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Abstract—In the present work, improved
d designs for fivestage voltage controlled ring oscillators (V
VCO) with reverse
body bias and SAL technique have been
b
presented to
improve the performance parameter. Firsst VCO design with
inverter based delay cell shows frequen
ncy variation [3.91.89] MHz with SAL technique and Seecond design with
varying PMOS and NMOS substrate biaas from [0.6-1.1] V
shows frequency variation of [6.62-3.0] GHz.
G
The proposed
five stages VCO ring oscillator is impllemented in 45nm
cadence virtuoso environment provides high oscillation
frequency (GHz) provide less delay (0.21psec), minimum
phase noise (179.1dBc/Hz) and lower leakaage power (1.23pw)
with reverse substrate bias technique.
L; Delay; Leakage
Keywords-VCO Ring oscillator; SAL
Power ; Oscillation frequncy; Phase noise.

I.

INTRODUCTION
N

The main challenge in nanoelectroonic is to develop
information-processing system based on nanodevices,
information storing circuit and frequencyy signal generating
circuit mainly supported by information-processing circuit
[1][2]. The voltage controlled oscillator (VCO) is the core
factor of Phase locked loop (PLL) osccillation frequency
synthesizes, which is mainly used in modern
m
electronics
information processing systems [4]. Osciillatory behavior is
ubiquitous in all physical systems, especcially in electronic
and optical. In radio frequency and light wave
communication systems, oscillators are used
u
for frequency
translation of information signals and channel selection
[9][17]. Oscillators are also present in alll digital electronic
systems, which need a time reference, i.e., a clock signal,
in order to synchronies operations. An
A ideal oscillator
would provide a perfect time referencce, i.e., a periodic
signal [3]. However, all physical oscillaators are corrupted
by undesired perturbation/noise. Hence signals generated
by practical oscillators are not perfecttly periodic, since
oscillator is a noisy physical system annd it makes them
unique in their response to perturbatiion/noise [12]. A
variety of oscillators is available butt the principle of
operation; the frequency band of osscillation and the
performance in noisy environment are different
d
from one
class of oscillators to the other [21]. Recently,
communication transceiver design inn single IC has
demanded monolithic oscillator with low-cost
l
and low
power dissipation [6]. In this system, the
t design of ring
oscillator using delay stages inside thhe IC has created
much more importance compared to other monolithic
oscillators like relaxation oscillators [77]. Generally, the
performance of ring oscillator is betteer than relaxation
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oscillators, although not as goood as that of the sinusoidal
oscillators [8]. However, the continuous efforts of the
scientists and researchers havee yielded in improving the
performance of ring oscillatorrs to attain a good level of
satisfaction, which can now be
b used successfully in the
communication systems. The leevel of satisfaction has been
achieved in both cases: speeed of operation and noise
performance. The main object of the paper is to enhance
the performance (phase noisse, delay, leakage power,
oscillation frequency) of VCO ring using SAL and reverse
substrate bias technique and proovide a comparison between
them.
II.

CIRCUIT DESCRIPTION

A. VCO ring oscillator
Ring oscillator is cascadded combination of delay
stages, connected in a close loop chain [8] [9].
The ring oscillators designned with a chain of delay
stages have created great interest because of their
numerous useful features. Thesse attractive features are: (i)
It can be easily designed withh the state-of-art integrated
circuit technology (CMOS, BiCMOS), (ii) It can achieve
its oscillations at low voltage, (iii) It can provide highfrequency oscillations with disssipating low power, (iv) It
can be electrically tuned, (v) It can provide wide tuning
range and (vi) It can provide muultiphase outputs because of
their basic structure [23].

Figure 1

Five sttage VCO ring oscillator

Figure 1 shows the five stages
s
VCO ring oscillator
using an inverter combination with
w capacitor 0. 01pf.
These outputs can be loggically combined to realize
multiphase clock signals, whichh have considerable use in a
number of applications in comm
munication systems [9]. The

oscillation frequency of an RO depends on
o the propagation
delay per stage, and the number of stagees used in the ring
structure [11].
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In above equation ୋୗ = gaate to source voltage,ୈୗ =
drain to source voltage, ୌ = thhreshold voltage

Figure 2

Layout of VCO Rinng oscillator.

Figure 2 shows the layout of fivee-stage VCO ring
oscillator

Figure 4

Gatte level Inverter design

Figure 4 shows the inverteer schematic diagram using
PMOS and NMOS where Vin (06v
(
to1.1v)
C. VCO ring oscillator with SA
AL technique

Figure 3

Waveform of VCO Ring
R
oscillator.

