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Abstract: A single stage source coupled CMOS voltage controlled oscillator is presented here using Adaptive voltage level technique 
(AVL) with the advancement of minimizing the power dissipation and generating rapidly high frequency of oscillation. The single stage 
VCO circuit has a low phase noise due to minimizing the noise sources. The voltage controlled oscillator is used in phase lock loop
(PLL) as a frequency synthesizer to generate local oscillation frequency. Power dissipation is one of the most important performance 
parameter here, The Adaptive Voltage level techniques have applied in presented work mitigate the power dissipation. The simulation
and performance analysis of proposed circuit is evaluated in Cadence virtuoso tool. In this simulator we use 45nm standard CMOS
process technology. Simulation provides comparative study of different power reduction techniques on the basis of static and dynamic
power. AVL technique provides 3.97fw static power and 38.02pw dynamic power for the 0.7v supply voltage at room temperature. 
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1. Introduction
 
Voltage controlled oscillator (VCO) [1]-[2]is a very critical 
component of PLL, voltage divider and other complex 
circuits which decides the power consumption and area 
taken by the PLL circuit [3]-[4]. As almost every circuit 
shows oscillatory behaviour, VCO comprises of a 
fundamental component in many RF transceivers and are 
commonly created with signal processing tasks like 
frequency selection and signal generation [5]. Now a day’s 
RF transceivers have need of relay on phase locked loops 
(PLL) and programmable carrier frequencies to accomplish 
the same. These PLLs implant a less correct RF oscillator in 
a feedback loop, whose frequency can be proscribed with a 
control signal [6], [7]. Transceivers for wifi communication 
system have filters, low phase amplifiers, power amplifier, 
mixers, digital signal processing chips and PLL [8]. In 
communication systems, voltage controlled oscillators play 
significant role, specified that periodic signals requisite for 
timing in frequency translation and digital circuits in radio 
frequency circuits [9]. An ideal voltage controlled oscillator 
is a circuit whose output frequency is a linear function of its 
control voltage [10]. While practical oscillators exhibit 
periodically vary with time, this study is concerned with an 
electrical signal at a specific frequency. A conventional PLL 
circuit is made up of VCO, low pass loop filter, frequency 
divider and phase detector. The spectral purity of the PLL 
output depends heavily on that of the VCO [11]. Monolithic 
integration design of voltage controlled oscillators is 
desirable but always become most challenging task to be 
performed. The first requirement is to attain high frequency 
operation with reasonable power dissipation [12]. However, 
the most critical design constraint for the VCO is the phase 
noise performance. Finally small chip area is important to 
monolithic system integration. In modern electronics 
although LC tank oscillators have shown good phase 
performance with low power dissipation [13], [14] but there 
are some disadvantages, the tuning range of an LC oscillator 
is less in comparison to ring oscillators and secondly, the 
phase noise performance of oscillator chiefly depends on Q 

factor of on chip spiral inductors. To overcome this problem 
ring oscillator have used in recent year. The phase noise 
performance of ring oscillators is much poorer [15], at high 
oscillation frequencies; the power dissipation of ring 
oscillators may not kept low which is a key requirement for 
battery operated devices. To solve these complications, we 
work on single stage source coupled VCO without using an 
LC tank circuit [16]. Present work is done with major 
objective of reduced power consumption in design of VCO 
with different reduction techniques [8], [17]-[18]. Section 
2nd shows basic operation and circuit description with 
different power reduction techniques. Simulation results 
have done on cadence tool in 45nm technology which is 
presenting in section 3rd. The conclusions will be 
summarized in section 4th. 
 
2. Circuit Description 
 
2.1 Single stage source coupled VCO 
 
In the conventional ring oscillator design, two or more delay 
elements are employed to satisfy the Barkhausen oscillation 
criteria. On the other hand, to improve the oscillation 
frequency, the number of delay elements should be reduced. 
The suggested oscillator enhances the oscillation frequency 
by reducing the number of circuit stage to one. This property 
also lowers the power dissipation and improves the phase 
noise. 
 
A single-stage source coupled voltage controlled oscillator 
circuit can be designed to dissipate less power than ring 
oscillator. The operation of the circuit described by figure 1, 
MOSFETs M1 and M2 act as switches, MOSFETs M3 and 
M4 pulled the output. The MOSFETs M5 and M6 behave as 
a constant current source. MOSFETs M2 is on and M1 is 
off, because the voltage of terminal 2 output (out2) is less 
than the terminal 1 output (out1), so the current in M4 is 2Id 
and capacitor will be changed by current Id, because M6 has 
id sinking current [19],[20]. When the voltage of Y and X 
capacitor terminal is same then capacitor is fully charged. 
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The figure 2 shows the layout of VCO ring oscillator. The 
current Id through C, cause point X to discharge down 
towards ground. When point X gets down, M1 and M2 turn 
off. VCO is combination of PMOS and NMOS circuit. 
PMOS and NMOS work in mainly in three regions, which 
are defined as. 
 

 (1) 

 (2) 

 
Figure 1: Circuit diagram of the single stage source coupled 

VCO

 
Figure 2: Layout of VCO Ring oscillator 

 
Figure 3: single ended output 1 waveform of VCO 

 

 
Figure 4: Single Ended Output 2 Waveform Of VCO 

 

 
(3) 
We have following regional relation 

  (4) 

  (5) 
In above equation = gate to source voltage, = drain to source 
voltage, = threshold voltage 
Frequency of oscillation for N stage Delay VCO is given by 
following equation as 

  (6) 

  (7) 
Where N is the Number of delay stages and is delay of each 
stage, Fosc is oscillation frequency. 
 
