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Abstract

The voltage-controlled oscillator is one of the fundamental building blocks that determine the signal quality and power consumption
in RF transceivers for wireless sensor networks. Ring oscillators are attractive owing to their small form factor and multi-phase capa-

bility despite the relatively poor phase noise performance in comparison with LC oscillators. The phase noise of a ring oscillator can
be improved by using a coupled structure that works at a lower frequency. This paper introduces a 2.4 GHz low-noise ring oscillator
that consists of two 3-stage coupled ring oscillators. Each sub-oscillator operates at 800 MHz, and the multi-phase signals are combined
to generate a 2.4 GHz quadrature output. The voltage-controlled ring oscillator designed in a 65-nm standard CMOS technology has
a tuning range of 800 MHz and exhibits the phase noise of =104 dBc/Hz at 1 MHz offset. The power consumption is 13.3 mW from

a 1.2V supply voltage.
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Fig. 1. Ring oscillator using negative skewed scheme: (a) conceptual
diagram, (b) schematic diagram [3].
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Fig. 2. Frequency multiplication by combining 0°, 120 °, 240 ° sig-
nals.
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Fig. 3. Coupled ring oscillators [7,8].
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Fig. 4. Overall architecture of the proposed oscillator.
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Fig. 6. Coupled 3-stage ring oscillators.
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Fig. 7. Simulated waveform of multiphase signals.
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Periodic Steady-State Analysis "pss': time = (0 5 -> 70.3239 ns)
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Fig. 9. Simulated waveform of frequency multipliers.
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Table 1. List of designed ring oscillators.

Code Architecture # of phases
P Proposed coupl.ed.3-s;tage ring w 4

/ 3x freq. multiplication

Cl1  2-stage ring 4
C2  3-stage ring [§
C3  3-stage double-delay ring 6
C4  3-stage double-delay ring w/ 3x freq. multiplication 2
C5  6-stage double-delay ring w/ 3x freq. multiplication 4
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Fig. 10. The 3-stage ring oscillator with dual delay path(C3 struc-

ture).
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Table 2. Performance comparison of various ring oscillator struc-

tures.

Code Phase Noise @ 1MHz Power Consumption FoM!
Offset (dBc/Hz) (mW) (dB)

p -105 135 161.0
Cl 97 49 157.6
C2 -96 4.6 156.9
C3 -96 6.0 155.7
C4 -101 7.5 159.5
Cs -98 7.7 157.0

'FoM = 20 log(fo/Af) + 10 log(1mW/Py)—-L(Af)
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Fig. 12. Simulated phase noise.
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Table 3. Performance summary and comparison of VCOs
This Work [7] [9] [12] [13]
Technology 65nm 90nm 130nm 90nm 90nm
Tuning Range (GHz) 2.1-2.9 1.0~12.8 1.0~1.5 0.63~8.1 0.2~1.8
PN @ IMHz -104 -105 -107 -106 -110
(dBc/Hz)/Freq.(GHz) /24 /77 /15 / 0.63 /1.0
Power(mW) 13.3 13~200 2.6~9.2 7~26 4.7
# of Phases 4 3 8 4 6
FoM (dB) 161 160 161 135 163
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