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Component grades: the distinction among consumer,
industrial & military grades 1s disappearing!

Military: Commercial Off The Shelf (COTS)!

Design: only high-volume parts may be used!
Specialized and/or custom components extremely
expensive and rather unreliable!

Availability: "obsolete” products dropped quickly!
Parts for commercially uninteresting frequencies,
wavelengths and applications unavailable!

Recent trends 1n electronic-component technology



Technology FAILURES:

Millimeter-wave
electronics

Micro—e1ectro—mechanica1
devices (MEMS)

Long-wave (thermal) IR
optics

Fiber-optic LASER
sources (oscillators):
Cw, pulsed, mode-locked

Optical signal
processing (holography,
honlinear optics)

Optical computing

Technology successes and failures
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Silica-glass fiber attenuation & telecom windows
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n Single-mode glass fiber G.652

Linear properties:

Chromatic dispersion
Dx17ps/nm.km!

PMD: Dmsz.OZps/sqrt(km)

Temperature coefficient
tcx40fs/m.K! Much Tlarger
and unpredictable with
improper (tight) cabling!

Microphonics!

Nonlinear properties:

Nonlinear refraction index
Kerr effect @ P>100mw!

Brillouin scattering P>1mw
(narrow-band Cw only)!

Ramanh scattering P>100mw!
connector breakdown P>1w!

Fiber breakdown P>10w!

Single-mode optical-fiber properties
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Optical timing systems




High-coherence
optical clock
(laser)

Single-mode fiber

194THZz
1.55um
5.16fs

—
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DRAWBACKS:
5fs timing ambiguity?
Optical cycle slips?

Interferometric noise?

Brillouin scattering?

Polarization & PMD effects?

User-equipment availability?

Optical Cw system



Femtosecond Single-mode fiber

pulsed laser F — 194THy

carrier

T = 100fs-10ps

pulse

Electrical DRAWBACKS :
pulse source

Fiber nonlinearity?

Fiber chromatic dispersion?
PMD pulse distortion?

Fiber thermal compensation?

Electrical SNR?

Ooptical pulse processing?

Pulsed system



Single-mode fiber

LASER

t = 194THz

carrier

= 1-30GHz

modulation

Electrical

clock source
1-30GHz +15dBm

DRAWBACKS :

High photodetector
electrical noise:

jitter 1-10ps?

Low timing
resolution?

Cw modulation system
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Single-mode fiber
f = 194THz

LASER AMP

carrier

wiarion = 1730GHZ

modu lation

Electrical

clock source Flywheel: very narrow
band-pass filter:

1-30GHz +15dBm _ ]
high-Q cavity

or VCXO PLL

Cw modulation system with flywheel



Transmission fiber

with chromatic
LASER
dispersion
}\ttum'ng Dx=17ps/nm.km

~ BR
Electrical tc=40fs/m.K 1!

clock source

(B TPARS Ll Compensation

fiber = yWhee-I

Delay-variation compensation techniques
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AMP

Electrical
clock source

1-30GHz +15dBm

Cw modulation system with temperature compensation



PPhase Noise 10,00dB/ Ref -20,00dBc/Hz

20,00 P

Canier 2,997985340 GHz _ 6.2954 B

X: Start 100 Hz
-30.00 Stop 10 MHz
Center 5.00005 MHz
-40.00 Span 9.9933 MHz
—_— NO'!SE ———
50,00 Analysis Range X: Band Marker
' Analysis Range Y: Band Marker
Intg Noise: -75.6148 dBc / 10 MHz
-60.00 RMS Noise: 234.302 prad
_ 13.4245 mdeg
-70.00 RMS Jitter: 12.438 fsec
Residual FM: 116.02 Hz
-80.00 = Nm:se —
Analysis Range X: Band Marker
190,00 Analysis Range Y: Band Marker
' Intg Noise: -74.9548 dBc / 10 MHz
RMS Noise: 252.8 prad
-100.0 _ 14.4844 mdeg
RMS Jitter: 13.42 fsec
-110.0 Residual FM: 132.386 Hz
'12010
-130.0
-140.0
-150.0
-160.0
-170.0
180.0 45 Tk ™

Measured 3GHz Cw-modulation-system phase

10M

noise & jitter



: ,.@,

Datron 1281

Master-

clock — = = Temp. controlled environment
vosclllator oo |
-------- Optical signal RF signal e o e o o Diagnostic signal

100 45
80 %)
60 + + 40 E;
@ 40 & =
= 20 R 35 &
_E O N . ’ L - aé.,-

@ -20 30
=« <« / ;
-60 -+ +25 @
-80 3

-100 —+~—+—+-+-+-+-4+-+-+-+-+-+-+-+-+-+++++++++++++—+++++++++-20

0 6 12 18 24 30 36
Time [h]
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RECEIVER
P Faraday

Single-mode = mirror

fiber

T=3km

TRANSMITTER

"

AMP

Electrical
clock source

1-30GHz +15dBm

Cw modulation system with PMD compensation



Master
TX

End—
point
RX

d#1l = d#2

Tap RX

vector sum L AD

Electrical

clock source
1-30GHz +15dBm

Multi-point chain clock distribution

uncorrected
error +=Ao

-AD=+AD-AP-AD




Photodiode

LASER m=p{ EOM

Attum’ng

Fiber delay
Tine 1-30km

Elect- Flywheel

rical
clock

AGC LNA

output
1-30GHZz

+1>dBm Shielded & temperature-controlled environment

Fiber delay + flywheel >>> equivalent Q=10°-10’

Electro-optical master oscillator
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Sincrotrone Trieste,
Elettra laboratory:
initial system requirements
1nitial experiments
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University of Ljubljana,

S Univerza o Ljubljant Faculty of Electrical Engineering,
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Laboratory for Radiation and Optics:

1nitial research

COBIK

G Centre of Excellence for Biosensors,
\o Instrumentation and Process Contro

Center of Excellence for
Biosensors, Instrumentation
and Process Control (COBIK):
current research &
development

Instrumentation
Technologies

Instrumentation Technologies:
initial sponsoring &
management, co-development,
industrialization & production




	Title
	TimingJitter
	NoiseTypes
	MicrowaveOptics
	TechTrends
	SuccessFailure
	FiberAttenuation
	FiberProperties
	TimingSystems
	CW
	Pulsed
	Modulated
	Photodiode
	Flywheel
	Compensation
	FiberPairSystem
	PhaseNoiseJitter
	LongTermDrift
	SingleFiberSystem
	MultiPoinChain
	MasterOscillator
	Acknowledgements

