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Abstract— Theoretical and experimental optimization studies 
are presented in this paper, where the aim is to improve the 
phase noise of an optoelectronic oscillator based on a passive 
fiber ring resonator. Our experimental results demonstrate a 
significant reduction in the phase noise of the final optimized 
system, which is also compared to the best existing oscillator of 
the same type, an active cavity based coupled optoelectronic 
oscillator. 

I. INTRODUCTION 
Optoelectronic oscillators (OEOs) are usually based on 

optical delay lines in order to generate high spectral purity 
microwave signals above 10 GHz. However, these systems are 
bulky (few-km-long optical fibres) [1], their thermal 
stabilization is difficult and they produce spurious modes 
which need bulky and complex systems to be reduced [2]. The 
design of compact and high performances oscillators is linked 
to the investigation of new resonators. In classical microwave 
resonators field, the quality factors (QRF) decrease at high 
frequencies. This limits their efficiency to build high purity 
sources in the millimetre wave range. The best microwave 
resonators performance in terms of quality factor are today 
obtained using whispering gallery modes (WGM) sapphire 
crystal cylindrical resonators, with unloaded quality factors 
that can reach 2x105 at 10 GHz frequency. 

An alternative optical solution, other than delay lines, is 
the use of optical resonators, featuring ultra-high optical 
quality factors (QOpt > 109) and relatively low dimensions. 
WGM optical resonances in disk or sphere resonators may 
lead to such Q factors [3]. However, the use of these 
tridimensional shape resonators in a system is delicate, 
because of the mechanical difficulty in setting up a reliable 
coupling with a light source. Another approach is to take 
benefit of low loss proprieties of optical fibers technology to 
realize high QOpt fiber ring resonators (FRRs). In the FRR 
case, the microwave signal is carried to the optical domain 
using a laser signal (λlaser ~1.55µm) via optical amplitude 
modulation, and the laser must be stabilized to an optical 

resonance. These FRRs are compact (few meters long), easy 
to fabricate and to use. 

In this paper, a 10 GHz OEO based on a passive FRR is 
theoretically and experimentally studied to reduce its phase 
noise. First we give a brief description on the FRR and the 
OEO based on. Optimization studies are then detailed in the 
other parts of the paper. Finally, noise results of an optimized 
100m FRR based OEO are discussed and compared to the best 
existing and commercialized OEO of the same type: a 330m 
cavity based coupled optoelectronic oscillator (COEO) [4]. 

II. OPTOELECTRONIC OSCILLATOR BASED ON A FIBER 
RING RESONATOR  

A.  Fiber Ring Resonator 
The optical FRR is depicted in Fig. 1. It is realized using 

two symmetrical and low loss directional couplers, linked with 
single-mode polarization-maintaining (PM) optical fibers. The 
total length of our first FRR realization was 10 meters. 
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Figure 1.  Double directional coupler fiber ring resonator, and the generation 
of nonlinear optical effects inside the 20m FRR. 

Resonances occur in the resonator if the total integrated 
phase shift of the incident laser wave around the resonator ring 
is an integer multiple of 2π radian. This resonator is thus 
characterized by a single transverse resonant frequency comb 
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with a free spectral range (FSR) related to the fiber length (L) 
and its refractive index (n) by: 

 
Ln

cFSR
⋅

=  (1) 

where c is the speed of light in free space. 

The quality factor in this resonator depends on the 
couplers coupling factors and the overall losses in the 
resonator architecture (couplers excess loss, splices losses…). 
One of the advantages of this resonator is that its optical 
resonance 3dB bandwidth is maintained when used in the 
microwave domain. The equivalent QRF factor is linked to the 
QOpt factor and is directly proportional to the microwave 
application frequency fRF. This relation is given below: 
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where νOpt is the laser optical frequency (193 THz). 

From the relation above, it is clear that the resonator QRF 
increases with the RF application frequency for a fixed optical 
frequency. Thus, to reach quality factors higher than those 
obtained in microwave resonators, QOpt should be higher than 
109 because of the frequency ratio between fRF and νOpt, which 
is about 10-4 for a laser carrier at 1.55 µm wavelength (around 
193 THz) and a microwave signal around 20 GHz. 

