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FREQUENCY  SOURCESFREQUENCY  SOURCES
• Where the high quality is needed

• How high quality is obtained: state of the art

THE  OPTOTHE  OPTO--ELECTRONIC  OSCILLATORELECTRONIC  OSCILLATOR
• The proposal of a new technology

• Characterization of a prototype

CLOCKCLOCK--RECOVERY RECOVERY FOR  FOR  OTDM  SYSTEMSOTDM  SYSTEMS
An injection-locked Opto-Electronic Oscillator

FUTURE  WORKFUTURE  WORK
Interesting topics revolving around high-quality frequency sources
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Oscillators’ noise

oscillation condition
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Oscillators’ noise (cont.)

oscillation condition
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Leeson’s model *

*D. B. Leeson, “A simple model of feedback 
oscillator noise spectrum,” Proc. IEEE Lett., 1966.
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Power Spectral Density
of phase fluctuations

Frequency Domain
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Time Domain
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GOOD  FREQUENCY GOOD  FREQUENCY 

SOURCES  FOR…SOURCES  FOR…
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• Code-Division Multiple Access (CDMA) systems

• Network synchronization

• High-speed digital circuits (DDS,DSP)

• GPS systems

• Radar

• Radio-astronomy

• Fundamental physics experiments (i.e. gravitational 
wave detection)
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CDMA systems 
with Orthogonal Frequency-Division Multiplexing

Multi Carrier CDMA

(MC-CDMA)

Multicarrier Direct Sequence CDMA 

(Multicarrier DS-CDMA)

Multi Tone CDMA 

(MT-CDMA)

The effect of synchronization errors on MC-CDMA performance is 
essentially the same of OFDM systems.

(Steendam et al., IEEE ICC, 1999)

• robust to channel fading

• allow  longer Ts → more users

• sensitive to nonlinearity and 
synchronization
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Example: OFDM
N=50 carriers

Tsymbol+Tguard=5µs

2-QPSK=8-PSK (?)

Castle et al., 48th IEEE VTC, 1998.

ν0=5GHz

R=200 ksymb/s

Pollet et al., IEEE Trans. on Comm., Vol 43, No. 2, 1995

oscillator linewidth: β<0.2  Hz

⇒ carrier separation
32 kHz

M. Mizan et al., Proc. IEEE FCS, 1991

AMPLIFIERS

J. Dick et al., IEEE Trans. on UFFC, Vol 37, No.5 ,1990

OSCILLATORS

Wiener 
process
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wander requirements  (G.811 and G.813)
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Network synchronization
Primary Reference Clock (PRC) and slave clocks

PRC

1 hour 1 day 1 week = 6∙105 s

Wander requirements for 
slave clocks refer to the 

locked configuration 

(ITU-T Recommendations)
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GPS and radar

Small receivers are 
mounted on missiles or 

shells. 

The short flight time 
requires very fast lock to 

GPS clocks.  

It is crucial to have high 
short-term stability in the 

LO on board (jitter).

GPS 

Low time jitter (< 20fs) at f > 1MHz 
to resolve objects close to each 

other (imaging radars at 100GHz)

Low phase noise at f > 1kHz 
to resolve a weak frequency-
shifted moving target return.

Radar 
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DDS and DSP

Direct Digital Synthesizers
are basically frequency 

dividers. 

DDS
CK
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For example: implementation 
of digital filters.

ideal clock

“jittery” clock
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HIGH  QUALITY  OSCILLATORSHIGH  QUALITY  OSCILLATORS
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Classes of oscillators 

• BAW (Bulk Acoustic Waves)

• SAW (Surface Acoustic Waves)

• High-Q resonators, DRO (Dielectric Resonator Oscillators) 

• Stabilized oscillators



S. Römisch 15

BAW (BVA) and SAW
They all use piezoelectric materials 

(mainly quartz)

Frequency range

kHz to 102 MHz 
(high quality 5,10 and 100 MHz)

Stability range

10-5 – 10-13 (BVA)

The oscillation frequency is determined 
by the crystal dimensions

BAW 

Frequency range

102 MHz to few GHz

Stability range
10-9 – 10-12

The oscillation frequency is 
determined by the periodicity of 

the interdigital transducer.

SAW 

The resonator is a source of flicker noise.


