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Optical-technology

DRAWBACKS :

fiber dispersion
fiber nonlinearities

microphonics and :
sensitivity to vibration

high fiber thermal
coefficient

difficult optical-signal
processing/conversion

incompatibility with
exsisting equipment

Optical-technology advantages and drawbacks
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Main types of optical fibers



fiber attenuation
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Single-mode fiber attenuation & telecom windows
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Single-mode fiber-attenuation side effects
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Multi-mode, chromatic and polarization-mode dispersion



non-1linear refraction index: n::n04—n2u9

sio: n,=1.46, n,=3.2-10 " m’IW

(self) phase modulation: ACb:A I”I'ko'l

P=100mw, S=1.43Gw/m’ mmmm» Apn=pn,-S=4.58-10""
1=50km, A =1.55um i Ap=An-(21/A,)-[=9.3rd

ﬁ&f) signal P=1mw ﬁ§f) signhal P=100mw
Brillouin Raman
scattering scattering
) AT=11GHz BIF=LATHZ
|< .
|
| B=10MHz f B=30THZ
% — | | 17
(A=1.5pm) f =200THz (A=1.5um) f_ ZOOTHZ

Nonlinearities: non-1linear n, Brillouin & Raman
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Comparison of Timitations of optical fibers
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Optical timing systems




H1igh-coherence single-mode fiber
optical clock

(laser) f = 194THz
A= 1.55um
T =~ 5fs

DRAWBACKS:.

5fs timing ambiguity?
interferometric noise?
Brillouin scattering?

PMD effects?

user-equipment availability?

Optical Cw system



Femtosecond
pulsed laser

single-mode fiber

.F

= 194THz

carrier

Electrical
pulse source

T = 100fs-10ps

pulse

DRAWBACKS:.

fiber nonlinearity?

fiber chromatic dispersion?
fiber thermal compensation?

electrical SNR?

optical pulse processing?

Pulsed system



single-mode fiber

LASER AMP

t = 194THz

carrier

= 3-30GHz

modulation

Electrical
clock source
3-30GHZz +15dBm

DRAWBACKS:

high photodetector
electrical noise:
jitter 1-10ps

low timing
resolution?

Cw modulation system
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Photodiode electrical noise



single-mode fiber

AMP

LASER
f . = 194THz
carrier
.= 3-30GHz
modulation
Electrical
clock source FLYWHEEL: vgry narrow
band-pass filter:

3-30GHz +15dBm : ]
high-Q cavity

or VCXO PLL

Cw modulation system with flywheel



LASER

A' tuning

transmigsion
fiber with

chromatic dispersion

Electrical D =~ 17ps/nm.km

clock source

3-30GHz +15dBm EESSWLEUEE alely
fiber

AMP

FLYWHEEL

Delay-variation compensation techniques



single-mode

fiber pair RECEIVER
1 = 300m

Electrical
clock source
3-30GHz +15dBm

CwWw modulation system with temperature compensation



RECEIVER
P Faraday

single-mode - mirror

fiber

1 = 3km

Electrical
clock source
3-30GHz +15dBm

Cw modulation system with PMD compensation
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Electrical
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Multi-point chain clock distribution



OPTICAL FIBER: FLYWHEEL TECHNOLOGY:

long-term, temperature ceramic materials for
& PMD characterization dielectric resonators

connector performance VCXO0 characterization
ferrite components: low-noise frequency

isolators, circulators multipliers and
& Faraday mirrors dividers

LASER TECHNOLOGY: USER REQUIREMENTS:

high-speed electronic optical i1nput & output?
wavelength tuning
pulsed 1nput & output?
low-coherence sources

_ _ integration with other
direct laser modulation equipment?

safety & reliability diagnostics?

Future-developement action 1list