Also, the resonator QOpt factor is equivalent to a long 
optical delay line. This being said, the photons inside the 
resonator will encounter an optical delay (τ) as if they were 
travelling into a given equivalent optical fiber length in single-
pass geometry. This equivalent length is given by: 
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Thus, a resonator with a QOpt of 3.5x109 (Q factor achieved 
with our second realization of a 20m FRR and accurately 
measured using the method described in [5]), is equivalent to a 
1180 meter long optical delay line. This high QOpt leads to a 
significant circulating power inside the cavity [6], (PCavity/PInput 
~ 54), which in turn reduces the thresholds of many nonlinear 
optical effects, as we will see later. 

All these characteristics make the FRR interesting to be 
studied, especially when included in an OEO setup. We have 
thus theoretically and experimentally studied its behavior and 
then the OEO based on this FRR in order to get high 
performance, compact and low phase noise OEO. 

B. Optoelectronic Oscillator 
Our 10 GHz OEO based on a FRR, is presented in Fig. 2. 

It includes a Koheras laser with a very narrow linewidth 
(~ 1 kHz), a Mach-Zehnder modulator (MZM), a FRR, 
eventually an optical fibered EDFA amplifier and a fast 
photodiode (PD) - Discovery DCS30S. The laser frequency is 
then stabilized on one of the ring resonances using a low 
frequency Pound-Drever-Hall (PDH) feedback loop [7]. The 
microwave oscillation is then maintained by another high 

frequency loop including two RF amplifiers, a phase shifter 
and a RF filter in order to get a single mode oscillation. 
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Figure 2.  Optoelectronic oscillator based on an a fiber ring resonator 

C. Laser Pound-Drever-Hall Stabilization Loop 
The experimental setup for the PDH loop, used to stabilize 

the laser frequency to one of the resonator’s resonances, is 
presented in Fig. 3.  
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Figure 3.  PDH laser stabilization loop. EOM: electro-optic modulator; PID: 
proportional–integral–derivative controller. 

In this PDH scheme, the laser carrier is phase modulated 
with a large modulation index at an RF frequency (νG, from a 
signal generator) by means of an electro-optic modulator 
(EOM). The beam passes through the resonator and the 
transmitted beam is sent to the same PD of the oscillation 
loop. The amplitude of the PD output voltage at νG depends on 
the detuning between the laser frequency and the optical 
resonance. This voltage signal passes through a low-pass filter 
to reduce its noise and eliminate unwanted higher modulation 
harmonics. It is then amplified and sent to an electrical mixer 
to be mixed with a fraction of the RF signal (νG) used to drive 
the modulator. The mixer output represents an error signal 
proportional to the frequency detuning between the laser and 
the optical resonance. This error signal is then sent to a 
proportional–integral–derivative controller (PID) in order to 
drive the laser piezoelectric actuator (PZT) and adjust its 
wavelength. Through our experimental studies, we have found 
that it is very important to accurately adjust the PDH loop 
parameters, because the OEO phase noise can be severely 
affected, as we will see in section III-1-a. Also, the PDH loop 
bandwidth seems to be a very critical parameter, because if it 
is reduced (especially the PID input and output filters), it can 
considerably degrade the OEO phase noise, (see the green and 
orange curves in Fig.10). 



III. OEO OPTIMIZATION STUDIES 

A. 10m FRR with PM Fibers 
Our first OEO realization was based on a 10m FRR. We 

used optical PM fibers to maintain the polarization of the 
carrier inside the resonator and prevent the deformation of the 
optical resonance response in the RF domain. However, the 
coupling factor (κ) in this 10m long FRR has not been 
optimized, (particularly the couplers excess loss was very 
high). The optical carrier to noise ratio at the resonator output 
was thus degraded. This directly affects the white frequency 
noise and the phase noise floor in the oscillator phase noise 
spectrum. 

A QOpt of 2x108 (QRF of 1x104 at fRF = 10 GHz) has been 
obtained. This resulted in a high phase noise level for the 
OEO, (see the red curve in Fig. 9). To be able to get a better 
phase noise, the resonator QOpt must be increased. This cannot 
be done unless if the coupling factor is optimized and losses 
are reduced. Thus, a new optimized 20m long FRR has been 
designed. 

B. 20m Long FRR with an Optimized Coupling 
The OEO white frequency noise contribution is directly 

linked to the optical noise to carrier ratio (NCR) and inversely 
proportional to the resonator quality factor as shown in the 
relation below: 
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where fm is the noise modulation frequency (offset frequency). 

