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Abstract 

This paper describes the performance analysis of an 

ultra low power, low phase noise current starved 

CMOS VCOfor PLL architecture. This CSVCO is 

applicable for PLL application such as in, frequency 

control, frequency multipliers, tracking generators, 

clock generation and recovery etc. Transient response 

and phase noise analysis of CSVCO is performed and 

after simulation the phase noise at 1MHz is -

104.0dBc/Hz with supply voltage of 1 V with a centre 

frequency of 2GHz. It is performed using cadence 

virtuoso gpdk045 nm CMOS technology. 
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Introduction 

Phase locked loop (PLL) is the heart of the many 

modern electronics as well as communication system. 

Recently plenty of the researches have conducted on the 

design of phase locked loop (PLL) [7] circuit and still 

research is going on this topic. Most of the researches 

have conducted to realize a higher lock range PLL with 

lesser lock time and have tolerable phase noise. The 

most versatile application of the phase locked loops 

(PLL) is for clock generation and clock recovery in 

microprocessor, networking, communication systems, 

and frequency synthesizers. Phase locked-loops (PLLs) 

are commonly used to generate well-timed on-chip 

clocks in high-performance digital systems. Modern 

wireless communication systems employ Phase Locked 

Loop (PLL) mainly for synchronization, clock synthesis, 

skew and jitter reduction. Phase locked loops find wide 

application in several modern applications mostly in 

advance communication and instrumentation systems. 

PLL being a mixed signal circuit involves design 

challenge at high frequency. 

 

PHASE LOCKED LOOP ARCHITECTURE: 

A phased locked loop is a feedback system that 

compares the output phase with the input phase voltage 

controlled oscillator (VCO) worked as the heart of phase 

locked loop. A novel IDEA based multi-objective fast 

design methodology is proposed. In order to reduce the 

power consumption the staking VCO and tripler with 

current reuse technique is used. Depending on the 

application, most of the cases the betterment of the 

power and size is very critical issue. A LC VCO has 

higher phase noise, less tuning range and consume larger 

area  VCO plays a critical role in wireless applications it 

provide periodic signals required for timing in digital 

circuits. A PLL consists of a Phase Frequency Detector 

(PFD), Charge pump Low pass Filter (LPF), Current 

starved voltage controlled oscillator (VCO), and Divider 

circuits [1-5]. 

 
FIGURE: BLOCK DIAGRAM OF PLL 

 

Cite this article as: D.Rajiv Roy, Dr.Nihar Ranjan Panda & Manas 

Ranjan Biswal, "Performance Analysis of Low Power CSVCO for 

PLL Architecture", International Journal & Magazine of Engineering, 

Technology, Management and Research, Volume 4 Issue 11, 2017, 

Page 248-256. 

 



 
 

 Page 249 
 

The phase detector compares the phase of the output 

signal to the phase of the reference signal and it 

produces an output voltage which is proportional to the 

phase error of the two signals. And output of the phase 

detector passed through charge pump circuits which 

convert the logic states of the phase frequency detector 

into analog signals suitable to control the voltage-

controlled oscillator (VCO) [2], then the signal feedback 

to the VCO which take the control voltage as an input 

and produces a output voltage. A divider circuit is used 

in feedback path of the circuit which is used provide the 

feedback path in the PLL. It takes the output of VCO as 

an input frequency Fin and produced an output signal of 

a frequency Fout. 

 

COMPONENTS AND THEIR WORKING: 

The PLL consists of phase frequency detector, charge 

pump, low pass filter and VCO. The following describes 

the brief explanation of each block. 

 

PHASE FREQUENCY DETECTOR: 

Phase frequency detector is a circuit which has two 

inputs, which can detect both the frequency and phase 

differences and its output is feedback to the charge 

pump. When the reference frequency (Fref) and VCO 

frequency (Fvco) inputs are unequal in frequency and/or 

phase, the differential UP (Up) and DOWN (Dn) outputs 

[3] will provide pulse streams. Its subtraction and 

integration provide an error voltage for control of a 

VCO. 

