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Introduction

| Oscillator ?

> Why do we need an Oscillator ¢

Power
Modulation > . g V.
- Amplifier
. < Low Noise
Oscillator | Demodulator 3 e
Amplifier

2> Low Noise oscillator

> What Frequency ¢

- ~1—3GHz — Ground Radar
- ~10 GHz — Airborne Radar

REF: Jeremy Maxin, Oscillateurs optoélectroniques largement
accordables et faible bruit pour les aplications radar, 2014
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Introduction

] How to get a 1-10 GHz frequency reference?

2> Quartz oscillator

- Initial oscillation range : 10-100 MHz
- Excellent phase noise and stability
- Frequency multiplication: xN
— Phase noise degradation (especially the phase noise floor)

> An alternative solution: opticse

- High speed components (modulators, photodiodes)
- Low noise optical sources
- Low propagation losses (fibers)
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Coupled Optoelecironic Oscillator

| Coupled OptoElectronic Oscillator (COEO)

> Inherent low phase noise with shorter fibers (compared to OEO)
» COEO = mode locked laser + OEO
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RF Output

Ref: X. S. Yao and L. Maleki, “Dual microwave and optical oscillator,” Opftics Letters, 1997.
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Coupled Optoelecironic Oscillator

| Our goal

» Understanding the key parameters to design low noise COEQO =

PC
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RF Output

| Key Parameters
» Fiber length

> Dispersion

- AM/PM conversion ¢
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Thales Research & Technology/ Modéle : 87204467-DOC-GRP-FR-002
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First step: Fiber length

optimization

Second step: Dispersion

optimization

- Optimization of the filtering function in each loop
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Coupled Optoelecironic Oscillator

[

| Our goal

» Understanding the key parameters to design low noise COEQO =

f
PC F/ Loko . v
c 8 &
LLL i===First step: Fiber length
MIM | @ “ optimization
® , RF Filter “
2el— / X !
\ |
RF Output I
i

Which loop should have the longer fiber ?

Step 1 — Initial COEO = high noise COEO
Step 2 — 500m of zero dispersion fiber is added to loop @ and @
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Coupled Optoelecironic Oscillator

PD

] First step — Optimizing the fiber length
0

\ — COEO 100m +80m ~[~ + 500m in
-20 /V — COEO 100m + 580m=<}-~ OEO loop , 2
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Coupled Optoelecironic Oscillator

PD

] First step — Optimizing the fiber length
0

-NOV — COEO 100m + 80m IS +500m in
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Coupled Optoelecironic Oscillator

| Our goal

» Understanding the key parameters to design low noise COEQO =
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Coupled Optoelecironic Oscillator

| Our goal

» Understanding the key parameters to design low noise COEQO =

PC Loko
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RF Filter

RF Output

Pulse Compression ?

Step 1 — Initial COEO
Step 2 — Dispersion in loop
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-==Second step: Dispersion
optimization

Pulse compression - Example

700
~ 600 N | (A
& 500 _=_
g 400 o A -
£ 300 I I\ -~Initial Pulse
m. 200 v = —Pulseafter DCF
< 100 \.\.\\\ /.,sl./:/ ™
0 ———" —
0 10 20 30 40 50
Time (ps)
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Coupled Optoelecironic Oscillator

| Second step — Optimizing the dispersion

\

— COEO 500m + 50m (¢ -1,9ps/nm)-
— COEO 500m + 20m (« -3,0ps/nm) «

AN

" ~, Fiber length
-~ Dispersion 2

"y

10"
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Coupled Optoelecironic Oscillator

| Second step — Optimizing the dispersion

— COEO 500m + 50m (< -1,9ps/nm)
— COEO 500m + 20m (< -3,0ps/nm)-
— COEO 500m + 90m (« -3,4ps/nm) <

I

) Dispersion 2
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Coupled Optoelecironic Oscillator

| Our goal

» Understanding the key parameters to design low noise COEQO =
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RF Output

Pulse compression - Example

Pulse Compression ? Low noise COEO g o0 T
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Coupled Optoelecironic Oscillator

[

] 590m COEO VS State of the art COEO at 10 GHz (literature)

INO L L .
— COEO590m |
40 E. Salik, et al., An Ultralow Phase
Noise Coupled Optoelectronic
Oscillator, Photon. Technol. Lett.,
N -60 19444446, 2007. .
W Laser
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o -120 v
& = 300 m
= | (600 kHz)
a -140 ! ARy T T I T S
413_. _.;E__F First Spur Level
-160 e e
-135 dBc/Hz
-180
10° 100 10° 10° 10* 10° 10° 10
Frequency (Hz)

JCOM 03/07/2017 - Oriane Leliévre
Thales Research & Technology/ Modéle : 87204467-DOC-GRP-FR-002

THALES GROUP INTERNAL

THALES



Conclusion & Perspectives

] Conclusion
» Our 10 GHz COEO

- Low close-to-carrier phase noise v
- Low Spurs Level (-127 dBc/Hz) v/

> Key parameters to design low noise COEO v

] Perspectives

> Phase noise further improvement

©Thales 2016 Tous Droitfs réservés.

- Spurs Level improvment
- Shorter fiber length

» COEO Phase Noise Model
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