From this relation, it is clear that to reduce this noise 
contribution part we have to increase the quality factor and 
reduce the NCR. However, these two parameters depend 
directly on the coupling factor, but change differently. A high 
QOpt needs a low κ, but the NCR needs a high κ to be reduced. 
Thus, the white frequency noise contribution has been 
evaluated versus κ and an optimized coupling factor of 1% has 
been finally found to design a new 20m long FRR. The 
detailed study can be found in [8]. 

Using this 20m FRR we have first measured a QOpt of 
5.1x109 (QRF of 2.5x105 at fRF = 10 GHz); The QOpt has then 
degraded to 3.5x109 due to the extremely high intra-cavity 
power inside the resonator (10 mW at the resonator input 
means approximately a 540 mW inside the resonator at the 
resonance, which is higher than the couplers power limit 
(around 300 mW)). However, despite this very high QOpt 
factor, the phase noise results obtained were far from 
theoretical expectations; (see the violet curve in Fig. 9). 
Consequently, different noise conversion processes have been 
suspected and studied. Also, nonlinear optical effects 
generation inside the resonator (because of its high QOpt) have 
been the field of many studies. 

1) Laser Amplitude and Frequency Noise Conversions: 
a) Laser Frequency Noise Conversion to RF Amplitude 

and Phase Noise: 
The laser frequency (FM) noise effects on the RF phase 

(PM) noise of delay line based OEOs have been already 

investigated in [9]. It has been found that this noise conversion 
process comes essentially from chromatic dispersion in the 
optical delay line. However, our FRR based OEO is a more 
complex system, and in order to evaluate the laser FM noise 
conversion trough the resonator, we had to use a dedicated 
simulation approach. To this purpose, we have developed a 
model of the resonator on a microwave simulation software, 
ADS (Agilent). This model has been experimentally validated 
and then implemented in a global OEO model using the same 
software. The global OEO model includes the laser, the MZM, 
the resonator, the PD, the RF filter and the RF phase 
shifter…The modeling of the resonator using ADS will be 
detailed in a future publication. 

 

Figure 4.  Experimental RF amplitude and phase responses of the resonance, 
deformed when the laser is stabilized at one of the resonance edge. 

The OEO open loop response has been simulated by first 
stabilizing the laser carrier at the optical resonance center, and 
then by stabilizing the carrier to one of the resonance edges 
(right or left). The stabilization at the edges results in a 
deformation of the RF amplitude response (a splitted 
resonance) and a QRF factor degradation. Also the RF phase 
transition response at the resonance frequency becomes less 
sharp, with two phase transitions corresponding to the two 
splitted resonances. These results have been validated 
experimentally by changing the PDH loop stabilization set-
point in order to stabilize the laser frequency on one of the 
resonance edges, (see Fig. 4). 

These results confirm that the laser FM noise can be 
converted to RF AM and PM noise trough the FRR, especially 
if the resonator is not well stabilized to the resonance center. 
This means that the PDH loop is a critical parameter that must 
be carefully adjusted to prevent this kind of noise conversion 
in the OEO oscillation loop. 

b) Laser AM Noise Conversion to RF AM and PM 
Noise: 

It is well known that laser AM noise, called relative 
intensity noise (RIN), is one of the limiting factors of signals 
transmissions via optical links. This power fluctuation noise 
increases the link noise and degrades its NCR. Also, the 
baseband RIN can be up-converted to RF AM and PM noise 
via optical link nonlinearities, especially via the PD 



nonlinearities as it has been reported in delay line OEOs in 
[10]. In our case, we have experimentally studied the PD 
nonlinear behavior versus the received optical power. The 
laser carrier was modulated at 10 GHz (the OEO frequency) 
via the MZM. The 10 GHz signal comes from a calibrated 
vector network analyzer (VNA) working in a CW mode. The 
amplitude and phase responses of the S21 parameter were 
accurately measured (average = 1000) while changing the 
received optical power by using an optical variable attenuator 
just before the PD (the MZM nonlinearities were thus 
discarded). The results are presented in Fig. 5. 
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Figure 5.  Dicovery PD DCS30S S21 RF amplitude and phase responses 
versus received optical power. 