The figure 3 and figure 4 shows the input–output waveform 
of source coupled VCO in 45nm technology (Vctrl=0.9V 
and Vdd=0.7V). 
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Figure 5: VCO using AVLS technique 

 

 
Figure 6: VCO using AVLG technique

 

 
Figure 7: figure of VCO with AVL technique 

Table 1: Static power of VCO 
Voltage Simple VCO AVLS AVLG AVL 

0.7V 2.24µW 3.78pW 1.35pW 1.35fW
0.8V 4.09µW 6.25pW 2.34pW 2.344fw
0.9V 6.47µW 7.76pW 2.98pW 2.98fw 
1V 11.43µW 11.48pW 4.81pW 4.81fw 

2.2 VCO with Adaptive voltage level technique 
 
An adaptive voltage level control circuit can be used either 
at the upper end of the cell to reduce supply voltage (AVLS 
scheme) or at the lower end of the cell to raise the potential 
of the ground node (AVLG scheme). The impact of these 
two techniques on leakage currents is described in this 
section AVLS Technique in Single Stage Source Coupled 
VCO. To summarize, the AVLS approached, while more 
successful in reducing the gate leakage current, still leave 
two gate leakage current components in access transistors 
unaffected. It also leaves one sub-threshold current 
component in access transistor unaffected and results in an 
additional sub-threshold leakage current across the other 
access transistor [6], [21]-[22]. 
 
The figure 5 is show the Voltage control oscillator with 
Adaptive voltage level source technique with Vdd = 0.7V 
 
2.3 AVLG Technique in Single Stage Source Coupled 
VCO
 
AVLG scheme has a better impact on gate leakage current 
reduction than the AVLS scheme in single stage source 
coupled VCO[23]-[24]. Fig. 6 shows a schematic of a single-
stage source coupled VCO in which AVLG scheme is useful 
[25]. The switch provides 0 Volt at the ground node during 
the active mode and a raised ground level (virtual ground) 
during the inactive mode. This scheme is similar to the diode 
footed cache design scheme proposed to control gate and 
sub-threshold leakages in single stage source coupled VCO, 
in which a diode designed with high Vt MOS transistor was 
used to raise the ground level of VCO in the inactive mode 
[26][27]. The figure 7 is show the Voltage control oscillator 
with Adaptive voltage level ground technique with Vdd = 
0.7V 
 
VCO with AVL (AVLS & AVLG) technique  
In this technique both AVLS and AVLG techniques are 
simultaneously applied to the VCO circuit. AVL technique 
provides better power reduction in comparison to AVLS and 
AVLG techniques. 

3. Simulation Results 
 
The circuit works simulated in cadence for 45nm 
technology, from the result table. In AVL technique, we are 
getting effective percentage reduction in parameter (static 
power, and dynamic power) as compared to SVL technique. 
The circuit for new design is simulated and analyzed with 
supply voltage ranges (0.7v to 1v) with Vdd=0.7v.  
 
3.1 Power analysis 
 
The total power dissipation includes dynamic and static 
components during the active mode of operation.  
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3.2 Static power dissipation 
 
In the ideal mode, the power dissipation is due to the standby 
leakage current. Static power dissipation mainly due to sub 
threshold condition when the transistors are off, Above table 
1 is show the parameter of static power on AVL technique in 
different voltage 
 
3.3 Dynamic power dissipation 
 
Dynamic power dissipation consists of two components. One 
is the switch power due to charging and discharging of load 
capacitance. The other short circuit power is due to the 
nonzero rise and fall time of input waveforms. Dynamic and 
leakage power of CMOS circuit is given by as tunneling 
current sub threshold condition when the transistors are off, 
tunneling current through gate oxide and leakage current 
through reverse biased diodes. 
 

  (8) 

  (9) 
 
Where α is the switching activity; f is the operation 
frequency; C is the load capacitance; Vdd is the supply 
voltage 
 
Static and dynamic power in AVLG technique = (2.34pw 
and 0.37nw) at 0.9V (10) 
Static and dynamic in AVLS technique= (6.25pw and 
1.15nw) at 0.9V (11) 
Static and dynamic power dissipation in AVL technique = 
(3.97fw & 38.02pW (12) 
 

Table 2: Dynamic power of VCO
Voltage Simple VCO AVLS AVLG AVL 

0.7V 524.8mW 1.18nW 0.74nW 0.74pW 
0.8V 692.8mW 1.15nW 0.378nW 0.378pW 
0.9V 699.8mW 1.19nW 0.462nW 0.462pW 
1V 700mW 1.433nW 0.522nW 0.522pW 

 
Above table 2 is show the parameter of dynamic power with 
SVL and AVL technique in different voltage 
 
4. Conclusion
 
In this paper, present work has been done on single stage 
voltage controlled oscillator which did not use any spiral 
inductor. The oscillator was based on creating a (+ve) 
feedback between the sources of the coupled devices. The 
simulation results showed that the presented VCO with AVL 
power reduction technique could achieve low power 
dissipation, which improves the performance of single stage 
VCO. In the AVL technique static power in (fW) and 
dynamic power in (pW) at nominal temperature (27°C). 
Simulation results provide better result with AVL technique 
in comparison to other technique. The oscillator can be used 
for near to the ground voltage, low power applications. 
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