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AOLs for Astronomy Instrumentation 

Antenna Station !    Why Analog Photonic Links 
!    Broadband / High Frequency 
!    Immunity for RFI 
!    Light Weight 
!    Small Space Envelope 

!    Application areas of AOL technology 
     Signal transport: within antenna stations 
     Clock signal distribution 
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AOL Technology 

!   AOL Performance 
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!    External Modulation: Link Gain 

AOL Technology 

!    Slope Efficiency depends on the applied optical power 



Microwave Photonic Technology for Astronomy Instrumentation - Peter Maat - ASTRON          p6 

         Noise sources: 
!    Thermal noise 

!    Shot noise   

!    RIN 

!    External Modulation: Noise 
Shot noise limited link 

!    External Modulation: Distortion 

AOL Technology 

!    Only third order spurs! 
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!    External Modulation: Dynamic Range 

AOL Technology 
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Laser Detector RF Filter 

!    Direct Modulation 

RF Amplifier Receiver 
System 

RF Source RF Amplifier 

     Link Gain 

!    Detector: responsivity ~ 0.9 A/W 
!    Laser: slope efficiency ~ 0.05 – 0.3 W/A  

AOL Technology 
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!    Direct Modulation: Distortion, Noise and IMF 

!    IIP2 = 52 dBm 
!    IIP3 = 33 dBm 

!    OIP3 = 6 dBm 
!    OIP2 = 25 dBm 

!     IMF2 = 47 dB (1 GHz) 
!     IMF3 = 49 dB (1 GHz) 

!    Thermal noise 

!    Shot noise   

!    RIN 

AOL Technology 
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!    Optical Power 
!    Dispersion 

!    Fiber Non-Linearities 

!    Modal Dispersion 
!    Chromatic Dispersion 

!    Carrier Suppression Effect 
!    Longitudinal Mode Dispersion 
!    Chirp 

!    Transmission Distance 

AOL Technology 
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!    RF systems with external modulation AOL 

Implementation of AOLs 

150 dB/Hz 
160 dB/Hz 
170 dB/Hz 
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!    RF systems with direct modulation AOL 

Implementation of AOLs 

IM3 
IM2 
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AOL: discussion and conclusion 

!    Measured performance: 

!    AOLs provide broadband performance up to ~ 10 km with good performance 

!    Higher frequencies / longer distances: lower costs with AOLs 

!    AOL noise figure 
!   High with respect to kTB 
!   Thanks to the high gain in front of the AOL not a big problem (Friis) 

!    AOL improvements: 
!   Improved matching 
!   Linearisation of modulator / laser 
!   Optical amplification 
!   Increase of slope efficiency (component improvement / laser cascading) 
!   Higher optical power level 
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Microwave Photonic Signal Processing 
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!    Photonic Tile 
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Microwave Photonic Signal Processing 

!    Design 

!   Broadband Performance 

!    Ring resonator based beamforming 
        Nano-second range delays 
        Broadband 
        True time delay 

!    IC on TriPleX platform 
        Low loss & large time delays 
        Polarisation insensitive 
        Wide wavelength transparency window 
        CMOS compatible 

!    Photonic Beamformer IC 
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Microwave Photonic Signal Processing 

!    Analog Optical Links 
        Dynamic range: 50 dB 
        Frequency band: 500 MHz – 1.5 GHz 

!    Photonic Beamformer 
        4-channel beamforming demonstrated 
        True time delay: 1.0 GHz – 1.5 GHz 

!    Performance of the Photonic System 
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Microwave-Photonics Development Track 
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Control electronics IC 

Optical interconnection 

Fibre – chip 
connections 

RF amplifier MMIC 

MW laser & MZI modulators 

Beamformer and RF filters 
on TripleX platform 

Integrated Microwave - Photonic System 
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