 
Fig.2  Phase frequency detector 

CHARGE PUMP: 

Charge pump is the next block to the phase frequency 

detector. The output signal is generated by the PFD is 

directly feedback to the charge pump. The main purpose 

of a charge pump is to convert the output signal of the 

phase frequency detector into analog signals suitable to 

control the voltage controlled oscillator (VCO). 

Basically, the charge pump consists with current sources 

and up & down signals. The output of the charge pump 

is connected to the VCO that integrates the charge pump 

output current to an equivalent VCO control voltage 

(Vctrl) [4]. Charge pump circuit converts the phase or 

frequency difference information into a voltage, used to 

tune the VCO. 

 

When the reference signal clock edge leads the feedback 

clock edge, the UP signal of the PFD goes high. So to 

make both the clock have rising edge at the same time 

the VCO output signal frequency has to be increased. 

For this purpose an increase in control voltage is needed 

from the output of charge pump and loop filter circuit. 

 

The simulation result which is shown in the Figure 

below gives an increase in the control voltage at the 

output of the loop filter circuit. From the Figure it’s clear 

that the control voltage increases for a period during 

which the UP signal of the PFD remains high. In the 

other case a decrease in the control voltage is produced 

at the output of the filter circuit which is shown in the 

Figure. When the rising of feedback signal leads the 

reference signal rising edge the control voltage decreases 

for the period during which the DOWN signal of the 

PFD remains high [5]. 

 
Fig.3 PFD with charge Pump Circuit 
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LOW PASS FILTER: 

A low pass filter is next to the charge pump in the PLL 

circuits which work is to passes the low frequency signal 

but attenuates the frequency which is higher than cutoff 

frequency. LPF is used in PLL to get rid of the high 

frequency components in the output of the phase 

detector. It also removes high frequency noise. All these 

features make LPF a critical part in PLL and helps to 

control the dynamic characters of the whole circuit. The 

LPF helps in keeping the VCO from hunting. The filter 

supplies the control voltage to the VCO. 

 

VOLTAGE CONTROLLED OSCILLATOR: 

In the block of phase locked loop circuits VCO works as 

the heart of the circuits. The schematic diagram of 

Voltage Controlled Oscillator is shown in Fig. 11. The 

circuit associated with two parts, current starving circuits 

and the inverter stages. The design objective of this 

article is to minimize phase noise and power of the VCO 

with a desired frequency of oscillation, subject to the 

physical compulsion [6-8]. 

 

This circuit function is similar to ring oscillator, here 

five stage ring oscillator is used and a control voltage 

(Vctrl) is inputted with a supply voltage of 1 V applied 

in the circuits limit the current available to the inverter 

circuits. In other words, the inverter is starved for 

current. It can be made to oscillate from few hertz to 

hundreds of GHz. It can make in oscillating frequency in 

response to change in control voltages (Vctrl). The 

oscillation frequency of Voltage Controlled Oscillator 

for 'N' is represented as 

 
Where f is frequency of oscillation of VCO and N is the 

number of stages 

 
 

To determine the total capacitance of VCO is 

represented as 

 
Where Coxis the oxide capacitance and p W &n W are 

the Width of PMOS and NMOS respectively, p L &n L 

are the length of PMOS and NMOS respectively. 

 

The operation of Voltage Controlled Oscillator is similar 

to the ring oscillator. Middle PMOS M1 and NMOS M2 

operate as inverter, while upper PMOS M13 and lower 

NMOS M14 operate as current sources. The current 

sources limit the current available to the inverter. In 

other words, the inverter is starved for current.  The 

current in the first NMOS and PMOS are mirrored in 

each inverter/current source stage. PMOS M11 and 

NMOS M11 drain currents are the same and are set by 

the input control voltage. The operation of Voltage 

Controlled Oscillator is similar to the ring oscillator.  