Figure 3 shows the five-stage VCO
O ring oscillator at
rise and fall time is 1ns and pulse width is
i 20ns.
B. Sub circuit of VCO ring oscillator (innverter)
Five stages VCO ring oscillator consists of five
inverter configuration. Inverter is desiggned by using one
NMOS and one PMOS transistor. PMO
OS transistor works
as pull-up network and NMOS transistoor works as a pulldown network. In this combination, PM
MOS transistor is
connected to power supply and NM
MOS transistor is
connected to be ground. Inverter schemattic and its working
region given as
ୈ

ൌ Ͳሺǣ ȁୋୗ ȁ ൏ ȁ
ୌ ȁሻ



  כቀ ቁ ቂሺୋୗ െ ୌ ሻୈୗ െ

 
୩

మ
ీ
ଶ

ୈ

(1)

ൌ

ቃ ሺǣ ȁୈୗ ȁ  ȁୋୗ ȁ െ
(2)



ൌ ቀ ቁ  כቀ ቁ  כሺୋୗ െ ୌ ሻଶ  כ൫ͳ 
ଶ

ɉǡǣ െ

(3)
ୈ

We have following regional relation

338
342
343

1) Self-adjustable voltage level
l
circuit (SAL)
Fig. 3 shows the general self-adjustable
s
voltage level
circuit [25], where Vdd is the supply Voltage, and VL is
the output voltage of this circuuit, which is applied to any
load circuit during the active mode (when SL=0). This
circuit supplies greatest supplyy voltage to the load circuit
through the ON PMOS transiistor (P1) so that the load
circuit can operate quickly. During the standby mode
(SL=1), it provides slightly loower supply voltage to the
load circuit through the weakly ON NMOS transistors (N1,
N2, N3 --- Nm). So the voltagge applied to the load circuit
is given by.
ܸ ൌ ܸ െ ܸே

(6)

Where Vn is the voltage droop of m weakly ON NMOS
transistors and drain to sourcee voltage Vdsn of the OFF
NMOS in the standby mode is expressed
e
as.
ܸௗ௦ ൌ ܸ െ ܸௌௌ ൌ ܸ

(7)

Vdsn can be decreased by increasing Vn that is rising
m, the number of NMOS transistors.
t
When Vdsn is
decreased, the drain- induced–barrier-lowering (DIBL)
effect is decreased and this in turn increases the threshold
voltage Vtn of NMOS transisstors. so, the sub threshold
leakage current of the OFF MO
OSFET decreases, so leakage
power is minimized, while daata are Retained [6]. Fig. 3
shows the proposed leakage power reduced five-stage
VCO ring oscillator design ussing self-adjustable voltage
level circuit.

are not connected to source [223]. A small capacitance of
0.01pf at output of each delay cell has been included. The
circuits have been designed inn 45nm CMOS technology
with supply voltage of 0.7V. In
I this configuration circuit
NMOS substrate bias (Vn) andd PMOS substrate bias (Vp)
have been varied simultaneoussly as shown in Fig. 5. All
PMOS and NMOS transistor suubstrate terminal have been
biased to (Vp and୬ ) which haave been varied from 0.6 to
1.1V. Supply voltage also has been fixing at 0.7v. Output
frequency have been controlledd by combination of NMOS,
PMOS reverse biasing and suppply voltage.
Figure 6 shows the five-stagge VCO ring oscillator with
reverse substrate bias technnique and reduced power
1.23pw and delay are 0.21psec at 0.6v input supply.
Figure 5

VCO using SAL
L technique.

III.
Figure 5 shows the five stages VCO ring
r
oscillator with
SAL technique in which power is reduced up to6.49μw at
0.6v input supply.
D. Five stage vco ring oscillator with reeverse substrate
bias technique
h
been used for
Bulk terminal of PMOS and NMOS have
controlling the output frequency and reeduction in power
consumption in VCO structure. By application of reverse
body bias, the Vth is increased as giveen in equation (8),
which subsequently reduces the sub threshold leakage
currents [5], Bulk terminal of PMOS and NMOS have
been used for controlling the outpuut frequency and
reduction in power consumption in VCO
V
structure. By
application of reverse body bias, the Vth
V is increased as
given in equation (1), which subsequenttly reduces the sub
threshold leakage currents [5][26]. Thresshold voltage (Vth)
is related by the square root of the biass voltage implying
that a considerable voltage level would be needed to raise
the Vth. By controlling bulk voltage (Vssb) leakage current
are minimized and hence power consumpption is reduced.
୲ ൌ ୲୭  ɀ൫ඥʹ  ୱୠ െ ඥʹ
ඥ ൯

A. Leakage power
Leakage power is an impoortant factor for any CMOS
design circuit. The leakage currrent is directly related to the
electric field of the device. Byy reducing the node voltages
decrease the leakage current [6]. In other words, we can
say that leakage power is a waste
w
charge of any device,
which is regularly dischargingg from the device even the
device in off state. It reduces the
t capability of the device
also became the reason of poor performance of the device.
In the VCO power consumpption is given by as
Power consumption = ୪  כୢୢ  כ

(9)

Where is load capacitancce, Vdd is power supply in
VCO (0.7V in 45nm technologgy), f is frequency of VCO
[16].