The results of Fig. 5 reveal the presence of a reduced slope 
in the S21 amplitude response (near PD saturation) and 
interestingly, two zero slopes in the S21 phase response. 
Theoretically, one has to push the PD into saturation in order 
to reduce both RIN to AM and RIN to PM noise conversions. 
However, a 25 mW optical power is hard to get at the end of 
the OEO open loop optical link. Knowing that the RIN to PM 
noise conversion affects much more our OEO phase noise 
than the RIN to AM noise conversion, and that a 7 mW optical 
power at the optical link end is possible, we have chosen to 
work at this optical power in our new system based on a 100m 
FRR. In the 20m FRR based OEO, a 7 mW optical power was 
far from being achieved. In fact, the laser carrier saturates 
when passing through the FRR because of the generation of 
nonlinear optical effects inside the resonator, due to its very 
high QOpt. These nonlinear optical effects, essentially 
stimulated Rayleigh (STRS) and Brillouin scatterings (SBS), 
were mostly the cause of the phase noise degradation in the 
OEO based on the 20m FRR. 

2) Nonlinear Optical Effects Generation in the 20m FRR 
and Degradation of the OEO Phase Noise: 

Due to its very high QOpt (3.5x109, after the QOpt 
degradation as mentioned before), the 20m FRR is equivalent 
to a 1180 m delay line. Thus, the thresholds of many nonlinear 
optical effects will be reduced in the 20m FRR and will be 
close to those of a 1180 m long optical fiber. Also, if we add 
the fact that at resonance, the circulating power inside the 
resonator is approximately 54 times higher than the input 
power, we can conclude that the threshold will be also divided 

by 54. This has been experimentally observed by measuring 
the power of the different components in the optical spectrum 
at the second and third outputs of the resonator, versus the 
input optical power. We used an Agilent HP 86142A optical 
spectrum analyzer (OSA; with 0.06 nm resolution and ±1 dB 
amplitude precision). These measurements have revealed the 
presence of other optical components than the laser carrier: the 
Rayleigh and the Brillouin scattering waves at the resonator’s 
second output, as they are both essentially backscattered (see 
Fig. 1). Optical power measurement results for both 20m FRR 
and the new 100m FRR are depicted in Fig. 6. 
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Figure 6.  Power of the different optical components at the 20m and the 
100m FRRs outputs versus the laser carrier optical power at the input. 
Rayleigh and Brillouin scatterings were measured at the FRRs second output. 

In optical fibers, the Brillouin scattering is caused by the 
interaction between a light wave and an acoustic wave 
existing already at the optical medium thermal equilibrium. 
This interaction creates a scattered wave called Stokes wave; 
in this case we are in the spontaneous Brillouin scattering 
regime. In optical fibers, the backward scattered Stokes wave 
is privileged and is frequency downshifted from that of the 
incident pump light by an amount vB set by the nonlinear 
medium characteristics (vB ~ 11 GHz in silica fibers, [11]). 
However, a very weak and also backscattered wave called 
anti-Stokes wave but up-shifted in frequency by vB, can be 
also generated. At a critical incident light wave power, called 
stimulated Brillouin scattering threshold (SBST), the 
interference between the Stokes wave and the incident light 
wave amplifies the acoustic wave in a process called 
electrostriction. Thus, the scattered wave becomes more 
intense and reinforces the interference and so on; we are now 
in the stimulated regime. When the Stokes power exceeds the 
medium SBST, it creates a second order Stokes wave 
downshifted in frequency from the first Stokes wave by vB, 
and thus by 2vB from the incident light wave. 

The Rayleigh and Brillouin scattering and their effects and 
use have been intensively studied in literature [11- 13]. Their 
contribution to optical links noise degradation and also to 
phase noise degradation in delay line based OEOs have been 
well explained in [13]. From Fig. 6, we can see that for the 
20m FRR, and at an input power level as low as -10 dBm, the 
first Brillouin Stokes wave appears and its power starts to 



increase rapidly by converting the optical carrier power, 
making the carrier saturates. Also, the Rayleigh scattering 
power increases with the laser input power but remains 
constant after the Brillouin scattering process starts to be 
stimulated. Such a Rayleigh-Brillouin scattering behavior has 
been already thoroughly studied in single-pass geometry 
optical fibers [12, 13]. The saturation of the optical carrier 
prevents the PD from working at its optimal optical power and 
degrades the NCR of the optical link (see section III-B-1-b). 
Also, both Rayleigh and Brillouin scatterings introduce optical 
parasitic signals (higher order Brillouin Stokes and anti-Stokes 
waves, and their own Rayleigh waves) and noise which mixes 
with the OEO RF signal and degrades its phase noise. 