 

The purpose of VCO is to either speed up or slow down 

the feedback signal according to the error generated by 

the PFD. Added benefit of this VCO is to maintain a 

constant amplitude level and oscillation. This circuit has 

higher tuning range and low power consumption for 

various application domains [7-11]. 

 

Voltage Controlled Oscillator (VCO) 

Voltage-controlled oscillator generates frequency 

controlled by input voltage.  

 

The dc level output of a low-pass filter is applied as 

control signal to the voltage-controlled oscillator 

(VCO). 

 

The VCO frequency is adjusted till it becomes equal to 

the frequency of the input signal.  

 

During this adjustment, PLL goes through three stages-

free running, capture and phase lock. 
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Fig.2.4 Schematic diagram of current starved VCO 

 

SIMULATION AND RESULTS 

 
Fig: output waveforms of PLL 

 

 
Fig: output waveforms of PLL 

 
Fig: output waveforms of phase and magnitude 

 

 
Fig: output waveforms of PLL 

 

 
Fig: output waveforms of PLL 
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Fig: output waveforms of phase and magnitude 

 

POWER ANALYSIS OF PLL : 

TABLE NO 1: AT VDD=1 VGS VS POWER & VGS 

VS DELAY 

 
 

 

AT VDD=1 VGS VS POWER 

 

 

AT VDD=1 VGS VS DELAY 

TABLE NO 2: AT VDD=1.2 VGS VS POWER & 

VGS VS DELAY 

 

 
AT VDD=1.2 VGS VS POWER 

 
AT VDD=1.2 VGS VS DELAY 

 

TABLE NO 3: AT VDD=1.3 VGS VS POWER & 

VGS VS DELAY 
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AT VDD=1.3 VGS VS POWER 

 
AT VDD=1.3 VGS VS DELAY 

 

TABLE NO 4: AT VDD=1.8 VGS VS POWER & 

VGS S DELAY 

 

 
AT VDD=1.8 VGS VS POWER 

 
AT VDD=1.8 VGS VS DELAY 

 

TABLE NO 5: AT VDD=2.0 VGS VS POWER 

&VGS VS DELAY 

 

 
AT VDD=2.0 VGS VS POWER 

 
AT VDD=2.0 VGS VS DELAY 
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TABLE NO 6: AT VDD=2.5 VGS VS POWER 

&VGS VS DELAY 

 

 
AT VDD=2.5 VGS VS POWER 

 
AT VDD=2.5 VGS VS DELAY 

 

TABLE NO 7: AT VDD=3.3 VGS VS POWER & 

VGS VS DELAY 

 

 
AT VDD=3.3 VGS VS POWER 

 
AT VDD=3.3 VGS VS DELAY 

 

CONCLUSION: 

Phase-locked loops play a vital part in many modern-day 

circuits. They are used to demodulate amplitude and 

frequency modulated signals, synchronize clocks, 

recover small signals from noise, and they are used in 

devices such as dual-tone multiple frequency decoders 

and modems. Overall, designing a PLL gave us a great 

opportunity to go through the entire design process of 

VLSI technology. By researching, designing, and testing 

the PLL we were able to review and expand on many 

different topics that have been learned throughout our 

college career. Since PLL design requires knowledge of 

communications, this project served as a perfect means 

to exercise this knowledge in a “real world” application. 
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FUTURE WORK: 

1. The design can be upgraded to reduce area and power 

and to provide better stability. 

2. In future direction, the data transfer may be up scaled 

to higher rates and high operating frequencies. 

3. In the design of loop filter, capacitors and resistors 

were used. Instead, they can be replaced by MOS 

transistors, so that the designed circuit is more practical 

in nature 

4. The lock time of the PLL mainly depends upon the 

type of PFD architecture used and the 

parameters of the charge pump and loop filter. So by 

properly choosing the PFD 

architecture and adjusting the charge pump current and 

the loop filter component values a 

better lock time can be achieved 

5. The Centre frequency of oscillation of the VCO 

depends upon the sizing of the transistors. 

The frequency deviation from the desired value can be 

reduced by properly choosing the 

transistor sizes. 
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