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Principle
� Thediplexer consistsof anoversizedrectangularwaveguide.

� TheTE10-wavescomingfrom theinputsexcite TEm0 modespectra,which
propagatewith differentphaseconstants

� Onecan�nd dimensions,wherethe�eld distributionsat theendof the
combiningsectionmatchthe�eld patternof theTE10-modeof theoutput
waveguide

� Thegoalis to maximizetheTE10 outputpower for bothfrequencies
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� Themodespectrain themainwaveguidecanbecalculatedwith mode-matching

(re�ectedwavesareneglected)

� For thespatialdiplexer, theoutputmodespectrumis calculatedthesameway as
at theinput

� For theangulardiplexer, theboundarybetweenmain-andoutputwaveguideis
not perpendicularto theaxisof theoutputwaveguide

� Solutionsaretheconstructionof avirtual waveguidewall or thesolutionusing
thepseudo-inverseof thetransmissionmatrix for theotherdirection
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Anal ytical solutions
For highly oversizedwaveguides(k0 � mp

wc
), thephaseconstantbm of a TEm0-Mode

becomes:

bm � k0
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from theinput,wegeta symmetric�eld reproductionfor evenn andanasymmetric
�eld reproductionfor oddn.

This leadsto analyticalsolutions,e.g. f1 : f2 = 3 : 2, l = 8w2
c

l 1
= 12w2

c
l 2

Disadvantages:Arbitrary frequency ratiosshouldbeallowed.Analytical solutions
areunsuitablelarge.
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Optimization
� Thegoalis to maximizetheTE10-Outputpower for bothfrequencies

� To preventthealgorithmfrom �nding unsuitablelong solutions,thelengthof the
waveguideis kept�x edduringtheoptimization.

� Variableparametersfor thespatialdiplexer arethewidth wc of themain
waveguideandthewidth of theoutputwaveguide.

� Variableparametersfor theangulardiplexer arethewidth wc of themain
waveguideandtheanglea.

� A combinedSimulatedAnnealing/Downhill Simplex methodfrom thebook
NumericalRecipesin C is used.
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Results: Spatial diple xer
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Results: Angular diple xer
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TE10: 95.75%
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Detailedview of inputandoutput( f = 75GHz, l = 1:09m, wc = 37:3 mm,
a = 23:39� )

CorrespondingResultsof aFDTD calculation

Electrical�eld (left) andpowerdensity(right) at the75GHz input
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Pictures of the diple xers
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Experimental results (spatial diple xer)
Transmission(75GHz input)
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Transmission(45GHz input)

Frequency [GHz]

P
ow

er
[d

B
]

706560555045

0

-10

-20

-30

-40

-50

-60

Absorbedpower
Transmittedpower

Re�ection (70GHz input)

Frequency [GHz]

P
ow

er
[d

B
]

706560555045

0

-10

-20

-30

-40

-50

-60

-70

Re�ection (45GHz input)
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Experimental results (angular diple xer)
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Critical contacts

Very high transmissionloss
(-8 dB/-7.5dB)
Possiblereason:
Waveguideheightis very small
(0.83mm)
! High lossesof themodes
(3.94dB/m for TE1,0,
19.55dB/m for TE17,0 @ 160GHz)
! Manufacturingtolerancescausehigh
additionallosses
Possiblesolution: Enlarge the heightof
thewaveguide(e.g.4 mm)
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Conc lusions
� Proof of principlewassuccessfulfor bothtypesof diplexers

� Thetransmissionlossof theangulardiplexer mustbereduced

� Thepeak�eld strengthin theangulardiplexer is muchhigherthanin thespatial
diplexer (problemswith highpoweroperation).

� For low powerapplication,bothtypesof diplexershave similar theoretical
characteristicswith respectto geometryandef�ciency.


