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EXTENDING MICROWAVE NETWORK ANALYSIS 

INTO THE OPTICAL DOMAIN
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• E/O electro-optical converter  (high-speed external modulator or laser diode)

• O/E opto-electronic converter (high-speed photodiode or photoreceiver)
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FOUR DIFFERENT MEASUREMENT POSSIBILITIES :
E/E,  O/O,  E/O,  O/E
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• E/E  between electrical ports E1 and E2 :

traditional MW network analysis, well-known error models and 

calibration procedures, wide literature 

[Hoefer, Eul, Schiek, Soares, Silvonen, Baranyi, Ladvánszky and others]

MW network analysis of MW photonic systems including 

E/O converter(s) at the input(s) and O/E converter(s) 

at the output(s) of the optical subsystem
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• O/O between optical ports O1 and O2 :

microwave network analysis of purely optical circuits / systems

often called as "all-optical MW circuits"

existing error models, less known calibration procedure, some recent literature 

[Curtis et al, MTT 1990, Iezekiel et al., MWGL 1991, Ho-Quoc et al. EuMC 1994]
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theoretically vector measurements are available, however in practice transmission 
measurements are limited to scalar tests (only electrical reflection tests are vectorial) 
due to difficult calibration problems, lack of calibration standards      [Debie and Martens, MTT 1995.]

E/O OR  O/E CONVERSION DEVICES :

• E/O  between electrical input port E1 and optical output port O2 :
characterization of MW frequency response (bandwidth) of optical sources (LDs or optical modulators), 

• O/E  between optical input port O1 and electrical output port E2 :
characterization of MW frequency response (bandwidth) of optical detectors (PDs or optical receivers),

O/E conversion : RPD [dB(A/W)]

modulation frequency  [GHz]
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BASIC  OPTICAL  CIRCUITS
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fiber (optical delay line)
most complicated component : birefrigence, dispersion,
scattering, sensitivity to environmental stress
(temperature, pressure), etc... 
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INTEGRATED OPTICAL DEVICES

layout of an unbalanced 
Mach-Zehnder interferometer 
integrated on glass substrate

straight optical waveguide 
on glass substrate
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OPTOELECTRONIC  S-PARAMETERS
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MICROWAVE FREQUENCY RESPONSE OF THE

UNBALANCED MACH-ZEHNDER INTERFEROMETER

3 dB optical couplers : k=0.5   and  lossless fiber delay lines : a1= a2=1.

MicroWave Frequency Response :
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MICROWAVE FREQUENCY RESPONSE

frequency domain time domain

incoherent working regime  stable MW frequency response
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EFFECT OF OPTICAL COHERENCE

VG()=exp(-
2
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2
)                VL()=exp(-/tcoh)
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Coherence length of the optical source
might be comparable to the shortest path 
length difference within the optical circuit 
under test :

In coherent working regime the optical 
signals are added to each other in optical 
field not in intensity basis.

Models where intensity modulated optical 
signals arriving to the optical couplers are 
summarized simply on an intensity basis
cannot explain the measured results !

(Similar situation in MWP systems :
incoherent models cannot explain chromatic 
dispersion effects in IM/DD links)
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Reference

light emitting diodes 22 - 4 THz 10 m  [Senior, HP, Saleh, Weissman]

superluminescent

diodes

4 THz 50 m  [Weissman]

FP LDs 200 - 1 GHz 20 cm  [Senior, Weissman]

DFB LDs 100 - 10 MHz 2 - 20 m  [HP, Weissman, Krüger, Saleh, Agrawal]

DBR LDs 10 - 1 MHz 20 - 200 m

external cavity LDs 300 kHz

50 kHz

6.4 kHz

4 km

 [New Focus 6000 series lasers]

 [Weissman]

 [Tamir]
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COHERENCE LENGTH OF OPTICAL SOURCES IN FIBER
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coherent working regime in optical domain

 unstable frequency response in MW domain

 different MW frequency responses may be measured on the same optical circuit

 optical carrier may disappear only system noise of the VNA is measured

MEASURED MWFR IN COHERENT WORKING REGIME

frequency domain time domain,
(impulse response)
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CASCADED  STRUCTURES

often proposed for MW filtering in the optical domain          but stability of MW response ?
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MWFR  SIMULATED BY COMPUTER

second pulse added up on field basis
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CONCLUSIONS :

it is possible to extend microwave network analysis into the

optical domain to characterize optical circuits/systems;

four different measurement possibilities : E/E,  O/O,  E/O,  O/E;

basic optical circuits were shown : either fiber or integrated ;

microwave frequency response of these basic optical circuits presented :

measured results,

simulated results;

effects of 

optical coherence and 

polarization state of the optical carrier

on the measured MW response is not negligible.
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UNOFFICIAL CONCLUSION :

“Basically we are still confused

but

hopefully on a higher level.”

(Jesper A. Jensen)