(8)

Where Vto is threshold voltage forr Vsb = 0V;  is
Fermi potential and  is substrate bias co efficient.

SIMULATTION RESULT

The circuit works simulaated in cadence for 45nm
technology, from the result tabble, we can observe reverse
substrate bias technique proovide effective percentage
reduction in delay and pow
wer as compared to SAL
technique.

TABLE I.

LEAKAGE POWER
P
ANALYSIS IN 45nm
TECH
HNOLOGY

0.6V

6.49W

Leakage power in Reverse
substrate bias
1.23pW

0.9V

8.84W

1.88nW

1V
1.1V

20.53W
28.22W

2.94nW
3.59nW

Voltage

Leakage power in SAL

Table I shows the leakage analysis
a
in five stages VCO
ring oscillator with SAL annd reverses substrate bias
technique and provide a better simulation results in reverse
substrate bias technique (1.23pw
w).
In the five stages VCO ring oscillator minimum
leakage power is given by reveerse substrate bias technique
at 0.6V.

Figure 6

Leakage Power with SAL technnique (input voltage 0.6v) =
(10)
8.84w

VCO with reverse substtrate bias technique.

CMOS inverter has been utilized as the delay element
in the proposed circuits. Each inverter sttage is made up of
NMOS and PMOS pair and body term
minal of transistors
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Leakage power with reverse subbstrate bias technique (input
(11)
voltage 0.6v) =1.23pw

OSCILLATIO
ON FREQUENCY ANALYSIS

TABLE II.

0.6V

n
Oscillation frequency in
SAL
3.9Mhz

Oscillation frequency in
Reverse substrate bias
6.62Ghz

0.9V

3.2Mhz

4.92Ghz

1V
1.1V

2.5Mhz
1.89Mhz

4.73Ghz
3.0Ghz

Voltage

Table II shows the oscillattion frequency of five-stage
VCO ring oscillator. Reversee substrate bias technique
provides 6.62GHz oscillation frequency at 0. 6v input
supply comparatively betteer than SAL technique
(3.9MHz).
Figure 7

Power analysis off VCO ring.

Figure 7 shows the leakage powerr analysis of fivestage VCO ring oscillator with reverse substrate bias and
SAL (self-adjustable adjustable leveel) technique at
different voltage.
B. Oscillation frequency
m reason of that
The VCO is a useful analog circuit main
its oscillation frequency ( ୭ୱୡ ) can be sett to a desired value
[10] [16].
The Governing equation for a VCO iss given by as
୭ୱୡ

ൌ

୭

   ୴ୡ୭ ୡ୲୰୪୪

(13)

In above equation ୭ is center frequeency of VCO,  ୴ୡ୭
is gain of the VCO, ୡ୲୰୪ is input of VCO
O
Frequency of oscillation for N stagge Delay VCO is
given by following equation as
୭ୱୡ

ൌ

ଵ
ଶౚ

(14)

Where N is the Number of delay stagges and  ୢ is delay
of each stage [23].

C. Delay
The time difference between the input increasing the
reference voltage and output changing the logic state is
known as the propagation delayy.
me of a ring oscillator td is
The common gate delay tim
f0 by [23]
calculated from its oscillation frequency
fr
ୢ ൌ

ଵ

(15)

ଶǤ୬Ǥబ

In the five-stage ring oscilllator, delay is reduced with
reverse substrate bias techniquue voltage ranges from (0.6
to 1.1v) in 45 nm technology; minimum delay is 0.21psec
at 0. 6v.
TABLE III.
Voltage

Delay in SAL

ELAY ANALYSIS I
DE
Delay in Reverse substrate bias
0.21psec.

0.6V

25.2nsec.

0.9V

30.6nsec.

1.51psec.

1V
1.1V

39.4nsec.
52.9nsec.

2.016psec.
3.33psec.