We have experimentally studied the effect of these 
nonlinear optical phenomena on the OEO phase noise by 
reducing the input optical power, thus limiting the Brillouin 
scattering generation. The detailed study can be found in [14]. 
We have found that a better close to carrier OEO phase noise 
can be obtained when the optical power is decreased, and a 
relatively good phase noise result has been obtained at  
-10 dBm input optical power (below the first SBST), (see the 
blue curve in Fig. 9). However, the phase noise shape was 
unusual. Some of the possible causes of this phase noise shape 
are the Rayleigh scattering, the spontaneous Brillouin 
scattering and the PD noise conversions. 

C. 100m Long Immunized FRR 
Knowing that a low optical power prevents optimal AM 

and PM responses of the PD and also degrades the OEO NCR, 
we have searched for a way to suppress the Brillouin 
scattering induced in the resonator and reduce the Rayleigh 
scattering, while maintaining a high optical quality factor. 

 The Brillouin scattering power depends essentially on the 
effective interaction length with the optical and acoustic 
waves in the optical fiber [11].The fact that photons circulates 
many times inside the 20m long FRR, due to its high QOpt 
(high delay τ), as if it was a long delay line, increases the 
virtual interaction length (~1180m) between the spontaneous 
Brillouin scattering and the optical and acoustic waves. Thus, 
the spontaneous Brillouin scattering will be intensified all 
along this virtual optical fiber and becomes stimulated. Then it 
also creates other higher order SBS waves with their own 
Rayleigh scattering waves. One of the severe consequences is 
the optical carrier depletion due to these phenomena. 

Now, if a low loss isolator is inserted inside the resonator, 
it will completely prevent the SBS from building-up inside the 
resonator, due to the fact that virtually we will have a number 
(N) of isolators, equals to the photons laps number inside the 
resonator. These virtual isolators will be spaced by the loop 
length L, thus, the SBST inside the resonator will be reduced 
to be the SBST of the real resonator length L and not the 
SBST of its equivalent length Leq. Also the presence of the 
isolator will efficiently reduce the Rayleigh scattering. 

Unfortunately, and despite the fact that the SBS will be 
suppressed and the STRS will be reduced, the isolator losses 
will be also multiplied by the number of turns N. So the QOpt 
will be reduced unless if we optimize the resonator on 
different parameters (length, coupling factor, architecture, 

loss…) in order to compensate the isolator loss and get a 
satisfying quality factor and transmission loss, and finally a 
good phase noise result once the device is included in an OEO 
setup. 

This optimization study has been performed using the FRR 
model over ADS, while always respecting the section III-B 
couplers optimization study. Using ADS, we have found that 
an optimized coupling factor of 8% in a 100m long FRR, 
while taking the resonator overall losses into account, must 
lead to a 92 kHz FWHM, thus a QOpt of 2x109 (QRF of 2.5x105 
at fRF = 10 GHz), with a FSR of 2 MHz, a 4 dB optical 
transmission loss and a 22.5 dB rejection. Also, we have 
added an inline polarizer at the resonator input port in order to 
completely eliminate a possible two polarization states of the 
optical carrier at the input port, because PM fibers only 
maintain these states of polarization and do not ensure one 
state polarization behavior. The 100m immunized FRR 
(IFRR) architecture is depicted in Fig. 7. 
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Figure 7.  New 100m long immunized FRR. 

Using equation (4), we can expect a phase noise level of  
-134 dBc/Hz at 10 kHz offset frequency, (see dashed curve in 
Fig. 10). But if we add the phase noise contribution of the 
optical amplifier and the RF amplifiers used in the OEO setup, 
we can expect a -128 dBc/Hz phase noise level at 10 kHz 
offset frequency, (see blue curve in Fig. 10). 
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Figure 8.  RF transmission characteristics of the 100m IFRR. 

Once the resonator has been realized, almost all 
experimental results were at expectations (QOpt, rejection, 
FSR, transmission loss), (see Fig. 8). These characteristics 
were accurately measured using the VNA method described in 



[5]. Also the SBS was completely suppressed, no carrier 
saturation has been observed (the carrier power at the 
resonator output increases linearly with a slope equal to 1) and 
the STRS was reduced (near 40 dB rejection), (see Fig. 6). 

