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▌O
scillator ? 
W

hy d
o w

e need
 an O

scillator ? 
     

   

Low
 N

oise oscillator 
 

W
ha

t Frequency ? 
-

~
 1

−
3 GH

z →
 G

round
 Ra

d
ar 

-
~

 10 GH
z →

 A
irborne Ra

d
ar 

-
…

 
   

Introduction 

O
scillator

M
odulation

Pow
er 

Am
plifier

Low
N

oise 
Am

plifier
Dem

odulator

REF: Jerem
y M

a
xin, O

scilla
teurs op

toélectroniq
ues la

rgem
ent 

a
ccord

a
b

les et faib
le b

ruit p
our les a

p
lica

tions ra
d

a
r, 2014  
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Introduction 

▌How
 to get a 1-10 G

Hz frequency reference? 
Q

ua
rtz oscillator 

-
Initial oscilla

tion range : 10-100 M
H

z  
-

Excellent phase noise and sta
bility 

-
Frequency m

ultiplica
tion: xN

  
    →

 Pha
se noise d

egrad
ation (esp

ecia
lly the pha

se noise floor) 
 A

n alternative solution: optics? 
-

High sp
eed

 com
ponents (m

odula
tors, photodiod

es) 
-

Low
 noise optica

l sources 
-

Low
 prop

a
gation losses (fibers) 
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▌C
oupled O

ptoElectronic O
scillator (C

O
EO

) 
Inherent low

 phase noise w
ith shorter fibers (com

pared
 to O

EO
) 

C
O

EO
 = m

od
e locked

 laser + O
EO

 
       

 
     

    

 
  

  

C
oupled O

ptoelectronic O
scillator 

Ref: X. S. Ya
o a

nd
 L. M

a
leki, “D

ual m
icrow

a
ve a

nd
 op

tica
l oscilla

tor,” O
p

tics Letters, 1997. 

M
ZM

RF Filter PD
PC

RF O
utput

2

1
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▌O
ur goal 
Und

ersta
nd

ing the key param
eters to d

esign low
 noise C

O
EO

 
 

     
 

 

▌Key Param
eters 

Fiber length  
-

O
ptim

ization of the filtering function in ea
ch loop  

 

D
ispersion 
-

A
M

/PM
 conversion ? 

   
    

 
  

  

C
oupled O

ptoelectronic O
scillator 

M
ZM

RF Filter PD
PC

RF O
utput

2

1

First step: Fiber length 
optim

ization 
 Second step: Dispersion 

optim
ization 
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▌O
ur goal 
Und

ersta
nd

ing the key param
eters to d

esign low
 noise C

O
EO

 
 

     
 

    
    

 
  

  

C
oupled O

ptoelectronic O
scillator 

M
ZM

RF Filter PD
PC

RF O
utput

2

1

First step: Fiber length 
optim

ization 
 Second step: Dispersion 

optim
ization 

W
hich loop should have the longer fiber ? 

 Step 1 →
 Initial C

O
EO

 = high noise C
O

EO
 

Step 2 →
 500m

 of zero d
ispersion fiber is ad

d
ed

 to loop 
 

and
  

1
2
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▌First step →
 O

ptim
izing the fiber length  

 
      

 
     

    

 
  

  

C
oupled O

ptoelectronic O
scillator 

—
 COEO 100m

 + 80m
 

—
 COEO 100m

 + 580m
 

—
 COEO 600m

 + 80m
 

Initia
l C

O
EO

  
= high noise C

O
EO

 

M
ZM

RF Filter PD
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RF O
utput

2

1



Ce document ne peut être reproduit, modifié, adapté, publié, traduit, d'une quelconque façon, en tout ou partie, 
ni divulgué à un tiers sans l'accord préalable et écrit de Thales  -  ©Thales  2016 Tous Droits réservés. 17 

JC
O

M
 03/07/2017 – O

riane Lelièvre 
Thales Research &

 Technology/ M
odèle : 87204467-D

O
C

-G
RP-FR-002 

TH
A

LE
S

 G
R

O
U

P
 IN

TE
R

N
A

L 

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

-180

-160

-140

-120

-100

-80

-60

-40

-20 0

Frequency (H
z)

Phase Noise (dBc/Hz)

 

 

▌First step →
 O

ptim
izing the fiber length  

 
      

 
     

    

 
  

  

C
oupled O

ptoelectronic O
scillator 

M
ZM

RF Filter PD
PC

RF O
utput

2

1+ 500m
 in  

  O
EO

 loop 
2

—
 COEO 100m

 + 80m
 

—
 COEO 100m

 + 580m
 

—
 COEO 600m

 + 80m
 

4 dB 
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▌First step →
 O

ptim
izing the fiber length  

 
      

 
     

    

 
  

  