Table III shows the delay analysis of five-stage VCO
ring oscillator reverse substraate bias technique provides
less delay (0.21psec).
D. Phase noise
Phase noise is the frequenccy domain representation of
quick, short-term, random flucctuations in the phase of a
me domain instabilities
waveform, caused by tim
[4][12].Phase noise is added to this signal by adding a
stochastic process representedd by  to the signal as
follows:
ሺሻ ൌ  ൫ʹɎ   ɔሺሻ൯

Figure 8

Oscillation frequency of VCO
V
ring oscillator

Figure 8 shows the comparative study of reverse
substrate bias and SAL technique in fivve-stage VCO ring
oscillator in 45nm technology.
Max oscillation frequency of five stage VCO ring
oscillator with reverse substrate bias teechnique in 45nm
technology at 0.6V, where N=5, delay  ୢ = 0.21psec so the
oscillation frequency ୭ୱୡ =6.62GHz
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(16)

Phase noise is a type of ccyclostationary noise and is
closely related to jittering [133]. A particularly important
type of phase noise is that produuced by oscillators.
Phase noise is classically exxpressed in units of dBc/Hz,
and it represents the noise poower relative to the carrier
contained in a 1Hz bandwidth centered at a certain offset
from the carrier [22].
In the five-stage ring oscilllator phase noise measure in
45 nm technology with SAL and reverse substrate bias
technique (i.e.123.4dBc/MHzz and 179.1dBc/ Ɋ Hz)
respectively.

TABLE IV.

PHASE NOISE ANALYSIS.

[3]

0.6V

123.4dBc/mHz

Phase noise in Reverse substrate
bias
179.1dBc/Hz

0.9V

139.1dBc/mHz

180.6dBc/Hz

[5]

1V
1.1V

144.0dBc/mHz
148.7dBc/mhz

182.3dBc/Hz
185.2dBc/Hz

[6]

Voltage

Phase noise in SAL

[4]

Table IV shows the phase noise analysis of five-stage
VCO ring oscillator with reverse substrate bias and SAL
technique. SAL technique provides more phase noise
(123.4dBc/mHz) at 0.6v input supply.

[7]
[8]

[9]
[10]
[11]

[12]

[13]

Figure 9

Phase noise of VCO ring oscillator

IV.

[14]

[15]

CONCLUSION

In reported work, two techniques are used to improved
designs for five-stage CMOS inverter based VCO have
been presented. By controlling of reverse body bias power
consumption has been low, and output frequency has been
controlled with the advantage of full swing output signal.
Controlling the bulk terminal provide an alternative
method to control the output frequency with reduced
power consumption (1.23pw). For first proposed VCO
frequency range of [3.9 to1.89] MHz with SAL technique
and leakage power is 8.84w at 0.6v input voltage. Output
frequency range [6.62 to 3.0] GHz has been obtained with
joint biasing of NMOS & PMOS transistors with Vdd =
0.7v in 45nm technology. Manoj Kumar [27] used reverse
substrate bias technique, which provide 0.467mW leakage
power and 1.3GHz at Vdd=1.8v in 0.18m technology.
Simulations provide better results in reverse substrate bias
in comparison to SAL (self-adjustable adjustable level)
technique. Power saving can be achieved by applying
reverse biasing with constant supply voltage for those
applications in which limited frequency variation is
desired.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

ACKNOWLEDGMENT
This work was supported by ITM University Gwalior,
with the calibration cadence design system Bangalore.

[23]

REFERENCES
[1]

[2]

Hormoz Djahanshihi and C. Andre, “Differential CMOS circuit
for 622 MHz-933MHzCDR application” ,IEEE J.solid –state
circuits, june 2000.
Behzad Razavi, “design of analog CMOS integrated circuits”.
Book by Tata MC Graw –Hill Edition, 2000.

