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Abstract—In this work design of a cross coupled topology
with switched biasing technique is proposed which can work
in high frequency region. The phase noise generated by the
voltage controlled oscillator has been reduced by sizing the
active devices, because the impact of physical parameter of
device is large on the specification of any radio frequency
integrated circuit.

The proposed design is verified through standard 0.18 um
CMOS process supplied by Tanner’s EDA simulation
software tool. Several designs of voltage control oscillator
circuits have been implemented for a comparison and verify
that the switched biasing does improve frequency and phase
noise performance. These results are then compared
Simulation results shows an improvement from 114.3 dBc/Hz
to -139.6 dBc/Hz at a 1 MHz offset frequency from the 5 GHz
carrier when switched biasing. The relative increase in
voltage control oscillator’s phase noise performance
translates in higher modulation accuracy when used in a
transceiver, therefore this increase can be regarded as
significant. The power consumption of the simulated VCO is
around 746mwW

Keywords-- CMOS, Cross-coupled, phase noise, Tanner
EDA, VCO

I. INTRODUCTION

A PLL is a control system, where phase is the variable of
interest. The block diagram of a PLL is shown in Fig. 1.1.
The circuit is called a phase-locked loop because the
feedback operation in the loop automatically adjusts the
phase of the output signal F, to follow the phase of the
reference signal F,¢. The prescaler (Frequency Divider in
Fig.) divides the VCO frequency (and phase) by a division
modulus of N.
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Fig 1. Phase Locked Loop

A. Voltage Controlled Oscillator

VCO is an electronic circuit designed to be controlled in
oscillation frequency by a voltage input. The oscillator
requires a tank circuit. A parallel resonance tank comprises
of inductance (L) and capacitance (C). The principle
operation of the VCO is by means of the controlled
operation of the LC tank circuit. An oscillator can be

described as a positive feedback system and it amplifies its own
noise at a selected frequency 0, as shown in Fig. 1.
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Fig. 2 Feedback diagram of an Oscillator
The transfer function of the oscillator is,

A = Vout (S) = G (s)
7 Vin(s) ~ 1-G(s) 1.1

From equation (1.1), it can be concluded that the closed
loop gain will approach infinity under the following
conditions: (1) the open loop gain is equal to unity, i.e.
G(S) = 1, and (2) the total phase shift of the loop is equal
to 0o, i.e. £G(S) = 0o, which are called the Barkhausen’s
Criteria. In an environment with the existence of noise at
all frequencies, the Barkhausen’s Criteria is satisfied only
with the noise at a specific frequency ®0. When the
oscillation is properly started, the noise signal at frequency
W, is amplified and increased till the amplifying devices
are saturated. Hence, the stable oscillation is maintained.
In order to ensure the startup of the oscillation in presence
of temperature and process variations, the small signal
loop gain is typically chosen to be 2-3 times of the
required value.

In most applications, it is required that the oscillator to be
tunable, where the output frequency is a function of a
control input. Thus, a VCO can be described by

Wout = W + Kyeo Ve 1.2

Where, ®¢ is the free running frequency of the VCO, is
the control voltage of the VCO and is the gain of the VCO
specified in rad/s/V. A voltage signal with magnitude of V,
can be described as

Vou(t) = vy cos(8(1)) 1.3

Where, B(t):f Wy dt + 6 Substituting equation
(1.2) into equation (1.3), the sinusoidal voltage output
signal of a VCO is given by,
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Vout(t) = Uy cOS(wprt + Koo | Vo dt+ 0p)

Where, Kuco is assumed to be linear.

B. Phase Noise

The noise produced by an oscillator is important in
practice because it may severely damage the performance
of communication receiver sys- tem. Phase noise refers to
the short term random fluctuation in the frequency (or
phase) of an oscillator signal.

L{fn}=10log |:|:(2Q{0ﬁn)2 4 1] X # X (f—‘ + 1|)]

m

The equation describes the dependence of phase noise on
the noise factor which ultimately depends on output noise
spectral density generated by circuit.

1. TopoLoGY OF VCO

The topology used for the proposed VCO is a cross coupled
topology. Since the full exploitation of differential
operation lowers undesirable common-mode effects such as
extrinsic substrate and supply noise amplification and up
conversion The rise and fall time symmetry is also

incorporated to further reduce the 1/f noise up conversion.

Fig. 2 cross coupled LC VCO

I1l. RESULT

A. Transient Analysis Result
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Fig 3.1 transient output of proposed LCVCO simulated through
Tanner’s EDA

B. Noise Analysis Result
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Fig 3.2 noise spectral density output of proposed LCVCO simulated
through Tanner’s EDA

C. phase noise Result
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Fig 3.3 Phase noise

V. CONCLUSION

The LC VCO has been designed with .18um technology that
shows a -139.5dBc/Hz of noise at offset frequency of 1MHz.
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