C
oupled O

ptoelectronic O
scillator 

+500m
 in  

  M
LL loop 

1

M
ZM

RF Filter PD
PC

RF O
utput

2

1

—
 COEO 100m

 + 80m
 

—
 COEO 100m

 + 580m
 

—
 COEO 600m

 + 80m
 

4 dB 
12,6 dB 
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▌O
ur goal 
Und

ersta
nd

ing the key param
eters to d

esign low
 noise C

O
EO

 
 

     
 

    
    

 
  

  

C
oupled O

ptoelectronic O
scillator 

M
ZM

RF Filter PD
PC

RF O
utput

2

1

First step: Fiber length 
optim

ization ✓
 

 Second step: Dispersion 
optim

ization 

W
hich loop should have the longer fiber ? Loop 

 Step 1 →
 Initial C

O
EO

 = high noise C
O

EO
 

Step 2 →
 500m

 of zero d
ispersion fiber is ad

d
ed

 to loop 
 

and
  

1
2

1
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▌O
ur goal 
Und

ersta
nd

ing the key param
eters to d

esign low
 noise C

O
EO

 
       

    
     

 
    

    

 
  

  

Pulse C
om

pression ?  
 Step 1 →

 Initial C
O

EO
 

Step 2 →
 D

ispersion in loop    
 

vary  
0

100
200
300
400
500
600
700

0
10
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30

40
50

Amplitude (a.u.)
Tim

e (ps)

Pulse com
pression -Exam

ple

Initial Pulse
Pulse after DCF

C
oupled O

ptoelectronic O
scillator 

M
ZM

RF Filter PD
PC

RF O
utput

2

1

First step: Fiber length 
optim

ization ✓
 

 Second step: Dispersion 
optim

ization 

2
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▌Second step →
 O

ptim
izing the dispersion 

   
  

C
oupled O

ptoelectronic O
scillator 

—
 COEO 500m

 + 50m
 (↔

 -1,9ps/nm
) 

—
 COEO 500m

 + 20m
 (↔

 -3,0ps/nm
) 

—
 COEO 500m

 + 90m
 (↔

 -3,4ps/nm
) 

Fiber length ↘  
D

isp
ersion ↗ 
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▌Second step →
 O

ptim
izing the dispersion 

 
      

 
     

    

 
  

  

C
oupled O

ptoelectronic O
scillator 

—
 COEO 500m

 + 50m
 (↔

 -1,9ps/nm
) 

—
 COEO 500m

 + 20m
 (↔

 -3,0ps/nm
) 

—
 COEO 500m

 + 90m
 (↔

 -3,4ps/nm
) 

D
isp

ersion ↗ 
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▌O
ur goal 
Und

ersta
nd

ing the key param
eters to d

esign low
 noise C

O
EO

 
 

      
    

     
 

    
    

 
  

  

Pulse C
om

pression ? Low
 noise C

O
EO

 
 Step 1 →

 Initial C
O

EO
 

Step 2 →
 D

ispersion in loop    
 

vary  
0

100
200
300
400
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700

0
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Amplitude (a.u.)
Tim
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Pulse com
pression -Exam

ple

Initial Pulse
Pulse after DCF

C
oupled O
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M
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RF O
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1

First step: Fiber length 
optim

ization ✓
 

 Second step: Dispersion 
optim

ization
✓
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C
oupled O

ptoelectronic O
scillator 

▌590m
 C

O
EO

 VS State of the art C
O

EO
 at 10 G

Hz (literature) 

—
 COEO 590m

 

First Spur 

E. Salik, et al., A
n Ultralow

 Phase 
N

oise C
oupled

 O
ptoelectronic 

O
scillator, Photon. Technol. Lett., 

19 444-446, 2007. 

Laser 

M
LL w

ith SO
A

 

Fiber Length (estim
a

tion) 

300 m
  

(600 kHz) 

First Spur Level 

-135 d
Bc/Hz 



Ce document ne peut être reproduit, modifié, adapté, publié, traduit, d'une quelconque façon, en tout ou partie, 
ni divulgué à un tiers sans l'accord préalable et écrit de Thales  -  ©Thales  2016 Tous Droits réservés. 27 

JC
O

M
 03/07/2017 – O

riane Lelièvre 
Thales Research &

 Technology/ M
odèle : 87204467-D

O
C

-G
RP-FR-002 

TH
A

LE
S

 G
R

O
U

P
 IN

TE
R

N
A

L 

C
onclusion & Perspectives 

▌C
onclusion 
O

ur 10 G
H

z C
O

EO
  

-
Low

 close-to-carrier pha
se noise ✓

 
-

Low
 Spurs Level (-127 d

Bc/H
z) ✓

 
  

Key param
eters to d

esign low
 noise C

O
EO

 ✓
  

  

▌Perspectives 
Phase noise further im

provem
ent

  

-
Spurs Level im

p
rovm

ent 
-

Shorter fiber length 
  

 

C
O

EO
 Phase N

oise M
od

el 
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