341
345
346

Seema Butala Anand and Behzad Razavi, “ACMOS clock
recovery circuit for 2.5Gb/s”. NRZ data, IEEE J.solid state circuits
mar, 2001.
William Shing Tak Yan, “A900MHz CMOS Low phase Noise
voltage controlled ring oscillator”. IEEE transaction on circuits and
system, Feb, 2001.
K. Roy and S. C. Prasad, “Low power CMOS circuit design,”
Wiely Pvt Ltd, India, Feb. 2002, pp. 214-219.
Kaushik Roy, Saibal Mukhopadhyay, and et al. “Leakage Current
Mechanisms and Leakage Reduction Techniques in DeepSubmicronmeter
CMOS Circuits”. Proceeding of the IEEE, Vol. 91, No. 2,
February, 2003.
Rui Tao, Manfred Berroth, “5 GHz voltage controlled ring
oscillator using source capacitively coupled current amplifier”.
IEEE 2003.
D.Levacq,et.al, “potential af SOI intrinsic MOSFETs for ring VCO
design”. SOI con. 2003, pp.17-18.
J.M.Rabaey, A.Chandrakasan, and B.Nikolic, “Digital Integrated
circuits, upper saddle River”. N:pearson /prentice Hall, 2003.
Neric Fong,et.al. “A low- voltage 40GHz complementary vco with
15% frequency tuning Range in SOI CMOS Technology”. IEEE
journal of solid state circuits, vol.39, no.5, may 2004.
Wei-HsuanTu, Jyh-Yjhyeh, Hung-Chieh Tsai and Chrng-Kuang
Wang, “A1.8v 2.5-5.2GHz CMOS Dual –input two stage Ring
VCO”. Asia-pacificconfrence an advanced system IC, IEEE Aug,
2004.
B.Leung, “A novel model on phase noise of ring oscillator based
on last passage time”. IEEE Trans. Circuits System International
,Fundamental Theory application , vol.51, No.3, pp.471-482, Mar
.2004.
Asad A., Abidi, Fellow, IEEE, “phase noise and jitter in CMOS
Ring Oscillator”. IEEE journal of Solid –State Circuits, vol.41,
No.8, Aug. 2006.
S. Y. Lee and J. Y. Hsieh, “Analysis and implementation of a 0.9V
voltage-controlled oscillator with low phase noise and low power
dissipation,” IEEE Transaction on Circuits and Systems II, vol. 55,
no.7, pp. 624-627, Jul. 2008.
L. S. Paula, S. Banpi, E. Fabris, and A. A. Susin, “A wide band
CMOS differential
voltage-controlled
ring
oscillators,”
International IEEE Northeast Workshop on Circuits and System
Design, Jun. 2008, pp. 9-12.2008.
T. Cao, D. T. Wisland, T. S. Lande, and F. Moradi, “Low-voltage,
low-power, and wide-tuning range VCO for frequency 
modulator,” IEEE Conference NORCHIP, Nov. pp. 79-84.2008
Catli and M. M. Haskell, “A 0.5V 3.6/5.2 GHz CMOS multi-band
VCO for ultra low-voltage wireless applications,” IEEE
International Symposium on Circuits and Systems, May 2008, pp.
996-999
Honghui Deng Yongsheng Yin Goaming Du “phase Noise
Analysis and Design of CMOS Differential Ring VCO”. IEEE
2009.
Huang Shizen, Lin Wei, Wang Yutong, Zheng Li, “Design of A
voltage controlled Ring oscillator Based on MOS Capacitances”.
International
Multiconfrence
of
Engineers
and
scientists2009vol.2nd IMECS 2009, March2009 Hong Kong.
Fahs, W. Y. Ali-Ahmad and P. Gamand, “A two stage ring
oscillator in 0.13m CMOS for UMB impulse radio,” IEEE
Transaction on Microwave Technology, vol. 57, no. 5, pp. 10741082, May 2009.
J. K. Panigrahi, and D. P. Acharya, “Performance analysis and
design of wideband CMOS voltage controlled ring oscillator,”
IEEE International Conference on Industrial and Information
Systems, Aug. 2010, pp. 234-238.
L. S. Yeop, S. Amakawa, N. Ishihara, and K. Masu, “Lowphasenoise wide-frequency-range ring-VCO-based scalable PLL
with sub harmonic injection locking in 0.18 m CMOS,” IEEE
International Microwave Symposium Digest, May 2010, pp. 11781181

[24] M K Mandal, B C Sarkar,” Ring oscillators: Characteristics and
applications” Indian Journal of Pure & Applied Physics Vol. 48,
February 2010, pp. 136-145 .
[25] Rashmi K Patil, Vrushali G Nasre, “A Performance Comparison of
current starved VCO and source coupled VCO for PLL in 0.18ρm
CMOS process”. IJEIT, vol1,Issue2, feb 2012.
[26] M. Janaki Rani ,S. Malarkann” LEAKAGE POWER
REDUCTION AND ANALYSIS OF CMOS SEQUENTIAL

342
346
347

CIRCUITS” International Journal of VLSI design &
Communication Systems (VLSICS) Vol.3, No.1, February 2012
[27] Manoj Kumar, Sandeep K. Arya, and Sujata Pandey,” Low Power
Voltage Controlled Ring Oscillator Design with Substrate
Biasing”, International Journal of Information and Electronics
Engineering, Vol. 2, No. 2, March 2012.

