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Introduction

Analog Optical Links in PrepSKA-STaN 

Partners

ASTRON

INAF 

MPIfR

Topics

COTS component and system inventory

System development

System investigation: RF performance and stability

Why Photonic Technology

Broadband / High Frequency

Immunity for RFI

Light Weight

Small Space Envelope

Analog Optical Link Application Area: 

Aperture Array Tile Connection

PAF / SPF Connection

PAF Antenna Element Connection
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Laser
MZI Intensity

Modulator
Detector RF filter RF Amplifier

RF AmplifierRF source

Receiver

System

External Modulation: Link Gain

AOL Technology

Link Gain depends on the applied optical power level

Cost Level: ~ 1 k€
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Noise sources:

Thermal noise

Shot noise  

RIN

External Modulation: Noise

External Modulation: Distortion

AOL Technology

Shot noise limited link

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

Detector: responsivity ~ 0.9 A/W

Laser: slope efficiency ~ 0.05 – 0.3 W/A

Link gains up to -10 dB 

AOL Technology

NF = ~32 dB

IIP2 = 52 dBm

IIP3 = 33 dBm

OIP3 = 6 dBm

OIP2 = 25 dBm

IMF2 = 47 dB (1 GHz)

IMF3 = 49 dB (1 GHz)

Cost Level: ~ 100 €
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RF systems with external modulation AOL

Implementation of AOLs

150 dB/Hz

160 dB/Hz

170 dB/Hz

Transmission distance ~ 10 km



Optical Analog Link Technology for the SKA - Peter Maat – ASTRON p8Thomas Berenz, MPIfR BonnAnalog Photonics

VCSEL

TEC Module

Power consumption ~ 10 mW

10 GBit/s

Wavelength:  1310nm - 1550nm

Very low threshold current

and therefore low power consumption

Pout~ 1 mW

Long Wavelength VCSEL
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Phase and Amplitude Stability
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Phase and Amplitude Stability

Phase of link strongly influenced by 

temperature

(length and refractive index changing of the 

fibre)

Gain of link depends on telescope azimuth 

position

(possibly due to birefringence of the fibre and 

a polarisation sensitive photodiode)

Tests with a planar „butt coupled“ diode
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COTS Analog Optical link: TX & RX

-50

0

P
o

w
e

r 
L

e
v
e

l 
(d

B
)

Frequency (GHz)0.3 1.5 

-50

0

P
o

w
e

r 
L

e
v
e

l 
(d

B
)

Frequency (GHz)0.3 1.5 

-1.2

0

P
o

w
e

r 
L

e
v
e

l 
(d

B
)

0

60

T
e

m
p

e
ra

tu
re

 (
ºC

)



Optical Analog Link Technology for the SKA - Peter Maat – ASTRON p12

The main influence factor 

is the external 

temperature variation 

rather than the antenna 

movements

Stability: fiber / coax comparison

Different external (air)

temperature scenarios

Similar antenna movement 

scenarios

Optical fiber is always more

stable than coax cable

(both gain and phase)
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AOL: discussion and conclusion

Measured performance:

Higher frequencies / longer distances: AOLs most attractive

AOLs are have a have a better phase and gain stability compared to coax cable links

AOL noise figure

High with respect to kTB

Thanks to the high gain in front of the AOL, system noise figure is much lower.

Further work:

Lower power consumption component (VCSELs) tests

Lower cost AOLs 

Continued testing of novel AOLs in existing radio telescope systems
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Lasers

AOL costs
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Modulators

AOL costs
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Detectors

AOL costs

Fiber: 0.06 Euro / meter
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AOL Power Consumption

External modulation AOL

Direct modulation AOL
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Comparison electronic / photonic

Performance comparison: attenuation vs. frequency

Huber+Suhner low loss, 50 Ohm, coax
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Comparison electronic / photonic

Performance comparison
Coax

Fiber