Finally, the 100m IFRR resonator has been included in the 
OEO experimental setup and a considerably reduced OEO 
phase noise has been measured, with a level of -128 dBc/Hz at 
10 kHz offset frequency, and a -150 dBc/Hz noise floor, (see 
the green curve in Fig. 9). 
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Figure 9.  Different phase noise results obtained through the different noise 
studies made to improve the phase noise of a FRR based OEO.Measurements 
are performed with an Agilent E5052 B signal source analyzer. 

IV. 100M IFRR PHASE NOISE RESULTS DISCUSSIONS AND 
COMPARAISION WITH THE COUPLED OEO RESULTS 

The results obtained with the 100m IFRR are very 
interesting if compared with the 330m active-cavity based 
OEO, also known as coupled optoelectronic oscillator  
(COEO), currently commercialized by OEwaves [4]; see 
Fig. 10.  
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Figure 10.  100m passive IFRR based OEO phase noise calculation and 
comparison with OEwaves 330m active-cavity based COEO. The effect of 
the PDH bandwidth reduction on the OEO phase noise is also presented. 

Also, we can expect to get an even better result than the 
one presented in Fig. 10, if RF amplifiers contribution to the 

phase noise could be reduced, PDH loop is accurately adjusted 
and a low AM and FM noise laser is used. 

CONCLUSION 
We have presented theoretical and experimental studies 

performed in the aim to reduce the phase noise of a passive 
fiber ring resonator based optoelectronic oscillator (OEO). A 
phase noise level of -128 dBc/Hz at 10 kHz offset frequency 
has been measured in a 100m long passive-cavity based OEO. 
This result is close to the one obtained in a 330m active-cavity 
based coupled OEO. Improvement is still possible if the laser 
and RF amplifiers noise can be reduced.  

REFERENCES 
[1] D. Eliyahu, L. Maleki, “Low phase noise and spurious level in multi-

loop opto-electronic oscillators,” Frequency Control Symposium and 
PDA Exhibition Jointly with the 17th European Frequency and Time 
Forum, 2003. Proceedings of the 2003 IEEE International , vol., no., 
pp. 405- 410, May 2003. 

[2] O. Okusaga, E. J. Adles, E. C. Levy, W. Zhou, G. M. Carter, C. R. 
Menyuk, and M. Horowitz, “Spurious mode reduction in dual injection-
locked optoelectronic oscillators,” Opt. Express 19, 5839-5854, 2011. 

[3] A. A. Savchenkov, V. S. Ilchenko, A. B. Matsko and L. Maleki, 
“Kilohertz optical resonances in dielectric crystal cavities,” Phys. Rev. 
A 70, 05804, 2004. 

[4] D. Eliyahu, L. Maleki, “Modulation response (S21) of the coupled 
opto-electronic oscillator,” Frequency Control Symposium and 
Exposition, 2005. Proceedings of the 2005 IEEE International , vol., 
no., pp.850-856, August 2005. 

[5] P. H. Merrer, A. Bouchier, H. Brahimi, O. Llopis, and G. Cibiel, 
“High-Q Optical Resonators for Stabilization of High Spectral Purity 
Microwave Oscillators,” proc. of the 2009 IEEE EFTF-IFCS, pp. 866–
869, 2009. 

[6] F. Zhang and J. Lit, “Direct-coupling single-mode fiber ring resonator,” 
J. Opt. Soc. Am. A  5, 1347-1355, 1988. 

[7] R. W. P. Drever, J. L. Hall, F. V. Kowalski, J. Hough, G. M. Ford, A. J. 
Munley, and H. Ward, “Laser phase and frequency stabilization using 
an optical resonator,” Appl. Phys. B, vol. 31, pp. 97-105, 1983. 

[8] A. Bouchier, K. Saleh, P. H. Merrer, O. Llopis, and G. Cibiel, 
“Theoretical and experimental study of the phase noise of opto-
electronic oscillators based on high quality factor optical resonators,” 
IEEE International Frequency Control Symposium (IFCS 2010), 
Newport Beach (USA), pp.544-5481-4, June 2010. 

[9] K. Volyanskiy, Y.K. Chembo, L. Larger, and E. Rubiola, “Contribution 
of Laser Frequency and Power Fluctuations to the Microwave Phase 
Noise of Optoelectronic Oscillators,” Lightwave Technology, Journal 
of , vol.28, no.18, pp.2730-2735, September 2010. 

