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Components of a fiber-optic link !
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Link loss (power ratio) E

‘ optical loss p=erhy * link losses are
Gli (f)s1 typically 30-40 dB
Lilink (f)=4LIoptT2 /GLi () (74TX Bi7dq )2y 7x is in W A7 * loss greater for
shorter wavelength
i B laser
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* Photon noise
* Poisson statistics

* Thermal noise
* Johnson noise in matching resistor

* Amplifier noise
* From low noise amplifier after link

* Laser noise
* RIN (relative intensity noise)
 other sources of amplitude fluctuations
* laser technology-dependent



Optical receiver equivalent circuit

|~ T T T T T T T T T intrinsic photodiode impedance
is high, so use parallel resistor
to match

Rls=RIL =500

1 photon — 1 electron
photon noise = shot noise
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Plphot =7lq Plopt eT2 RIRF /2/hviiopt

output noise temperature

7dout =Plphot /£ +7Jamb +7Jamp



Noise referred to link input H

forjust thelink:  7Jlink =7Yout ZJlink high link loss means input noise temperature
is very high

7llink =7Jout ZJlink /G lpreampve-daipmeakethe amplifier gain large, to

for the link including preamp: make 74link — 7preamp

HOWEVER: we cannot increase Glamp
indefinitely, otherwise we will saturate the link
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Transmitter compression n




Dynamic range

DR=PFlsat / » Plsat
Pinoise [lout

* proportional to:  Plopt72, LloptT-2, v1-2
* Plnoise

* proportionalto:  APlopt, ZJopt, v
* dynamic range

* proportional to:  APlopt /vT—3 LloptT2



Measurement setup u




Link gain m

OTX: Optilab LT-20
ORX: Optilab LR-30

7.0dBm

o
[&)]
-
o
-
[&)]
N
o

Frequency (GHz)

2017-01-04  URSI National Radio Science Meeting Caltech



Link noise n

Measured
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Compression

il modulation

— theory, CW
= measured (CW)
theory, noise
— measured, noise) .
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Putting it all together

* to get the best dynamic range, should
have uniform SNR across band

* need to pre-emphasize input

Inmet
EQ2301-15

EQ
0.5 -18 GHz

%Dj Y\ N

Ciao Wireless

AtlanTecRF 15dB CA118-455ADB Optilab
AOX-010200 LT-20
1-20 GHz (1562 nm)
3043 dB
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Dynamic range
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cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to
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* fiber optical links capable of wide-bandwidth transmission
* performance close to theoretical from fundamental physics

* for best performance
* keep optical losses low
* use highest optical power (NB: safety issues)

 pre-emphasize signal to give uniform SNR



