gate is connected to the reset of the both D-flip flop.
Charge Pump is made NMOS (NMOS_3) and PMOS (PMOS_3) transistor connected in series. The output of one of the D-flip flop
is feed to PMOS_3 through inverter. NMOS_3 transistor is connected directly to another D-flip flop. This charge pump circuit acts
as an inverter and is used to combine both the output of phase and frequency detector (PFD)

Fig 3.2 Schematic diagram of PFD, Charge pump and Filter

and give a single output which is fed to the input of the filter. The filter consists of two capacitor of same values and a
resistor. The proposed designed is simulated in the tanner tools and the experimental results of schematic is observed
on the W (waveform)-edit of the Tanner tool. The output voltage as the transient response gives oscillations as shown
in fig. 3.3. The charge pump current is also calculated through this corresponding waveform. The fig. 3.3 shows the
oscillation waveform of phase lock loop (PFD).

R r=r=r=3
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Fig. 3.3 Transient response of PFD.

2. Voltage controlled oscillator (VCO) Design and Simulation

Fig. 3.4 shows the ring VCO. The schematic of ring oscillator consists of four inverters connected back to back.
The experimental result of voltage controlled oscillator is observed are shown in fig.3.4.

Fig. 3.4 Simulation results of proposed VCO
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The output voltage as the transient response provides oscillations. This output voltage will appear which will give the
measure of frequency. The frequency for the time instants can be calculated through this corresponding voltage.

3. N-FREQUENCY DIVIDER DESIGN AND SIMULATION

The N-frequency divider acts as a feedback loop for the frequency synthesizer using phase lock loop. This circuit is
implemented using 8-bit counter and there are eight T-flip flop are used in serially back to back to implement the 8-bit
counter is shown in fig. 3.5.

Fig. 3.5 8 bit counter using T-flip flop

The simulation results of 8 bit counter is shown in fig. 3.6. The figure shows the transient response of the 8 bit counter.

Fig. 3.6 Simulation waveform of counter

4. PROPOSED FREQUENCY SYNTHESIZER USING PLL DESIGN AND SIMULATION

The individual components are discussed above are connected in a signal circuit to form phase lock loop circuit. As it is
earlier described that the integer n frequency synthesizer using Phase Lock Loop here made by using Phase frequency
detector (PFD) ,Charge pump (CP) ,Loop Filter, ring voltage controlled oscillator (VCO) and an 8-bit counter (acts as
a feedback loop) is.

Fig. 3.7 simulation waveform of frequency synthesizer
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The simulated experimental results of proposed frequency synthesizer is observed and analyzed. The final output
waveform of Frequency Synthesizer using Phase Lock Loop (PLL) is shown in fig 3.7.

IV. SIMULATION RESULTS
The simulation results are discussed in this section, the parameters such as power consumption and its output frequency

of frequency synthesizer. The key parameter of the circuit is power consumption. The total power consumed by the
integral parts of the circuit such as VCO, (PFD), Charge pump and frequency divider.

Voltage (V)

Fig 4.1 Output frequency of frequency synthesizer

The proposed design is implemented and simulated in tanner EDA tool with the supply voltage of 1V. The average
power is calculated by averaging. The power consumed by the proposed frequency synthesizer is calculated. The
maximum power (Pra) consumed by the circuit is 2.237963 mW at time 2.20726ps and the minimum power Pmin is
observed at time 6.517pus is 1.027692 nW at supply voltage 1 Volt. Therefore the average power of the circuit gives the
total power consumed by the circuit. The average power of the circuit is calculated as 0.1873 mW. The frequency of the
proposed frequency synthesizer is calculated from the output waveform of the proposed frequency synthesizer as
shown in fig. 4.1. The range of output frequency of proposed frequency synthesizer is 100MHz to 200MHz.

V.COMPARATIVEPERFORMANCE

S.No Parameters [10] [12] My Work
1. Tool Tanner Tool
2. Technology 240nm 250nm 250nm
3. Power supply (Vgq) 25V 2.5v v
4, Reference Frequency 20MHz-2GHz 70MHz 5MHz
5. Gate length 0.24pm 0.25um 0.25um
6. Output Frequency 350MHz-1.25GHz 180-320MHz 100-200MHz
7. Power Consumption <300mw 3.8756mwW 0.1873 mwW

V1. CONCLUSION
The performance of frequency synthesizer in power consumption and channel selection of frequency synthesizer are

limited by the two most important building units that is voltage-controlled oscillator (VCO) and the N frequency
divider. This paper presented a low power frequency synthesizer. This proposed frequency Synthesizer based phase
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lock loop (PLL). The main idea of this proposed work is that the switch control will be controlled only by the voltage
controlled oscillator (VCO) therefore there is no need of control externally that consumes extra power. The objective
of this proposed work is to design the critical blocks for the frequency synthesizer with low power consumption. The
power consumed by the circuit is calculated as 0.1873mW and this proposed circuit can operate from 100MHz to
200MHz.
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