[10] D. Eliyahu, D. Seidel, and L. Maleki, “RF Amplitude and Phase-Noise 
Reduction of an Optical Link and an Opto-Electronic Oscillator,” 
Microwave Theory and Techniques, IEEE Transactions on , vol.56, 
no.2, pp.449-456, February 2008. 

[11] G.P. Agrawal, Nonlinear Fiber Optics, 4th ed. Academic Press, 2007. 
[12] T. Zhu, X. Bao, L. Chen, H. Liang and Y. Dong, “Experimental study 

on stimulated Rayleigh scattering in optical fibers,” Opt. Express 18, 
22958-22963, 2010. 

[13] O. Okusaga, J. Cahill, W. Zhou, A. Docherty, G.M. Carter, and C.R. 
Menyuk, “Optical scattering induced noise in RF-photonic systems,” 
Frequency Control and the European Frequency and Time Forum 
(FCS), 2011 Joint Conference of the IEEE International , vol., no., 
pp.1-6, May 2011. 

[14] K. Saleh, P. H. Merrer, O. Llopis, and G. Cibiel, “Optical scattering 
noise in high Q fiber ring resonators and its effect on optoelectronic 
oscillator phase noise,” Opt. Lett.  37, 518-520, 2012. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /Cmb10
    /CMBSY10
    /Cmbsy10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /Cmbx10
    /CMBX12
    /Cmbx12
    /CMBX5
    /Cmbx5
    /CMBX6
    /Cmbx6
    /CMBX7
    /Cmbx7
    /CMBX8
    /Cmbx8
    /CMBX9
    /Cmbx9
    /CMBXSL10
    /Cmbxsl10
    /CMBXTI10
    /Cmbxti10
    /CMCSC10
    /Cmcsc10
    /CMCSC8
    /Cmcsc8
    /CMCSC9
    /Cmcsc9
    /CMDUNH10
    /Cmdunh10
    /CMEX10
    /Cmex10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /Cmff10
    /CMFI10
    /Cmfi10
    /CMFIB8
    /Cmfib8
    /CMINCH
    /Cminch
    /CMITT10
    /Cmitt10
    /CMMI10
    /Cmmi10
    /CMMI12
    /Cmmi12
    /CMMI5
    /Cmmi5
    /CMMI6
    /Cmmi6
    /CMMI7
    /Cmmi7
    /CMMI8
    /Cmmi8
    /CMMI9
    /Cmmi9
    /CMMIB10
    /Cmmib10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /Cmr10
    /CMR12
    /Cmr12
    /CMR17
    /Cmr17
    /CMR5
    /Cmr5
    /CMR6
    /Cmr6
    /CMR7
    /Cmr7
    /CMR8
    /Cmr8
    /CMR9
    /Cmr9
    /CMSL10
    /Cmsl10
    /CMSL12
    /Cmsl12
    /CMSL8
    /Cmsl8
    /CMSL9
    /Cmsl9
    /CMSLTT10
    /Cmsltt10
    /CMSS10
    /Cmss10
    /CMSS12
    /Cmss12
    /CMSS17
    /Cmss17
    /CMSS8
    /Cmss8
    /CMSS9
    /Cmss9
    /CMSSBX10
    /Cmssbx10
    /CMSSDC10
    /Cmssdc10
    /CMSSI10
    /Cmssi10
    /CMSSI12
    /Cmssi12
    /CMSSI17
    /Cmssi17
    /CMSSI8
    /Cmssi8
    /CMSSI9
    /Cmssi9
    /CMSSQ8
    /Cmssq8
    /CMSSQI8
    /Cmssqi8
    /CMSY10
    /Cmsy10
    /CMSY5
    /Cmsy5
    /CMSY6
    /Cmsy6
    /CMSY7
    /Cmsy7
    /CMSY8
    /Cmsy8
    /CMSY9
    /Cmsy9
    /CMTCSC10
    /Cmtcsc10
    /CMTEX10
    /Cmtex10
    /CMTEX8
    /Cmtex8
    /CMTEX9
    /Cmtex9
    /CMTI10
    /Cmti10
    /CMTI12
    /Cmti12
    /CMTI7
    /Cmti7
    /CMTI8
    /Cmti8
    /CMTI9
    /Cmti9
    /CMTT10
    /Cmtt10
    /CMTT12
    /Cmtt12
    /CMTT8
    /Cmtt8
    /CMTT9
    /Cmtt9
    /CMU10
    /Cmu10
    /CMVTT10
    /Cmvtt10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


